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Preface

As of October 2021, the World Health Organization (WHO) reports close to five 
million COVID-19-related deaths across the globe. Increasing death rates from 
other public health threats (e.g., opioid epidemic) also negatively impacted every 
aspect of human life, especially among vulnerable populations and low-resource 
regions. As most social, educational, and healthcare systems were not prepared 
to respond to these public health crises, a diverse group of dedicated and exem-
plary scientists present in this volume the latest knowledge on ways to respond to 
COVID-19 and other public health threats and with these efforts improve global 
health and wellbeing.

This volume provides unique, comprehensive, and science-based approaches to 
 prevent and manage public health threats. Thirteen chapters describe preven-
tion and intervention practices to respond to macro-structural, human process, 
and micro issues affected by public health threats. For instance, the authors 
describe how communities may reduce public health risk and generate evidence 
to inform policy-making and coordination efforts across public and private 
sectors. Other preventative structural approaches discussed include shelter 
management approaches to protect individuals before, during, and after a  public 
health crisis, and waste management technologies to prevent the spread of 
infections.

The book’s chapters discuss the human processes necessary to coordinate efforts. 
For instance, authors describe types of leadership behaviors that best prepare 
decision-makers to lead amid crisis, and ways in which innovative technologies 
may help us identify, analyze, and respond to public health threats using public 
and academic data and computing capacities. Special attention is paid to the role of 
Artificial Intelligence to anticipate and address the consequences of future public 
health threats. The book has a special focus on the impact of COVID-19 and other 
public health crises on vulnerable populations and low-resource regions around 
the globe.

Public health crises disrupt supply chains and limit efforts to develop pharmacolog-
ical and other treatment innovations to overcome health threats. In this volume, the 
authors offer best practices to develop supply chain strategies for emergencies, an 
issue that has impacted world economies and food supply chains. They also examine 
the stage of development of the latest medications to treat COVID-19, a shining 
light in the fight against this pandemic.

This book also addresses public health crises like the opioid overdose epidemic. 
Authors describe interdisciplinary team approaches to respond to national emer-
gencies and offer recommendations and practices regarding infection prevention 
and control measures on a wide scale. Overall, this book provides a comprehensive 
view of science-based approaches to respond to COVID-19 and other public health 



IV

threats with emphasis on the most vulnerable. The group of committed scientists, 
whose work is presented in this volume, sought to inform the public and policy-
makers about evidence-based practices that may improve the safety and health of 
all and secure a future for our mother earth.

Erick Guerrero, Ph.D.
Director,

I-Lead Institute,
REHD Corp,

Innovation to Impact Fellow,
Yale University,

USA
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Chapter 1

Clinical Trials on COVID-19:What
is Being Researched in the United
States?
Isla Camilla Carvalho Laureano
and Alessandro Leite Cavalcanti

Abstract

The emergence of Coronavirus Disease 2019 (COVID-19) in late 2019 has
brought great challenges to public health worldwide and, to date, there is no specific
approved therapeutic protocol. Therefore, this chapter will analyze types of inter-
vention for use in patients with COVID-19 developed by American researchers
from records made on the Clinical Trials platform. For the search strategy, key-
words “COVID-19” in the “Condition or Disease” section and “United States” in the
“Country” section were used. No filters were applied. Data were descriptively
analyzed. In total, 1,182 studies were obtained, of which 496 met the eligibility
criteria. Sample size ranged from 1 to 10,000 participants. Most studies involved
the age group of 18–64 years (48.6%). As for design, randomized type (80.5%),
parallel (75.6%), open designs (38.7%) and those with therapeutic purpose (88.3%)
were more frequent. Most clinical trials used the two-arm trial (67.3%), researched
drugs (64.8%), used placebo (55.2%) and were sponsored by pharmaceutical/bio-
technology companies (35.4%). Clinical trials developed by American researchers
on COVID-19 involve adult and elderly participants, with predominance of ran-
domized, parallel and open design, for therapeutic purposes and mostly evaluated
immunosuppressants or combinations of antivirals/immunosuppressants. The
drugs and biological products Remdesivir, Baricitinib in combination with
Remdesivir, Bamlanivimab and Etesevimab, REGEN-COV and COVID-19 conva-
lescent plasma were also used, authorized for emergency use.

Keywords: Clinical Trial, Evidence-Based Practice, Pharmaceutical Preparations,
Vaccines, COVID-19, Coronavirus Infection

1. Introduction

In March 2020, the World Health Organization (WHO) recognized Coronavirus
Disease 2019 (COVID-19) as a public health problem and declared the state of
pandemic contamination [1]. Since its detection in late 2019, in China, the newly
discovered virus, called SARS-CoV-2 [2] spread rapidly around the world with
cases, to date, in 223 countries, with more than 127 million infected individuals and
nearly 3 million deaths [3]. The region of Americas concentrates almost half of all
diagnosed individuals, with the United States being the most affected country,
totaling 30 million cases [3].
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SARS-CoV-2 belongs to a family of single-stranded, positive-sense and
enveloped RNA viruses, known as Coronaviridae [4], has high mutation rate and
rapid spread, with multiple mutations having appeared and spread during the
pandemic [5, 6]. The transmission of the virus occurs through droplets expelled by a
person with the disease or through contact with contaminated surfaces [7].

In general, patients with COVID-19 have fever, cough, myalgia, nausea, diar-
rhea, reduced smell and taste, as well as mild breathlessness [8]. In the most severe
cases, patients can develop Acute Respiratory Distress Syndrome (ARDS), heart
failure, shock and renal failure [9]. Elderly, obese and individuals with pre-existing
conditions, such as diabetes, hypertension, cardiovascular and pulmonary diseases,
cancer, chronic kidney disease, among others, have higher risk of progressing to
more critical cases of the disease [10]. In addition to symptoms and severity of the
disease, the impact of COVID-19 affects all aspects of our lives, generating financial
consequences, insecurity and anxiety [11].

Advances have been made in the knowledge of COVID-19 and in the develop-
ment of safe and effective vaccines [12]. However, there is still no specific pharma-
cological protocol approved to prevent and/or reduce contamination by the virus, so
that there are countless ongoing researches to find an appropriate treatment [13].
The development of vaccines, convalescent plasma therapies, cell-based and mono-
clonal antibody therapies are some of the treatments studied worldwide. However,
the development of new drugs is a long and expensive process, and the current
health emergency has led to the use of existing drugs [14].

The pandemic has induced the global scientific community to focus efforts on
COVID-19 [15] and clinical trials represent the gold standard for evidence-based practice
[16], as they are importantmethods for assessing interventionmodalities, generating
impact on current and future clinical practice [17]. However, attention should be paid to
clinical trials with inadequate or low-quality designs, and it is important to analyze their
designs on clinical trial registration platforms to identify those that provide the best
scientific evidence that can reduce the effects of the COVID-19 pandemic [18].

In view of the fact that SARS-CoV-2 is a virus with characteristics never before
studied, with several consequences that go beyond contamination, and in the absence
of an approved effective therapy, correctly designed clinical trials are essential for
evaluating interventions in order to prevent and contain the spread of the disease.
Thus, the guiding issue that supported this chapter was: “Which interventions for use
in patients with COVID-19 are being evaluated by American researchers?”

2. Methods

The database chosen for this studywas the Clinical Trials platform (https://clinica
ltrials.gov/), which comprises a web-based resource that provides patients, their family
members, health care professionals, researchers, and the public with easy access to
information on publicly and privately supported clinical studies on a wide range of
diseases and conditions [19]. In the search strategy, keywords “COVID-19” in the
“Condition or Disease” section and “United States” in the “Country” sectionwere used.

No filters were applied, so that all registered clinical trials were analyzed. Data
were collected in March 2021 by a single previously trained researcher. Studies with
suspended, withdrawn and terminated recruitment status, observational and
expanded access studies, and those that did not mention COVID-19 diagnosis and
those including healthy patients among their eligibility criteria were excluded.

The following information was collected: study location, number of participants,
age groups of subjects (0–17, 18–64, >65), allocation (randomized, non-randomized
e n/a), intervention model (single group assignment, sequential assignment,

4

Science-Based Approaches to Respond to COVID and Other Public Health Threats



crossover assignment, parallel assignment and factorial assignment), masking
(blind, double-blind, triple-blind, quadruple-blind and open label), purpose (diag-
nostic, treatment, prevention, basic science, supportive care, health services
research, device feasibility, screening and other), diagnostic criteria for COVID-19
(confirmed, suspect and confirmed or suspect), other eligibility criteria, recruit-
ment status (completed, recruiting, active, not recruiting, not yet recruiting and
enrolling by invitation), numbers of arms, type of intervention (dietary supple-
ment, drug, biological, device, diagnostic test, procedure, radiation, behavioral,
combination product and other), phase (early phase 1, phase 1, phase 2, phase 3,
phase 4, phase 1 and phase 2, phase 2 and phase 3 and n/a), presence of placebo (yes
and no), comparison arm (yes and no), and sponsor (university, pharmaceutical/
biotechnology company, research organizations, hospital, health care provider,
doctor, united states department of defense and philanthropy).

Types of intervention were classified according to the WHO’s Anatomical Ther-
apeutic Chemical Classification System [20]. In cases where they are not included in
the WHO’s ATC, information present on the companies’ websites was used.

Data were tabulated and analyzed using the Microsoft Excel 2016 for Windows
software (Microsoft Press, Redmond, WA, USA) and descriptively presented.

3. Results

In total, 5,129 records involving COVID-19 were found and, after the search
strategy, 1,182 (23%) corresponded to clinical trials developed in the United States.
Of these, eight studies that were suspended, 22 that had been withdrawn, 25 termi-
nated, 325 observational studies, 18 expanded access, 37 that did not include
COVID-19 diagnosis and, finally, 251 clinical trials using healthy patients were
excluded. At the end, 496 studies met the eligibility criteria and were selected.

The geographic distribution of studies highlights the state of California as the
main place for carrying out these surveys (155 studies), followed by Florida (124
studies), Texas (121 e studies), Nova York (115 studies), Illionois (86 studies),
Massachusetts (81 studies), Pennsylvania (78 studies), North Carolina (75 studies),
Washington and Ohio (73 studies each), Michigan (71 studies), Maryland (70 stud-
ies), Georgia (66 studies), Louisiana (64 studies), New Jersey (56 studies), Virginia
and Arizona (50 studies each), Minnesota (45 studies), Colorado (39 studies),
Alabama (38 studies), Tennessee (35 studies), Missouri (33 studies), Connecticut (30
studies), Utah (29 studies), Oregon (28 studies), South Carolina and Kansas (27
studies), Kentucky (25 studies), NewMexico and Nebraska (22 studies each), Indiana
and Iowa (21 studies), Wisconsin and Mississippi (20 studies each), Arkansas (16
studies), Idaho and Rhode Island (14 studies), Oklahoma (11 studies), West Virginia
(10 studies), Maine and South Dakota (9 studies each), Hawaii and Montana (7
studies each), Vermont (3 studies), and Alaska and Delaware (1 studies each).

The number of participants ranged from 1 to 10,000 individuals. Most clinical
trials analyzed involved adults and older adults, with higher percentage in the age
group of 18–64 years (48.6%), while surveys that recruited children and adolescents
represented only 2.9%.

Regarding the allocation of participants, only 26 studies (5.2%) were not char-
acterized as randomized. The most frequent intervention model is the parallel
(75.6%). Regarding the type of masking, the open study model (38.7%) is the most
prevalent, followed by the double-blind model (21.4%), while single-blind studies
corresponded to only 4.4%. Studies with therapeutic purposes were carried out in
the majority (88.3%) and there is predominance of those who consider proven and
positive COVID-19 diagnosis (89.1%) as an inclusion criterion (Table 1).
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Variables n %

Age Groups (in years)*

0–17 29 2.9

18–64 489 48.6

> 65 487 48.5

Allocation

Randomized 399 80.5

Non-Randomized 26 5.2

N/a 71 14.3

Intervention Model

Single Group Assigment 86 17.3

Sequential Assignment 26 5.2

Crossover Assignment 3 0.6

Parallel Assignment 375 75.6

Factorial Assignment 3 1.2

Masking

Blind 22 4.4

Double-blind 106 21.4

Triple-blind 73 14.7

Quadruple-blind 103 20.8

Open Label 192 38.7

Purpose

Diagnostic 15 3.0

Treatment 438 88.3

Prevention 12 2.4

Basic Science 2 0.4

Supportive Care 17 3.4

Health Services Research 2 0.4

Device Feasibility 2 0.4

Screening 1 0.2

Other 7 1.4

Diagnostic Criteria for COVID-19

Confirmed 442 89.1

Suspect 11 2.2

Confirmed or suspect 43 8.7

Recruitment Status

Completed 66 13.3

Recruiting 295 59.5

Active, not recruiting 68 13.7

Not yet recruiting 50 10.1

Enrolling by invitation 17 3.4
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Variables n %

Numbers of Arms

1 70 14.1

2 334 67.3

3 43 8.7

4 26 5.2

5 7 1.4

6 8 1.6

8 4 0.8

10 1 0.2

12 2 0.4

No information 1 0.2

Type of Intervention*

Dietary Supplement 16 3.1

Drug 335 64.8

Biological 80 15.5

Device 35 6.7

Diagnostic Test 8 1.5

Procedure 4 0.8

Radiation 4 0.8

Behavioral 4 0.8

Combination Product 3 0.6

Other 28 5.4

Phase

Early Phase 1 12 2.4

1 45 9.1

2 214 43.2

3 71 14.3

4 26 5.2

1 e 2 35 7.1

2 e 3 26 5.2

N/a 67 13.5

Presence of
Placebo

Yes 274 55.2

No 221 44.6

No information 1 0.2

Comparison Arm

Yes 121 54.5

No 100 45.0

No information 1 0.5
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Other eligibility criteria used by researchers were the inclusion of individuals
with associated risk factors (28 studies), including cancer (4 studies), type 1 or type
2 diabetes mellitus (3 studies) and heart diseases (1 study).

Regarding recruitment status, at the time of data collection, 59.5% of clinical trials
were recruiting participants and 13.7% were active, but not recruiting. Regarding the
number of arms, most studies use the two-arm test (67.3%). Most clinical trials
research a new drug (64.8%), are in phase 2 (43.2%), 55.2% use placebo and 54.5%
use comparison arm. As for sponsors, pharmaceutical/biotechnology companies
(35.4%) and universities (29.4%) are those that most invest in clinical trials (Table 1).

Regarding the identification and classification of drugs, biological interventions,
dietary supplements, combined products and some other interventions, 434 clinical
trials use interventions in monotherapy and 67 make use of combinations. In
monotherapy, most trials assess immunosuppressants (49 studies), followed by
COVID-19 Convalescent Plasma (40 studies), antivirals (32 studies), anticancer (30
studies), antithrombotic (24 studies), anti-inflammatory agents (16 studies),
antifibrinolytics (14 studies), antimalarials (13 studies), immunostimulants (7
studies), expectorants (6 studies), antibacterials (5 studies), antiparasitic and
corticosteroids (4 studies each), antidepressants (3 studies), sex hormones and
modulators of the genital system (2 studies) and antiprotozoals (1 study)
(Tables 2 and 4). Clinical trials using combinations use antivirals /immunosup-
pressants (9 studies), antimalarials /antibiotics (6 studies), antithrombotic agents
(4 studies) and antivirals/corticosteroids (Tables 3 and 4).

Variables n %

Sponsor*

University 201 29.4

Pharmaceutical / Biotechnology Company 242 35.4

Research Organizations 65 9.5

Hospital 82 12.0

Health Care Provider 39 5.7

Doctors 36 5.2

United States Department of Defense 6 0.9

Philanthropy 13 1.9
*Some studies involved more than one age group, type of intervention and sponsor; N/a = Not applicable.

Table 1.
Characteristics of the sample and study design of clinical trials.

Interventions and
Classes

n* Interventions and
Classes

n* Interventions and Classes n*

Antithrombotic
Agents

24 Interferon 4 AZD7442 2

Heparin 6 CPI-006 2 COVID-19 Therapeutic Biologics -
Spike-GM-CSF Protein Lactated

Ringer’s Injection

2

Enoxaparin 4 Sargramostim 1 Zinc 2

Apixaban 3 Anticancer 30 IVIG 2

Defibrotide 2 Colchicine 5 Octagam 2

Rivaroxaban 2 Ibrutinib 3 GAMUNEX-C 1
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Interventions and
Classes

n* Interventions and
Classes

n* Interventions and Classes n*

Dipyridamole 2 CYT107 2 Garadacimab 1

Tenecteplase 2 Duvelisib 2 Sodium bicarbonate 1

Acetylsalicylic Acid 1 Ruxolitinib 1 NasoVAX 1

VentaProst 1 Abivertinib 1 NA-831 1

TM5614 1 Pacritinib 1 Ifenprodil 1

Antifibrinolytics 14 Decitabine 1 ABBV-2B04 1

Camostat 9 Bempegaldesleukin 1 ABBV-47D11 1

Tranexamic acid 2 Etoposide 1 Ibudilast 1

Ulinastatin 1 Bicalutamide 1 MAS825 1

LYT-100 1 Imatinib 1 BGB-DXP593 1

BLD-2660 1 Upamostat 1 PUL-042 1

Antimalarials 13 Nintedanib 1 PurCo 1

Chloroquine or
hydroxychloroquine

11 Acalabrutinib 1 Bucillamine 1

Tafenoquine 1 Degarelix 1 Pioglitazone 1

Artesunate 1 Antroquinonol 1 Gimsilumab 1

Antivirals 24 Selinexor 1 BI 764198 1

Molnupiravir 4 Zanubrutinib 1 Zilucoplan 1

Favipiravir 3 FT516 1 Lanadelumab 1

Lopinavir/Ritonavir 2 CYNK-001 1 rNAPc2 1

Brequinar 2 Antiparasitic 4 Aprepitant 1

Silmitasertib 2 Ivermectin 2 Brexanolone 1

Apilimod Dimesylate 1 Niclosamide 1 Pepto Bismol 1

Maraviroc 1 Disulfiram 1 Ruconest 1

Liquid Alpha1-
Proteinase Inhibitor

1 Antiprotozoals 1 Isavuconazonium 1

RBT-9 1 Atovaquone 1 Fostamatinib 1

AT-527 1 Corticosteroids 4 VIB7734 1

BTL-TML-COVID 1 Dexamethasone 2 Pamrevlumab 1

LAU-7b 1 Ciclesonide 1 CAP-1002 1

Veru-111 1 Prednisone 1 Linagliptin 1

PTC299 1 Anti-inflammatory 16 CM4620-IE 1

PF-07304814 1 Acebilustat 2 Vadadustat 1

RTB101 1 Ampion 2 Zofin 1

Antibacterials 5 N-acetyl glucosamine 1 ADG20 1

Azithromycin 2 Alvelestat 1 GC4419 1

Doxycycline 1 Dociparstat 1 Essential Oil Blend 1

Brilacidin 1 Ensifentrine 1 Fenofibrate 1

Carrimycin 1 Bardoxolone Methyl 1 ATI-450 1

Antidepressants 3 Indomethacin 1 Xuanfei Baidu Granules 1

Fluvoxamine 2 EDP1815 1 Emricasan 1
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Interventions and
Classes

n* Interventions and
Classes

n* Interventions and Classes n*

Fluoxetine 1 LSALT peptide 1 ORTD-1 1

Immunosuppressants 49 OP-101 1 Metformin 1

Tocilizumab 7 FSD201 1 Umbilical Cord Lining Stem Cells 1

Anakinra 3 RLS-0071 1 BGE-175 1

Cyclosporine 2 ST266 1 Chlorine dioxide 1

Sirolimus 2 Sex hormones and
modulators of the
genital system

2 Prazosin 1

Ravulizumab 2 Estradiol 1 Cetylpyridinium Chloride 1

Sarilumab 2 Progesterone 1 Peroxil 1

Leflunomide 2 Expectorants
(mucolytics)

6 Colgate Total Zero 1

Razuprotafib 1 N-acetylcysteine 3 Saline rinse 1

Dapansutrile 1 Pulmozyme 2 Crizanlizumab 1

Abatacept 1 Dornase Alfa 1 AT-001 1

Losmapimod 1 Outras 187 Hyperpolarized Xe129 1

Apremilast 1 Renin-angiotensin
system inhibitors

11 Atorvastatin 1

Olokizumab 1 Mesenchymal stem cells
(MSCs)

11 Glycine 1

Infliximab 1 Nitric Oxide 7 Alanine 1

Tociliuzumab 1 Cytotoxic T
Lymphocytes

7 Thymalfasin 1

Canakinumab 1 Bamlanivimab 6 TB006 1

Sirukumab 1 Clazakizumab 6 PF-06650833 1

Lenzilumab 1 Chlorhexidine 5 Angiotensin 1

Otilimab 1 Vitamin D 4 Tradipitant 1

Tofacitinib 1 Vitamin C 4 Resistant starch 1

Auxora 1 Mavrilimumab 4 F-652 1

APL-9 1 Povidone Iodine 4 Omega-3 1

CD24Fc 1 Fisetin 3 L-Citrulline 1

TL-895 1 Leronlimab 3 FoTv 1

TD-0903 1 Listerine 3 VisAcT 1

EB05 1 Hydrogen Peroxide 3 Regadenoson 1

ATYR1923 1 Famotidine 2 Sulfur hexafluoride lipid-type A 1

CERC-002 1 Melatonin 2 Lucinactant 1

M5049 1 VIR-7831 2 CBDRA60 1

BMS-986253 1 Nitrogen gas 2 SBI-101 1

GLS-1027 1 NT-I7 2 Zavegepant 1

UTTR1147 1 Betadine 2 Neuromuscular Blocking Agents 1

MSTT1041A 1 Naltrexone 2 Artemesia annua 1

TJ003234 1 Human Amniotic Fluid 2 Nerium oleander 1
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Interventions and
Classes

n* Interventions and
Classes

n* Interventions and Classes n*

Immunostimulants 7 KB109 2
*Some studies used several interventions.
The bold entries refer to the drug classes and the total interventions of each class of drugs and biological products
according to the WHO’s Anatomical Therapeutic Chemical Classification System or information present on the
companies’ websites.

Table 2.
Monotherapy interventions used in experimental groups of registered clinical trials on COVID-19.

Interventions and Classes n*

Antithrombotic Agents Combinations 4

Heparin + P2Y12 2

Dipyridamole + Acetylsalicylic Acid 1

Enoxaparin + Heparin + Fondapariniux + Argatroban 1

Antimalarials + Antibiotics 6

Hydroxychloroquine + Azithromycin 6

Antivirals + Immunosuppressants 7

Remdesivir + Tocilizumab 1

Remdesivir + Infliximab 1

Remdesivir + Apremilast 1

Remdesivir + Abatacept 1

Remdesivir + Risankizumab 1

Remdesivir + Apremilast 1

Remdesivir + Lenzilumab 1

Antivirals + Corticosteroids 2

Atazanavir + Dexamethasone 1

Remdesivir + Dexamethasone 1

Other Combinations 41

Remdesivir + Cenicriviroc 2

Valproate + Quetiapine 1

PurInf (I) + PurInf (II) + PurInf (III) 1

PurPhl + PurClo 1

Colchicine + Rosuvastatin 1

Colchicine + Naltrexone 1

Naltrexone + Ketamine 1

BRII-196 + BRII-198 1

NA-831 + Dexamethasone 1

NA-831 + Atazanavir 1

IVIG + Remdesivir 1

Rintatolimod +Interferon 1

Remdesivir + Interferon 1

Remdesivir + Icatibant 1

Remdesivir + Razuprotafib 1

Remdesivir + anti-CD14 1
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Interventions and Classes n*

Plasma + Ruxolitinib 1

Bamlanivimab + VIR-7831 1

ABBV-47D11 + ABBV-2B04 1

Mesenchymal Stem Cells + Heparin 1

Metformin + Naltrexone 1

Resveratrol + Vitamin D 1

Nitazoxanide + Vitamin Super B-Complex 1

Vitamin C + Zinc 1

Resveratrol + Zinc 1

Famotidine + N-Acetyl cysteine 1

Chlorine dioxide + Zinc acetate 1

Atovaquone + Azithromycin 1

Camostat Mesilat + Bicalutamide 1

Xylitol + Grapefruit Seed Extract 1

Peroxil + Chlorhexidine 1

Hydroxychloroquine + Azithromycin + Zinc 1

Hydroxychloroquine + Zinc + Doxycycline 1

Hydroxychloroquine + Nitazoxanide + Ribavirin 1

Hydroxychloroquine + Azithromycin + Ritonavir + Lopinavir 1

Bamlanivimab + Remdesivir + VIR-7831 + BRII-196/BRII-198 + AZD7442 1

Chlorine dioxide + Famotidine + Lactoferrin + green tea extract 1

Chlorine dioxide + Zinc acetate + Famotidine + Lactoferrin + green tea extract 1

Hydroxychloroquine + Azithromycin + Vitamin C + Vitamin D + Zinc 1

Ivermectin + Doxycycline Hc + Vitamin C + Vitamin D + Zinc 1

*Some studies used several interventions.

Table 3.
Combinations of interventions used in experimental groups of registered clinical trials on COVID-19.

Interventions and Classes n*

COVID-19 Convalescent Plasma 40

Antivirals 8

Remdesivir 8

Antivirals + Immunosuppressants 2

Remdesivir + Baricitinib 2

Other Combinations 5

Bamlanivimab + Etesevimab 2

REGN10933 + REGN10987 3

*Some studies used several interventions.
The bold entries refer to the drug classes and the total interventions of each class of drugs and biological products according to
the WHO’s Anatomical Therapeutic Chemical Classification System or information present on the companies’ websites.

Table 4.
Monotherapy and combinations of interventions with Emergency Use Authorizations (EUA) issued by U.S.
Food and Drug Administration (FDA) used in experimental groups of registered clinical trials on COVID-19.
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4. Discussion

Many clinical trials related to the COVID-19 pandemic have emerged in
response to society’s concerns related to the impacts of the pandemic, and in
response to this global emergency. Scientific production on the topic is dynamic and
fast, which makes the sharing and synthesis of knowledge important [15]. In this
context, the characterization of research efforts can help professionals, researchers,
and managers to understand the relevant aspects of the disease.

Considering the serious public health crisis of COVID-19 and the search for
discovering safe and effective treatments, high-quality research is needed to evaluate
interventions for the prevention of the disease and its treatment. Clinical trials prop-
erly designed and conducted make their results valid and can significantly contribute
to the effort to improve the effectiveness and efficiency of health interventions [21].

“Clinical Trials” is a robust platform for registering clinical trials, containing
detailed information on a large amount of clinical research conducted in 219 coun-
tries [22]. According to the Dimensions database, “Clinical Trials” is the leading
platform for registering clinical trials on COVID-19, accounting for 58.8% of all
registrations [23]. Of the clinical trials registered and found on this platform, a
significant number is being developed by American researchers. This research
leadership is underpinned by huge public funding, mainly from the National Insti-
tutes of Health (NIH), which has already received more than US$ 3.6 billion to fund
research on COVID-19 [24], as well as from government agencies, universities and
the private sector [25], which demonstrates the urgency of the USA in the face of
the severity with which the disease reached the country [18].

Among studies analyzed, the majority of participants are adults and older adults.
It is known that COVID-19 is less prevalent in children compared to adults and
adolescents and that younger individuals infected with SARS-CoV-2 have less
severe symptoms and lower hospitalization and lethality rates [26, 27]. In March 31,
2021, 11.7% of COVID-19 cases in the United States were of children and adoles-
cents up to 17 years of age, corresponding to almost 3 million cases. Of these, for the
age group of 0–4 years, there were only 104 deaths (<0.01%) and, for the age
group of 5–17 years, only 228 deaths (0.1%) [27]. Therefore, these may be the
reasons for choosing the age group of adults and older adults.

The most frequent study design was randomized allocation, the parallel inter-
vention model and the open masking type. The randomization of a clinical trial
ensures that, in addition to intervention, there are no systematic differences
between study groups, providing impartial results regarding the effect of interven-
tions and reducing biases [18, 28]. Even so, only randomization does not exclude
the possibility of systematic differences, because since those involved in a clinical
trial are aware of the attributions of interventions, which can influence the result
and introduce bias [29]. In our study, masking was not feasible mainly for ethical
reasons or because patients are incorporated into healthcare environments, making
it difficult to blind the team that manages patient care [30].

There were greater number of clinical trials for therapeutic purposes that evalu-
ate some drug as a type of intervention. These results may be related to the current
world scenario and the urgent need for studies analyzing which treatments are
shown to be most effective against COVID-19 [18] in an adequate and quick man-
ner. The discovery of an efficient therapy would allow the prophylaxis of health
professionals who are on front lines, so that they could get back to work more
quickly, in addition to reducing the time spent by critically ill patients in intensive
care units, freeing beds [31] and reducing mortality rates. Many studies using a
placebo group were also found, and due to the lack of approved available treatment,
this procedure is ethically acceptable [18].
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In this study, the most frequent sponsors were pharmaceutical/biotechnology
companies and universities. However, in the evaluated clinical trials, there was the
collaboration of several companies, academic institutions, government agencies,
non-profit organizations and individual medical researchers to properly implement
resources in the fight against COVID-19 in order to concentrate and accelerate the
development and implementation of therapies. This partnership of efforts may
reflect the so-called Accelerating COVID-19 Therapeutic Interventions and Vac-
cines (ACTIV), conducted by NIH and announced in April 2020, in which
researchers continue to work intensively to develop new and better treatments [32].

Regarding the classification of many tested drugs, biological interventions, die-
tary supplements, combined products and some other types of intervention, het-
erogeneity of classes used can be observed. Most clinical trials have been evaluated
immunosuppressants or combinations of antivirals/immunosuppressants, some
already with USA issued by the FDA and redirected for the treatment of COVID-19,
such as the combination of immunosuppressant Baricitinib – used to treat rheuma-
tological diseases [33] – with antiviral Remdesivir – used to treat patients infected
with the Ebola virus, MERS-CoV and SARS-CoV-1 [34], and its use as monotherapy
for certain patients hospitalized with COVID-19.

Other authorized drugs that deserve mention are the biological products
Bamlanivimab and Etesevimab – neutralizing IgG1 monoclonal antibodies that bind
to different but overlapping epitopes in the binding domain to the SARS-CoV-2
spike protein [35] –, REGEN-COV (Casirivimab and Imdevimab) – neutralizing
recombinant human IgG1 monoclonal antibodies that target the binding domain to
the SARS-CoV-2 spike protein receptor [36] –, and the COVID-19 convalescent
plasma – collected from individuals whose plasma contains anti-SARS-CoV-2 anti-
bodies [37].

The COVID-19 pathogenesis begins with the replication of SARS-CoV-2, subse-
quently followed by an exaggerated immune /inflammatory response to the virus
that leads to tissue damage. Regarding this knowledge, it is assumed that antiviral
therapies would have greater effect early in the course of the disease, whereas
immunosuppressive/anti-inflammatory therapies may be more beneficial in later
stages of COVID-19 [33]. The use of these existing drugs helps reducing the cost and
time of research; however, further large-scale studies must be carried out to assess
the benefits and safety of these drugs.

The findings reported here make it clear that researchers from different fields of
medicine have worked together in the development and clinical evaluation of sev-
eral drugs aimed at treating the numerous medical complications caused by
COVID-19. Extensive financial resources, made available by universities and phar-
maceutical and biotechnology companies, have been applied in order to allow the
conduction of clinical trials with high methodological and scientific rigor for both
diagnostic and treatment purposes. Undeniably, the emergency approval of the
tested drugs described here by the FDA, while making it possible to save thousands
of lives in the American territory, has allowed a better understanding of their
effects on individuals affected by COVID-19, which knowledge has been shared and
put into practice by managers and medical teams from various countries around the
world.

Therefore, during the COVID-19 pandemic and due to all resulting restrictions
and difficult circumstances, good scientific practice and data transparency are
essential principles that should guide the conduction of clinical trials. The sharing of
these results, when properly carried out, helps professionals to make decisions, as
well as researchers to identify gaps and more promising interventions, to avoid
research waste and to expose patients to unnecessary risks, consequently contrib-
uting to the advancement of scientific knowledge.
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5. Conclusion

Clinical trials developed by American researchers involving COVID-19 include
adult and elderly participants, with predominance of randomized, parallel and open
design, those for therapeutic purposes and those that mostly evaluate immunosup-
pressants or combinations of antivirals/immunosuppressants. The drugs and bio-
logical products Remdesivir, Baricitinib in combination with Remdesivir,
Bamlanivimab and Etesevimab, REGEN-COV and COVID-19 convalescent plasma
were also used, authorized for emergency use.
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Chapter 2

A Clinical Update on Employing
Tocilizumab to Fight COVID-19
Nilanjana Dhara, Sumana Saha and Saptarshi Chatterjee

Abstract

SARS-CoV-2 infection or COVID-19, currently regarded as ‘terror’ worldwide,
has spread uncontrollably as a serious menace. Till date, limited effective medicines
or treatments are available. The mortality and morbidity rates have increased
considerably, which have been aggravated by acute respiratory distress syndrome
(ARDS) and new and old cardiovascular injuries. To control COVID-19, many
drugs have been taken into consideration, like ACE2 blockers, anti-inflammatory
drugs, antibodies against IL-1 and anti-IL-6, Remdesivir, Dexamethasone,
Hydroxychloroquine and vaccines. In this chapter, preference is given to
Tocilizumab with the latest status of clinical research update available. Despite
several clinical research attempts, some have yielded promising results, others are
inconclusive.

Keywords: COVID-19, Tocilizumab, Clinical Studies, Antiviral drugs,
Public Health

1. Introduction

Since December 2019, the outbreak of the novel coronavirus (SARS-CoV-2)
infection (i.e. COVID-19), from Wuhan, China as a pandemic, has posed a serious
threat towards mankind, treatment of which is still unknown [1]. In Jan 30, 2020,
the novel coronavirus disease 2019 (COVID-19), was declared as the Sixth public
health emergency epidemic by the World Health Organization [WHO] [2]. Till date
there is no single drug to control it. Despite Remdesivir being used extensively for
the treatment, it is still under clinical trials [3] and not beyond question [4]. The
elderly, immune-compromised or people having co-morbidities led to acute
respiratory distress syndrome (ARDS), cardiovascular (CV) complications, and
multi-organ failure [2, 5]. Common symptoms of the disease include fever, cough,
myalgia, malaise, breathlessness and diarrhea [2]. Tocilizumab (a humanized anti-
IL-6 receptor antibody) is one of drugs used for the treatment of COVID-19 hospi-
talized patients [6]. This article summarizes all critical clinical trials to evaluate the
efficacy of Tocilizumab.

2. About the molecule

Tocilizumab is an Interleukin-6 Receptor Inhibitor, having a molecular formula
of [C6428H9976N1720O2018S42]. Its molecular mass is of [145.0 kDa], CAS num-
ber: [375823-41-9]. It is a recombinant humanized monoclonal antibody used in the
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treatment of inflammatory and autoimmune conditions like Rheumatoid arthritis,
multiple myeloma and prostate cancer, nowadays used extensively for COVID-19
treatment [7–11].

3. Tocilizumab as drug

Tocilizumab, an immunosuppressive monoclonal antibody drug having the tra-
ditional name Actemra and Atlizumab, has been reported to be effective against
COVID-19 in several countries such as China, France, Italy, Switzerland and Qatar
Xiaoling [12, 13]. The drug is known to treat patients with hyperinflammatory
syndrome and acute respiratory failure [14]. The drug is sold in the European Union
(EU) under the trade name RoActemra and in the United States as Actemra [15, 16].
The drug was first approved in 2005 as an orphan drug in Japan, used in the
treatment of Castleman’s disease [17]. Nowadays, Tocilizumab has acquired license
for EU, to be used alone or in combination with DMARDs [disease-modifying anti-
rheumatic drugs]. This combined therapy is used in the treatment of rheumatic
arthritis in adults, systemic form of juvenile idiopathic arthritis (sJIA) in children
above 2 years and with the polyarticular form of juvenile idiopathic arthritis (pJIA)
in children more than 2 years of age [17]. This drug displays a long elimination half-
life. Several studies were conducted to find out whether the drug is useful or not.

In a single centre study in Brescia [Italy], having an gathering of 100 patients,
8 mg/kg [max 800 mg] of the drug was advised to be given to patients by two
consecutive intravenous infusions 12 hr. apart. Significant clinical improvement
was observed in this case [18]. In another study by Alattar et al. [19] at Quatar, 25
patients having COVID-19 were administered with Tocilizumab, one to three
median doses of the drug individually [4.8 mg/kg]. Tocilizumab was associated
with dramatic decline in inflammatory markers, radiological improvement and
reduced ventilatory support requirements [19]. In a 61-year-old man with COVID-
19 symptoms, with a history of kidney transplantation, 324 mg Tocilizumab was
administered via subcutaneous route along with hydroxychloroquine that helped in
prevention of the disease and did not require mechanical ventilation [20]. However,
contrary reports do exist, that reports that Tocilizumab was not effective for
preventing intubation or death in moderately ill hospitalized patients with COVID-
19 [21].

4. USFDA approval

The drug Actemra (tocilizumab, Genentech, Inc., South San Francisco, CA) was
approved by USFDA to be used for the treatment of Rheumatoid Arthritis (RA),
Giant Cell Arthritis (GCA), Polyarticular Juvenile Idiopathic Arthritis (PJIA), Sys-
temic Juvenile Idiopathic Arthritis (SJIA) and Cytokine Release Syndrome (CRS)
[22]. However, despite of recommendation of NIH on usage of Tocilizumab for
COVID-19 treatment, it has not yet received approval of USFDA.

5. Dosage of tocilizumab for COVID-19 treatment

The use of Tocilizumab is recommended as per the US NIH guidelines only for
clinical trial studies [23]. The preference is mainly given to hospitalized patients
with increasing oxygen demand with or without elevated markers of systemic
inflammation. As per the recommendations, Tocilizumab (single intravenous [IV]

20

Science-Based Approaches to Respond to COVID and Other Public Health Threats



dose of tocilizumab 8 mg/kg actual body weight up to 800 mg) in combination with
dexamethasone (6 mg daily for up to 10 days) is advised to be administered in
certain hospitalized patients experiencing rapid respiratory decompensation due to
COVID-19 [24].

6. Storage

This drug should be stored refrigerated at 2 to 8° C (36 to 46 F).

7. Plausible mechanism of tocilizumab against COVID-19

According to a study, by the team of Haiming Wei [25], after the SARS-CoV-2
infection, CD4 + T lymphocytes are activated to become pathogenic T helper cells,
generating GM-CSF (Granulo Macrophage Colony Stimulating Factor]. This leads
to severe inflammatory storm created by CD14 + CD16+ inflammatory monocytes
with elevated expression of IL-6. These excessive immune cells usually invade the
pulmonary circulation and cause damage to the immune system, thus leading to
functional disability of lungs and mortality. Therefore, drugs like Tocilizumab are
administered to prevent the cytokine storm. Tocilizumab has yielded effective
results as an IL-6R antagonist.

Excessive stimulation of IL-6 can cause CRS [Cytokine Release Syndrome] in
hospitalized patients. The higher the level of CRS, higher is the serum peak con-
centration of IL-6. IL-6 binds to its receptor IL-6R and a complex is formed. IL-6R
then binds to the signal transducer glycoprotein 130 (gp-130) to cause signal trans-
duction. Two types of IL-6R are there, one is the Soluble form (sIL-6R) and the
other is Membrane bound form [mIl-6R]. In classical signal transduction pathway,
IL-6 binds to mIL-6R [transmembrane integral protein], and forms a complex,
which then prohibits the connection of IL-6R with gp130 [integral membrane
protein]. Thus no cytokine storm is produced. In the trans-signaling pathway,
binding of Tocilizumab to sIl-6R, prevents the binding of IL-6R to gp130
[present on the membrane of monocytes, macrophages, dendritic cells] and
thus hinders release of inflammatory storm. JAK/STAT tyrosine kinase system
mediates one pathway, while Ras/mitogen-activated protein kinase (MAPK)/
NF-κB-IL-6 pathway mediates the other. Tocilizumab [humanized anti-IL-6R
monoclonal antibody], is thus considered a potential drug in COVID-19 treatment
[26, 27].

8. Other clinical considerations

Tocilizumab is contraindicated in immunocompromised individuals,
those who use biologic immunomodulating drugs, and in patients having
alanine aminotransferase >5 times the upper limit of normal; patients with
gastrointestinal perforation; those having uncontrolled serious bacterial, fungal,
or non-SARS-CoV-2 viral infection; absolute neutrophil count <500 cells/μL;
platelet count <50,000 cells/μL. The drug should also be avoided in individuals
having a known hypersensitivity to it [28]. It has been recommended to
administer Dexamethasone [or an alternative corticosteroid of dosage equal to
dexamethasone 6 mg] simultaneously in patients receiving Tocilizumab [9].
A patient’s clinical response to dexamethasone is initially accessed before
administering Tocilizumab [29]. The combination therapy yields an adverse
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effect in the form of severe and disseminated strongyloidiasis infestation.
Therefore, Ivermectin should be used as a prophylactic treatment [30].

9. Side effects

The common side effects include respiratory tract infections, headache, hyper-
tension, elevation in liver test. Rashes, erythema, oedema, itching can occur at the
infection site [31]. Tuberculosis, sepsis and fungal infection are the associated
infections that can occur. Hypersensitivity reactions, cancer, reactivation of herpes
zoster, gastrointestinal perforation in patients with diverticulitis are also seen in
some patients, though not significant [32].

10. Clinical trial status

The process of systemic review was followed and effectiveness of the drug
analyzed from the NIH, US National Library of Medicine Clinical Trial Registry
(ClinicalTrials.gov). At present (till May 2021), 81 clinical studies could be traced in
the name Toclilizumab [until May 2021]. 33 studies have been excluded due to non-
relevance. 48 records are included in this study. Some of the studies have yielded
promising initial results yet require more time for validation and declared to be
effective or safe. Among the 48 trials done on Tocilizumab, 17 are in Recruiting
stage, 12 trials have been concluded, 5 have been terminated, 1 has been withdrawn,
5 trials are in not yet recruiting stage and 6 are active but non recruiting. 1 among
the 47 trials is in phase 1, 16 trials are in phase 2, 14 are in phase 3 trial. Analyzing
the clinical trials from Table 1, it is evident that there is attempt to use Toclizumab
alone or in combination with other drugs looks promising for the treatment of
COVID 19 (Figure 1).

11. Comparing tocilizumab with other drugs involved in COVID-19
treatment

Several drugs employed for the treatment of COVID-19 through clinical trials
are: Remdesivir, Tocilizumab, Baricitinib, Sarilumab and Hydroxychloroquine. In
terms of clinical research output Remdesivir emerges as frontrunner, while
Tocilizumab may be considered as a potential drug candidate against COVID-19.
Despite the initial attempt of drug repurposing by using Hydroxychloroquine to
treat COVID-19, there were limited encouraging results for which, its administra-
tion was removed from the line of treatment in various countries. A comparison
between Tocilizumab and other drugs involved in the treatment of COVID-19 is
presented in Table 2.

12. Summarizing prominent publications on tocilizumab related to
COVID treatment

Apart from several clinical research outcomes (summarized in Table 1) there
has been several publications revealing scientific information on the mechanism,
application and prospect of the drug candidate Tocilizumab for COVID-19 treat-
ment. There are more than 30 publications found in PubMed (https://pubmed.ncbi.
nlm.nih.gov/) in the year 2021 among which few significant ones are summarized in
following Table 3.
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Figure 1.
Status of clinical trials and stage: tocilizumab.

Sl.
no.

Name of the drug Mechanism of
action

Clinical trial status Significant
findings

References

1 Tocilizumab Tocilizumab has
rendered
effective results
as an IL-6R
antagonist, to
prevent the
cytokine storm.

At present, 87 clinical
studies could be
traced in the name
Tocilizumab. Out of
which, 1 is in early
phase 1; 3 are in
phase1; 33 are in
phase 2; 24 are in
phase 3; and 4 are in
phase 4.

Although
Tocilizumab is
approved by the
USFDA (Not for
COVID-19
treatment), still
its positive
effects cannot be
predicted in all
patients. Among
some
hospitalized
patients with
severe or critical
COVID-19,a
shorter time to
recovery and
shorter length of
ICU stay was
seen in those
who received this
drug. It still it
cannot be
referred to as an
anti-viral drug

—
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Sl.
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Name of the drug Mechanism of
action

Clinical trial status Significant
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References

and may only be
effective in
patients having
inflammation
and lung damage
caused by the
coronavirus.

2 Remdesivir The drug inhibits
the synthesis of
viral RNA by
delayed chain
termination
method.

At present, 110
clinical studies could
be traced in the name
Remdesivir. Of which
1 study is in early
phase 1; 9 are in phase
1; 35 are in phase 2; 41
are in phase 3; 3 are in
phase 4.

The USFDA
approved drug
Remdesivir has
been used alone
or in
combination
with other drugs
to curb the
severity of
COVID-19.
However it still
needs to be
administered to a
large mass to
predict the
significant
outcomes.

[3, 4]

3 Baricitinib Baricitinib is an
inhibitor of JAK-1
and JAK-2, which
dampens the
proinflammatory
cytokine
signaling. It also
inhibits AP2-
associated
protein kinase
[AAK-1].

At present, 20 studies
could be traced in the
name of Baricitinib.
Out of which, 10 are
in phase2; 11 are in
phase 3; and 1 is in
phase 4

The USFDA
approved drug
appears to be
relatively safe
and well
tolerated when
used for
rheumatoid
arthritis.
Nowadays they
are used for
COVID-19
treatment,
combined with
Remdesivir.
Mortality rates
have been
significantly
lowered.

[145, 146]

4 Sarilumab Sarilumab is a
human
recombinant
IgG1 antibody
that binds to both
forms of IL-6R,
inhibiting the IL-
6 mediated
signaling.

At present, 17 clinical
studies could be
traced in the name
Sarilumab, out of
which 1 is in phase1; 6
are in phase 2; 1 is in
phase 2,3; 3 are in
phase 1 and 1 is in
phase 4.

The drug has
been already
approved by
USFDA for
treatment of
patients with
COVID-19.No
benefit of
Sarilumab with
respect to time to
clinical
improvement or
mortality was
observed in case
of this drug.

[147]
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References

5 Hydroxychloroquine The drug
increases
endosomal pH,
interferes with
the glycosylation
of cellular
receptors of
SARS-COV and
blocks viral
infection.

At present, 281
clinical studies could
be traced in the name
Hydroxychloroquine.
Out of which 5
studies are in early
phase 1; 14 are in
phase 1; 88 are in
phase 2; 116 are in
phase 3; 24 are in
phase 4.

The drug has not
been approved
by FDA for
treatment of
COVID-19
patients. No
significant
observation can
be noted, as trials
are still ongoing.

Table 2.
Comparing tocilizumab with other drugs employed for COVID-19 treatment.

Sl.
no.

Year of
publication

Title of publication Significant observation Reference

1 2020 Tocilizumab in patients
hospitalized with Covid-19

Pneumonia

This trial consisted of more than 25%
of the patients who were older than

65 years of age, more than 75%
having at least one coexisting disease
condition, and greater than 80%
were in a minority racial or ethnic
group. Scientists found that the
possibility of progression to

mechanical ventilation or death by
day 28 was considerably lower among
patients who received tocilizumab
plus standard care in comparison to
those who received placebo plus

standard care.

[148]

2 2020 Tocilizumab in patients with
severe COVID-19: a

retrospective cohort study

This trial consisted of 1351 patients
who were admitted to the recruiting
centres. 544 (40%) patients with
severe pneumonia were also taken
into consideration. There were 359
(66%) male patients, with a median

age of 67 years. Tocilizumab
[administered intravenously or

subcutaneously] plus standard care
could reduce the mortality rate or

curb the usage of mechanical
ventilation in severe COVID-19
patients compared to those who
received only standard care as per

shown in this study.

[149]

3 2020 Impact of tocilizumab
administration on mortality in

severe COVID-19.

In this trial 84 patients were
administered with tocilizumab and
190 patients were not treated with
tocilizumab. Scientists could not
predict or conclude any favorable

outcome from this trial.

[150]
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Sl.
no.

Year of
publication

Title of publication Significant observation Reference

4 2020 Why Tocilizumab could an
effective treatment for severe

COVID-19?

The IL-6 antagonist, Tocilizumab is
highly recommended by scientists to
curb the mortality of severe COVID-
19. Scientists hope this drug could be
beneficial in curbing the severity of
COVID-19 pandemic. This study

analyses the beneficial effects of this
drug.

[151]

5 2020 Effective treatment of severe
COVID-19 patients with

Tocilizumab.

The average age of the subjects in this
study were 56.8 � 16.5 y and ranged
from 25 to 88 years. Out of them in 21
patients, improvement of the rate of
deterioration of COVID-19 patients
was observed by scientists, which
suggested that this drug could be
effective enough to treat patients

with COVID-19.

[152]

6 2020 Hydroxychloroquine and
tocilizumab therapy in COVID-
19 patients- An observational

study.

In this retrospective observational
cohort study consisting of 2512
patients hospitalized COVID-19
patients, within a 13- hospital

network, scientists could not predict
any favorable outcome. On the
contrary, the use of Tocilizumab
alone yielded effective results,
that is, it helped in reducing the

death rate.

[153]

7 2020 Time to Reassess Tocilizumab’s
Role in COVID-19 Pneumonia.

The efficacy of the drug was unclear
from this study compared to other

observational studies.

[154]

8 2021 Tocilizumab in COVID-19:
some clarity amid controversy.

The recovery trial showed some
evidence regarding the use of

Tocilizumab in COVID-19 patients.
Scientists found that only 31% of the
population receiving Tocilizumab
showed promises of recovery as

compared to those receiving placebo.
Still, this drug therapy needs to be

combined with other drugs for better
outcomes.

[155]

9 2021 Effectiveness of Tocilizumab in
patients hospitalized with

COVID-19.

Scientists found that Tocilizumab
may be effective in diminishing the

health hazards of patients with
moderate to severe COVID-19 –

associated pneumonia and elevated
CRP level. Yet it needs to be

administered to a large mass to
fathom its efficacy.

[156]

10 2021 Tocilizumab in hospitalized
patients with severe Covid-19

Pneumonia.

Scientists could not gather any
significant clinical status or

predict any lowering of mortality
rate in comparison to placebo at

28 days.

[157]

Table 3.
Prominent publications reporting the treatment of COVID-19 using Tocilizumab.
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13. Conclusion

Although the drug Tocilizumab has shown to reduce mortality and morbidity,
still it cannot be referred to as an anti-COVID drug and may only be effective in
patients having inflammation and lung damage caused by the coronavirus. More-
over the sensitivity of the drug limits its usage to a specific age and certain patients.
Moreover, Tocilizumab is not-yet approved by the USFDA. This drug brings a ray
of hope, as it’s very much effective in mitigating immune damage, lung functional
injuries and arterial oxygen saturation. Scientists therefore hope that this drug could
be beneficial to a large mass of population in diminishing the adverse effects of the
pandemic.
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Chapter 3

Racial Health Disparities in 
Coronavirus Deaths
Daniel L. Howard

Abstract

Preliminary racial data on the coronavirus pandemic indicates that African 
Americans are much more likely to experience infections, hospitalizations, and 
death from the virus in comparison to other racial groups. While this appears to be 
an alarming health outcome regarding African Americans, it is, in fact, not surpris-
ing, nor even new information, considering the historical context of racial health 
disparities and the marginal health of African Americans in the United States. The 
leading causes of death for African Americans generally and historically reflects 
the leading causes of death for the entire United States population. More research, 
and obviously data, is needed to fully understand the factors that cause the overall 
racial health disparities, in general, and racial disparities in coronavirus cases and 
deaths, in particular. In the case of the coronavirus pandemic, the racial disparities 
in deaths reflect racial differences in the way that African Americans live, work, 
and exist as a result of their ‘second-class citizenship’ with respect to their lower 
socioeconomic status in comparison to other racial groups. From a health policy 
perspective, challenges exist to reversing the current trend in coronavirus deaths 
among African Americans due to a myriad of historic, consistent, and pervasive 
societally-induced deficits within African American life. The proposed chapter 
will rely on systematic review of the extant literature on racial health disparities to 
identify multiple factors that may affect African American deaths due to the current 
coronavirus pandemic. The chapter will also rely on this framework to inform 
evidence-based approaches to improve public health for African Americans.

Keywords: African Americans, race, health disparities, health equity,  
social determinants of health, coronavirus, COVID-19

1. Introduction

Preliminary racial data on the coronavirus pandemic indicates that African 
Americans are much more likely to experience infections, hospitalizations, and death 
from the virus in comparison to other racial groups. Of the 25,152,433 cases of  
COVID-19 infections and 419,827 deaths due to this infection in the United States as of 
January 26, 2021 (Table 1), the percentage of African Americans (12.2%) and Hispanics 
(20.8%) experience coronavirus infections (Table 2) near their representative percent-
ages in the general population (13.4% and 18.5%, respectively) (Table 3). In addition, 
African Americans, Hispanics, and American Indians are among the highest proportion 
of individuals with laboratory-confirmed COVID-related hospitalizations per 100,000 
population (564, 524.2, and 645.7, respectively) compared to whites (261.9) (Table 4). 
Finally, a higher percentage of African Americans (15.6%), specifically and uniquely, 
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Self-Identified Race Percent of Population

Non-Hispanic white 60.1%

Hispanic and Latino (of any race) 18.5%

Black or African American 13.4%

Asian 5.9%

Two or more races 2.8%

Native Americans and Alaska Natives 1.3%

Native Hawaiians and Other Pacific Islanders 0.2%

US Census Bureau April 1 2020 Estimates (web). United States Census Bureau. April 2020.
Retrieved January 26, 2021.

Table 3. 
2019 U.S. Census Bureau estimates.

Race/Ethnicity Percentage Count

Hispanic/Latino 20.8 1,998,031

American Indian/Alaska Native, Non-Hispanic 1.3 126,045

Asian, Non-Hispanic 3.6 344,630

Black, Non-Hispanic 12.2 1,171,902

Native Hawaiian/Other Pacific Islander, Non-Hispanic 0.4 35,183

White, Non-Hispanic 55.8 5,353,940

Multiple/Other, Non-Hispanic 6 571,110

CDC|Updated: Jan 26 2021 12:16 PM. Data from 18,807,907 cases. Race/Ethnicity was available for 9,600,841 
(51%) cases.

Table 2. 
Percent of coronavirus infections by racial groups (as of January 26, 2021).

Confirmed cases 25,152,433

Deaths 419,827

CDC|Updated: Jan 26 2021 12:16 PM.

Table 1. 
Coronavirus confirmed infections and total deaths in the United States.

Overall 380.3

White 261.9

Black 564

Hispanic/Latino 524.2

Asian/Pacific Islander 214.6

American Indian/Alaskan Native 645.7

COVID-NET: COVID-19 Associated Hospitalization Surveillance Network, Centers for Disease Control and 
Prevention. WEBSITE. Accessed January 26, 2021.

Table 4. 
Percent of laboratory-confirmed Covid diagnosis hospitalizations per 100,000 by racial groups (as of January 
16, 2021).
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experience death from this infection at a much higher percentage than they are repre-
sented in the general population (Table 5).

While this appears to be an alarming health outcome regarding African 
Americans, it is, in fact, not surprising, nor even new information, considering the 
historical context of racial health disparities and the marginal health of African 
Americans in the United States. In a co-authored article entitled, “The Color Line 
and the Health of African Americans” [1], I noted that one of the first examina-
tions of African American health was in the W.E.B. DuBois classic study of the 
Philadelphia Black population of the late 1880s, The Philadelphia Negro, which 
revealed that the death rate of Philadelphia Blacks was higher in comparison to 
other populations [1, 2]. In fact, other early examinations of Black health status 
noted historically that African Americans have greater morbidity and mortality 
than other Americans [3–5]. And, many studies since have consistently shown that 
African Americans live sicker and die younger than other racial groups [6].

The leading causes of death for African Americans generally and historically 
reflects the leading causes of death for the entire United States population [6]. In 
2017, these included diseases of the heart, cancer, stroke, homicide (specific to 
Blacks only), and unintentional injuries [7]. Moreover, the health status of African 
Americans identifies a higher prevalence of cardiovascular diseases, cancer, hyper-
tension, diabetes, obesity, and sexually transmitted infections, i.e., HIV infections, 
when compared with whites [6, 7]. The projected deaths from coronavirus in 2020, 
with estimates in the hundreds of thousands to millions and its predominance 
among African Americans, will undoubtedly catapult it into the top five of leading 
causes of death for African Americans [8].

As a result of this pervasive deficit in health status and health outcome among 
African Americans, a “Task Force on Black and Minority Health” was established 
in 1984 by the U.S. Department of Health and Human Services that resulted in 
the landmark “Heckler Report” in 1985 [9, 10]. This report by Secretary Heckler 
marked the first convening of a group of health experts by the U.S. government to 
conduct a comprehensive study of racial and ethnic minority health and elevated 
minority health to a national stage [10]. The term ‘racial health disparity’ was 
coined shortly thereafter [11, 12], which is defined as differences in the incidence, 
prevalence, mortality and burden of diseases and other adverse health conditions 
that exist among specific populations in the United States [13]. In 2000, Congress 
passed The Minority Health and Health Disparities Research and Education Act 
(Public Law 106–525) to address “the significant disparity in the overall rate of 
disease incidence, prevalence, morbidity, mortality or survival rates.” The Act 
created the National Center on Minority Health and Health and Health Disparities 

Race/Ethnicity Percentage Count

Hispanic/Latino 13.1 30,338

American Indian/Alaska Native, Non-Hispanic 1 2,349

Asian, Non-Hispanic 4.3 9,847

Black, Non-Hispanic 15.6 36,207

Native Hawaiian/Other Pacific Islander, Non-Hispanic 0.2 532

White, Non-Hispanic 61.5 142,411

Multiple/Other, Non-Hispanic 4.2 9,686

CDC|Updated: Jan 26 2021 12:16 PM. Data from 298,564 deaths. Race/Ethnicity was available for 231,370 (77%) 
deaths.

Table 5. 
Percent of coronavirus deaths by racial groups.
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at the National Institutes of Health (NIH). This Center was re-designated as one 
of twenty-one [14] preeminent Institutes of Research, each with a specific research 
agenda and independent ability to set its own funding priorities and strategies, at 
NIH in 2010, as part of The Patient Protection and Affordable Care Act (Public Law 
111–148), or colloquially known as ‘Obamacare’, with the stated mission to “lead 
scientific research to improve minority health and eliminate health disparities.”

More research, and obviously data, is needed to fully understand the factors 
that cause the overall racial health disparities, in general, and racial disparities in 
coronavirus cases and deaths, in particular. But, to do so, we must first understand 
‘what is race’ and how is it related to health? [15] Earlier research on racial differ-
ences in health had been dominated by a genetic model that views race as primarily 
reflecting biological homogeneity, and Black-White differences in health as largely 
genetically-determined [15, 16]. More recent, rigorous, and comprehensive exami-
nations of racial differences in health suggest, however, that race is a societally 
constructed taxonomy that reflects the intersection of particular historical condi-
tions with economic, political, legal, social, and cultural factors, as well as mistrust 
of the medical care system and racism pertaining to biases in the quality of medical 
care received [15–17]. Macrosocial factors and position within social statuses also 
most often affect health through intermediary mechanisms and process such as 
health behavior, mistrust of the medical care system, stress, quality of medical 
care received, and a broad range of social, psychological, cultural, and religious 
resources [17]. Therefore, to understand the complex relationship between race and 
health, these factors have to be considered, which are known as ‘social determinants 
of health’ [18–21]. Thus, it is more correct to view race as a proxy variable for, or an 
influence of, many aspects of the health care experience that subsequently impact 
health outcome, rather than a direct influence on health outcome [14, 22].

‘Health equity’ -- the absence of health disparities in controllable or remediable 
aspects of health, i.e., social justice -- arises from having access to the social deter-
minants of health, specifically those related to wealth, power and prestige [23, 24]. 
In the case of the coronavirus pandemic, the racial disparities in deaths reflect racial 
differences in the way that African Americans live, work, and exist as a result of 
their ‘second-class citizenship’ with respect to their lower socioeconomic status in 
comparison to other racial groups.

As noted, the health status of African Americans identifies a higher prevalence of 
cardiovascular diseases, cancer, hypertension, diabetes, obesity, and sexually trans-
mitted infections, i.e., HIV infections, when compared with whites. Higher rates of 
coronavirus among African Americans may be due to being more likely to have comor-
bidities, which has been noted as a significant risk factor for coronavirus death [6, 7].

Minority racial groups are more likely to experience multidimensional poverty 
than their White counterparts [25]. Higher rates of coronavirus among African 
Americans may be due to being less likely to have basic resources or access to basic 
resources to provide protection against the virus, i.e., masks, gloves, sanitized 
wipes, etc.

The nation is largely segregated, leaving racial groups exposed to different 
health risks and with variable access to health services based on where they live 
[26]. Higher rates of coronavirus among African Americans may be due to being 
more likely to co-exist around others in their respective densely-populated neigh-
borhoods and communities who are at higher risk from contracting the virus. And, 
there may be limited facilities to seek care in these neighborhoods and communities 
that have less resources.

As of 2018, most groups of color remained more likely to be uninsured com-
pared to Whites. Moreover, despite the larger coverage increases for groups of color, 
the relative risk of being uninsured compared to Whites did not improve for some 
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groups [27]. For example, Blacks remained 1.5 times more likely to be uninsured 
than Whites from 2010 to 2018 [27]. Higher rates of coronavirus among African 
Americans may be due to being more likely to be uninsured and, therefore, less 
likely to receive medical care after contraction of coronavirus.

U.S. Census Data from 2010 revealed that whites have the country’s highest 
homeownership rate, while those identifying as being African American had the 
lowest homeownership rate, by almost half [28]. Higher rates of coronavirus among 
African Americans may be due to being more likely to live in densely-populated 
apartments and other multi-person dwellings, rather than single-family homes, 
which reduces the ability to self-isolate and increases the exposures for contracting 
the virus.

12.4 percent of African-American college graduates between the ages of 22 and 
27 were unemployed in 2013, which is more than double the rate of unemploy-
ment among all college graduates in the same age range, 5.6 percent [29]. African 
American unemployment rates are typically double that of whites. African-
American men working full-time earn only 72 percent of the average earnings 
of comparable white men and 85 percent of the earnings of white women [30]. 
Moreover, a national review of 2015 data on white-collar employment showed that 
white men are 61.3% of executives nationally and 81% above parity when compared 
with their 33.8% representation in non-management professionals [31]. African 
American men and women still represent a very low percentage of the professional 
white-collar workforce (less than 8%), given their overall representation in the 
population [31]. Higher rates of coronavirus among African Americans may be 
due to being more likely to work in customer service, technical, and support staff 
positions or in the ‘gig economy’ i.e., Uber and Lyft, which require more interaction 
with the public and increases the exposures for contracting the virus, rather than 
in more professional positions, which are more likely to allow the ability to work 
from home.

Researchers examined 2000 U.S. Census data to find that Black households were 
much less likely to own a car than were white households, identifying a growing gap 
between car ownership in white and black households that spanned income levels 
[32]. 19% of African Americans reported living in a household without access to a 
vehicle [31]. 4.6% of White Americans reported living in a home without access to 
a vehicle [32]. Higher rates of coronavirus among African Americans may be due 
to being more likely to use public transportation, i.e., subways and busses, to get to 
work, which reduces the ability to socially-distance and increases the exposures for 
contracting the virus.

The Pew Research Center 2014 US Religious Landscape Survey indicated that 
47% of Blacks attend religious services at least once a week in comparison to 34% 
of whites [33]. Higher rates of coronavirus among African Americans may be due 
to being more likely to comingle in public spaces with many other individuals, 
rather than practice social distancing, particularly at the advent of the spread of the 
coronavirus and prior to public health messaging to stay at home and to avoid large 
gatherings.

Morbidity and mortality rates among African American may be influenced by 
the healthcare seeking behaviors of this population. Eley et al. findings confirm 
the importance of social relationships in influencing African American health-
seeking behaviors and offer characterization of the nature of influence across 
different types of relationships: family, culture and upbringing, and peers [34]. For 
African American men, beliefs about masculinity and manhood that are deeply 
rooted in culture play a role in shaping the behavioral patterns of men in ways 
that have consequences for health [35]. Men are socialized to project strength, 
individuality, autonomy, dominance, stoicism and physical aggression, and to 
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avoid demonstrations of emotion or vulnerability that could be construed as 
weakness [35]. These norms can translate into African American men “toughing 
it out” through fewer encounters with the health care system, delayed attention 
to symptoms, poor medication compliance, and an unwillingness to talk openly 
about health concerns [36]. For African American women, the literature on the 
reasons why individuals may miss healthcare appointments suggest that socioeco-
nomic reasons may play a major factor [37]. African American women are more 
like to be single, employed, and the sole provider of her children in comparison 
to white women [38]. Pavik et al. indicated that full-time employment (not being 
able to get off work) is a reason for missing a breast examination appointment 
[39]. Taplin et al. noted that those attending a clinic more than 45 minutes from 
the breast cancer screening center was negatively associated with subsequently 
obtaining a breast mammogram [40]. Blankton et al. suggested that lack of trans-
portation is the main reason for missed healthcare appointments [41]. Higher 
rates of coronavirus deaths among African Americans may be due to racial differ-
ences in healthcare seeking behavior as a result of sociocultural and/or socioeco-
nomic issues.

In the United States, the more vulnerable segments of the population were also 
the most unwitting subjects of medical experimentation, but African Americans, 
including children, bore a disproportionate burden and suffered the most brutal, 
invasive, and perilous of the medical experiments [5]. The infamous Tuskegee 
Syphilis Study from 1932 to 1972 is most illustrative of this and may resonate the 
most with respect to African American’s lack of trust in the medical care system 
[5]. Medical mistrust is thought to affect health care–based decisions and has been 
linked to poor health outcomes [42]. Previous work has demonstrated that medi-
cal mistrust is not significantly associated with failure to receive needed medical 
care; however, medical mistrust can serve as a barrier to optimal health [43]. 
Higher levels of medical mistrust have been found to be associated with failure to 
take medical advice, failure to keep follow-up appointments, and postponement 
of receiving needed care [43]. Higher rates of coronavirus deaths among African 
Americans may be due to mistrust in the medical care system, in general, and 
physicians, in particular, which may specifically impact compliance with health-
care instructions and more broadly, with public health messaging.

Unequal Treatment: Confronting Racial and Ethnic Disparities in Health Care, a 
2003 book by a panel of national experts convened by the Institute of Medicine, 
revealed that racial and ethnic disparities in health care are known to reflect access 
to care and other issues that arise from differing socioeconomic conditions [6]. 
However, the book further reports that there is increasing evidence that even after 
such differences are accounted for, race and ethnicity remain significant predica-
tors of the quality of health care received [6]. A number of studies by this author 
corroborate Unequal Treatment as pervasive and consistent racial differences 
and disparities in the medical treatment that African Americans have received in 
comparison to whites are indicated [44–49]. These differences and disparities exist 
for a myriad of medical conditions and procedures and in spite of controlling for 
insurance status and for income. For instance, studies have revealed that the occur-
rence of urinary symptoms by African American men does not necessarily result 
in the receipt of further diagnostic tests [50]. African Africans were less likely than 
whites to have regular digital rectal exams (DREs) by physicians. Moreover, African 
Americans were more likely to not received DREs at all. In contrast, whites were 
more likely to receive a DRE every year as recommended by the American Cancer 
Society guidelines. This result is consistent in the Flint Study of African American 
men with prostate cancer that showed that few of these men sought and received 
for urinary complaints [51]. In contrast, the solicitation of medical care for white 
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men has been demonstrated to be a function of symptom severity, according to the 
Olmsted Study of white men with prostate cancer [52]. Higher rates of coronavirus 
deaths among African Americans may be due to inherent racial biases in the medi-
cal care system that impact the quality of medical care received after contraction of 
coronavirus.

Finally, satisfaction with medical care is increased when physicians are atten-
tive, give patients the chance to relay information in their own way, provide more 
information, and share control of the termination of the medical interaction [53, 
54]. In general, practitioners who use a more companionable communicative style 
characterized by warmth, empathy, genuineness, and a nonjudgmental attitude rather 
than a controlling, authoritative style received more favorable evaluations by patients. 
According to Auslander et al., ineffective communication can be caused by a lack of 
sensitivity to the cultural values, norms, and environmental contexts of patients of 
races or ethnicities other than those of the provider [54]. African Americans are less 
likely to be satisfied with the medical care that they do receive, which, again, may 
directly impact their use of health care services [55]. In a study of the impact that 
physicians trained at international medical schools (IMGs) in comparison with physi-
cians trained at United States medical schools (USMGs) have on the satisfaction with 
medical care and health care-seeking behaviors of an oversampled racial cohort of 
urban and rural elders, Howard et al., found that for African Americans, perception of 
IMGs is directly related to issues of cultural competency, communication, and ageism 
[55]. Higher rates of coronavirus deaths among African Americans may be a result 
of dissatisfaction with the medical care system that dampens their pursuit of needed 
medical care services.

2. Conclusion

Challenges exist to reversing the current trend in coronavirus deaths among 
African Americans due to a myriad of historic, consistent, and pervasive societally-
induced deficits within African American life. However, these are only a few of the 
possible factors that cause the overall racial health disparities and, in particular, 
influence the disproportionately high rate of coronavirus deaths among African 
Americans. Only a qualitative research assessment of the lives of these unfortunate 
individuals as well as analysis of the corresponding data will begin to provide the 
answers as to why these outcomes are occurring.

3. Implications

In general, the provision of widespread testing and monitoring for COVID-19 
in African American communities would facilitate early detection among the 
symptomatic and asymptomatic infected; self-isolation and quarantine of both 
the symptomatic and asymptomatic infected will reduce the spread of the virus. 
Hospitalizations and adverse treatment outcomes could possibly be reduced by 
earlier treatment of the flu- and pneumonia-like symptoms before illness progres-
sion to the need for extensive medical stays and subsequent use of ventilation 
for lungs.

However, due to social determinants of health that convolute the relation-
ship between race and health, substantial funding is necessary to promote health 
equity in the African American community during the coronavirus pandemic. For 
instance, due to the level of poverty, lower socio-economic status, and uninsured 
among African Americans, COVID-19 testing, vaccinations, as well as medical 
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treatment for those suffering from coronavirus must be cost-free for these specific 
sub-groups of the African American community.

Further, not all adverse healthcare seeking behaviors can be address in the 
African American community as it relates to this current pandemic. But certainly, 
those healthcare seeking behaviors related to socio-economic factors, i.e., not being 
able to get off of work during traditional business hours, not having treatment 
facilities in proximity to poor, minority communities, and not having transporta-
tion to travel to these facilities, can be addressed. More COVID-19 testing and 
vaccination sites can be placed in African American communities and along or near 
major mass transportation routes. Hours of operation for testing and vaccination 
sites can be expanded to accommodate those African American workers with jobs 
that have less flexible schedules, i.e., customer service, technical, and support staff 
positions.

Finally, given the high level of mistrust of the medical system by African 
Americans, it is critical to build public health campaigns driven by leaders in the 
African American communities, and have oversight provided by community 
consortiums to ensure ethical, fair and safe practices in the administration of these 
tests and vaccines in order to enhance compliance that will facilitate the eradication 
of the coronavirus pandemic.

Conflict of interest

The author states that there is no conflict of interest.

© 2021 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms 
of the Creative Commons Attribution License (http://creativecommons.org/licenses/
by/3.0), which permits unrestricted use, distribution, and reproduction in any medium, 
provided the original work is properly cited. 



69

Racial Health Disparities in Coronavirus Deaths
DOI: http://dx.doi.org/10.5772/intechopen.96361

References

[1] LaVeist TA, Wallace JM, Howard DL. 
The Color Line and the Health of 
African Americans. Humbolt Journal 
of Social Relations. 1995 Vol.21:2, 
pp.119-137.

[2] DuBois WEB, 1899. The Philadelphia 
Negro. Millwood, NY: Kraus-Thomson 
Organization Limited. 1902. Of The 
Training of Black Men. Atlantic 
Monthly.

[3] Swados F. Negro Health on the 
Antebellum Plantations. Bulletin 
of History of Medicine. 1941; 10 (3): 
460-472.

[4] Savitt T. The Use of Blacks for 
Medical Experimentation and 
Demonstration in the Old South. Journal 
of Southern History. 1982; 48  
(3): 331-348.

[5] Washington, Harriet A. Medical 
Apartheid: The Dark History of Medical 
Experimentation on Black Americans 
from Colonial Times to the Present. New 
York: Doubleday, 2006.

[6] Smedley BD, Stith, AY, Nelson, AR 
(Eds.). Unequal treatment: Confronting 
racial and ethnic disparities in health 
care. Washington, DC: National 
Academies Press. 2003.

[7] Elflein, J. Leading causes of death 
among black U.S. residents in 2017. 
State of Health. Statista, Hamburg, 
Germany 2019.

[8] Thomas McAndrew. "COVID19-
Expert Forecast-Survey5-20200316.
pdf" (2020) Available at: http://works.
bepress.com/mcandrew/2/

[9] Secretary’s Task Force on Black 
and Minority Health (1985). Black 
and Minority Health Report the 
Secretary’s Task Force. Washington, 
DC: Department of Health and Human 
Services. http://minorityhealth.hhs.gov/
assets/ pdf/checked/1/ANDERSON.pdf

[10] Department of Health and Human 
Services, Perspectives in Disease 
Prevention and Health Promotion Report 
of the Secretary's Task Force on Black and 
Minority Health. Centers for Disease 
Control, Morbidity and Mortality 
Weekly Report February 28, 1986 / 35 
(8):109-12.

[11] Carter-Pokras O, Baquet C. What 
is a “health disparity”? Public Health 
Report. 2002; 117(5), 426-434.

[12] Braveman P. What are health 
disparities and health equity? We need 
to be clear. Public Health Rep. 2014;129 
Suppl 2(Suppl 2):5-8. doi:10.1177/00333
549141291S203.

[13] Office of Minority Health (2011). 
HHS Action Plan to Reduce Racial and 
Ethnic Health Disparities. A nation 
free of disparities in health and health 
care. http://minorityhealth.hhs.gov/
npa/files/Plans/HHS/HHS_Plan_
complete.pdf

[14] Howard, Daniel L., Thomas A. 
LaVeist and William C. McCaughrin. 
The Effect of Social Environment on 
Treatment Outcomes in Outpatient 
Substance Misuse Treatment 
Organizations: Does Race Really Matter? 
Substance Use and Misuse. 1996; 31(5), 
pp.617-638.

[15] Howard, Daniel L. The Meaning of 
Race Within Health Services Research: 
Biologically Significant, Social/Political 
Label, or Composite Proxy? African 
American Research Perspectives. Spring/
Summer 2002; Vol. 8, No.1, pp.55-59.

[16] LaVeist TA. Beyond Sample 
Selection and Dummy Variables: What 
Health Services Researchers Ought to 
Know about Race as a Variable. HSR: 
Health Services Research. 1994; 29:1 
(April) 1-16.

[17] Williams DR. The Concept of Race in 
Health Services Research: 1966-1990. HSR: 



Science-Based Approaches to Respond to COVID and Other Public Health Threats

70

Health Services Research. 1994; 29(3): 
261-274.

[18] Secretary’s Advisory Committee 
on Health Promotion and Disease 
Prevention Objectives for 2020. Healthy 
People 2020: An Opportunity to Address 
the Societal Determinants of Health in the 
United States. July 26, 2010. Available 
from: http://www.healthypeople.
gov/2010/hp2020/advisory/
SocietalDeterminantsHealth.htm

[19] World Health Organization, 
Commission on Social Determinants 
of Health. Closing the Gap in a 
Generation: Health equity through action 
on the social determinants of health. 
Available from: http://www.who.int/
social_determinants/en

[20] National Partnership for Action: 
HHS Action Plan to Reduce Racial and 
Ethnic Health Disparities, 2011; and 
The National Stakeholder Strategy 
for Achieving Health Equity, 2011. 
Available from: http://minorityhealth.
hhs.gov/npa

[21] The National Prevention and 
Health Promotion Strategy. The 
National Prevention Strategy: America’s 
Plan for Better Health and Wellness, 
June 2011. Available from: https://
www.surgeongeneral.gov/priorities/
prevention/strategy/index.html

[22] Howard, Daniel L., Roy Penchansky, 
and Morton S. Brown. Disaggregating 
the Effects of Race on Breast Cancer 
Survival. Family Medicine. 1998; 30(3), 
pp.228-235.

[23] Braveman, P; Gruskin (21 October 
2002). "Defining Equity in Health" 
(PDF). Theory and Methods. 57 (4): 
254-258. doi:10.1136/jech.57.4.254. PMC 
1732430. PMID 12646539 – via https://
jech.bmj.com/content/jech/57/4/254.
full.pdf.

[24] Goldberg DS. "Justice, Compound 
Disadvantage, and Health Inequities", 

Public Health Ethics and the Social 
Determinants of Health, SpringerBriefs 
in Public Health, Springer International 
Publishing, 2017; pp. 17-32, 
doi:10.1007/978-3-319-51347-8_3, ISBN 
978-3-319-51345-4

[25] Reeves, Richard, Edward Rodrigue, 
and Elizabeth Kneebone. Five Evils: 
Multidimensional Poverty and Race in 
America. The Brookings Institution. 
April 2006.

[26] LaVeist T, Pollack K, Thorpe R Jr, 
Fesahazion R, Gaskin D. Place, not 
race: disparities dissipate in southwest 
Baltimore when blacks and whites live 
under similar conditions. Health Aff 
(Millwood). 2011;30(10):1880-1887. 
doi:10.1377/hlthaff.2011.0640

[27] Artiga, Samantha, Kendal Orgera, 
and Anthony Damico. Changes in Health 
Coverage by Race and Ethnicity since the 
ACA, 2010-2018. Henry J. Kaiser Family 
Foundation. March 5, 2020.

[28] U.S. Census Bureau, Home 
Ownership by Race. Retrieved 
4/10/2020.

[29] Jones, Janelle and John Schmitt. A 
College Degree is No Guarantee. Center 
for Economic and Policy Research, 
Washington DC. May 2014.

[30] Rodgers III, Williams. Understanding 
the Black-White Earnings Gap: Why Do 
African Americans continue to earn less 
despite dramatic gains in education? The 
American Prospect. September 19, 2008.

[31] Gee, M. Why Aren’t Black Employees 
Getting More White-Collar Jobs? Harvard 
Business Review. Harvard Business 
Publishing. February 28, 2018.

[32] Raphael, S., Berube, A., & Deakin, 
E. (2006). Socioeconomic Differences 
in Household Automobile Ownership 
Rates: Implications for Evacuation 
Policy. UC Berkeley: University of 
California Transportation Center. 



71

Racial Health Disparities in Coronavirus Deaths
DOI: http://dx.doi.org/10.5772/intechopen.96361

Retrieved from https://escholarship.org/
uc/item/7bp4n2f6

[33] The Pew Center. Religious 
Landscape Study. Attendance at 
religious services by race/ethnicity 
(2014). Retrieved 4/10/2020.

[34] Natalie T. Eley, Emily Namey, 
Kevin McKenna, Annette Carrington 
Johnson, Greg Guest. Beyond the 
Individual: Social and Cultural 
Influences on the Health-Seeking 
Behaviors of African American Men. 
American Journal of Men's Health, 
Volume: 13 issue: 1, https://doi.
org/10.1177/1557988319829953 PMID: 
30767594

[35] Williams, D. R. (2003). The health 
of men: Structured inequalities and 
opportunities. American Journal 
of Public Health, 93(5), 724-731. 
doi:10.2105/AJPH.93.5.724

[36] Liburd, L. C., Namageyo-Funa, 
A., Jack, L. (2007). Understanding 
“masculinity” and the challenges of 
managing type-2 diabetes among 
African-American men. Journal of the 
National Medical Association, 99(5), 
550-552, 554-558.

[37] Howard, Daniel L., Roy Penchansky, 
and Morton S. Brown. Disaggregating 
the Effects of Race on Breast Cancer 
Survival. Family Medicine,30(3), 
pp.228-235,1998.

[38] Brundage, Vernon. Labor Market 
Activity Of Blacks In The United States. 
Division of Labor Force Statistics, 
U.S. Bureau of Labor Statistics. 
February 2020.

[39] Pavik VN, Hyman DJ, Vallbona C, 
et al. Response rates to randomdigit 
dialing for recruiting participants to an 
onsite health study. PublicHealth Rep 
1996; Sep-Oct:444-50.29.

[40] Taplin SH, Anderman C, 
Grothaus L, Curry S, Montano D. Using 

physician correspondence and 
postcard reminders to promote 
mammography use. Am J Public Health 
1994;84(4):571-4.30.

[41] Blankton ML, Goldenberg RL, 
Keith B. Noncompliance of high-
risk pregnant women in keeping 
appointments at an obstetric 
com-plications clinic. South Med J 
1994;87(6):634-8.

[42] Ballington L. Kinlock, 
Laurie J. Parker, Janice V. Bowie, 
Daniel L. Howard, Thomas A. LaVeist, 
Roland J. Thorpe Jr. High Levels of 
Medical Mistrust is Associated with 
Low Quality of Life among Black and 
White Men with Prostate Cancer. Cancer 
Control: Journal of the Moffitt Cancer 
Center. January 2017, Vol. 24, No. 
1:72-77.

[43] LaVeist TA, Isaac LA, Williams KP. 
Mistrust of health care organizations 
is associated with underutilization 
of health services. Health Serv Res. 
2009;44:2093-2105.

[44] Howard, Daniel L., Yhenneko J. 
Taylor and Louie E . Ross. Differences 
in Lower Urinary Tract Symptoms, 
Treatment and Mortality among 
African-American and White Elderly 
Men. Journal of the National Medical 
Association Vol. 100, No.10, pp. 1146-
1152, October 2008.

[45] Gooden, Kyna M., Daniel L. 
Howard, WR Carpenter, AP Carson, 
YJ Taylor, S Peacock, PA Godley. 
The Effect of Hospital and Physician 
Volume on Racial Differences in 
Recurrence-Free Survival After Radical 
Prostatectomy. Medical Care 2008; 46: 
1170-1176.

[46] Howard Daniel L., Nadine J. Barrett, 
DaJuanicia N. Holmes. Can Cultural 
Competency Speak to the Race Disparities 
in Methadone Dosage Levels? Review of 
Black Political Economy Vol. 37, No. 1, 
pp. 7-23, March 2010.



Science-Based Approaches to Respond to COVID and Other Public Health Threats

72

[47] Carpenter WR, Howard DL,  
Taylor YJ, Ross LE, Wobker SE, 
Godley PA. Racial differences in PSA 
screening interval and stage at diagnosis. 
Cancer Causes Control. 2010 Mar 24.

[48] Carson AP, Howard DL, 
Carpenter WR, Taylor YJ, Peacock S, 
Schenck AP, Godley PA. Trends and 
Racial Differences in the Use of Androgen 
Deprivation Therapy for Metastatic 
Prostate Cancer. Journal of Pain and 
Symptom Management. 2010 May; 
39(5):872-881.

[49] Ballington L. Kinlock, Roland J. 
Thorpe Jr., Daniel L. Howard, David 
Fakunle, Janice V. Bowie, Louie E. Ross, 
Thomas A. LaVeist. Racial Disparity 
in the time between being diagnosed and 
initial treatment of Prostate Cancer. 
Cancer Control; Journal of the Moffitt 
Cancer Center. January 2016, Vol. 
23, No. 1.

[50] Howard, Daniel L., Bennett G. 
Edwards, Kimberly Whitehead, M. 
Ahinee Amamoo, and Paul A. Godley. 
Healthcare practices among blacks and 
whites with urinary tract symptoms. 
Journal of the National Medical 
Association Vol.99, No.4, pp.404-411, 
April 2007.

[51] Wei JT, Schottenfeld D, Cooper K, 
Taylor JM, Faerber GJ, Velarde MA, 
Bree R, Montie JE, Cooney KA. The 
natural history of lower urinary tract 
symptoms in black American men: 
relationships with aging, prostate 
size, flow rate and bothersomeness. J 
Urol. 2001 May;165(5):1521-5. PMID: 
11342910.

[52] Jacobsen SJ, Jacobson DJ, Girman CJ, 
Roberts RO, Rhodes T, Guess HA, 
Lieber MM. Treatment for benign 
prostatic hyperplasia among community 
dwelling men: the Olmsted County 
study of urinary symptoms and health 
status. J Urol. 1999 Oct;162(4):1301-6. 
PMID: 10492184.

[53] Anderson, B. J., W. F. Auslander, K. 
C. Jung, J. P. Miller, and J. V. Santiago. 
1990. “Assessing Family Sharing of 
Diabetes Responsibilities.” Journal of 
Pediatric Psychology 15 (4): 477-92.

[54] Auslander, W. F., S. J. Thompson, 
D. Dreitzer, and J. V. Santiago. 1997. 
“Mothers’ Satisfaction with Medical 
Care: Perceptions of Racism, Family 
Stress, and Medical Outcomes in 
Children with Diabetes.” Health and 
Social Work 22 (3): 190-9.

[55] Howard, Daniel L., Carol D. Bunch, 
Wilberforce O. Mundia, Thomas R. 
Konrad, Lloyd J. Edwards, M. Ahinee 
Amamoo, and Yhenneko Jallah. 
Comparing United States Vs. International 
Medical School Graduate Physicians 
Who Serve African American and White 
Elderly. HSR: Health Services Research 
41:6 (December 2006).



73

Chapter 4

Impact of COVID-19 on Oral 
and Dental Health Delivery 
and Recommendations for 
Continuation of Oral and Dental 
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Abstract

COVID-19, which has caused a great panic by leaving millions of deaths in its 
wake worldwide, has affected the provision of oral and dental health services as 
in many fields. Especially dentists, who offer oral and dental health services by 
working in the oral region of the patients, are under a high risk of encountering 
the agent. This high risk has justifiably created a concern for them. Therefore, it 
has been quite challenging to provide oral and dental health services. In order to 
alleviate these concerns and to sustain oral and dental health services, many health 
organizations and institutions, especially the World Health Organization, have pub-
lished recommendations and principles of practice, and announced financial sup-
port. In this section, we will examine the recommendations and practices regarding 
infection prevention and control measures by getting away from standard routine 
health service practices in order to be protected from COVID-19 epidemic and what 
areas they cover on a wide scale. By discussing the effects of these recommendations 
and practices on the provision of dental health services, we will try to determine the 
practices that will relieve concerns and are aimed at ensuring the provision of safe 
health services in terms of both patients’ health and health professionals’ health.

Keywords: SARS-CoV-2, Dental Care Delivery, Recommendations for Dental Service

1. Introduction

The novel coronavirus 2019 is a member of the Coronaviridae family. In fact, 
this single-stranded RNA virus, whose natural habitat is animals, was reported to 
be transmittable from animals to humans. The disease caused by this virus, known 
as SARS-CoV-2, was named Coronavirus disease-19 (COVID-19) because it was 
first detected in 2019 [1–4]. This virus can involve the liver and the intestinal, 
respiratory and nervous systems, as well as causing major damage to the lungs in 
severe cases, and it may also lead to acute respiratory distress syndrome (ARDS) 
and death [5]. The disease originated in the city of Wuhan in the Hubei province of 
China due to consumption of animals contaminated with the SARS-CoV-2 virus. 
Later, it spread around the world, causing millions of people to become ill and 
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many of them to die. The pandemic caused by the virus changed the social life of 
all humanity and forced all health groups, including dental treatment providers, 
professionally [6–9].

All people in the world are susceptible to COVID-19. However, older people 
(≥55 years), those with comorbidities such as diabetes mellitus, hypertension, heart 
disease, chronic lung disease, malignancy and kidney disease and smokers are more 
susceptible to COVID-19 disease in comparison to the young and healthy population 
[5, 9–13]. Additionally, in a study, it was found that COVID-19 had a more severe 
course in those with poor oral and dental health in conjunction with immune system 
deficiency [14]. Healthcare professionals come first in terms of the risk of exposure 
to the virus. Among them, the risk of those working on the oral cavity was found 
to be higher [15–18]. If this risk is compared to the work done by other healthcare 
professionals, it is thought to be close to that of staff in laboratories where the virus 
is directly analyzed, or the bodily fluids of COVID-19 patients are studied. The role 
and risks of laboratory medicine in times of epidemics of infectious diseases are 
already well-known [19, 20].

Therefore, in this section, we will first discuss the possible relationships between 
dental and oral health and the course of COVID-19. Then, we will discuss the 
precautions that dental providers should take while working and the issues they 
should pay attention to.

2. Recommendations of international dental organizations

Many dentists have avoided making appointments except for patients in emer-
gency cases due to the COVID-19 pandemic. The American Dental Association 
(ADA), American Dental Hygienist’ Association (ADHA) and Centers for Disease 
Control and Prevention (CDC) raised a new debate by encouraging dentists and 
other healthcare professionals to balance the need to provide essential services 
while minimizing risk in caring for at-risk patients in their area [15, 21, 22]. The 
Interim Infection Prevention and Control Guidance for Dental Settings During the 
Coronavirus Disease 2019 (COVID-19) Pandemic, as the topic of discussion, chose 
the question “Are dentistry facilities safe?” Like these interim guides in the United 
States, many European and Asian countries have published guidelines based on 
recent information about COVID-19 or inspired by the countries where the disease 
was first seen. Most of the recommendations in these updated guidelines are not 
new. A summary of some recommendations and practices are shown in Table 1.

1 Recommended infection prevention and control (IPC) practices for routine dental healthcare 
delivery during the pandemic

2 Recommended IPC practices during dental healthcare delivery to a patient with suspected or 
confirmed SARS-CoV-2 infection

3 Resumption of work criteria for healthcare workers with suspected or confirmed COVID-19 
(Interim Guidance)

4 Strategies to reduce the lack of health personnel and methods of working alternately

5 Risk assessment and recommendations on working restrictions for dental healthcare providers 
and other healthcare professionals who are likely to be exposed to the coronavirus disease 2019

6 Termination of measures and treatment due to transmission of COVID-19 during dental care 
delivery

Table 1. 
Some recommendations and practices.
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3. Measures to protect individuals from the COVID-19 outbreak

In order to be protected from the COVID-19 pandemic, CDC recommends 
additional infection prevention and control measures to be applied for all patients in 
addition to standard routine healthcare practices due to the nature of the pandemic. 
Some of these guidelines a applicable to all settings where healthcare services are 
provided, while others are not designed for environments other than health-
care facilities (e.g., restaurants, cafes, shopping malls, entertainment centers). 
Guidelines generally include information about the ways of transmission of  
COVID-19, patient care and management, patient triage protocols, complications 
that may develop due to the disease, telehealth strategies, various transportation 
vehicles and medical equipment transportation, or laboratory working conditions 
and raising awareness. For example, while requesting a dental examination for 
patients with suspected or confirmed SARS-CoV-2 infection, it is recommended 
to use triage protocols to understand whether this appointment is necessary or 
whether the patient can be managed from home in quarantine conditions. COVID-
19 patients who complete the 14-day isolation period at home can benefit from 
dental healthcare by following standard precautions. Hand disinfectants containing 
≥70% alcohol, antiviral-antibacterial wipes and disposable materials are required 
to be kept in the entrance areas of healthcare facilities and waiting rooms, and 
patients are required to be informed with various warning signs. Like all citizens, all 
healthcare professionals, including dentists, are warned about certain safety rules. 
From the simplest to the most complex, publications are constantly being updated 
to protect people against the SARS-CoV-2 virus. Accordingly, your dentist and other 
healthcare professionals working with them should wash their hands before and 
after each procedure and sterilize the instruments. It is emphasized that especially 
some dental tools and needles should never be reused. Most dental procedures 
in dentistry produce significant amounts of droplets (>5 μm), as well as aerosols 
(5 μm), although not approved by the World Health Organization (WHO) as a gen-
eral route of transmission. These droplets and aerosols create a potentially high risk 
of infection transmission [15–18, 23]. Due to this very close contact, a high viral load 
may be encountered when transmission through droplets occurs. However, con-
sidering that thousands of droplets or aerosols may be spread even while speaking, 
we need to understand well that we are facing a virus that chose the most difficult 
form of transmission to be protected from [24]. Transmission may occur by contact 
other than droplets. Direct contact with urine, tears, respiratory secretions, mouth 
secretions and blood is considered risky [9, 25–27].

As known, since the morbidity and mortality of COVID-19 is closely related to 
age, immune system deficiencies, presence of chronic diseases and especially viral 
load [17, 28], due to the nature of the profession (working in the oral cavity), the 
field of dentistry is included in the high risk category. For this reason, if procedures 
that can create aerosol during dental care are applied, four-handed dentistry, high 
evacuation suction and dental dams should be used to minimize the amounts of 
aerosols and droplets that are created [15, 16, 18].

In line with IPC recommendations, patients in the 14-day quarantine period 
based on prolonged close contact with someone with SARS-CoV-2 infection and not 
yet confirmed to be COVID-19-negative by a polymerase chain reaction (PCR) test 
should be isolated and not categorized in a cohort with patients with suspected or 
confirmed SARS-CoV-2 infection. Since dentists generally do not provide inpatient 
treatment services, while facing such a situation, they should contact their nurses or 
clinicians for the patient’s triage [15].

Among measures to be taken in the dental clinic, the right triage is perhaps the 
most important. Questions about the health status of the patient calling for an 



Science-Based Approaches to Respond to COVID and Other Public Health Threats

76

appointment should be asked. Dentistry personnel should also call patients and 
question their current health status before their scheduled appointment (Table 2).  
It is strongly recommended that questions and practices include the following 
information and rules [7, 11, 12, 15, 16, 25, 29–32].

3.1 Practices and rules for patient appointments

Instruct the patient to wear a facemask when entering the dental clinic and not 
to remove it unless the dentist instructs them to do so. Have patients have their 
temperature measured as a routine procedure in dental clinics during the COVID-19 
pandemic. Tell patients that they should make an appointment. Make appointments 
so that patients do not coincidence with each other. Limit the appointments to a 
certain number of patients. Tell patients that they should not bring any companions 
except in special cases. If a patient with COVID-19 symptoms has been taken in at the 
dentistry clinic, isolate the patient in a pre-created area for the necessary evaluations, 
routine blood analysis (e.g., hemogram and routine biochemical tests) and PCR test. 
Postpone dental treatment until the test result comes out. In the case of a positive 
test result, postpone dental treatment until the incubation period (14 days) is over. 
Postpone treatment for patients hospitalized with COVID-19 for at least 30 days.

3.2 Recommendations for the dentist and working environment

Dentists should talk to their patients using a surgical mask. If the dentist has 
symptoms like those of COVID-19, they should stop performing dental treatment, 
take a PCR test and isolate themselves for 14 days if the disease is confirmed or 
suspected. Moreover, a healthy lifestyle should be maintained during isolation. To 
avoid cross transmission, ensure that a limited number of patients are admitted to 
waiting rooms and with a distance of 2 m. Remove all reading and other materials 
from the waiting room. Make sure that disinfection is ensured every evening after 
the end of working hours and that the rooms are ventilated. Post your instructions 
on hand hygiene (cleaning with soap and water) and respiratory hygiene (behav-
ior while coughing or sneezing) in the waiting room and entrances with visual 

Yes No

1 In the last 14 days, have you had fever, cough, 
shortness of breath, weakness, widespread 
body pain, nausea-vomiting, diarrhea, or any 
complaint that is important to you? If your 
answer is yes, please state your complaint below.

Yes:…………

2 Have you traveled abroad in the last 14 days?

3 Have you been to areas where the COVID-19 
pandemic is prevalent?

4 Have you had contact with someone diagnosed 
with COVID-19 in the last 14 days?

5 Have you recently attended a meeting, funeral, 
party or event with many people?

If the patient’s answer to the 2nd and 3rd questions is yes, the dental clinic should postpone the treatment 
until the incubation period (14 days) is over, unless there is an emergency.

Table 2. 
Questions about the health status of the patient who is calling for an appointment.
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warnings or signs. Put a hand sanitizer in waiting rooms. Distribute information 
leaflets to patients. However, remind them that these brochures should not be 
handed over. Ensure the use of a high-volume exhaust (HVE) filter and a high effi-
ciency particulate air (HEPA) filter to filter contaminated air in dental clinics. Have 
the filters disinfected every day. Prevent employees from working in the dental care 
room without adequate protective equipment. It should be mandatory to use pro-
tective clothing, caps, respirators, gloves, disposable shoe covers, protective glasses 
and/or face protective shields to protect the skin and mucous membranes of dentists 
and other workers from contamination with blood and secretions of patients.

Antimicrobial products are recommended for patients to rinse their mouth 
before dental operations (gargle with chlorhexidine and similar antiseptic solu-
tion), as it will reduce the number of germs in the oral cavity [25, 30].

Dental healthcare personnel (DHCP) should be limited to one patient each time. 
Contact with more than one patient at the same time will distract the staff and 
increase the risk of infection. The dental operator should only have clean or sterile 
supplies required for the dental procedure and should not use auxiliary staff unless 
necessary. For this reason, the setting should be kept ready so that the required tools 
are easily accessible. The material remaining after the process should be considered 
contaminated and subjected to a medical waste management procedure. During 
the operation, the dentist must be protected by using a shield and an N95 mask. If 
an aerosol- or droplet-forming procedure will not be applied, shields and surgical 
masks may be used. Surgical gloves and protective clothing should be changed 
every time. Therefore, disposable protective clothing should be preferred. Food and 
drinks should not be consumed during work. The environment should be sterilized 
with disinfectant spraying devices at the beginning and after the process. All surgi-
cal and dental instruments should be sterilized in accordance with the applicable 
standards, and the necessary number of materials should be available each time, 
because if a dental tool contaminated with SARS-CoV-2 comes into contact with the 
oral mucosa, the virus will enter the organism due to the highly expressed ACE-2 
receptors, especially in the epithelial cells of the tongue [11, 16, 33]. Therefore, 
dental procedures to be performed should be designed in such a way that they do 
not create aerosols, and if possible, only hand tools should be used. This is because 
dentistry professionals work in the patient’s mouth, and this carries a high risk 
of COVID-19 infection. While working in the mouth, droplets will be scattered 
with the patient’s saliva and inhaled through breathing. Meanwhile, people in the 
immediate area will be at a high risk of infection. Therefore, all asymptomatic 
patients should be assumed COVID-19-positive, and action should be taken accord-
ingly. There are recommendations to prevent SARS-Cov-2 virus transmission, such 
as the use of a suction cannula for rapid spray/saliva aspiration or the use of Tyvek 
garments and sprays designed for protection of dental care workers [15, 34–37]. 
Moreover, although there are no data that it reduces SARS-CoV-2 viral load, the 
mouth should be rinsed with preprocedural mouth rinses (PPMR) containing an 
antimicrobial product (chlorhexidine gluconate, essential oils, povidone-iodine 
or cetylpyridinium chloride) before the procedure. Two different studies showed 
that mouth rinsing before a routine procedure inhibits most bacterial aerosols 
produced by the usage of an ultrasonic unit, and chlorhexidine is more effective 
[38, 39]. Furthermore, Kaufman et al. [39] reported that universal barrier measures 
for protection from infections and effective routine infection control will prevent 
infections in dentistry. The virus is very sensitive to ultraviolet light and heat, 
and if it is kept at 56°C for 30 minutes, the virus will be inactive. Lipid solvents 
such as ether, 75% ethanol, chlorine-containing disinfectants, peracetic acid and 
chloroform can kill the virus [11, 40]. These lipid solvents are used to disinfect the 
environment of the dental clinic and the surfaces of objects. As a result, antiviral 
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mouthwash application of the patient to reduce viral load, use of suction cannula 
for rapid spraying/saliva aspiration, use of N95 masks as well as dentist’s shield, 
continuous environment disinfection and vaccination are known as the most effec-
tive measures. However, since it would be possible to evaluate the effectiveness of 
the recommendations offered through long term prospective studies, these recom-
mendations should be considered as confidence increasing approaches towards oral 
and dental health for the time being. In addition, through meta-analysis studies to 
be conducted by using the data to be obtained from these recommendations that 
could be applied in different centers, the problems related to the application of 
these recommendations and the concerns about their effects on the efficiency of 
oral and dental health can be eliminated. Hence, we believe that these recommenda-
tions would be a good topic for research in various areas related to dental health.

In addition to all these precautions above that need to be followed, scientific 
authorities suggest that vaccination of healthcare personnel working in the front-
lines is seen as the most effective method in countering the COVID-19 pandemic 
[41–43]. According to the results of a study conducted in the UK, vaccination, even 
if it provides limited protection against infection, can have a significant effect in 
preventing the spread of COVID-19 and reducing its outbreaks [44].

4. The importance of physical distance in the work environment

It is known that COVID-19, which has caused great concern worldwide, is asymp-
tomatic in many people. Test positivity is quite common before the symptoms of the 
disease appear. Laboratory findings of these asymptomatic people are also normal. 
However, since COVID-19 causes hyperinflammation, significant changes such as 
lymphopenia, high neutrophil to leukocyte ratio, increase in CRP, ferritin, D-dimer 
and procalcitonin levels are found in the biochemical results of many symptomatic 
people [45, 46]. People who are asymptomatic are highly effective transmitters in 
spreading COVID-19. These are called asymptomatic carriers [47, 48]. Moreover, 
studies have shown that the viral load in the airway samples of asymptomatic 
patients is similar to that of symptomatic patients [49]. For this reason, dental health 
and other healthcare professionals should also continue their work in compliance 
with physical distancing principles (at least one meter) [50, 51] because transmission 
from healthcare workers to healthcare workers is a danger that should be taken seri-
ously for healthcare institutions [52]. In cases of suspected COVID-19 cases, person-
nel working together are also recommended to have SARS-CoV-2 PCR tests.

If the patient who is treated in a dentistry clinic shows signs or symptoms 
immediately (within one to two days) after the treatment, or if they are diagnosed 
with COVID-19, the situation must be reported to the dental clinic [21]. Procedures 
for providing this feedback should be established because almost all people are 
susceptible to COVID-19. The incubation period is usually 3–7 days but may extend 
up to 14 days. Moreover, many cases showing that it takes up to 24 days have been 
reported. During this incubation period, patients can transmit the virus to others. 
It was even found that people may be infected during their recovery period. The 
symptoms of the disease are usually fever, dry cough and fatigue. These may be 
accompanied by nasal congestion, runny nose, sore throat, myalgia and diarrhea. In 
severe cases, acute respiratory distress, septic shocks, metabolic acidosis and multi-
organ failure may develop [11, 12, 25, 30, 53, 54].

In a review conducted by Marcelo Coelho Goiato, 47 articles and 9 websites 
were examined, general information about SARS-CoV-2 was collected, and forms 
of transmission and measures in dentistry were reviewed. In the review, it was 
reported that the SARS-CoV-2 virus was transmitted to 213 countries as of May 
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2020 [8]. With 208 countries registered with the United Nations and an estimated 
13 unregistered countries in the world, SARS-CoV-2 has spread almost all over the 
world, and millions of people have already lost their lives. There are worries that 
these numbers will increase even more. These figures show that the SARS-CoV-2 
virus should be taken seriously. As to be understood from here, it is not possible 
that oral and dental health services will not be affected by this. The main question 
is what kind of precautions we can take to maintain these healthcare services. In 
clinical practice, oral and dental healthcare providers continue their profession with 
fear, as they come into contact with many patients every day and are exposed to 
many infection risks, including SARS-CoV-2 [11, 27]. The best way to overcome this 
fear is to have a broad knowledge of COVID-19 and follow the recommendations of 
the authorities working on this issue. This way, dentists will protect both their own 
health and the health of their patients and other people.

Another fear of all healthcare professionals, including dentistry professionals, is 
the possibility of transmitting this infection to their close relatives, since they work 
closely with infected patients [11, 16, 54]. In a study by Sabino et al., the finding 
that 29% of 138 patients who received hospital treatment in the city of Wuhan in 
the Hubei province of China for COVID-19 were healthcare workers [26] justifies 
this concern.

5.  Oral and dental healthcare practices for the COVID-19 outbreak in 
Turkey

With the first cases in Turkey at the beginning of March 2020, the Turkish 
Ministry of Health, Coronavirus Science Board members took urgent measures in 
accordance with the available recommendations of international organizations, 
‘guidelines for working in health institutions and Infection Control Measures’ were 
published, and individuals were instructed to comply with these guidelines and 
measures [55]. Accordingly, during the pandemic, it was recommended to intervene 
in emergency cases and avoid aerosol-producing procedures in dental practices. 
According to this guide, emergency and compulsory services in dental practices are 
defined. These are summarized below:

• Severe toothache caused by acute pulp diseases and pericoronitis,

• Osteitis or alveolitis,

• Dental abscess or bacterial infection with localized pain and swelling,

• Traumatic jaw and tooth fractures, avulsion/luxation,

• Broken brackets and dental wires causing pain and infection in patients 
receiving orthodontic treatment,

• Temporomandibular joint luxation,

• Acute painful ulcerations of the oral mucosa and severe uncontrolled bleeding,

• Oral infections that narrow the respiratory tract,

• Treatment of patients who are planned to receive or receiving organ transplan-
tation, radiotherapy and chemotherapy,
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• Dental consultations requested for severe medical problems,

• Taking stitches from the wound site after an intervention,

• Treatment of restoration and removable denture fractures in a way that does 
not create droplets and aerosols,

• Making feeding plates for newborn patients with cleft lip and palate,

• Biopsy performed for suspicion of malignancy.

In the normalization period, it was reported that planning was made by giving 
priority to emergency and compulsory services to manage the patient density that 
may occur in all institutions providing oral and dental health services.

The Turkish Ministry of Health was one of the best among the health depart-
ments of countries in the management of the COVID-19 pandemic in terms 
of the measures it took, the rules it set and its supply of healthcare materials. 
Furthermore, more positive results were obtained thanks to the cooperation with 
the World Health Organization (WHO). These practices encouraged all healthcare 
professionals, including dental healthcare professionals, to ensure the smooth con-
tinuation of healthcare services, except for minor problems. In this context, dentists 
were also included among healthcare professionals who directly combat COVID-19. 
They contributed significantly to the fight against this disease by participating 
in contact-tracing teams and working in the job of taking a throat and nose swab 
for PCR tests. The effective factors that enabled dentists to offer this contribution 
were provision of adequate protective equipment as well as the knowledge and 
skills provided by training programs. According to a study conducted by Tokuc and 
Coskunses [56], dentists in Turkey reporting that they have significant knowledge 
and skills about COVID-19 and its clinical symptoms are the proof of this. However, 
the opposite case was reported in a similar study conducted in Pakistan [ 57].

6. Importance of financial and social support

During the epidemic period, the Turkish government directly supported all 
healthcare professionals at high risk of contact with COVID-19, including those 
working in oral and dental health, as well as providing a significant quantity of 
medical equipment and device support to health institutions. Additionally, it 
took measures that would lead to improvements in the social status of healthcare 
personnel and encouraged them to increase the respect in the society for health-
care professionals. This attitude has had a doping effect in the fight of healthcare 
personnel against COVID-19. Of course, in a period when the economy and work 
life were unstable due to the COVID-19 pandemic, the financial support provided 
to fight against the pandemic had strained the Turkish economy. However, the 
psychological gain it created has prevented economic difficulties. Additionally, 
considering the humanitarian aspect and the long-term reflections of the outcomes 
gained from the lives that were saved, from the bodies that were freed from pain and 
from the brains that were restored to their normal thinking capacity, it is certain 
that the fight against the COVID-19 pandemic will be worth all kinds of economic 
difficulties. Considering the economic, psychosocial and health losses suffered by 
the USA, which is accepted as the most developed country in the world but caught 
unprepared for the pandemic due to its wrong decisions in terms of health [58], 
the value of the support to be given to the field of health has been understood 
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better. Additionally, in a study on the effect of COVID-19 on healthcare workers, 
it was emphasized that healthcare workers should be encouraged to continue to 
provide high-quality and effective healthcare services [59]. In another study, it was 
determined that the rapid spread of COVID-19 and the lack of personal protective 
equipment, as well as witnessing deaths caused by the pandemic, fear of carrying 
the virus to family members and the deaths of colleagues, have seriously affected the 
mental health of healthcare professionals. For this reason, it was reported that the 
mental health of all healthcare professionals should be supported during and after 
the COVID-19 pandemic [60]. All these points show that it is important to support 
all healthcare professionals, including oral and dental healthcare professionals, 
financially and socially throughout the pandemic period.

Developments related to COVID-19 and many issues that remained in the dark 
initially caused anxiety in Turkey’s dentistry community. However, as uncertainties 
and lack of information about COVID-19, which were a cause of fear, disappeared, 
and the necessary measures were taken, the desire to fight replaced anxiety. The 
measures taken, the training programs provided, and most importantly, the support 
of the Turkish state to healthcare professionals have enabled the people to come 
out of this process. The SARS-CoV-2 virus will continue to be effective for years to 
come. For this reason, the struggle against the pandemic should continue responsi-
bly. As dental service providers, we exemplify our own struggle in this regard.

7. Conclusion

Scientific evidence shows that the oral cavity and its components have a very 
important role in the pathogenicity and morbidity of SARS-CoV-2. Since dentists 
work in the mouth area, they carry a high risk of COVID-19 disease. Therefore, by 
providing adequate personal protection equipment and administering vaccination 
to all staff, as well as rational practices, the concerns of dentists and other health-
care professionals about the COVID-19 pandemic may be alleviated. Additionally, 
financial and social support should be continued. This way, it may be ensured that 
dental treatment services can be maintained without any problems.

© 2021 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms 
of the Creative Commons Attribution License (http://creativecommons.org/licenses/
by/3.0), which permits unrestricted use, distribution, and reproduction in any medium, 
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Abstract

Health commodity supply chains are vital to a well-functioning health system and 
advancing national and regional health security goals. This study describes impacts of 
the COVID-19 pandemic on these chains, learnings from it and the challenges faced 
by countries. It also provides futuristic strategic recommendations for the building of 
the supply chain to manage the impacts and guide pandemic responsiveness. We used 
the PRISMA guideline for systematic review to collate relevant information from both 
published and unpublished literature. Out of 622 screened records, 38 were included 
in the review. Major impacts were innovation, collaboration, increased technology, 
research and development, increased prices and shortage of health products, deple-
tion of supply chain personnel. Challenges were lack of visibility, coordination, resil-
ience and strategy for pandemics, potential substandard medicines epidemic, travel 
restrictions and inadequate scientific knowledge. The studies recommended increased 
local production and resilience of supply chains. The pandemic disrupted national 
and international supply chain systems of medical devices, essential medicines and 
pharmaceutical products due to border closures, transportation and international 
trade restrictions. It however exposed hidden potentials in Sub-Saharan Africa. There 
is need to develop supply chain strategy for emergencies, increase local production 
and talent pool for supply chain management particularly in Africa.

Keywords: COVID-19, impact, health supply chain, pandemic

1. Introduction

The COVID-19 pandemic has escalated into the largest health crisis of the 21st 
Century. According to the COVID-19 situation dashboard of the World Health 
Organization (WHO), the virus has infected more than 117,132,788 people worldwide 
to date, and has also killed over 2,600,839 [1]. Epidemiological projections show 
that the outbreak overwhelmed even well-developed healthcare systems [2]. Many 
countries have thus imposed pandemic suppression measures such as lockdowns and 
community quarantines in an effort to stem the progress of the pandemic [3].

Health commodity supply chains are a critical element of a well-functioning 
health system and a vital input to advancing national and regional health secu-
rity goals. Strong medicine and health commodity supply chains improve health 
outcomes and build trust in health systems. Robust supply chains provide critical 
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vaccines, medicines, diagnostics, and other essential health supplies to support 
communicable disease prevention, control, and response activities [4]. A public 
health supply chain is a network of interconnected organizations or actors that 
ensures the availability of health commodities to people who need them. Essentially 
there are four parts to a supply chain; product manufacturers or the suppliers, 
distributors, service providers (hospitals, pharmacies, retail medicine sellers) and 
finally the customers or patients [5].

The coronavirus pandemic is having a clear impact on the supply chains of 
virtually all manufacturers, retailers, and wholesalers. As the world attempts to 
navigate through this difficult time, most companies are struggling to maintain a 
steady flow of required goods and services. Whether it is frozen foods and grocery 
items, or ventilators and masks, medicines or even the services clinic visits etc), the 
supply chain has been facing multiple obstacles [6]. This disruption is mainly due 
to COVID 19 pandemic, emanating from China being the second largest economy 
in the world and the major supplier of inputs for manufacturing companies around 
the world. Majority of the original equipment manufacturers in China have stopped 
production [7]. At present, most of the production capacity of these drugs and 
chemical precursors are in the United States, China and India. Global supply chains 
have been disrupted due to loss of labor and raw material inputs, creating ripple 
effects that cross national boundaries [3].

This chapter describes the impacts of the pandemic on public health supply 
chain, challenges that countries are facing, learnings from the pandemic and 
provides futuristic strategic recommendations for the building and rebuilding of 
the supply chains to manage the impact of the pandemic and guide responsiveness 
towards future pandemics.

2. Data collection process

This chapter is an outcome of a systematic review done by using Purdue librar-
ies online access and e-resources centre ‘All Databases” search tool. The search was 
conducted from June to August, 2020 using the PRISMA checklist. We screened 622 
records and reviewed 31 peer reviewed publications and 7 unpublished papers from 
across the countries.

Literature search was done using keywords like “impact of COVID-19”, “effects 
of COVID-19”, “supply chain and COVID-19”, “health impacts of COVID-19”, 
“global and public health supply chain during pandemics”, “public health and sup-
ply chain”, and “impact of outbreaks” on databases like Pubmed, ProQuest, Google 
Scholar, Web of Science, Science Direct (Elsevier). We have excluded literatures 
that did not report challenges, effect or impact of COVID-19 on health supply chain 
and as well those not reported in English.

Figure 1 shows the flow chart of this review.
After careful review of the articles, 38 out of 622 screened publications were 

selected for inclusion in this study. Extracted data were analyzed and sectioned into 
positive impact, negative impact, challenges, learnings and recommendations.

All the 38 studies included in the review were conducted between February 
and August, 2020. Majority of the studies reviewed were conducted globally 
[8], in Africa [9], Asia [2] and United States [5]. A survey published on March 
28 by the Chartered Institute of Procurement and Supply found that 86% of 
supply chains are impacted by the COVID-19 pandemic while another study by 
the Institute for Supply Management found that between early March and late 
March, 2020, the number of companies experiencing supply chain impact rose 
from 80 to 95% [9].
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2.1 Outcome of systematic review

Our review revealed the following:

2.1.1 Positive impacts

While Covid-19 has been blamed for economic downturns, it has shifted 
organizational focus towards a sustainable supply chain [6]. Other positive impacts 
include:

1. Creativity and Flexibility among Companies and Countries. Due to the impact 
of COVID-19, many companies around the world started to re-purpose or 
 re-adjust their production, with many brewing companies and distilleries pro-
ducing hand-sanitizers, fashion companies producing masks and automotive 
companies looking to produce ventilators. Some governments and businesses 
developed a variety of innovative prevention measures such as drive-through 
testing kits and products that can be utilized all over the world. Countries that 
have never produced surgical masks, gloves, sanitizers, or ventilators turned to 
domestic production [7, 10–13].

2. Increased Availability and Utilization of Technology and Innovation in the 
Health Sector:

Figure 1. 
Flow of information through the different phases of the review.
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• Technology driven health services which was largely considered a novelty 
or luxury, now has the opportunity to demonstrate real value as traditional 
healthcare services become overwhelmed by patient load demands [7, 14].

• Some organizations were able to quickly mobilize by leveraging existing 
tools for source-code dissemination, accelerating innovation and targeted 
problem-solving. Notably, the COVID-19 emergency has highlighted the 
power of the Maker community to make a real and immediate impact [13].

3. Diversification of suppliers and logistics models:

• The pandemic has thrown up opportunities for entrepreneurs to take 
advantage of the need for sourcing raw materials along more efficient 
commodity routes and methods such as railways, increase in dual sourc-
ing of key components and a preference for larger, more financially stable 
suppliers with multiple manufacturing sites [14, 15].

• Companies that operate regularly in the supply chain should expect to see 
the emergence of stronger, more conservatively financed, multi-site sup-
pliers as a long-term outcome of the pandemic [14].

4. Increased Capacity in Research and Development: As the world manages to 
contain Covid-19 outbreak, various countries and firms are focusing on find-
ing a vaccine, developing protocol to treat infected patients, adopting capabili-
ties which ensure the integrity of the processes and the quality of the products 
and creating a safe working environment for employees [6, 7, 13].

2.1.2 Negative impacts

Unlike other disruption risks, the epidemic outbreaks start small but scale fast and 
disperse over many geographic regions causing simultaneous disruptions in supply, 
demand, and logistics infrastructure [16]. A report published on 21 February 2020, 
indicated that 94% of the companies listed in the Fortune 1000 list were already 
 facing SC disruptions due to the COVID-19 [17]. Other negative impacts include:

1. Shortage in essential and non-essential medicines, raw materials, medical and 
pharmaceuticals products: As a result of the surge in the pandemic which led 
to the inevitable lock down of the economy across affected countries, there has 
been a noticeable decrease in production and exportation of equipment, raw 
materials, as well as finished products across different countries [6]. Pro-
duction supply shortages, transport interruption and the virus containment 
measures taken by the government was limiting market access, hampering 
manufacturing activities and nudging the economy towards an inflationary 
recession which is adversely affecting the manufacturing sector, including that 
of health products production [7, 16, 18–20]. It has certainly surprised many 
to discover just how much western countries (in which shortages are particu-
larly prevalent) rely upon global supply chains to obtain medical supplies 
from China and low-cost economies [21]. However, these networks have poor 
resilience to global disruptions, with nearly 35% of manufacturers reporting 
disturbances due to the global Corona virus pandemic [8, 11, 22]. Given the 
expected increase in COVID-19 cases and global competition for sourcing PPE, 
many medical facilities currently do not have enough stock and/or reliable 
resources to meet the anticipated demand [10].
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2. Congestion of cargo terminals and delays in transportation of food and health 
commodities due to travel ban and movement restrictions: The severe spread 
of the virus into Europe and the United States has blocked the movement of 
the products and materials worldwide [8]. Many manufacturers and service 
providers experienced disruptions as more than $100 million worth of goods 
were stuck in China during the China lockdown [7]. For many countries and 
firms, the inability to respond to the Covid-19 outbreak lies in its transportation 
services [23]. The world’s largest 1,000 companies had over 12,000 factories, 
warehouses and operations in quarantined regions in early March, 2020 [19]. If 
cargo does not flow, within days, there will be no space in the terminals to dis-
charge other cargo and some of the cargo waiting to be discharged includes food 
and  medicine [7].

3. Depletion of human resource for supply chain: COVID-19 has cost hundreds 
of thousands of human lives globally including healthcare professionals, and 
exposed the weaknesses of national health systems worldwide [12]. Global 
supply chains have been disrupted due to loss of labor and raw material inputs, 
creating ripple effects that cross national boundaries [3].

4. Some big multi- nationals have left themselves dangerously exposed to supply-
chain risk owing to strategies designed to bring down their costs [24].

5. Reduced access to medicines due to increase in prices of medicines and move-
ment restrictions: In Nigeria, the lockdown which was accompanied with 
the closure of borders and travel ban across states led to a significant drop in 
the quantity of essential medicines in the health facilities with a consequent 
 increase in the prices of medicines, hand sanitizers, face masks, personal 
protective equipment, and other medical equipment used for providing health 
care, making it difficult for consumers to get the medicines they need [25].

6. Reduced patronage to small scale suppliers: An increase in dual sourcing of key 
components and a preference for larger, more financially stable suppliers with 
multiple manufacturing sites presents new challenges for smaller and more 
leveraged companies, regardless of their expertise [14, 15].

2.1.3 Challenges

The COVID-19 pandemic has triggered a number of challenges that have led 
to shortages and price hikes, and could potentially fuel an epidemic of fake and 
substandard medicines [26]. Findings from the reviewed literature reported the 
following challenges:

1. There is lack of visibility, collaboration and coordination of real demand and 
supply [7]. A survey with over 700 respondents conducted by Bass ware found 
that 60% of responding procurement managers experience a lack of transpar-
ency in their supply chain [9]. Absence of supply chain strategy for pandemics: 
Decision-making is executed under epistemic and stochastic uncertainty [27, 28].

2. Some supply chain disruption are not included in regular supplier perfor-
mance metrics and such, unplanned for. Most supply chains are still based on 
reactive or transactional model, therefore, it could take several days or month 
to adjust supply chains during pandemics [7]. It has become extremely chal-
lenging to continue the operations of supply chains as the operations of some 
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parts of the supply chain in some firms has stopped with little or no alterna-
tives during disruption [7, 29]. ISM also found that 44% of respondents to 
its survey did not have plans in place to cope with supply disruptions from 
China [9].

3. It is a great challenge to provide medical supplies (such as masks and protec-
tive clothing etc.) and equipment (for checking, testing, and monitoring 
the disease etc.) to meet the needs of treatment, protection, and control 
[7]. In a pandemic situation, the demand of the essential products increases 
expressively; on the other hand, the supply of the raw materials decreases 
considerably with a constraint of production capacity. These dual disruptions 
impact the production process suddenly, and the process can collapse with-
out immediate and necessary actions [8, 16, 30]. Limitation on international 
trade and travel; The ban on the international travel during this pandemic 
may pose a serious challenge to the healthcare system in Nigeria and across 
Africa because of heavy reliance of Nigeria and other developing countries on 
importation of medicines, API and other needed resources for drug manufac-
turing from other countries [31]. Due to severe disruptions (e.g., manufac-
turers closed or partially closed, air- ports operating with harsh restrictions, 
shortages of medical equipment and supplies) recorded, a good number of 
industries including health commodity manufacturers may experience ripple 
effects [17, 29].

4. Cost and legal issues: Another challenging part is keeping cost under control 
which includes higher production costs, shipping costs and agreed costs of 
pending orders. A legal issue related to disagreeing the agreed cost as a Force 
Majeure clause or not, poses legal challenge for every company [32].

5. Wrong supply chain success function shift, which focuses on just cost savings 
and not revenue-assurance or sustainability [7]. A lot of the resilience chal-
lenges have arisen from a cost obsession and short-term cost focus in supply 
chain management [9].

6. Once effective pharmaceutical treatments are found, there will be the major 
engineering challenge of ramping up production at a rate that matches the 
pandemic [27]. Planning will be hindered by the lack of solid scientific knowl-
edge about COVID-19 and inadequate literature on pharmaceutical supply 
chain (PSC) network design in the disastrous situations and other uncertain-
ties (current literature on disruption recovery strategies and modeling during 
pandemics is mostly limited to humanitarian logistics) which make demand 
projections highly uncertain [16, 22, 27].

7. Limited supply chain talents in Africa [28].

2.1.4 Learnings

1. Social Resilience among Supply Chain Partners, Healthcare professionals and 
Patients: Most supply chains are transactional in nature but transactional 
 supply chain will not be beneficial during and post Covid-19 [6] Thus;

• It is critical to prepare health care professionals to build resilience in their 
interactions with patients and other stakeholders [12]
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• By developing a culture of collaboration across its supply network, a firm 
can develop trust among supply chain partners that can help in data-
sharing and joint problem-solving [6]

• Covid-19 has forced companies to lay greater emphasis on the environ-
mental and social aspects of public health supply chain and not just the 
economical aspect [6, 33]

2. Inflexibility of Supply Chains: Most firms follow strict rules for their supply 
chain such as; specific number of days for distribution, specific production 
time, delivery rules, etc. These responses have proved to be inadequate during 
the crisis. Thus, reacting to the Covid-19 requires flexibility in the supply chain 
and the overall ecosystem of a firm;

• The central learning from Covid-19 is to diversify production, sourcing, and 
logistics whenever and however required such that external shocks cannot 
disrupt the supply chain [6].

• We also found evidence that centralized procurement and tendering can 
achieve direct cost savings, while supply chain management program can 
reduce drug stock outs and increase drug availability for populations [34].

3. The Decoupling from China’s Supply Chains: COVID-19 has accelerated two 
powerful trends for the future, the decoupling from China’s supply chains and 
the relocation of strategic manufacturing operations out of China [12]. A study 
by corporate data analytics firm, Dun & Bradstreet, reported that 51,000 
companies around the world have one or more direct suppliers in Wuhan and 
at least 5 million companies around the world have one or more tier-two sup-
pliers in the Wuhan region, where COVID-19 originated [18]. In US, there’s 
been bipartisan support for legislation that would study the current medical 
equipment supply chain and develop an action plan to potentially address the 
country’s dependence on foreign-made products [21].

4. Strategies to deal with Major Outbreaks

• Designing an appropriate pharmaceutical supply chain network for pre-
positioning and distributing drugs at post-disaster plays an important role 
in decreasing the response time and the number of casualties.

• Pre-positioning of emergency supplies belongs to the preparedness phase 
of a disaster that brings about some advantages for the Humanitarian 
organizations [22].

5. Analysis of the Italian production network has found that sectors are both 
highly connected and asymmetrically connected. Hence, a local shock due to 
lockdown policy propagates through the whole economy and generates a size-
able global disturbance. This confirms the importance of value chain analysis 
in investigating how the economy adjusts to dislocation and destruction of 
parts of its productive capacity [35].

6. The current impact of the COVID-19 outbreak on the manufacturing firms 
is already very severe and medium-to-long-term impacts are predicted to be 
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higher than that of any other previous major outbreaks such as 2003 SARS and 
2009 H1N1 [21, 36–38].

2.1.5 Recommendations

Key levers for de-risking the supply chain include the need to balance global 
sourcing with near shore and local sourcing, the adoption of multiple sources and a 
greater utilization of information technology to drive more complete and immedi-
ate information availability. Talent management in supply chain management needs 
to promote a focus not just on costs, but also on resilience as well as on learning 
from current events to improve decision-making [10, 30]. Findings from the 
reviewed literature reported the following recommendations:

1. Strengthen Local Manufacturing Capacity and Fortify local supply chain: 
The global scientific community has been galvanized into action in a frantic 
search for a cure for COVID-19. Greater collaboration between governments 
and industries will be needed to ensure minimum disruption in global supply 
chains Firms also need to collaborate with multiple stakeholders and be more 
strategic in their approach to supply chain management. Companies have 
to come up with alternative means of raw materials sourcing and identify 
other modes of cost benefit transportation. This will also involve identify-
ing  urgent research and development challenges for pharmaceutical supply 
chains. There should be increased R & D by local universities who should 
create specialized post-graduate schools that focus on research, while also 
recruiting and training fresh lecturers who focus on research and product/
process development to grow the domestic manufacturing sector [6, 12, 15, 
16, 22, 28, 29, 32, 39].

2. Technological Augmentation and Utilization: Studies have recommended new 
supply chain technologies that dramatically improve collaboration, visibil-
ity, agility and optimization across the end-to-end supply chain, understand 
complexities and support companies’ ability to resist such shocks from impact 
of any pandemics or rare events. Block chain systems can assist in keeping the 
data needed for recoveries such as information and data for production capac-
ity, human resources requirements, information of supplier capacities, and 
emergency suppliers [6, 17, 30, 32, 38, 40].

3. Policymakers and program managers should examine the root causes of inef-
ficiencies in pharmaceutical supply chain and procurement processes in order 
to determine how best to improve health systems performance in their specific 
contexts. In addition they should consider the root causes of programmatic 
challenges to purchasing and distributing health products in their context 
and identify specific interventions that can strengthen these processes. As the 
evolution and implications of the COVID-19 crisis are still unfolding, we posit 
that exploring the experiences and strategic responses of Asian countries may 
shed some useful light on ways to combat COVID-19 for the policymakers and 
suuply chain managers in the rest of the world [12, 34].

4. Development and Assessment of supply chain strategies: Optimal supply chain 
planning taking into account agility, resilience and sustainability are impor-
tant. The negative impact of the pandemic has fostered the need for develop-
ment and implementation of health supply chain strategy. The next-generation 
supply chain needs a significant change in outlook. Based on our analysis, 
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we recommend firms adopt a forward looking approach. These forward-looking 
strategies must comprise of multiple facets of the supply chain including 
people, processes, and technology.

Devoting resources for supply network mapping as a risk-mitigation strategy. 
A firm can design its supply network in such a way that it can balance risk and 
operational flexibility, manage supply chain disruptions, and keep supply chain 
agile. Brian Higgins, a principal Supply Chain & Operations Leader of KPMG, 
US has recommended some very pertinent action points for the long term:

• Build agility and speed into your supply chain by creating Micro-
Supply Chains;

• Assess opportunities to diversify the supplier base and identify geographically 
diverse suppliers to onboard in the event of emergency. Consideration should 
be given to dual-sourcing for critical components.

• Move towards a Supplier-Centric approach to procurement, further integrating 
your supply chain with those of your direct suppliers to Original Equipment 
Manufacturers and direct suppliers to Tier-1 and Tier 2 suppliers

• Look to develop more collaborative relationships with critical suppliers in other 
to build organizational resilience as it is highly unrealistic to completely exit 
the Chinese market because of the supplier ecosystem in the place, however, 
organizations should understand their supply chain more deeply.

A study proposed a framework for operations and supply chain management 
at the times of COVID-19 pandemic spanning six perspectives, i.e., adaptation, 
digitalization, preparedness, recovery, ripple effect, and sustainability.
Assessment of COVID-19-related procurement and supply chain risks and 
life-cycle sustainability assessment of pharmaceutical product systems and 
development of drug allocation strategies under resource or supply constraints 
were recommended [6, 17, 41].

5. Human resource supply chain strategy that includes the selection of the criti-
cal workforce that can handle the turbulence in any environment. The supply 
chain initiatives will require a focused Crisis Management head whose skills 
and responsibility will be to communicate to all stake holders, consolidat-
ing requirements and setting priorities and work on risk mitigating methods 
of supply chain during non-crisis period. This will need scenario planning, 
resource optimization, and efficiency management. There is a greater need for 
a firm to look beyond profitability. Ensuring the well-being of not only a firm’s 
employees but also those employed even with suppliers is critical if a firm 
wants to avoid disruptions in the supply chain [6, 32].

6. Utilize suitable resilience strategies for designing pharmaceutical relief net-
works, employ other types of supply contracts, consider the coordination and 
collaboration of multiple humanitarian organizations in a collaborative setting 
and address the case in which successive disasters may happen. Relief manag-
ers can ensure the high availability level of pre-positioned pharmaceutical 
items by paying attention to their procurement time and shelf-lives. By utiliz-
ing mobile pharmacies the distance between relief shelters and drug supply 
sites can be reduced, and the distribution of drugs to inaccessible areas can be 
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possible. Infectious disease outbreak preparedness strategies should incorpo-
rate primary healthcare services and other health system modalities to cater for 
non– pandemic-related conditions [18, 22].

Suppliers should manage the perception of their readiness to adapt to changing 
situations. Those that demonstrate competence will be rewarded as their customers 
look back in the coming years. Rather than ignore or complain about uncertainty, 
suppliers will be well-served if they can demonstrate plans that show customers 
they can reliably manufacture regardless of societal disruptions. Suppliers also need 
to be dynamic by focusing on multiple best practices explored by other suppliers, 
competitors and ecosystem in order to optimize cost and delivery, improve vis-
ibility across the network, and accelerate reaction times to issues in production and 
delivery [6, 14, 15].

2.2 Discussion and conclusions

The COVID-19 pandemic has impacted global health product supply chains, 
affecting key materials and ingredients, finished health products, logistics, and 
shipping medical devices, essential medicines and pharmaceutical products as 
a result of border closures, international trade restrictions and transportation 
problems [42]. The COVID-19 pandemic clearly shows the lack of resilience in 
supply chains and the impact that disruptions may have on a global network scale as 
individual supply chain connections and nodes fail [41].

As did HIV, the COVID-19 is likely to have profound and long-term conse-
quences on global health care supply chains. The HIV pandemic transformed health 
care supply chains globally and in particular in lower and middle-income countries, 
(LMICs) leading to the mobilization of new financial resources for health care 
products, service delivery, and the creation of international bodies (including The 
Global Fund and PEPFAR) [43].

The short-term effects of COVID-19 on global health care supply chains have 
been severe; factory and border closures, transportation disruption, shifting 
demand, and price increases but it is more important to reflect on what the long-
term consequences will be and how global changes will affect the LMICs. This is 
because LMICs are in their early stages of pharmaceutical development; thus they 
rely on importation of drugs, raw materials and equipment from countries outside 
the region, notably India and China.18 Researchers wonder whether the changes will 
be positive overall or if countries will revert to the same systems that left us unpre-
pared for an international pandemic. This review was unable to find answer to these 
questions. However, crises like pandemics tend to have lasting impacts, and it is 
likely that the short-term disruption of health care supply chains we are seeing will 
result in longer-term structural changes. This highlights the need for policymakers 
to address challenges to large-scale and sustainable drug manufacturing, using the 
COVID-19 situation as a learning opportunity. It is interesting that some companies 
are offering strong technological solutions, which may help them survive and even 
prosper. While the hope is that COVID-19 will increase recognition of the impor-
tance of strong health care supply chains with commensurate investment, there will 
also be pressure on funders to rebuild their own shattered economies. There will be 
pressure to turn inward, certainly over the short term. There may also be opportuni-
ties for alternative financing mechanisms including venture capital [43]. The review 
has noted the fact that disruption does not necessarily mean negative outcomes and 
that it is incumbent on all health supply chains organizations to turn this disruptive 
event into positive change.

The COVID-19 pandemic is a disruption of an unprecedented magnitude, which is 
testing the resilience of global supply chains. The ability for a supply chain’s operators 
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to effectively plan, enabling a means for the supply chain to absorb, recover from, 
and adapt to disruptions of various lengths, impacts, and probabilities, is essential to 
ensuring the supply chain’s function and success. For a supply chain, resilience mea-
sures the ability to prepare for and provide essential functions during a disruption, 
and then to recover from and adapt post-disruption into a form that is better suited to 
the new “present.” Although sustainability, robustness, risk mitigation, leanness, and 
other supply chain management practices are important for business success, supply 
chain resilience is unique in its focus on recovery following a disruptive event [44].

Maintaining the supply chain of pharmaceutical products is not only paramount 
to cover the immediate medical response but will be fundamental to reducing 
disruption of the healthcare delivery system, which requires constant medicines, 
diagnostic tools and vaccines for smooth functioning.

In Nigeria, for example, over 70% of the prescribed medications are produced 
from active pharmaceutical ingredients (API) primarily sourced from firms in 
China and India. Uninterrupted access to medicine is an integral part of healthcare 
systems much needed and essential for the well-being of the population, but the 
COVID-19 pandemic has threatened this [31].

There is need to consider the new digital technologies that have potential to 
improve the ripple effect control in cases of epidemic outbreaks. Making innova-
tions and data work for the supply chain resilience in crisis times, understanding 
and progressing the research of how these technologies can be used boost supply 
chains resilience, are important future research areas with a particular focus on data 
analytics, artificial intelligence, and machine learning [45].

There is minimal risk of bias in this study as articles were merely reviewed as 
presented and reviewers were not privy to the original data of the individual studies. 
Reviewers were also not interested in the outcome of the review but aimed at provid-
ing recommendations to country supply chains for the benefit of public health. None 
of the reviewers is a publisher of any of the articles reviewed. The review is limited 
to the competences of the reviewers in interpreting the results and to the fact that 
the coverage of included articles was flexible and neither restricted the review to 
articles conducted in homogenous settings nor compared their findings.

This study buttresses the need to devise and institute clear strategies on supply 
chain management in country and regional emergency responses, promotion of 
local manufacturing of medicines and other health products to reduce the extensive 
dependency on importation from international markets and increase the talent pool 
of supply chain management especially in Africa.

The review concluded that many manufacturers and service providers in some 
countries are already experiencing severe shortage of essential and non-essential 
raw materials including medical and pharmaceutical products, in addition to inter-
mediate inputs, due to the COVID-19 pandemic and it’s consequent border closures, 
trade restrictions among nations, and transportation problems. The COVID-19 pan-
demic however exposed some hidden potentials in many countries especially in Sub 
Saharan African. There is need for health supply chain resilience through develop-
ment of a reliable supply chain strategy for pandemics and other such emergencies.
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Abstract

Given the unprecedented novel nature and scale of coronavirus and the global 
nature of this public health crisis, which upended many public/environmental 
research norms almost overnight. However, with further waves of the virus 
expected and more pandemics anticipated. The COVID-19 pandemic of 2020 
opened our eyes to the ever-changing conditions and uncertainty that exists in our 
world today, particularly with regards to environmental and public health practices 
disruption. This paper explores environmental and public health evidence-based 
practices toward responding to Covid-19. A literature review tried to do a deep dive 
through the use of various search engines such as Mendeley, Research Gate, CAB 
Abstract, Google Scholar, Summon, PubMed, Scopus, Hinari, Dimension, OARE 
Abstract, SSRN, Academia search strategy toward retrieving research publica-
tions, “gray literature” as well as reports from expert working groups. To achieve 
enhanced population health, it is recommended to adopt widespread evidence-
based strategies, particularly in this uncertain time. As only together can evidence-
informed decision-making (EIDM) can become a reality which include effective 
policies and practices, transparency and accountability of decisions, and equity 
outcomes; these are all more relevant in resource-constrained contexts, such as 
Nigeria. Effective and ethical EIDM though requires the production as well as use of 
high-quality evidence that are timely, appropriate and structured. One way to do so 
is through co-production. Co-production (or co-creation or co-design) of envi-
ronmental/public health evidence considered as a key tool for addressing complex 
global crises such as the high risk of severe COVID-19 in different nations. A signifi-
cant evidence-based component of environmental/public health (EBEPH) consist 
of decisions making based on best accessible, evidence that is peer-reviewed; 
using data as well as systematic information systems; community engagement in 
policy making; conducting sound evaluation; do a thorough program-planning 
frameworks; as well as disseminating what is being learned. As researchers, scien-
tists, statisticians, journal editors, practitioners, as well as decision makers strive 
to improve population health, having a natural tendency toward scrutinizing the 
scientific literature aimed at novel research findings serving as the foundation for 
intervention as well as prevention programs. The main inspiration behind conduct-
ing research ought to be toward stimulating and collaborating appropriately on 
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public/environmental health action. Hence, there is need for a “Plan B” of effective 
behavioral, environmental, social as well as systems interventions (BESSI) toward 
reducing transmission.

Keywords: Interprofessionalism, Living’ reviews, Collective learning,  
Evidence-informed decision, COVID-19 pandemic, Environmental policy process, 
Team-based care, Credibility/trust, Timeliness, Systems thinking, Nigeria

1. Introduction

For each complicated challenges, there are simple, neat, as well as discreet 
solutions. It is therefore regularly obligatory toward making a decision on suf-
ficient evidence for action, but then deficient toward satisfying the intellect. In 
this COVID-19 pandemic era where the public and the mass media attention are 
about serious health issues, it is important to explain why taking action should 
not be based on the basis of research study conducted individually, even though 
it remained prudently designed, effectively conducted, as well as appropriately 
interpreted and evaluated, which need to be highlighted. COVID-19 pandemic has 
been identified as a generation-defining, impacting economic shocks, families, 
communities and other unforeseen events in any country in the world, and has 
led to long-term economic financial conditions that have beset as well as create an 
“extinction-level event” which has cast an eerie shadow around the world long after 
the COVID-19 pandemic is behind us. Just over eighteen months ago, the flu-like 
news of a deadly virus affecting central China region started making headlines 
around the world. It was the start of what become a worldwide news and press 
conference; one that will constitute an exceptional problem for the environmental 
and public health practices and pose a series of lethal threats to environmental/
public health. However, it is becoming increasingly “clear that the peril is not only 
in the form of a deadly virus”. While the COVID-19 pandemic is likewise being used 
through maligning forces as an opportunity toward disrupting unforeseen as well 
as unprecedented circumstances, to sabotage and even to prevent the free flow of 
trusted, independent information toward the impact of the COVID-19 pandemic, 
which present an acute case of reliability. The highly contagious COVID-19 pan-
demic has been weaponised to undermine freedom of expression and has offer valid 
reason toward ushering in a series of reporting limitations on a descending severity 
scale from limiting data access, right through toward corrective legislation and even 
life threatening [1–3]. Additionally, the persistent disinformation onslaught as well 
as misinformation piercing platforms like the social media has formed a physical 
obstacle to COVID-19 truth-telling. Indeed, COVID-19 vaccines offer much-needed 
protection from disease, but there has so far been no evidence of whether they also 
curb transmission. Recently, around the world, concern is growing about the impact 
the new, fast spreading SARS-CoV-2 variants will have on the pandemic. Most 
countries are facing a widespread variant of SARS-CoV-2 known as B.1.351 and 
B.1.1.7, which appears to somewhat decrease the efficacy of some vaccines and have 
raised increasing apprehensions around the degree toward which their mutations 
are likely to aid them in evading present antibody treatments as well as extremely 
active vaccines. The news heightens concerns about B.1.351 and B.1.1.7, nonethe-
less researchers remain hopeful that the vaccine prevents severe disease and death. 
However, the chance of dying is around 35% higher for people who are confirmed 
to be infected with the new variant. Although, the data are preliminary, and it is 
not clear whether the variant is deadlier than previous strains or is spreading to 
more people who are vulnerable to severe disease. In fact, the COVID-19 vaccine 
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might offer the necessary protection against some of these novel variants, current 
outcomes have recommended that the AstraZeneca vaccine might not offer much 
needed defense against that of South African variant, while there’s still sufficient 
defense in most other existing vaccines toward preventing hospitalization, serious 
illness, as well as death. At the moment, the public health emergence of this novel 
variants ought to inspire us all toward taking steps to reduce SARS-CoV-2 spread. 
Meaning the three W’s must be strictly followed: Wash your hands, watch your 
distance, wear a mask regularly. This likewise means we have to wrap up our sleeves 
toward getting vaccinated once the opportunity arises. Hence, the global health, 
economic, and social events that rattled series of activities around the world in 2020 
have kicked off a new, uncertain era of environmental/public health practices, and 
it may take a long time for such uncertainty to ease. As many environmental/public 
health experts are predicting that it could even outlast the pandemic itself. While 
the world remains alarmed to panic at the grip of the demonic novel COVID-19 
infection, there is still plenty of bearish perception as 2020 will certainly and no 
doubt be etched in the minds of health-care professionals, including environmental 
health officers all over the globe for several years to come which is unprecedented in 
the modern health care setting [4–6]. While, the national response toward COVID-
19 varies, from the swift and most proactive to haphazard and negligent to the 
worst. That nations have already managed the spread of the pandemic in a different 
way is expected, nonetheless COVID-19 pushes all health systems toward their 
limits, thereby revealing serious gaps in environmental/public health structure, 
even in countries that are acclaimed as the popular centers for readiness. Thus, the 
response toward COVID-19 shows a glaring lack of social health determinants as 
well as meaningful collective learning, community participation and engagement 
on important issues in a health emergency. The outbreak of COVID-19 triggered 
severe acute respiratory syndrome of coronavirus 2 (SARSCoV-2) and has adversely 
affected social, economic events that rattled businesses as well as environmental 
health determinants and has challenged health professionals such as doctors, 
nurses, health workers, researchers, decision-makers and many others working in 
the health sector in many ways, while suspending the usual daily businesses [7].

2. How SARS-CoV-2 infects cells

To better understand SARS-life CoV-2’s cycle and how it evades detection, as 
well as what makes the Delta variant so hazardous, scientists are working to unravel 
the virus’s life cycle (Figure 1). Researchers have identified crucial modifications 
that enable viruses infect and hide inside of human cells with remarkable force. 
SARS-CoV-2 then performs a key processing phase as it exits the cells, preparing its 
particles to infect even more human cells.

Accordingly, COVID-19 pandemic has presented an acute case and also tested 
and assesses the national capacity of health systems toward withstanding health 
shocks while maintaining routine functions in many ways [9–11]. Hence routine 
reopening of service/activities toward approaching normalcy could continue for 
months or else years, but some positive results have been emerged and achieved in 
its wake. At the same time, global effort is being made to develop relevant inter-
national technologies, resources as well as available information that would create 
and accelerate data-driven results for all facets of this coronavirus pandemic. The 
coronavirus crisis is a global changing phenomenon and has become a top priority 
for our healthcare system, halting patient care processes which ranges from disrupt-
ing childhood vaccination as well as campaigns on polio eradication [12], maternal 
and child mortality are projected toward rising sharply, and health of young people 
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to injuries, non-communicable diseases, as well as universal health coverage, 
despite unleashing enormous social, economic and health crises that threaten the 
world with antimicrobial resistance which threatens our ability to treat common 
infections, disrupting many research activities as well as overwhelmingly impacting 
medical education in various research activities. The coronavirus pandemic is not 
the first and foremost serious health challenge facing the world, nevertheless its 
long-term achievement will largely depend on rapid data synthesizing and informa-
tion, appropriately and responsibly into comprehensive public and environmental 
health policies both national and international. In the face of great uncertainty 
around Covid-19 pandemic future, epidemiologic models become an important 
planning tools for decision makers, clinicians as well as public health practitioners 
[1–3]. COVID-19 has made visible major global weaknesses, vulnerabilities and 
highlighted the necessity for health reforms toward promoting global access toward 
affordable care. At the same time, countries are examining their different policies 
toward protecting people at increased severe risk of disease. It may be the policies 
intended at preventing transmission in the general population, immunization (as 
the Oxford AstraZeneca vaccine and Pfizer BioNTech COVID vaccine has turn out 

Figure 1. 
Life cycle of the pandemic coronavirus: a simplified account of how SARS-CoV-2 enters and exists cells. Source: 
Adapted from [8].
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to be available) because the world has received the Oxford AstraZeneca vaccine and 
Pfizer BioNTech COVID vaccine and has been roll-out to millions of people in the 
United States of America (USA), India, United Kingdom (UK), Ghana, Cote d’ivoire 
and Nigeria, also its distribution and immunization has commenced without politi-
cal, religious or ethnic affiliation. Up until now, the seemingly bulletproof impor-
tant priority is to rebuild and reenergize the country toward acting rather than 
reacting. As uncertainty around the peril of COVID-19 calamity grows continuously 
and geometrically, long-term protection policies need to be developed such as spe-
cific public safety measures toward protecting vulnerable populations at increased 
risk through reducing contacts between individuals in danger, etc. Recognizing that 
promoting sustainable development is risky, difficult and exhausting, particularly 
as the spread of SARS-CoV-2 pandemic increased geometrically, as those living in 
poverty which is leading to growing anger and frustration are currently at increased 
peril of setbacks with more than thirteen (13) million children out of school  
[1, 3, 9, 10, 13]. This stresses the importance of linking the results of environmental 
research with human health has mentioned. This necessitates understanding of 
the significance of interventions toward addressing system inequalities, universal 
health care as well as coverage issues, and wide-ranging public protection schemes 
as being part of response.

Now is the time toward realizing that we are not at equal peril of severe COVID-
19 consequences and that there is need to work with stakeholders and development 
partners toward developing and improving effective response as well as solutions 
[3, 14–19]. This paper offers research evidence to inform decision makers about 
people that could remain at increased peril or severe high risk of COVID-19 pan-
demic in diverse countries. Hence, scientific research evidence is required to  
investigate the environmental as well as public health practices in the coronavirus 
diseases era, which ought to place emphasis on diverse policies guidelines toward 
preventing those that are vulnerable and at increased risk. It is imperative  
toward comparing those individuals at high peril of severe COVID-19 pandemic 
toward helping nations to design as well as develop improved interventions mea-
sures toward protecting vulnerable populations as well as reducing straining on 
health complications as well as health systems [1–3, 10, 19]. These evidences can 
offer as well as advise a wide-ranging health assessment, social, as well as economic 
significances of protecting diverse groups [9, 16–18, 20–22], highlighting the 
prerequisite toward developing and providing a long-term Covid-19 management 
policy as well as given the unprecedented scale of policy-makers’, scientific evidence 
require large-scale partnership as well as collective learning in the scientific evi-
dence synthesis community. Henceforth, outcomes improvement across countries 
can be attained through successful high-quality evidence certification that is prop-
erly implemented. To accomplish this, national systems, policies as well as political 
milieus require to be hospitable toward evidence informed methods, besides there 
is prerequisite toward fostering partnership, facilitate negotiation, promote as well 
as advance scientific evidence-informed decision-making (SEIDM) in Sub-Saharan 
Africa as well as the world at large toward achieving effective greater performance 
and worldwide sustainable implementation.

Since the 2019 coronavirus disease (COVID-19) has triggered seismic economic 
and societal changes which grapple with an uncertain future, that has consumed 
and changed our lives, the COVID-19 global crisis also revealed that the country is 
deteriorating in terms of environmental/public health readiness. As COVID-19 has 
become an imminent emerging, rapidly evolving situation of environmental/public 
health concern with ‘threat multiplier to health in the 21st century [11, 23, 24]. As 
confusion, disorientation, agitation and even psychosis have been associated with 
symptoms of COVID-19. The body of research is making the link among infection 
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as a result of virus and neurological symptoms. The number of publicly reported 
deaths rate of the population due to the 2019 coronavirus disease (COVID-19) 
might underrate the death toll from the pandemics. These estimates are based on 
provisional data that are frequently incomplete as well as might rule out unreported 
COVID-19 deaths. In addition, the pandemic restrictions imposed (for example, 
stay-at-home orders, school closures, quarantine measures, personal hygiene, 
physical distancing measures used to contain the spread of the virus) may possibly 
and indirectly claim lives through delayed care for acute emergencies, exacerbations 
of chronic diseases, as well as psychological distress (for instance, drug overdoses). 
As a result, the severe burden of acute respiratory syndrome coronavirus 2 (SARS-
CoV-2) pandemic remains to rise, both due to morbidity as well as pandemic 
mortality along with the impact of mitigation strategies [2, 3, 9, 10, 25]. Tailoring 
policies based on emerging evidence on the conditions associated with the sever-
ity of COVID-19 is essential toward actions informing of both decision-makers as 
well as individuals. Meaning moving from generalized population-based mitiga-
tion strategies toward focusing on people exposed to the risk of severe COVID-19 
outcomes [16–18, 20–22].

Too often, Jenicek [26] has repeatedly described evidence-based environmental/
public health (EBEPH) as “the conscientious, explicit, as well as judicious usage of 
available evidence in decisions making process towards communities care as well as 
populations in the realm of health maintenance and protection, disease prevention 
and development (health promotion).” Similarly, a succinct definition arisen from 
Kohatsu [27]: “Evidence-based public health is the process of integrating science-
based interventions with community preferences to improve populations health”. 
While, public health has succeeded in solving numerous problems, but almost all 
successes have a double-edged sword. Programs as well as policies have remained 
enacted as well as, in most cases, results that are positive which shows an increase 
in the improvement number of population health. However, some people suffer 
from health disparities as well as social inequalities. This raises such questions like, 
is there a way to approach the lessons learned directly from successful interventions 
as well as applies them toward other topics and situations? Are we using evidence 
that is based on scientific research/evidence? How can we greatly foster political 
will toward supporting evidence-based policy making? How do we promote and 
influence inducements so that practitioners can make effective evidence usage? 
Just as evidence-based environmental/public health has turn out to be a topic of 
conversation for both practitioners and policymakers, it is so fundamental toward 
people concept of justice, it is likewise important for environmental/public health. 
Therefore, it ought to notify our decisions on how the intervention will be imple-
mented, and in what populations, when as well as how to assess both the negative 
and occasionally positive impact of such interventions. Justice commitment also 
bears the obligation of finding effective approaches toward reducing disparities in 
health between groups existing in practically entirely geopolitical units. For  
environmental and public health professionals, evidence is a type of data that 
includes (quantitative) epidemiologic data, program policy evaluations or out-
comes, as well as the qualitative data to be used in establishing decisions or judg-
ments [2, 3, 28, 29] (see Figure 2). Indeed, Brownson and colleagues identify a (6) 
six-stage procedure through which environmental and public health practitioners 
remain able toward taken an approach that is evidence-based toward policy making, 
with the community members perspectives, fostering an added population-cen-
tered method, which seems toward a combination of consensus that are of scientific 
evidence, along with resources, values, as well as contexts, ought to cross the 
threshold of policy making. Hence, “Evidence-based public/environmental health is 
the process of integrating science-based interventions with community preferences 
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toward improving populations health” or it involves “the available  
body of facts or information indicating whether a belief or proposition is true or 
valid.” [2, 30].

Evidence in public and environmental health is often the outcome of a compli-
cated concepts of theory, observation, as well as experiment [3, 31]. The evidence 
value, on the other hand, remains in the beholder eyes (for example, the value of  
evidence might differ from a stakeholder type) [2, 3, 32]. Research not only encom-
passes medical evidence, then also patient characteristics, readiness of patients 
toward undergoing a therapy, as well as society’s values [33]. Decision-makers  
pursue distributional penalties (i.e., who pays, how much as well as who profits)  
[34, 35], and practically, settings anecdotes and occasionally provide detailed experi-
mental data [2, 3, 36]. The evidence is typically imperfect, as Gray Muir note [37], 
“The absence of excellent evidence does not make evidence-based decision making 
impossible; what is needed is the best available evidence, not the best evidence 
possible.” Some authors describe diverse types of scientific evidence for public health 
practice [38, 39] (see Table 1). Evidence from Type 1 identifies the diseases causes as 
well as the degree, severity, as well as risk factors preventability associated with the 
diseases. They suggest that a specific disease or risk factor needs to be done. Evidence 
from Type 2 establishes the absolute effects of a particular actions that cause or do not 
advance health, with the caveat that, “In particular, this must be done” [39]. The situ-
ation has remained observed that strict adherence toward regulatory study designs 
guidelines can strengthen an “inverse (see Figure 2) evidence law” through which 
most probable toward influencing the public interventions (e.g., change in policy) 
remain least appreciated from an evidence matrix highlighting randomized designs 
[29, 40–45]. In comparison to descriptive/epidemiologic research (Type 1), a recent 
study showed a paucity of research intervention (Type 2). In a randomized controlled 
trial of cigarette use, alcohol consumption [46–48], as well as insufficient physical 
activity, the team discovered that in 2005–2006, 14.9 percent of subjects reported an 
intervention, while, 78.5 percent of research articles reported remained descriptive 
or epidemiologic. Less research is probable published on Type 3 evidence showing in 
what way as well as beneath what circumstantial interventions conditions remained 
implemented, as well as by what method they remained received, indicating “how it 

Figure 2. 
Different forms of evidence. Source: Adapted from chambers and Kerner [28] and Raimi et al., [2].
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should be done” [38]. So far, research has focused on internal validity (for examples, 
well-controlled trials efficacy) with external validity while receiving sparse consider-
ation (e.g., adaptation of scientific knowledge to a different context) [2, 3, 49, 50].

3. Comprehending the framework for evidence

Evidence of type 3 from an intervention context [38]. While many scholars 
have written around the context role it plays in providing information on the 
subject of evidence-based practice [32, 38, 51], there is not much consensus on its 
meaning. Context turn into more unknown as well as unpredictable, variable, and 
multifaceted as we move from scientific interventions toward population-level as 
well as policy interventions. Relevant definitions to the context highlight’s evidence 
required toward modifying as well as implementing an information-based inter-
vention in a specific population or context [38]. There are five overlapping domains 
in the conditions for Type 3 evidence (see Table 2). First, there are features of 
the intervention targeting demographic, for instance educational attainment as 
well as medical history. This is the reason why interpersonal variables provide the 
most important context. People with cancer history, for example, may be more 
susceptible toward getting cancer screening. Finally, organizational variables must 
be taken into account. For instance, if an organization succeeds in implementing an 
evidence - based program in which it is influenced through capacity (for example, 
agency leadership, a trained personnel) [51, 52]. Fourth, it is known that social 
norms and cultural traits are closely linked toward shaping several health behav-
iors. Ultimately, the greatest political as well as economic forces will influence the 
context. For example, large-scale measures of certain disease can impact a state’s 
political will toward addressing the problems in a logical as well as methodical way. 
There is an urgent evidence need for contextual determinants as well as approaches 

S/N Characteristic Type 1 Type 2 Type 3

1 Typical data/
relationship

Size and strength 
of preventable 
risk - disease 
relationship 
(measures of 
burden, etiologic 
research)

Relative 
effectiveness of 
public health 
intervention

Information on 
the adaptation and 
translation of an effective 
intervention

2. Common setting Clinic or 
controlled 
community setting

Socially intact 
groups or 
community-wide

Socially intact groups or 
community-wide

3. Example Smoking results in 
lung cancer.

Price upsurges 
from a targeted 
media campaign 
decrease the rates 
of smoking.

Comprehending the 
political problems of 
increase in price or 
aiming at media messages 
toward specific audience 
segments

4. Quantity More Less Less

5. Action Something must 
be done.

These specific 
priorities must be 
implemented.

How can this 
intervention be 
implemented

Source: Adapted from Brownson et al., [39] and Raimi et al., [2].

Table 1. 
Comparison of the types of scientific evidence.
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toward adapting programs as well as policies across contexts as well as demographic 
subgroups. Predominantly aimed at high-risk as well as understudied populations. 
Circumstantial COVID-19 pandemic questions remain being addressed in novel 
“realist review,” which remains a systematic review procedure that not only exam-
ines if the recent intervention is working effectively but then again, in what manner 
interventions actually work in real-world contexts [53].

4. Related challenges toward public/environmental health evidence

Evidence on public and environmental health has been described as underpopu-
lated, dispersed, as well as varied. The situation remains underpopulated since there 
are comparatively limited well-done appraisals of how public/environmental health 
impacts interventions (Type 2 evidence) while applying across varied cultural 
groups (Type 3 evidence). The criteria for making public/environmental health 
decision are much more varied than the clinical interventions evidence. Health 
impact evidence on built milieu, for instance, could be discovered in transporta-
tion planning. Lastly, evidence in public and environmental health is varied, in 
part since much of the interventions base science remains obtained from “natural 
experiments” or nonrandomized designs.

5. Triangulating evidence

Triangulation is the process of combining multiple evidence from various 
sources toward gaining understanding into a specific topic as well as typically 
includes both qualitative as well as quantitative data [39]. It often entails the 
application of several ways of data collection as well as analysis toward determining 
disagreement or commonality points. Due to the corresponding nature of evidence 

Category Examples

Individual Personal/Individual health history
Education level
Basic human needsa

Interpersonal History of family health
Social capital
Peers support

Organizational Organizational culture
Staff expertise
Staff configuration
Physical infrastructure

Sociocultural Values
Social norms
History
Cultural traditions

Economic and political Political ideology
Political will
Lobbying as well as special interests costs and benefits

aBasic human needs include food, shelter, warmth, and safety.
Source: Adapted from Brownson et al., [39] and Raimi et al., [2].

Table 2. 
Contextual variables for intervention design, implementation, and adaptation.
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from varied sources, triangulation is generally useful. Even though quantitative data 
offer an outstanding opportunity toward determining by what method, variables 
are made in the lives of many individuals, these data does not provide much insight 
into why such associations exist. Qualitative data, on the other hand, can aid in 
providing information toward explaining quantitative results, or what is known 
as “illuminating meaning”. Many instances of the application of qualitative as well 
as quantitative data triangulation toward evaluating health programs as well as 
policies, together with AIDS & HIV prevention programs [54], policies as well as 
programs on occupational health [35], and programs in community settings toward 
chronic disease prevention [2, 55].

6. Geographic and cultural differences

The concept of EBPEH was developed largely by a context of Western, European 
American [56]. The epistemologic grounds of logical positivism, which discovers 
meaning by a rigorous observation as well as measurement, are revealed in the 
reality through the conceptual method. This is apparent in a professional prefer-
ence aimed at randomized controlled trial between clinicians designed for research 
designs. Additionally, most research in the EBPEH literature are academic research, 
typically through well-established investigators receiving external financial sup-
port. In dissimilarity, even if the problem scope might be huge, the information base 
aimed at how best toward addressing mutual public/environmental health glitches is 
generally limited in emerging countries as well as some impoverished areas of afflu-
ent countries, Cavill and colleagues [57] likened interventions that are evidence-
based across European countries, demonstrating that considerable evidence base is 
restricted toward experimental observations in various domains. Even in nations 
that remain developed (such as United States), much of peer-reviewed published 
information in journals or data made available by websites as well as government 
agencies might not sufficiently epitomize entirely interested populations. There 
are (4) four prime user evidence groups in environment and public health, namely: 
practitioners of environmental and public health as well as their partners, who 
are likely to recognize the scope as well as quality of evidence in certain strategies 
(for example, policies, programs)? In actual fact, nevertheless, practitioners of 
environmental and public health often possess a comparatively narrow selection 
process option. Funds resulting from local, state and federal sources are usually 
earmarked for definite purpose [for example, sexually transmitted diseases as well 
as surveillance treatment [54], establishments of retail food inspection [58–60]. 
However, there is an opportunity for environmental and public health profes-
sionals, including the responsibility, toward cautiously examining the evidence to 
find alternative methods toward achieving required health goals [3, 15, 35, 61, 62]. 
Decision-makers at regional, state, local, national, as well as international levels 
(deciding at the macro level in what way toward allocating public resources aimed 
at which they have remained nominated stewards [2, 16–18, 20–22, 63] make up the 
next generation user group. This group is also in charge of extra responsibility for 
formulating policies for complex and controversial public issues), Stakeholders (This 
group consist of many development partners i.e., NGOs whose missions’ emphasis 
on or incorporate health improvement, either directly or by improving the social as 
well as physical milieus that remain significant demographic health determinants 
for example whether the community water supply should be fluoridated, dumpsite 
should be sited in a community cemetery or burial ground) and researchers on 
population health issues (They create as well as apply exploring research hypotheses 
using evidence. Some remain principally interested in used methodologies toward 
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determining the quality as well as research implications on population-based 
interventions studies). Both enhance and use the evidence to answer research ques-
tions. However, the additional increased benefits of evidence-based environmental/
public health (EBE/PH) have many indirect as well as direct benefits, including 
access toward a more as well as better quality evidence toward improving public’s/
environmental health, an effective and efficient probability of successful policies 
as well as programs implemented, better workforce productivity, as well as greater 
efficient usage of private as well as public resources [10, 64]. Therefore, in most 
areas of environmental, public health as well as clinical practice, decisions about 
when to intercede as well as what policy or program to execute remain not simple 
as well as straightforward. These choices are generally based on (3) three essential 
questions: (1) Should public and environmental health intervention remain taken 
toward addressing a specific environmental/public health concern (Type 1, etiologic 
information or evidence of behavioral knowledge)? (2) What measures or action 
must be taken (Type 2, intervention evidence or proof of intervention)? (3) In what 
manner can a specific policy or program remain implemented most effectively at the 
local setting (Type 3, contextual evidence)? Table 1 presents a range of systematic 
evidence aimed at public and environmental health practice [2, 38, 64]. Evidence 
from Type 1 assesses the diseases causes as well as its severity, magnitude, and risk 
factors preventability as well as diseases. Also, evidence from Type 2 describes the 
comparative effects of specific interventions that may or may not advance health and 
evidence from Type 3 comes from the context of the intervention and specifies the 
five (5) overlapping domains (Table 2).

Firstly, there are features of the number of populations for intervention like, for 
instance education level as well as health history. In addition, interpersonal vari-
ables make available an important context. For instance, an individual with cancer 
family history might be more probable toward undergoing screening of cancer. 
Thirdly, institutional variables ought to remain considered. For instance, whether 
an organization is successfully implementing an evidence-based program that may 
remain influenced through the aforementioned capacity (example, professional 
workforce, organizational leadership) [1, 2, 7, 64].

Fourth, it is argued that social norms and cultural norms cause and shape a lot 
of health behaviors. Lastly, more economic as well as political forces tend to affect 
context. For instance, the occurrence of high rate aimed at certain disease like the 
recent COVID-19 pandemic, has claimed far too many lives worldwide. Fortunately, 
as environmental health officers and doctors continue to gained more experience at 
monitoring, contact tracing, communicating and treating COVID-19 patients, and 
many people hospitalized eventually recover, this might impact a state’s political 
will toward addressing the problem meaningfully, logically as well as in a system-
atic method [1–3, 9, 10, 19]. Particularly because of the understudied populations 
at high-risk, there is a great requirement for more evidence between contextual 
variables as well as process toward adapting program change as well as policies in 
context as well as population subgroups. Problem-solving questions are addressed 
in novel detail known as “realist review,” which remains a systematic assessment 
procedure that explores not only how intervention works, but then again by what 
method, interventions measures work in a real-world situation [1–3, 53, 65, 66]. 
Numerous ideas are important in achieving a greater evidence-based method 
toward the practice of public and environmental health. Essentially, scientific 
knowledge is required on programs as well as policies that can be effective toward 
promoting and improving health (i.e., conducting evaluation research toward gen-
erating sound evidence) [2, 3, 64, 67]. Second, in order to transform science into 
scientifically sound practice, there is a necessity toward marrying evidence-based 
interventions information from peer-reviewed literature through the realities of a 
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definite real-world milieu [2, 3, 64]. To achieve this, there is prerequisite to properly 
define decision making procedures that must be evidence-based. Lastly, widespread 
dissemination of proven effectiveness interventions must arise more constantly 
at levels of state as well as local [3, 35, 68, 69]. Therefore, the main characteristics 
of evidence-based features of public and environmental health decision making 
comprise:

i. Making Decision founded on the most up-to-date peer-reviewed evidence 
(both research on qualitative and quantitative): The scientific literature 
as well as guidelines issued through expert panels serve as a starting point 
of advice. Additionally, researchers as well as practitioners are frequently 
presenting preliminary findings in national, regional, as well as international 
professional conferences.

ii. Using data and information systems systematically: Data remain being 
created more for issues at local level and a few initial efforts to improve the 
public and environmental health policy surveillance systems are under way. 
For instance, policy surveillance systems for alcohol, tobacco, and more 
recently, school-based nutrition as well as physical education have currently 
developed by a consortium of federal as well as voluntary agencies [46–48].

iii. Developing and application of robust program planning frameworks (which 
is often rooted in behavioral science theory): For instance, ecological models 
or systems are progressively used where “appropriate cultural changes take 
place in the social milieu brings about individual’s changes, and support 
population considered critical to the implementation of changes in the 
environment” [11, 61–63, 65, 66, 70–73]. These models emphasize the need 
toward solving remarkable multiple levels problems as well as emphasize the 
interaction as well as integration of elements within and between inter-
personal, individual, organizational, community and governmental levels. 
The aim is toward creating a healthy positive community milieu that offers 
information that enhances health-promotion as well as social support toward 
helping the population live healthier and better lifestyles. Interventions 
that are effective are most frequently grounded on the principles of health-
behavior theory [31].

iv. Community assessment involvement and decision-making: Community-
based methods include research community members as well as projects 
intervention and demonstrates progress made toward improving public 
health as well as addressing disparities in health. Academicians, practition-
ers, as well as members of the community who collaboratively highlight key 
concern issues, develop intervention strategies, as well as evaluate outcomes. 
This method integrates knowledge as well as action that seek toward leading 
a fair distribution of the benefits of an intervention for all partners, builds 
on data from “stakeholder” input [2, 3, 74], while also, building on existing 
resources and facilitates collaboration between all partners.

v. Conducting sound and appropriate evaluation: In most cases in population 
health, programs as well as policies are implemented without fully focusing 
on methodical evaluation. Additionally, even if the programs are not effec-
tive, sometimes, they are sustained due to political or historical reasons. 
Evaluation criteria should be based on the development of early program 
as well as had better consist of both formative as well as result evaluation. 
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For instance, the injury management program remained properly discontin-
ued after evaluating its effectiveness. This program evaluation demonstrates 
the usage of both multiple critical quantitative as well as qualitative data 
toward framing the evaluation model.

vi. Disseminating what is being taught to key stakeholders in decision-makers: 
If a policy or program is implemented, or if final outcomes is recognized, 
other public and environmental health such as community medicine, social 
medicine, community health and preventive medicine (environmental 
health) can draw on their research findings toward enhancing their own 
evidence use, while making decision. It can be disseminated or communi-
cated to health practitioners through scientific literature, toward overall 
public through the media, toward decision-makers through individual 
meetings, as well as toward training public/environmental health profession-
als. In many settings, effective interventions remain required, comprising 
worksites, health care settings, schools, as well as wide-ranging community 
environments etc. Hence, accomplishing these activities in EBE/PH is likely 
to require a synthesis of scientific skills, enhanced communication, common 
sense, and political acumen.

7.  Systematic techniques and methods to enhance environmental/public 
health evidence-based uptake

Several tools as well as planning methods can help practitioners in environmen-
tal/public health in responding to questions like: What are the magnitude of the 
environmental/human health challenges relating to COVID-19 pandemic; If there is 
an effective priorities aimed at resolving the challenges; What about the local envi-
ronmental information as well as specific intervention that is useful in determining 
its possible use in relation to the current state of affairs at hand (Covid-19 pan-
demic); Is it that a specific program is policy worth having or worth doing (i.e., is 
it better than having substitutes), as well as will it yield suitable investment return, 
measured in terms of monetary or health consequences? These tools include:

8. Public/environmental health surveillance

According to the public/environmental health adage, which state that “what gets 
measured, gets done.” This measurement often begins with public/environmental 
health monitoring, the continuing systematic collection, analysis, interpretation, as 
well as distribution of COVID-19 pandemic health data with the aim of preventing as 
well as managing illness, injury, along with other health snags. Public/environmental 
health monitoring is an important instrument for those using EBEPH. It includes 
building a systematic analysis, collection as well as routinely interpreting detailed 
health information/data, and combining the strengths and weaknesses of dissemi-
nating data over time toward those accountable for prevention as well as disease 
control or injury [3]. Public/Environmental health monitoring systems must have 
the ability toward collecting as well as data analyzing, disseminating data toward 
human health programs, as well as frequently appraise the efficiency of  
the usage of disseminated data [2, 3, 75]. For instance, the ongoing prevalence  
of COVID-19 pandemic documentation as a justification for eliminating  
COVID-19 spread along with documenting the impacts of such actions [2, 3, 10, 19]. 
In substance use control in the core Niger Delta region of Nigeria, a common 
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agreement metric for substance use across Bayelsa states was recognized [46–48]. 
While, systems of surveillance are supported at local, state as well as federal levels 
and could be used toward determining the diseases frequency as well as other condi-
tions of health in a defined population. At minimum, five main objectives of the 
surveillance systems could be stated: (1) health assessment and monitoring status as 
well as general health risks; (2) to provide a disease-specific understanding of events 
as well as trends; (3) planning, implementation, monitoring, as well as apprais-
ing health policies and programs; (4) put in place financial management as well as 
information monitoring; and (5) conduct research in environmental/public health 
[1–3]. Some systems of surveillance presently existing can now offer deaths, births, 
birth defects, cancers, infectious diseases as well as health behaviors information. 
Individual system frequently has enough information toward assessing the preva-
lence or incidence rates as well as toward describing diseases frequency or condition 
of health through a person, place, as well as time. Even the surveillance systems data 
could be used toward obtaining a baseline as well as follow-up measurements aimed 
at specific populations.

9. Systematic reviews and evidence-based processes

Systematic reviews involve comprehensive syntheses of collections of databases 
on specific topic. Good review reading may remain one of the utmost resource-
ful ways toward getting acquainted with advanced research as well as practice on 
several precise environmental/public health topics [76, 77]. The usage of explicit 
and consistent systematic methods (i.e., decision-making rules) in reviews decrease 
bias as well as decrease’s chance impacts, hence providing a more trustworthy 
outcomes on which decisions are made [78]. One utmost important critique for 
public/environmental interventions in health is the “Guide toward Community 
Preventive Practices” (the Community Guide), providing a synopsis of contem-
porary scientific literature using a well-defined and rigorous approach where 
existing important research are units of analytical analysis [79, 80]. The Public 
Guide offers to addressed (1) What interventions statements are been considered 
or evaluated as well as what are their implications? (2) What interventions aspects 
could support clients in choosing between proven interventions set that are effec-
tive? (3) How much does this intervention cost, as well as how much does it costs 
in relation to probable impacts on health? A respectable systematic critique should 
enable professionals to comprehend local contextual situations required for fruitful 
 implementation [81].

10. Economic evaluation

The costs-benefits comparison to establish the most effective allocation of scarce 
resources is known as economic evaluation. We always carry out economic evalu-
ations, albeit we rarely openly think about the process. It is a key component of 
evidence-based practice [82]. It could make available evidence toward evaluating 
the absolute alternative value of expenditures provided to the public/environmental 
health programs as well as policies. In cost–benefit analysis, all decision options  
based on costs as well as consequences remain valued in economic terms. Most 
frequently, placement on financial investment is related to an intervention likened to 
its effects on health, for instance, cases of disease prevented or saved life years. The 
absolute worth of some alternative interventions (for instance, health return on euro/
dollars invested) may show this method of cost-effectiveness analysis (CEA), [82]. 
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Cost-effectiveness analysis (CEA) has turn out to be an increasingly essential instru-
ment for academics, practitioners, as well as policy makers. Nevertheless, appropriate 
data toward supporting this analysis type are not permanently accessible, particularly 
in the context of potential public policies considered in health improvement [3, 36, 83, 
84]. While, four (4) related kinds of economic assessment namely: cost utility analysis 
(CUA), cost-effectiveness analysis (CEA), cost–benefit analysis (CBA), as well as 
cost-minimization analysis (CMA). The four techniques vary chiefly in the mode of 
how benefits are measured. The cost–benefit analysis (CBA) measures the benefit in 
economic units (e.g., euros, dollars), while the cost-effectiveness analysis (CEA) mea-
sures the benefits in the relevant health unit (e.g., saved lives). Cost utility analysis 
(CUA) is a form of cost-effectiveness analysis (CEA) in which the benefits (such as 
life expectancy) are adjusted for life quality as well as quantified through a measure 
of health utility (typically quality-adjusted life years [QALYs]). Cost-minimization 
analysis (CMA) remain used once the two benefits interventions are the same, so 
the benefits measurement remains not a problem. Since cost–benefit analysis (CBA) 
uses the utmost “generic” outcome measure (several factors could remain measured 
through currency, together with the value of public health projects as well as educa-
tional interventions), it enables for a comparison of multiple programs. Its outcomes 
(see Figure 3) illustrate the possible results of the economic evaluation [2]. In view of 
the four (4) squares of the graph. Programs toward improving health as well as saving 
money (Quadrant IV) are certainly valuable as well as ought to be implemented. 
Likewise, programs that undermine health as well as costs affordability (Quadrant II) 
are unwelcome as well as must not remain continued or initiated. The two quadrants 
remaining (I and III) are in critical condition as well as where monetary appraisal 
can be more informative. In history, systems of environmental/public health as well 
as nations develop, interventions as well as programs began in Quadrant IV, through 
these programs that remain cost saving as well as improve and maintain health. 
Several initial public/environmental health interventions, like systems of sanitation, 
drop in Quadrant IV. When interventions are used as well as implemented, attention 
turns to programs in Quadrant I that improve and maintain health at an affordable 
cost. After all, as pressures in budgetary activities rise, programs in quadrant III are 
bear in mind: programs that lessen costs, nevertheless add loss toward health status. 
Aiming at the four (4) quadrants, the key question is, what is investment return  

Figure 3. 
Possible outcomes of an economic evaluation. Adapted from Raimi et al., [2].
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(or disinvestment) toward public’s funds? Economic evaluation offers a means toward 
answering this pertinent question, so programs can be selected for the highest invest-
ment return.

Using the above conceptual framework (Figure 3) for the case of COVID-19 
pandemic, numerous important conceptual economic evaluation elements can 
remain recognized. Before bearing in mind the procedure of conducting economic 
evaluation, it can be helpful toward determining the overall elements as well as all 
economic evaluations approach. The primary step is toward choosing the economic 
evaluation opinion. Each intervention could be thought of in several ways, often 
categorized as going from narrow toward broad. Health agencies or organization 
opinion should directly take part in delivering projected intervention. The next 
step which may be the insurers opinion, or payers, particularly in the health care 
industry, where consumers as well as payers remain two (2) distinct groups. The 
widest opinion is that of the whole society. Recommendations has been based on 
this wide-ranging economic evaluation opinion for all, as well as it is obligatory in 
quite a few countries having an established national health system. The viewpoint 
of the society is importantly suitable in public/environmental health as it seeks 
interventions designed toward benefiting taxpayers as well as the public funding 
the costs.

11. Health impact assessment

Health impact assessment (HIA) is an evidence-based forward-looking instru-
ment used toward informing stakeholders as well as policymakers around the 
possible health impacts of projects as well as policies being anticipated, while 
identifying opportunities aimed at maximizing possible health benefits as well as 
limiting potential damage. Similarly, Health Impact Assessment (HIA) is a blend of 
several methodologies in the assessment of the possible health impact on a popula-
tion and its distribution, arising from policies, programmes, or projects is instru-
mental in linking with other sectors to deal with the root cause of health challenges 
and thereby fostering the successful actualization of the sustainable development 
goals, having sprung into prominence in the last few decades [16–18, 20–22, 63]. 
Health impact assessment (HIA) is a somewhat recent way of assessing the likely 
impact of policy or intervention in non-health sectors, for instance economic 
development, transportation, as well as agriculture, on population health [2, 6, 22, 
29, 42–45, 63, 85–87]. Other HIAs is aimed to ensure the participation of the actors 
involved in a particular project development. This latter method, which forms the 
foundation of the environmental impact assessment that several massive place-
based projects is obligatory through law, which is comparable toward the nonregu-
latory method that has remained accepted for other HIAs. In general, HIA, in all its 
procedures, has remained acceptable by way of a tool due to the growing evidence 
that the social as well as physical milieus remain a significant health determinant as 
well as health inequalities in populations (see Figure 4). Hence, social determinant 
of health (SDoH) could be influenced through policies as well as programs, and are 
related through improved health outcomes. Social Determinant of Health (SDoH) 
is strongly influenced through policies, systems, as well as the environments (PSE). 
Diagram in Figure 4 shows County Based Health Rankings as well as Roadmaps 
recognize the interplay amongst health outcomes, the Social Determinant of Health 
(SDoH), are policies as well as programs. For instance, tobacco being a foremost 
health outcomes determinant (e.g., quality of life, mortality), as well as the reduc-
tion in the use of tobacco and is strongly influenced through cigarettes prices as well 
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as environmental determinism in the community that are smoke-free using cessa-
tion clinics availability.

It is currently utilized toward helping in assessing the prospective health  
consequences and outcomes of several policies as well as health status programs 
[16–18, 20, 21]. HIA is a systematic procedure aimed at recognizing as well as 
communicating the possible health-associated impacts of anticipated projects 
along with policies and formulating recommendations toward reducing probable 
health benefits as well as lessening possible harm [16, 18]. It combines several 
multidisciplinary approaches in the assessment of health-related consequences 
that may arise from a project, policy, and programme that does not clearly define 
health as is major focus, based of evidences of health effects from a well-structured 
framework. HIAs application spans over its use in a wide range of situations, such 
as the appraisal of national policies, infrastructural development, transportation 
and national/regional agricultural projects. Public participation and interagency 
synergy are two key positive outcomes; however, the setback is that there are no 
globally accepted methods in the evidence-based health impacts. Despite being a 
promising emerging practice, it has proven to be a great tool in the understanding 
of possible human health consequences, thereby informing decision-making and 
public policies [16, 17, 21].

Figure 4. 
County Health Rankings & Roadmaps. Source: Reprinted with permission from County Health Rankings & 
Roadmaps, [88].
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12. Participatory approaches

Involving communities in EBE/PH is promising in participating techniques that 
actively include community people in research and intervention programs [2, 27, 89]. 
Academicians, practitioners, as well as members of the community collaboratively 
identify concern issues, devise intervention strategies, as well as evaluate results. 
This method relies on the input of “stakeholder” [3, 74], builds on current resources, 
enhances collaborative synergy between all parties, as well as integrates knowledge 
along with activities which it is hoped, would lead toward a fair distribution for all 
partners to the benefits of project intervention [14, 90]. Stakeholders, or important 
development partners, are persons or agencies with an interest in the problem at 
hand [14, 91]. Policymakers for instance, remain particularly significant stakehold-
ers in developing health policies [92]. Stakeholders must include people who might 
possibly receive, use, as well as profit from the policy or program being considered. 
The three (3) stakeholders’ groups remain pertinent viz.: people affected through 
interventions, people developing programs as well as those who used the program 
evaluations results. The three groups of people involved include: the creators of the 
program, those who participated in the program and those who used the results of 
the program. Participatory methods can also be an existing challenge in following 
EBEPH guidelines, particularly in attainment of appropriate agreement through 
which appropriate methods are used aimed at addressing a specific health problem 
i.e., Covid-19 pandemic [1–3, 9, 10, 19, 93].

13.  An approach toward increasing evidence use in the practice of 
environmental/public health

Education as well as training backgrounds are needed to improve and strengthen 
EBEPH proficiencies workforce. The prominence on EBEPH principles is not taught 
in the same way in all the subjects epitomized by public/environmental health 
professionals. For instance, a public/environmental health professional may not be 
sufficiently trained to pinpoint the most recent evidence as well as interpret other 
possibility than what an epidemiologist can do. A newly health educator graduate 
having a master’s degree in public/environmental health is expected to have an 
expanded understanding of the significance of EBEPH better than a specialist in 
environmental health with a bachelor’s degree. Perhaps less than half of environ-
mental/public health practitioners have little prescribed training or education in 
the discipline of environmental/public health like health education, environmental 
health ethics and epidemiology [4, 5, 94]. Most of these specialists receive formal 
regular graduate education or training in a college of health sciences or other pro-
grams in public health. Presently, it seems that limited public/environmental health 
departments need more ongoing education and training around mandatory EBEPH. 
Although the recognized EBEPH concept is relatively novel, but not fundamental 
skills. For instance, evaluating a program intervention through reviewing scientific 
literature aimed at evidence are skills frequently taught in postgraduate programs 
in environmental/public health or other areas of academic disciplines, as well as 
they are the basis for the practice of public/environmental health. While, the most 
frequently EBEPH applied outline is perhaps that identified by Brownson and his 
colleagues (Figure 5), which tends to use a seven-steps procedure [52, 64, 95]. The 
framework procedure used for applying is not linear as well as involves several 
iterations [2, 52, 96]. Competencies are becoming increasingly evident in terms of 
more effective public/ environmental health practice [1–3, 97, 98]. For instance, 
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Figure 5. 
Training approach for evidence-based environmental/public health. Adapted from Brownson et al., [64]; 
Hallfors et al., [93].

S/N Characteristic Description

1. Holistic and comprehensive Collaborate to resolve problems deemed important; 
A good example is the Ottawa Charter for promoting 
health.

2. Flexible and responsive Coalitions to answer emerging problems as well as adapt 
its strategies to meet the new needs of the community.

3. Build a sense of community Members regularly express and report that they value as 
well as obtain professional and personal support for their 
participation in collaborative relationships.

4. Build as well as improve resident 
engagement in community life

Make available a structure for renewed civic engagement; 
Collaborate as a forum where multiple sectors can engage 
together.

5. Offer a vehicle for empowering 
community

When community coalitions address indigenous issues, it 
often develops social capital, permitting residents toward 
having an impact on multiple problems.

6. Permit diversity to be valued as well 
as celebrated

When communities become more diverse, integration 
offers a vehicle to bring together diverse group toward 
solving common challenges.

7. Incubators for innovative solutions 
toward large challenges

Solving problem happens not only at local levels, but also 
at regional as well as national levels; local leaders may 
become national/global leaders.

Source: Adapted from Wolff, [109].

Table 3. 
Characteristics of effective community coalitions.
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the EBEPH procedure, requires a certain set of competences to be capable of mak-
ing evidence-based decisions [99] (see Table 4). EBEPH training programs in the 
developed countries aimed at public and environmental health professionals in their 
various state health agencies were created toward addressing these as well as other 
related competencies, [2, 3, 52, 100], community-based organizations as well as 
local health departments [2, 3, 101, 102], along with related programs have remained 
established in many countries [96, 99]. Some programs demonstrate evidence of 
efficacy [52, 102]. In the most frequent format, the faculty team with competence in 
EBEPH employs didactic lectures, computer workshops, as well as scenario-based 
exercises. The training programs scope could remain increased through stressing 
a train-the-trainer method [96, 99]. Other formats were employed, together with 
Internet-based self-study [101, 103], CD-ROMs, [99] distance as well as distributed 
networks learning, along with technical support that are targeted. Educational 
training programs can be very effective in delivering “change agents” who are seen 
as professionals, but also share general goals as well as characteristics through the 
trainees [104]. A leadership and staff commitment aimed at life-long learning are 
also key ingredient toward training successes [105]. Training implementation toward 
addressing EBEPH competencies must be in accordance with the principles of adult 
education and learning. These occurred problems remained recently articulated 
with Bryan along with his collaborators [106], who have stressed the need toward 
(1) recognize the reason why the audience is learning; (2) use a fundamental motiva-
tion toward learning the necessity of problems solving; (3) build as well as respect 
preceding experience; (4) developing learning methods that are aligned with the 
development background as well as recipient’s diversity; and (5) actively participat-
ing with the participants in the education/learning process. Below are a sequential 
framework seven-stage steps, toward promoting better evidence use in everyday 
policy making (see Figure 5). It is remarkable to remember that this procedure 
is rarely a stringently linear or prescriptive one, nonetheless it must include sev-
eral feedback “loops” as well as common processes that exist in multiple models’ 
program-planning.

14. Community assessment

Community (or needs) assessment is “a systematic set of procedures under-
taken for the purpose of setting priorities and making decisions about program or 
organizational improvement and allocation of resources. The priorities are based 
on identified needs” [107]. Diverse forms of data, together with epidemiologic 
(quantitative) data, qualitative information, health inequalities on data, as well 
as health resource utilization patterns, might include a variation of community 
assessment. The first part of community or need assessment is very important in 
identifying a problem or an issue. A community assessment typically could begin 
through looking at baseline sources or background information about health issues 
in a community. These may comprise data from primary as well as secondary 
sources. Primary data encompass novel information collection on specific programs 
or study through using techniques like a community examination, focus groups 
and interviews, etc. Although, the community might mean people who reside 
inside a specified geographic area or as people sharing a communal experience or 
share a specific cultural or social identity sense [100]. When doing the assessment, 
it is likewise necessary in order to appropriately portray the spectrum of com-
munity members, toward recognizing any subgroups around the community of 
interest (for instance, adolescence, adults on lower-income). Hence, community 
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assessments might thus involve an attempt to recognize mortality as well as morbid-
ity, environmental and organizational circumstances, current policies, along with 
significant associations between stakeholders. Community assessments examine the 
community health concerns, the variables influencing the health in a community 
(for instance, health determinants), and the resources, assets, as well as difficul-
ties influencing these factors [107]. Assessment, ideally is a community process 
by which stakeholders together with members of the community and a wide range 
of community-based as well as government organizations turn out to be partners 
in community assessment as well as a shift from assessment toward action plan-
ning. While, community assessments remain critical toward ensuring appropriate 
priorities are been carried out. This is for the reason that they can make available an 
understanding of the importance of the community setting so that priorities stay 
planned, designed as well as implementing ways to leverage as well as maximiz-
ing the community benefit. Additionally, the assessments can be recognized (as 
well as in some cases improve) support aimed at specific priorities’ methods. This 
significant support is garnering resources as well as safeguarding an intervention 
that is successful. Assessments can likewise be an important baseline measure for a 
series of circumstances. Hence, assessing community characteristically arises before 
program development or policy as well as seeks toward comprehending the public/
environmental health challenges as well as interventions in a specified community. 
It likewise begins toward recognizing recent resources previously in place toward 
addressing this apprehension. Data is occasionally obtained from national as well 
as local data sets in addition to surveillance systems. Another useful information 
at this level is a written contextual documentation, or setting, within which the 
problem of health is happening, together with social assessment, economic, as well 
as physical conditions. Data for assessing community may be collected with qualita-
tive (e.g., individual or group interviews) or quantitative (e.g., questionnaires) 
methods. The decision concerning what to look for need to remain guided through 
the assessment goal. For example, a youth-focused assessment may include factors 
other than age assessment. For example, an adolescence focused assessment may 
comprise diverse elements other than focusing on adult’s assessment who are older. 
Bearing in mind, there remain likewise some useful general guiding principle to 
consider when engaged in assessment planning. It is remarkable toward assessing 
factors in particular along the full ecologic series of factors influencing the health 
of population as well as well-being, in doing so, including the community assets, 
besides not just the challenges. Ecologic frameworks indicate the influence on the 
behavior modification as well as social health of the individual and contextual fac-
tors [101]. Numerous changes have been proposed to the ecologic framework [55]. 
Based on work conducted, it is useful to consider assessment of factors at five levels:

1. Individual factors: individual characteristics include knowledge, skills, 
 attitudes, and developmental history of a persons.

2. Interpersonal factors: social networks of formal as well as informal, including 
social support systems such as friends and family.

3. Organizational factors: organizational features, social institutions, as well as 
operational rules or regulations. Organizational factors assessments might not 
only include the institutional existence nevertheless change readiness as well as 
organizational capacity (e.g., organizational support, communication within 
and amongst policy making structures, organizations, leadership as well as 
availability of resources [100].
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4. Community factors: associations amongst economic forces, organizations, the 
physical milieu, as well as cultural changes that could shape people behavior

5. Government and policy issues: national, state and local laws, rules, as well as 
regulations

The use of the ecologic framework makes it possible to assess indigenous com-
munity people (their health as well as wellness and people’s behaviors), the agencies 
as well as the organizations serving the community, and the milieu within which 
members of the community reside [35, 69, 108]. In detail, the greatest effective 
priorities act at multiple levels because societies are people who communicate with 
each other on different social networks within a specific context; thus, need assess-
ment should help to understand this extensive variety of factors in general. Hence, 
Table 3 shows a number of probable ecologic framework indicators aimed at each of 
these stages.

15. Developing an initial statement of the issue

Professionals must start with developing a brief description of the problem or 
issue being considered. In order to receive support on any issue (by the organiza-
tion, a funding agency or decision makers), the issue should remain evidently 
articulated. This part of the problem definition corresponds to the initial stages 
of the strategic program planning process, which typically includes a descrip-
tion of the internal strengths as well as weaknesses, mission, threats and external 
opportunities as well as future vision. This typically helps define the gaps amongst 
the program current status or organization as well as the goals desired. The main 
mechanisms in statement issue comprise the condition of health or perceived risk 
factor, number of affected population(s), the size and the problem scope, potential 
stakeholders as well as prevention opportunities.

16. Quantifying the issue

Once important information about a public health problem has been established, 
it is often helpful to identify the root sources of the prevailing data. Just as such 
data might depend on recent vital statistical data (records of death/birth), special 
surveys, surveillance systems or other national studies. In public/environmental 
health, qualitative studies could take many forms. The utmost popular descriptive 
type of study consists of scientifically effective sample survey of the people of 
interest (a representative cross section). This type of cross-sectional studies was 
not designed toward changing health status (like an intervention) but then to help 
determine the prevalence of quantifying behaviors, exposures, characteristics as 
well as diseases at a period (or point) of time, especially in a population that is 
defined. This information can help to understand the magnitude toward public/
environmental health challenge at hand. Qualitative studies usually offer informa-
tion about the designs of occurrence according to such individual attributes place 
(e.g., county of residence), (e.g., gender, age, ethnicity), as well as time (e.g., 
seasonal changes in the patterns of disease). In addition, cross-sectional data may in 
certain circumstances, offer used information in the design of analytic studies (e.g., 
baseline information/data toward evaluating the advantages of public/environmen-
tal health intervention).
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17. Determining what is known from scientific literature

When problem to be addressed are clearly defined, professionals should be 
knowledgeable of prior or continuing efforts toward resolving the issue. This ought to 
comprise a systematic method for identifying, retrieving, as well as evaluating appro-
priate scientific reports based on research, panels, as well as conferences associated 
toward the issue of interest. The best way to start this investigation is through a formal 
study of the official literature review. Much databases information is available toward 
facilitating such a review; the best known of these public/environmental health pur-
poses remain Scirus (Elsevier), MEDLINE Ovid, PubMed, ProQuest Dissertations and 
theses, CINHAL EBSCO Host, Web of Knowledge, Research Gate, Scopus/Elsevier, 
Mendeley, Geobase/Elsevier, Environment Complete/Ebsco, Campbell Collaboration 
databases, Google Scholar, Google Web, SSRN, Academia etc. These subscribed 
databases through an institution, can selectively remain accessible in the Internet, 
or occasionally the public can access it from institutions (like the National Library 
of Medicine [110], Hinari, Universities, Research4life as well as public libraries). 
There are also a number of organizations that sustain Internet sites that help identify 
appropriate information, together with several government health departments, the 
World Health Organization, Centers for Disease Control and Prevention, as well as the 
National Institutes of Health etc. It is remarkable to note that the published literature 
does not cover all (Type 2) intervention studies (see Table 1).

18. Developing and prioritizing program options

The first three phases examine a number of policy options or health program. 
The options list can remain expanded from various sources. Preliminary review 
from scientific literature may occasionally shed light on different priorities options. 
In most cases, a group of expert panels can provide advice on policy recommenda-
tions or program on various issues. A summary of the available evidence is usu-
ally provided in systematic reviews and practice guidelines. There are numerous 
assumptions or circumstances that underlie every development options. Five key 
focus areas are covered through these considerations: demographic, economic, 
political/regulatory, social values, as well as technological [2, 3, 111]. Specifically, 
it is remarkable toward assessing as well as monitoring the policy process once 
developing a crucial option in health policy. Doing so, stakeholder contribution can 
be suitable. The policy stakeholder may be health policy makers, while community 
intervention through coalition stakeholder may be a member of the community. 
With regard to health policies, supportive decision makers may often offer guidance 
on policy initiatives timing, problem-solving strategies, identifying sponsorship 
strategies, as well as techniques toward improving general public support. On the 
topic of community priorities, additional planning information can consist of 
significant informant interviews, coalition member surveys or focus groups [112].

19. Developing an action plan together with implementing priorities

This reform procedure has a profound impact on strategic planning snags. As 
soon as the option has remained carefully chosen, a set of goals as well as objectives 
must remain developed. The goal is a lasting desired variable in the intervention’s 
status of related health need, as well as short-term objective, measurable, definite 
action leading in the direction of goal attainment. The action course describes how 
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to achieve the goals together with objectives, what required resources are needed, as 
well as how accountability aimed at achieving assigned objectives.

20. Evaluating the policy or program

Simply put, evaluation is a work experiment that has achieved policy goals 
as well as program objectives. After established research design, many public/
environmental health policies as well as programs are frequently examined using 
a “quasiexperimental” designs (i.e., people lacking haphazard assignment toward 
intervention as well as comparison groups). Generally, the strongest appraisal 
designs recognize the roles of both parametric as well as non-parametric evaluation. 
In addition, evaluation designs tool must be flexible as well as sensitive enough 
toward measuring average variability, even individuals falling short of behavioral 
changes. Genuine variables take incremental place over time, in many ways fre-
quently not known toward those individuals closest to the intervention.

21. Barriers to more extensive use of evidence in decision making

Several obstacles are present in the decision-making process to better employ 
data and analytical processes [51, 64, 113] (Table 5). Others have explored possible 

S/N Barrier Potential solution

1. Inadequate resources Commitment to increase funding for prevention and 
rectifying staff shortages

2. Leadership lacks and uncertainty in 
setting a clear and focused agenda for 
evidence-based approaches

Commitment from all levels of environmental/
public health leaders to increase the understanding 
of the value of EBEPH approaches

3. Inadequate incentives for using evidence-
based approaches

Identification of new ways of shaping organizational 
culture toward supporting EBEPH

4. Inadequate view of the long-term 
“horizon” for program implementation 
and evaluation

Adoption and adherence to causal frameworks and 
formative evaluation plans

5. External (including political) pressures 
drive the process away from an evidence-
based approach

Systematic communication and dissemination 
strategies

6. Inadequate training in key public health 
disciplines

Wider dissemination of new and established training 
programs, including use of distance learning 
technologies

7. Inadequate time to gather information, 
analyze data, and review the literature 
for evidence

Enhanced skills for efficient analysis and review of 
the literature, computer searching abilities, use of 
systematic reviews

8. Inadequate evidence on the effectiveness 
of certain environmental/public health 
interventions for special populations

Increased funding for applied environmental/public 
health research; better dissemination of findings

9. Inadequate information on 
implementation of interventions

A greater emphasis on building the evidence base for 
external validity

Source: Adapted from Brownson et al., [39].

Table 5. 
Potential barriers and solutions for use of evidence-based decision making in environmental/public health.
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methods to overcome these obstacles [2, 3, 100]. The necessity for and relevance of 
evidence-based decision-making is the leadership that environmental and public 
health professionals need. Such leadership is apparent in training programs, for 
instance the regional environmental and public health leadership network [107] 
and continuous efforts to establish and distribute documented evidence-based 
recommendations for intervention [79].

However, numerous factors affect environmental/public health decision-
making [114, 115] (see Table 6). Some of these variables are under the control 
of environmental/public health practitioners, while others are very difficult 
to change.

Also, there are quite at least four techniques in which environmental/public 
health policy or program cannot achieve a specific success goal:

i. Choose an intervention forms whose effectiveness in scientific literature has 
not yet been confirmed.

ii. Choosing a policy or program that may be effective but only attaining frail, 
partial implementation or “reach,” thus worsening to accomplish the  
objectives (few call this Type III error)

Category Influential Factor

Information • Sound scientific basis, including knowledge of causality

• Source (e.g., professional organization, government, mass media, 
friends)

Clarity of contents • Formatting and framing

• Perceived validity

• Perceived relevance

• Cost of intervention

• Strength of the message (i.e., vividness)

Perceived values, preferences, 
beliefs

• Role of the decision maker

• Economic background

• Previous education

• Personal experience or involvement

• Political affiliation

• Willingness to adopt innovations

• Willingness to accept uncertainty

• Willingness to accept risk

• Ethical aspect of the decision

Context • Culture

• Politics

• Timing

• Media attention

• Financial or political constraints

Source: Adapted from Anderson et al. [115]; Brownson et al., [39] and Raimi et al., [2].

Table 6. 
Factors influencing decision making amongst environmental/public health administrators, decision makers, 
and the general public.



Science-Based Approaches to Respond to COVID and Other Public Health Threats

130

iii. Assessing insufficient or improper evaluation that led to public ignorance of 
the impacts of a policy or program

iv. Paying insufficient consideration toward acclimatizing an intervention 
between population as well as background interest.

However, part of the reason that environmental/public health-policy officials 
have struggled in the face of the COVID-19, is that it’s very difficult to identify 
appropriate interventions that might inspire people to change their behaviors given 
reasons. For instance, do people who will not wear masks think the virus is not 
risky, since they do not think masks work, or just as their leaders including others 
aren’t wearing them? To make matters worse, surveys or studies often represent 
only a portion of the population leaving those most at risk underrepresented. “Data 
can be instructive, but it does not speak for itself, as data access remains one of the 
primary hurdles to advancing science”. “Behind every data point is a person. And 
with something like the coronavirus, where people are so deeply affected, there is 
need to think about the ethics of intervening in people’s lives.”

22. Addressing the issue

While, the 2020 COVID-19 pandemic unlocked our eyes toward the ever-
changing situations as well as uncertainty that prevail in today world, particularly 
with regards to environmental and public health practices disruption. Due to the 
unprecedented novel nature and scale of coronavirus as well as the worldwide 
public/environmental health crisis nature, which upended several public/envi-
ronmental research norms almost overnight. Though, the virus is expected with 
further waves as well as more pandemics increase is anticipated. COVID-19 had 
demonstrated a global catastrophe that touched everybody, including the scien-
tific community. As we respond and recover rapidly from this pandemic, there 
is an opportunity to guarantee that the fabric of our society includes sustain-
ability, fairness, and care. However, approaches to environmental health attempt 
to decrease the populations burden of COVID-19, toward saving patients from 
becoming ill along with preserving the allocation of clinical resources and public 
safety standards.

Even though the coronavirus continues to surge globally, the COVID-19 
pandemic continues to put the health as well as economic security of millions of 
Nigerians and the world at large at risk, evidence is building and has accumulated 
over the course of the COVID-19 pandemic, scientific understanding about the 
virus has changed. Overall, to improve evidence-based or proven practices, every 
option must attempt to give practical recommendations on how programs and 
policies based on evidence in environmental and public health settings may be 
selected, implemented and evaluated. It also addresses the need for a highly trained 
environmental/public health workforce and expands available technologies, hence 
study into the origins of infectious diseases and the creation of vaccinations and 
medicines that have triggered formerly deadly diseases such as polio, smallpox and 
now COVID-19. Thus, the successful EBE/PH implementation in the practice of 
public/environmental health is both scientific as well as art. Science is based on 
behavioral, epidemiologic, as well as policy research that reflects the size with the 
magnitude of the public/environmental health issues and which interventions prob-
able are to be of advantage to problem solving. The policy-making art experience 
usually comprises understanding of what information that is significant toward 
a specific stakeholder at the appropriate time. Remarkable environmental/public 
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health decisions should balance science as well as art, because rational, scientific-
based policy making that frequently comprises selecting an option amongst set of 
choices that are rational in nature.

By using the outlined concepts in EBE/PH above, decision making are ultimately 
improving environmental/public health practice; this is particularly important in a 
times when environmental/public health practitioners should be incentivized, not 
disincentivized, toward providing remote and long-term care and if implemented 
as well as maintained successfully in the post COVID era, this could benefit from 
our efforts as well as welcome efficiency consequence and cost savings [3–5, 15, 16]. 
These efforts can assist toward adapting effective interventions strategies to 
improve the pandemic response to COVID-19. However, suppression of the COVID-
19 pandemic, cannot depend solely on the hope that effective vaccines as well as 
medical treatment, especially having the new, fast spreading SARS-CoV-2 variants: 
thus, an effective behavioral, environmental, social and systems interventions 
(BESSI) known as “Plan B” is needed to cut transmission. Given the pandemic, 
Covid-19 is probable to remain around to at least first quarter of 2022 (hypotheti-
cally followed via seasonal outbreaks), even if an effective treatments or vaccine 
is established, it is essential to deal with Behavioral, Environmental, Social and 
Systems Interventions (BESSI) now and establish long-term research priorities and 
processes for improving evidence on BESSI Interventions toward preventing as well 
as managing outbreaks of futuristic infectious diseases through fostering research 
synthesis, systems thinking, incorporating interprofessionalism and team-based 
care, piloting, prioritization, as well as field trials in partnership with health orga-
nizations, communities, policy makers, as well as an array of relevant researchers to 
BESSI research strategy (see Figure 6).

Furthermore, there is need to fund evidence-based projects that will focus 
on recognizing condition of a health or disease, aimed at which there is need for 
community support intervention as well as engagement toward addressing the 
issues, articulate a cultural appropriateness process must be established and rec-
ognizing community strengths as well as resiliencies, advancing knowledge must 
be promoted to address the condition of health or disease by etiologic research, 
prevention research, building robust frameworks for governance, oversight, 
and accountability, treatment or research recovery, or dissemination as well as 
implementation research and accounting for sustainability in test communities 

Figure 6. 
Behavioral environmental social and system intervention (BESSI) (for pandemic preparedness) research 
strategy. Adapted from [116].
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and for dissemination and scale up to other communities as indicated. Hence, 
real-world evidence could significantly improve public health (community 
medicine, preventive medicine, social medicine, as well as community health) 
decisions throughout the health system, eventually improving environmental 
health. However, expanding its usage, will need multi-stakeholder engagement 
on numerous priorities, along with country-specific initiatives. Therefore, the 
broader public/environmental health community is best positioned toward mak-
ing progress in addressing individual behaviors, social circumstances, or environ-
mental factors associated with a disorder or disease. Making improvement on such 
goals will thereby help contribute to the creation of a culture where evidence-
based innovation may thrive, while also ensuring that the required, complemen-
tary proficiencies occur toward supporting traditional research and development 
(R&D) operations activities. Likewise, governments at all levels must act expedi-
tiously and aggressively in providing robust support for crucial national public/
environmental health as well as health care programs, the development of medical 
countermeasures, global readiness and response mechanism programs as well 
as international collaborations. So as to reduce the virus effects. National as well 
as international response prompt action are now needed to respond and prevent 
worst case health as well as economic repercussions. Based on the identified reali-
ties of the present COVID-19 pandemic, it seems that government must urgently 
take additional steps now to prepare domestically and to invest globally and to 
help make the shift from containment of the virus to mitigation of its effects. This 
shift will be difficult, and the response will be exceptionally resource intensive. 
Response as well as readiness toward threats to health security like COVID-19 
is as critical to the safety as well as well-being of humanity. Preparedness for 
emergency situations have been essential for increasing national resilience and 
capacities to combat health risk emergencies. There is need to build systems to 
strengthen evidence-based research and expertise must remain sustained as 
well as boistered. With the intention of reducing death as well as diseases in the 
current dark times and time to come. The COVID-19 pandemic provides a unique 
opportunity to discuss critical issues related to defining living reviews and how 
often they should be conducted. It has significantly accelerated the production 
of living reviews as a useful tactic toward informing decision makers in a context 
where evidence is constantly evolving on a regular (sometimes even on a daily 
basis). Since ‘living’ reviews are most useful in a context where information is 
changing relatively frequently on a topic, so hopefully an update is expected to 
be happening at pace with evolving literature. From this perspective, part of the 
requirements of a living review should be that there is a positive plan to monitor 
for new relevant data or evidence, and a plan for managing this evidence when it 
emerges. Hence, there is needs to be a plan for incorporating new information as 
it emerges, with the aim that decisions that are made on the basis of the reviews 
can be relied on or trusted to be informed by the best current evidence. Thus, 
the framework above provides an important Living Evidence Network criterion 
from a positive sense (i.e., the question must be an important priority, there 
is uncertainty in the outcomes, and that new forthcoming evidence can likely 
improve this certainty). It is important to assess whether or not the review should 
no longer be updated on a living basis if at least one of these characteristics are 
no longer true. As we have seen with COVID-19, the frequency of updating may 
vary depending on the rate at which new research is coming through and its likely 
impact on the evidence base, but whatever frequency is adopted this needs to be 
communicated clearly together with the intent to keep the review under active 
surveillance. While, communicating with users and readers about the currency 
and comprehensiveness of the evidence.
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23. Conclusion

Conclusively, as the Chinese proverb used to say “Problems give opportunity and 
changes, and the gods cannot help those who do not take advantage of this oppor-
tunity”. Out of a disaster provide opportunities toward building a safer, healthier, 
as well as a more just world. In all these domains, addressing health toughest triage 
will be crucial and will help strengthen and maintain the scientific integrity as well 
as political neutrality of action on human and environmental health in the times 
of concurrent international crises. Of course, this is not only a response toward 
COVID-19, but also for the full gamut of health challenges. Time has come toward 
revitalizing and rethinking governance, policies, as well as investments in scientific 
research for better health, which precede a more sustainable future for global as 
well as national health leadership in preparedness, response, and health recovery 
for emergencies, which will necessitate a range of research methods and analytic 
decisions. Increased focused attention toward these approaches and analytic deci-
sions has the potential toward increasing the importance of policies and its uses 
toward health systems strengthening, hence potentially assisting policy makers 
toward improving mitigation efficiency while concurrently improving global and 
national health, with an attempt toward drawing remarkable lessons for strengthen-
ing pandemic preparedness as well as response. While the response to COVID-19 is 
constantly evolving and the situation is constantly changing, how a country respond 
to an outbreak depends on the resilient of its health systems, effective response 
is needed to fight the immediate outbreak and reduce its downstream impact on 
health. In general, environmental and public health research analyses as well as 
comprehensive health systems in all countries which may include integrated core 
capacities for environmental/public health at all governance levels, will be the best 
protection/defense against other major great pandemic outbreak. Therefore, sound 
national planning/preparedness necessitates visibly a comprehensive states situation’ 
of the capabilities toward predicting, managing as well as balancing public/environ-
mental requirements at all pandemic stages. This requires leveraging data for rapid, 
accurate as well as reliably impacting on effective public/environmental policies 
on health, hence converting this intelligence into actionable solutions will thereby 
ensure shared accountability. The boundary amongst action as well as inaction is 
rarely separate. Scientific evidence along with values assessment, costs, preferences, 
as well as several benefits options must be carefully considered. Hence, this discov-
ery as well as its plausible explanation therefore point to the necessity for far greater 
proof of evidence. There is therefore evidence requirement around the risks as well 
as discrete benefits of biologically tailored COVID-19 interventions as well as how 
these risks along with benefits differ across various population subgroups. Other 
recommendations include:

1. Investment in Behavioral Environmental Social and System Intervention 
(BESSI): Whilst the limited investment in BESSIs to date is a missed oppor-
tunity, we should learn from this pandemic to prepare for rapid, effective 
response to future pandemics. As BESSI collaboration should help develop 
rigorous “research in action”, with researchers and those tasked with imple-
menting programmes working together. Thus, there is need to consider how 
to efficiently set research priorities and how to work more closely with WHO 
which potentially has the infrastructure to collate BESSI protocols that might 
be developed and then adapted for future pandemics. While a few examples 
of this have occurred, many public/environmental health and clinical services 
have felt too overwhelmed to engage with researchers, but clearly it is possible 
and we can learn from those that did engage.
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2. Collective Collaboration/Partnership: Geographical hubs for BESSI collabora-
tors will enable meaningful research interactions and activities between the 
global north and south. There is need to avoid designing research in the global 
north and then contextualizing it for the south. This interaction needs to be 
bidirectional and co-designed. As BESSI need to focused on funders, research-
ers, and major international organizations, while there is need to start to 
engage with some health professional organizations such as WFPHA, EHOR-
CON, PAHO, etc.

3. Emphasis on Practice-Based Research: Research in environmental health is in-
cremental, through a body of scientifically compiled evidence over a period of 
several years or decades. Hence, environmental health information for decision 
making should be founded on science, and science is based on the collection, 
analysis, and interpretation of data. Data in environmental/public health are 
generally derived from two overlapping sources: research studies and environ-
mental/public health surveillance systems. Indeed, there is the need for a more 
practice-based research in which environmental/public health practitioners 
routinely collect as well as record data on the COVID-19 treatment and out-
comes of their patients in order to better care for those in the future? Hence, 
there is pressing need for evidence development. More and better evidence 
including comparative as well as longitudinal data is required to determine 
the effectiveness and usefulness of novel medical interventions, drugs, treat-
ments, devices, and genetic information.

4. Clear Uncertainty: The exposed uncertainty through the information envi-
ronment. An irony of the information-rich environment is that information 
imperative for decision making is frequently not available, or is provided in 
ways that are not relevant to the broad spectrum of patients with differing 
levels of health, socioeconomic circumstances, and preferences, as well as the 
issues encountered in practice. This is due to too little research effectiveness, to 
poor evidence dissemination that is available, and to too few incentives as well 
as decision supports for evidence-based care. Hence, there is need for a rapid 
review on public/environmental health topics driving by: 1) emergence of 
new evidence (sometimes even on a daily basis 2–3 months into the pandemic; 
2) research designs of available evidence, and likelihood that more rigorous 
designs may provide greater certainty in the findings; and 3) emergence of 
evidence that ‘add’s something new’. Also, it is found that the frequency of 
updating a living review has changed from earlier in the pandemic to now.

5. Credible and Capable Leadership: Broad leadership that stems from any part 
of the world will be needed to adapt to taking advantage from changes in the 
healthcare milieu. Involvement of the private sectors, public, policy makers, 
patients, providers, insurers, as well as other development partners working 
together in the steps toward transformation will require a planned focus on 
evidence development as well as required application. Else, there is need for 
a shift toward a culture of collective learning. Investment in infrastructure is 
essential to produce best proof of evidence for environmental/public health 
delivery which meets the requirements of individual patients (see Table 2), 
and aimed at collecting along with analyzing healthcare data as well as infor-
mation, along with standards and protocols toward ensuring their reliability 
and accuracy. This evolving role will necessitate a culture which promotes the 
application of evidence along with its generation in patients and healthcare 
providers.
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Chapter 7

A Report of the Survey on Shelter 
Management under COVID-19 in 
Japanese Local Governments
Arisa Yasui and Muneyoshi Numada

Abstract

Japan is a disaster-prone country and natural disasters could happen under 
COVID-19. Shelter management is especially important because many people evacu-
ate there and there’s high risk of spreading infection. In order to establish feasible 
countermeasures in shelters, we conducted a survey about the current situation of 
preparation and experience of shelter management in Japanese local governments 
under COVID-19. From the answer of 346 municipalities, we found that some 
municipalities took measures against COVID-19 such as adding new shelters and con-
ducting the training, and these proactive measures were very useful. However, due 
to the addition of infectious disease control work, it became clear that it would take 
time and difficulty at reception, and that it would be even more difficult to identify 
evacuees with the recommended distributed evacuation. These results can be useful 
in proceeding consideration of better shelter management under COVID-19.

Keywords: COVID-19, shelter management, infectious disease measures, Japan,  
local governments

1. Introduction

Currently, the infection of COVID-19 is spreading all over the world. As of April 
21, 2021, the number of infected people worldwide has exceeded 140 million and 
the death toll has exceeded 3 million [1]. The infection has spread by an order of 
magnitude compared to the SARS infections of 8,096 and deaths of 794 [2] that 
prevailed in 2003, and the MARS infections of 971 and deaths of 356 [3] that pre-
vailed in 2012. The development of therapeutic drugs and vaccines is progressing all 
over the world, and inoculation is progressing [4], but it has not yet ended in some 
countries such as Japan and India.

In Japan, which is a disaster-prone country, there are concerns about the occur-
rence of natural disasters such as earthquakes, tsunamis, and typhoons during 
the period when COVID-19 is spreading. Especially in recent years, disasters 
such as the 2011 off the Pacific coast of Tohoku Earthquake, the 2016 Kumamoto 
Earthquake, and the heavy rains in western Japan in 2018, have become more 
severe and frequent. When such disasters occur, schools and public halls become 
shelters and many residents evacuate [5, 6]. In these past disasters, the spread of 
infection in shelters has become a problem. Although the Basic Act on Disaster 
Countermeasures requires improvement of the living environment in shelters, 
such as distribution of food, clothing, medicines, and provision of health care 
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services (Article 86–6), specific measures against infectious diseases have not been 
mentioned. In addition, outbreaks in shelters can be larger under COVID-19 than 
infectious diseases after previous natural disaster because some people have not 
taken COVID-19 vaccine yet. It is also possible that people are more likely to suffer 
damage at home if they do not evacuate to a shelter for fear of getting infected. 90% 
of those who died in the heavy rains in western Japan were found at home [7], and it 
is said that they could not evacuate to a safe place.

Based on this situation, the problem is that human damage caused by both 
COVID-19 and natural disasters will increase, and it is necessary to consider 
measures against the occurrence of natural disasters and the shelter management 
system under COVID-19.

Therefore, our research question is, “What is the current situation regarding the 
shelter management in Japanese local governments under COVID-19?” This research 
will contribute to realize effective disaster countermeasures under COVID-19.

2. Literature review

Infectious diseases are often prevalent after a natural disaster [8]. In particular, 
there are many cases of infectious diseases occurring in shelters [9–11].

The spread of infectious diseases involves multiple factors. First, stress due to 
major changes in the living environment [12], food shortages, and unsanitary envi-
ronments increase the risk of infection [8]. Next, although an unspecified number 
of people live together in shelters, it has been clarified that infection is spreading 
in shelters where the usable area per person is small and dense [13]. In addition, 
disasters can paralyze medical institutions and damage healthcare workers, so 
inadequate provision of medical care compared to normal times contributes to the 
spread of infection [12].

In the Great East Japan Earthquake, there were many acute respiratory and gas-
trointestinal symptoms [9]. During the Kumamoto earthquake, norovirus-induced 
infectious gastroenteritis was prevalent [10].

The epidemic of infectious diseases after the occurrence of a natural disaster is 
not limited to Japan.

For example, the 2004 Sumatra earthquake and tsunami caused aspiration 
pneumonia, skin and wound infections [14], the 2005 hurricane Katrina spread 
norovirus infections in shelters [11], and the 2010 Haiti earthquake caused a cholera 
outbreak [15].

It is necessary to take appropriate measures against the epidemic of such infec-
tious diseases. During the Great East Japan Earthquake, an infectious disease 
control team [12] and Japan Medical Association Team (JMAT) from a nearby 
university hospital were dispatched to shelters [16]. At the time of the Kumamoto 
earthquake, Kagoshima Prefecture JMAT was also dispatched, and public health 
activities including infectious disease control were carried out along with medical 
care for the victims [17]. Activities from the early stage of 5 days after the disaster 
are attributed to the good relationship between the medical association and the 
local government before the disaster and the communication function using the 
Web [17]. Thanks to these activities, the effects of the infection are said to have 
been relatively small [18].

The main activities of these organizations are the provision of medical care and 
surveillance of infectious diseases. As medical needs change over time, the content and 
scale of medical care provided by various organizations changes [19]. Early after the 
disaster, disaster medicine is provided, but gradually shifts to support for daily medical 
care in the disaster area, and the proportion of nurses decreases and the proportion of 
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doctors increases [20]. Since conventional surveillance systems may not function or 
limited resources may be available in the early stages after the disaster, it is necessary to 
consider a system that efficiently collects infectious disease information from the early 
stages of the disaster [9]. In addition to relying on people with specialized knowledge, 
shelter operators, mainly local governments, also need basic knowledge [21] and 
understanding of pathogens [22] to improve the environment of shelters.

However, according to a survey conducted by Kudo et al., about 60% of local 
governments have prepared infection control manuals, and it cannot be said that a 
sufficient system is in place to prevent the spread of infectious diseases. In addition, 
75% said they had insufficient knowledge about infectious diseases, and only 3% 
said they had sufficient knowledge [23].

As described above, infectious diseases have become prevalent in shelters after 
the occurrence of natural disasters, and many studies have analyzed individual 
cases and are considering countermeasures. However, they do not consider COVID-
19 that is currently prevalent. In addition, this is a study on cases of infectious 
diseases that occur after natural disasters and their countermeasures, which is 
different from the case where natural disasters occur while infectious diseases are 
spreading as they are now. In order to implement effective countermeasures against 
COVID-19, it is necessary to understand disaster countermeasures that incorporate 
infectious disease countermeasures by local governments.

Therefore, the purposes of this study are i) to clarify the current status of 
proactive measures for shelter operation under COVID-19, and ii) to clarify the 
actual state and issues of shelter operation in COVID-19. These results are useful in 
considering countermeasures against the occurrence of natural disasters and shelter 
management under COVID-19.

3. Methods

3.1 Outline of the survey

As the method of this research, we used the implementation of questionnaire 
surveys for Japanese local governments nationwide and their statistical analysis.

In this study, the authors created a questionnaire in Excel and sent it by e-mail 
to the departments in charge of disaster prevention in local governments. Table 1 
shows the outline of the survey, and the number of valid answers is 346.

Table 2 shows the composition of the questionnaire. Most of them are multiple-
choice, but some questions are descriptive. The contents of the survey can be 
roughly divided into four. The first is the proactive measures for the shelter manage-
ment under COVID-19. In order to clarify what kind of measures are being taken by 
each local government in Japan, we have set up questions asking about the creation 
of shelter management manuals that incorporate infectious disease countermea-
sures, the implementation of training, and the addition of shelters. The second is 
the actual shelter management under COVID-19 in entire municipality. For local 
governments that have experience in opening shelters under COVID-19, we set up 
questions asking about the provision of evacuation information and the acceptance 
of support staff. The third is the actual shelter management under COVID-19 at 
each shelter. In order to clarify the infection countermeasures taken at the shelters 
and their issues, we set up questions asking about the specific contents of infectious 
disease countermeasures, how to grasp evacuees at home, and difficult tasks. The 
fourth is the attributes of the respondents. Questions were set up asking the name 
of the municipality, population size, name of the department in charge, title of the 
person in charge, and experience of opening shelters.
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Proactive measures for shelter management under COVID-19

• Addition of shelter: Asked the question, “Did you add a new shelter as a measure against COVID-19? Please 
tell me all that apply.” Respondents who selected “Other” are requested to provide a descriptive response.

• Creation of a shelter management manual fur COVID-19: In response to the question “Are you creating 
an evacuation shelter management manual based on COVID-19 measures?” Request a single selective 
answer from the three.

• Implementation of shelter management training under COVID-19: In response to the question “Did 
you conduct shelter management training based on COVID-19 measures?”, You can choose from three 
options: “We did it for the entire municipality,” “We did it independently at each shelter,” and “We did 
not.” Request a single selective answer.

Actual shelter management under COVID-19 (for the entire municipality)

• Experience of opening a shelter under COVID-19: “Did you open a shelter under COVID-19? Please tell 
us about the target disaster. If not, please enter None”. We requested a descriptive answer to the question 
and asked the respondents who filled in the target disaster to answer the following questions.

1. Provision or evacuation information: In response to the question, “What kind of information did you 
provide in addition to the evacuation information when the above disaster occurred? Please tell me all 
that apply.” Request multiple selective answers from “Prompted for evacuation at home”, “Prompted 
for evacuation to house of acquaintances or relatives”, “Prompted for distributed evacuation”, “Request 
for wearing mask”, and “Other”, and requested respondents who selected “Other” to answer with a 
description of the contents.

2. Acceptance of support staff: In response to the question “Did you accept the support staff?”, Request a 
single selective answer from “Yes” and “No”. For respondents who selected “Yes”, in response to the ques-
tion “Which area did you accept support staff from? Please tell me all that apply.” Request on answer and 
request the respondents who selected “Other to further describe the content.

3. Acceptance of volunteers: In response to the question “Did you accept volunteers?”, Request a single 
selective answer from “Ye” and “No”. For respondents who selected “Yes”, in response to the question 
“Which area did you accept volunteers from? Please tell me all that apply.”, request multiple selective 
answers from “City / town” “Prefecture” “Kyushu region” “Others”, and request the respondents who 
selected “Other” to further describe the contents.

Actual shelter management under COVID-19 (for each shelter)

Following the above, we asked the following questions for each shelter opened.

4. Shelter name: Request a descriptive answer to the question “Please tell me the name of the shelter.”

5. Opening period: In response to the question “Please tell me the opening: period of the shelter”, request 
a single selective answer from “within 24 hours”, “1–3 days”, “3 days-1 week”, “1 week-3 weeks”, and 
“3 weeks or more”.

6. Maximum capacity: In response to the question “What is the maximum number of evacuees accommo-
dated?”, request a single selective answer from “10 or less,” “10–50,” “50–100,” “100–300,” and “more”, 
and request the respondents who selected “more” to answer with a description of the content.

7. Utilization of shelter management manuals incorporating infectious disease countermeasures: In 
response to the question “Have you been able to utilize shelter management manuals based on COVID-19 
measures?”, we requested a single selective answer from “Yes”, “No” and a descriptive answer for each.

Item Contents

Survey name Survey on shelter management under COVID-19

Survey target Municipalities nationwide

Investigation • Preparation for shelter management under COVID-19

• Actual shelter management under COVID-19 etc.

Survey period From December 14th, 2020 to December 31st, 2020

Collection method Send mail

Number of valid answers 346

Table 1. 
Outline of the survey.
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8. Utilization of shelter management training incorporating infectious disease countermeasures: In 
response to the question “Did the evacuation shelter management training based on COVID-19 measures 
help in actual management?”, we requested a single selective answer from “Yes” and “No” and requested 
a descriptive answer for each.

9. Grasping home evacuation and staying in the car (distributed evacuation): Requested a descriptive 
answer to the question “How did you grasp evacuation at home and staying in the car?”

10. Acceptance of pets: Requested a descriptive answer to the question “How did you accept evacuees’ pets?”

11. Infectious disease control items: In response to the question “Did you have enough items for infectious 
disease control?”, We requested a single selective answer from “Yes” and “No”, and the respondents who 
selected “No” were asked” In response to the question “Please tell me all that apply to the missing items”, 
request multiple selective answers from “Mask”, “Disinfectant”, “Gloves”, “Protective clothing”, “Face shield”, 
and “Other” and select “Other”. The selected respondents are requested to further describe the contents.

12. Measures taken against infections diseases: In response to the question “Did you take Ihe following 
measures against infectious diseases? Please tell me all that apply”, we requested multiple selective 
answers from “Limited number of people” “Temperature measurement at reception” “Zoning of 
evacuation space” “Not crossing the flow lines of each space” “Separate toilets and water supply between 
healthy people and people with poor physical condition” “Social distancing in each space” “Installing 
disinfectant solution in various places such as reception desks” “Regular ventilation” “Disinfection of 
handrails and doorknobs” “Operator’s sanitary equipment” and “Others”, and request respondents who 
selected “Others” to provide a descriptive response.

13. Shelter operator: In response to the question “Please tell me everything that applies to the shelter opera-
tor”, request multiple selective answers from “local government officials”, “facility manager”, “residents”, 
and “others”, and request respondents who selected “others” to provide a descriptive response to the 
content. In addition, we requested a descriptive answer to the question “Please tell us about the reaction 
of the residents who participated in the shelter management.”

14. Transportation to medical institutions: In response to the question “Did you transport the person with 
poor physical condition or fever to a medical institution?”, We requested a single selective answer from 
“Yes” and “No” and request respondents who selected “Yes” to provide descriptive answers to the ques-
tion “Please tell us about the specific situation when transporting to a medical institution. (Procedures, 
persons in charge, issues, etc.)”.

15. Difficult work, problems: “Which work was difficult or time consuming in the entire shelter 
management?” “Please tell us if there is a problem in the whole shelter management.” In response, each 
requested a descriptive answer.

16. Changes in evacuees’ characteristics before and after COVID-19: In response to the question “Did the 
evacuees change before and after COVID-19? (The number of elderly people has decreased, the number 
of children has decreased, the number of nights in the car has increased, etc.), request a single selective 
answer from “changed” and “not changed”, and ask the respondents who selected “changed” to give a 
descriptive answer.

17. Changes in evacuation shelter operators before and after COVID-19: In response to the question “Did 
the shelter management entity change before and alter COVID-19? (For example, the residents refrained 
from operating it, the elderly people refrained from operating it, etc.)”, we requested a single selective 
answer from “changed” and “not changed” and asked the respondents who selected “changed” to give 
descriptive answer to the content.

Attributes

• City name: Request a written response with the name of the prefecture and the name of the city.

• Population size: In response to the question “Please tell me the population size of the municipality”, 
“10,000 or less”, “10,000-30,000”, “30,000-50,000”, “50,000-100,000”, “10”, request a single selective 
answer from “10,000–300,000” and “300,000 or more”.

• Name of department in charge: In response to the question “Please tell me the name of the respondent’s 
department in charge.”, requested a descriptive response.

• Experience of opening a shelter: Asked “Have you ever opened a shelter in a municipality before 
COVID-19 disaster?” and requested a single selective answer from “Yes” and “No”.

Table 2. 
Composition of the questionnaire.
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The structure of this paper is as follows. Chapter 4 shows the proactive measures 
for the shelter management under COVID-19, and the following Chapter 5 shows 
the actual shelter management under COVID-19. Based on the above, Chapter 6 
considers how shelters should be operated under COVID-19. Finally, Chapter 7 
describes the limitations and prospects of this research.

3.2 Survey target

The characteristics of the local governments that responded to this survey are 
shown in Figures 1 and 2. Figure 1 shows the distribution of the population size 
of the responding municipalities. About half of the municipalities have less than 
30,000 people.

Figure 2 shows the experience of opening a shelter under COVID-19. About 1/4 of 
the local governments have opened shelters due to some natural disaster under COVID-
19. In this survey, the target disaster was not specified, and each local government was 
requested to answer the description of the target disaster. According to their answer, 
heavy rains in July 2020, typhoon No. 8, typhoon No. 9, typhoon No. 10, typhoon No. 
12, and typhoon No. 14 were mentioned. There are no cases of opening shelters after 
the earthquake, and all shelters were opened after the storm and flood damage.

4. Proactive measures for shelter management under COVID-19

4.1 Creating a manual

Figure 3 shows the status of preparation of a manual on the shelter management 
under COVID-19. Approximately 3/4 of the municipalities created the manuals in 

Figure 1. 
Distribution of the population size.

Figure 2. 
Experience of opening a shelter under COVID-19.
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common, and when combined with the municipalities created individually at the 
shelters, about 80% of the municipalities answered that they created the manual. The 
Cabinet Office [24] and NPOs [25, 26] have issued guidelines for shelter management 
under COVID-19, and it is probable that they were created with reference to them. It 
can be utilized for countermeasures by showing the overall guideline at an early stage.

4.2 Implementation of training

Figure 4 shows the implementation status of shelter management training 
under COVID-19. Approximately half of the local governments conducted training 
for the entire municipality, and when combined with the local governments that 
conducted individual training at shelters, about 3/4 of the local governments con-
ducted shelter management training under COVID-19. Compared to the prepara-
tion of manuals, many local governments conducted their own training at shelters. 
It is thought to be because training at the shelter can be conducted in a state closer to 
the actual situation.

4.3 Addition of shelter

Figure 5 shows the presence or absence of shelters newly added as a counter-
measure against COVID-19.

Under the Disaster Countermeasures Basic Law, as a rule, basic municipalities 
are obliged to designate shelters (Article 49–7), and local elementary schools and 
public halls are shelters.

Figure 3. 
Status of preparation of a manual on the shelter management under COVID-19.

Figure 4. 
Implementation status of shelter management training under COVID-19.
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In addition, as a measure against infectious diseases, securing social distance 
will result in a shortage of conventional shelters. Therefore, it is recommended by 
the government to add new shelters and carry out distributed evacuation.

About 30% of local governments have added new shelters. In addition, the munici-
palities that answered “not added” include those that are in the process of adjustment.

Figure 6 shows the details of the newly added shelter. We asked the local 
governments that answered that they had “added” shelters to answer with multiple 
answers as to what kind of facilities they are using. Most of them are public facili-
ties, followed by accommodation facilities such as hotels and inns. Others included 
shelters for overnight stays in cars and the use of empty classrooms in shelters.

Since public facilities are owned by the local government, it is assumed that it is 
relatively easy for the local government to add new shelters as internal adjustments 
will be made. It is considered to be the factor that the number of public facilities 
as newly added shelter is the largest. On the other hand, accommodation facilities 
and private facilities need to conclude agreements to be used as shelters, and it is 
considered difficult to secure them compared to public facilities. However, accom-
modation facilities are attracting attention due to the spread of COVID-19 [24]. In 
order to prevent the collapse of medical care, hotels are being rented and converted 
into accommodation facilities for the mildly ill.

Figure 5. 
Presence or absence of shelters newly added.

Figure 6. 
Details of the newly added shelter.
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In addition, it is presumed that a special place was set up for the shelter for over-
night stays in the car, as many people stayed in the car during the 2016 Kumamoto 
earthquake [27].

5. Actual shelter management under COVID-19

5.1 Outline of opening a shelter

Figure 7 shows the shelter opening period under COVID-19. About half of them 
are opened within 24 hours, and about 90% are opened within 3 days. It can be seen 
that the opening was relatively short.

Figure 8 shows the total number of evacuees in shelters under COVID-19 per 
shelter. About half are 10 or less, and the total number of evacuees is small. It also 
includes cases where evacuees did not come to the shelter even though they opened 
the shelter. Considering this together with Figure 7, it is assumed that the scale of 
the disaster was smaller than usual.

5.2 Dissemination and collection of information on distributed evacuation

Figure 9 shows whether residents were urged to do distributed evacuation under 
COVID-19. Here, distributed evacuation is defined as various evacuation that keeps 

Figure 7. 
Shelter opening period under COVID-19.

Figure 8. 
Total number of evacuees in shelters under COVID-19 per shelter.
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a social distance to prevent infection, and in addition to shelters, stay in the car, 
evacuate at home, evacuate to acquaintances and relatives’ homes, and evacuation 
to accommodation facilities.

As a result of the survey, about 70% of local governments promoted distributed 
evacuation. Distributed evacuation is effective for preventing infection, but it is dif-
ferent from conventional evacuation methods, so it is important to educate the resi-
dents daily so that the residents can correctly understand the meaning and method.

Figure 10 shows the status of grasping evacuees’ information in distributed 
evacuation under COVID-19. Only about 20% of the local governments have 
grasped it. From the written answers, we received the opinions that “reports from 
the mayor of each administrative district regarding evacuation at home”, “we 
cannot be grasp unless contacted from residents”, and “only grasp the stay in the 
car in the parking lot of the shelter” It can be seen that many local governments are 
based on requests from residents to grasp information. It has become clear that it is 
difficult for local governments to comprehensively grasp evacuee’s information.

From Figures 9 and 10, it became clear that there are many local governments 
that have promoted distributed evacuation but have not been able to grasp the 
information of distributed evacuees. It is expected that the number of evacuees 
evacuating to places other than shelters will increase, making it more difficult 
to grasp the information. However, since it is important to know where and how 

Figure 9. 
Whether residents were urged to do distributed evacuation under COVID-19.

Figure 10. 
Status of grasping evacuees’ information in distributed evacuation under COVID-19.
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many evacuees are in the provision of supplies, it is necessary to consider effective 
methods. In addition, in order to save people’s lives, it’s important to grasp where 
are patients and what medical care is needed, which will lead to effective provision 
of medical care. Also, these kinds of information should be shared with hospitals or 
other medical organizations.

5.3 Utilization of proactive measures

Figure 11 shows the utilization status of the shelter management manual under 
COVID-19. We asked the local government, which had created the manual at the 
time of the response, about the utilization status. About 95% of local governments 
answered that they were able to utilize the manual. Specifically, from the written 
answer, “We were able to install infectious disease control items (hand sanitizers, 
facility disinfectants, etc.) that had been deployed to shelters in advance at neces-
sary locations such as entrances and exits according to the manual. “I was able to 
confirm in advance the flow at the time of reception and what to do when a person 
with poor physical condition appears (separate rooms and flow lines, etc.)” “If  
a person with poor physical condition occurs, isolate it. The staff members had a 
common understanding of that points. “ Based on these opinions, by creating a 
manual in advance and using it in the event of a disaster, the flow from setting up 
a shelter to accepting evacuees can be carried out smoothly, and special measures 
in the event of an unwell person can be confirmed. It can be said that this led to 
fostering a common consciousness among the staff. On the other hand, regarding 
the local governments that answered that the manual could not be used, from the 
written answer, we obtained the opinions like, “I could not hand over the manual 
because it was opened at the branch office.” “The shelter was opened but there were 
no evacuees.” Although the manual was created, there was a problem that it could 
not be referred to at the time of opening because it was not on site. It is considered 
necessary to deliver it in advance so that it can be referred to at each shelter. In addi-
tion, it was found that there were cases where the manual was not used because the 
evacuees did not come to the shelter.

Figure 12 shows the implementation status of shelter management train-
ing under COVID-19. As in Figure 11, we asked the local governments that were 

Figure 11. 
Utilization status of the shelter management manual under COVID-19.
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conducting the training at the time of the response about the utilization status. 
About 90% of local governments answered that the training was “helpful”. 
Specifically, from the written answers, there are opinions like, “I think that we were 
able to operate the shelter with a margin by assuming various situations in advance.” 
“We were able to smoothly set up the venue such as reception and creation of parti-
tions.” “The training at the shelter gave me an image of zoning.” By conducting the 
training, shelter operators were able to get an image of the work content and work 
calmly and smoothly. Unexpected things can happen in the shelter management, 
but there are many tasks that should always do the same, and the implementation 
of training could facilitate the movement of the operator for such basic tasks. On 
the other hand, regarding the local governments that answered that they could not 
utilize the training, from the written answers, there are opinions like, “because the 
training was conducted after the typhoon period” and “because the shelter was 
opened but there were no evacuees”. At the time of answering the questionnaire 
survey, training was conducted, but at the time of opening the shelter, training was 
not conducted, and as in the case of the manual, there were cases where there were 
no evacuees and there were no useful situations. It is inferred that it is important to 
take proactive measures as soon as possible.

5.4 Measures against infectious diseases inside shelters

Figure 13 shows the measures taken at the shelter for COVID-19. Most local 
governments install disinfectants in various places, and the temperature is mea-
sured at the reception desk, regular ventilation is maintained, and social-distances 
are secured in the evacuation space. There are several new stockpiles needed as a 
infectious disease countermeasure, but it can be said that many local governments 
are able to respond to them. In addition, it is said that it is effective to separate the 
space and flow lines of people who are in good physical condition from those who 
are in poor physical condition in order to prevent the spread of infection in shelters, 
but few local governments have taken such measures. It is probable that there was 
no need to deal with this in the short-term shelter opening like this time because it is 
not necessary to divide the space and flow line if the person who is in poor physical 
condition does not come to the shelter.

These measures considered to be helpful not only for COVID-19 but also for 
other infectious diseases, such as SARS, flu, and norovirus. In the past disasters, 
there was not much infectious disease control at shelter and nurses or other medical 

Figure 12. 
Implementation status of shelter management training under COVID-19.
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staff have been dispatched to a shelter to respond. However, like this COVID-19 
response, it is considered that local governments should prepare for other infectious 
diseases or the next pandemic.

5.5 Shelter operator

Figure 14 shows the shelter operator under COVID-19. The number of local 
governments officials is the largest, and the number of residents is small. It is pos-
sible that the residents did not operate the shelter in connection with many people 
because they were afraid of infection. However, we received the opinions like, “they 
were very supportive because we were taking measures against infection.”, “After 
taking measures such as wearing a mask, measuring the temperature at the recep-
tion desk, and disinfecting, we received an active cooperation from residents based 
on training.” On the other hand, from the local government where the residents did 
not participate in the operation of the shelter, we obtained the opinions like, “There 
was no participation of the residents because it was a temporary evacuation and did 
not proceed to the phase of shelter management by residents. “ Based on these opin-
ions, the reason why residents do not participate in shelter management is that the 
shelter opening period was short as shown in Figure 7 and there was little need to 
be cooperated by residents. Also, it is considered that COVID-19 is not much effect.

Figure 13. 
Measures taken at the shelter for COVID-19.

Figure 14. 
Shelter operator under COVID-19.
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5.6 Difficult tasks and issues

Table 3 shows the difficult tasks and problems of shelter management under 
COVID-19. The answers obtained were grouped into groups with similar contents, 
and classified into five: reception, keeping social-distances, zoning, personnel, and 
responding to residents.

First is the reception. It became clear that work such as temperature measure-
ment, disinfection, and filling out a questionnaire was added as measures against 
infectious diseases, and the amount of work increased significantly, and it took 
time. It was also found that congestion was more likely to occur because the time 
required for reception per evacuee increased. Most of the local governments cited 
the work related to reception as a difficult work.

Second is work related to keeping social-distances. Measures were taken to 
install partition panels and corrugated cardboard partitions for each household, but 

Reception

• It took time to accept evacuees duo to temperature measurement, etc.

• When accepting evacuees, multiple staff members were required, such as temperature measurement → 
disinfection → mask distribution → evacuees card → tent guidance.

• It took a long time to receive the test because of the temperature measurement and filling out the 
questionnaire.

• It took time to set up because it was necessary to separate the reception desks such as pre-reception and 
secondary reception from those who are not infected and those who are suspected

• It took time to collect information on evacuees (address, name, etc.)

• Since many evacuees came from the beginning of the shelter, the reception was not in time.

• Congestion at reception

Social-distancing

• Preparing to accept evacuees, especially the installation of partition panels. It was for several people in a 
few hours.

• Installation of cardboard partitions

• There was a shortage of partitions prepared in advance for the number of evacuees.

• Arrangement of evacuation spaces to avoid crowded evacuees

Zoning

• It took time to allocate healthy people, people requiring special care, people with poor physical condition, 
etc.

• Since information on close contacts cannot be obtained from the public health center, zoning cannot be 
performed without the declaration of the evacuees.

Management personnel

• Since the number of shelters will be increased, staff cannot be accommodated between each shelter, and 
the number of shelter response staff will decrease.

• Many shelter management staff are needed

Resident support

• Those who live in the sediment-related disaster warning area and were worried about COVID-19 and had 
difficulty in giving instructions to those who did not evacuate.

• Even if you ask the evacuees to keep social-distances and refrain from unnecessary contact as a measure 
against COVID-19, acquaintances approach each other and chat.

Table 3. 
Difficult tasks and problems.
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the installation was time-consuming. In addition, it was reported that the partition 
was insufficient because it was not included in the conventional stockpile and was 
newly prepared.

Third is zoning. In order to prevent the outbreak of clusters and the spread of 
infection at shelters, evacuation spaces should be provided according to the physical 
condition of the evacuees, such as those in good physical condition, those requiring 
special attention who are at high risk of serious illness, close contacts, and those 
who are in poor physical condition. It was found that there were Issues such as the 
time required for this allocation and the fact that the evacuees must rely on the 
evacuees’ self-reports because it is the health center that possesses the information 
on the close contacts necessary for zoning. Even if a manual or training is provided 
for a large policy, it is not known what kind of physical condition will actually come 
to the shelter, and it is necessary to respond flexibly on the spot.

Fourth is the management staff. In this survey, shelters were opened in a rela-
tively short period of time, but securing management personnel, which has been an 
issue in the past, has become an issue. Under COVID-19, some local governments 
have increased the number of shelters opened to carry out distributed evacuation. 
In that case, the staffing at each shelter will be different from before, and there is 
a high possibility that there will be a shortage. In addition, since infectious disease 
control work has been added, it is considered difficult to handle with the same 
number of people as before. It can be said that securing management personnel has 
become a more prominent problem under COVID-19.

Last is the response to residents. It is thought that it is difficult to encourage resi-
dents to make correct decisions and take actions in situations where they are exposed 
to the combined dangers of a COVID-19 and a natural disaster. If you evacuate to a 
shelter when your home is safe against natural disasters, the risk of infection increases, 
while if your home is dangerous to natural disasters but you stay at home due to fear of 
the risk of infection at the shelter, a natural disaster may kill you. It can be said that it 
is necessary to take the best action to save lives according to the situation each person 
is placed. In addition, awareness of infectious diseases and their countermeasures is 
expected to vary greatly from person to person. Therefore, asking people with low 
consciousness to cooperate with the measures is mentioned as a difficult task.

6. Conclusions

The purposes of this study are i)to clarify the current status of proactive mea-
sures regarding the shelter management under COVID-19, and ii) the actual state 
and issues of shelter management under COVID-19. We conducted a questionnaire 
survey targeting local governments.

As a result, the findings obtained from this study are as follows.

i. It was found that proactive measures for shelter management under 
COVID-19, such as the creation of manuals incorporating measures against 
COVID-19, the implementation of training, and the addition of shelters, are 
in progress.

ii. It was found that the proactive measures were very useful, and that the 
shelter was operated with the measures against infectious diseases under 
COVID-19. However, due to the addition of infectious disease control work, 
it became clear that it would take time and difficulty at reception, and that 
it would be even more difficult to identify evacuees with the recommended 
distributed evacuation.
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Proactive measures regarding the shelter management under COVID-19 have 
progressed considerably, and it became clear that these were also useful in the 
actual shelter management under COVID-19, reaffirming the importance of 
proactive measures. In addition, it is considered that this measure will be helpful for 
other infectious diseases, such as SARS, flu, and norovirus. This is because droplet 
infection and contact infection are the main transmission routes and basic knowl-
edge of infectious diseases is common.

However, issues have also been raised, and it is thought that improving these will 
lead to more efficient shelter management.

7. Limitations of this research and prospects

The limits of this study are described.
First, the number of responses from local governments that actually opened 

shelters under COVID-19 is small. At the time of the survey, the period during 
which a natural disaster could occur under COVID-19 was about half a year, and 
few local governments opened shelters there. As the number of cases increases, it is 
possible that the overall trend will change, and new issues will become apparent.

Second, the scale of the disaster targeted was small. This is fortunate, but the 
scale of the disaster and the lengthening of the shelter opening period could lead to 
events different from those revealed in this survey.

In the future, based on the results of this research, we would like to deepen our 
studies on countermeasures for complex disasters of natural disasters and COVID-
19, especially shelter management.
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Chapter 8

Science-Based Technological 
Transfer as a Key Tool in Public 
Health
Alonso Ureta Dumont and Jovanka Trebotich Zúñiga

Abstract

Only a small portion of all the projects that are funded with public grants 
reaches the market, due to a gap known as “Death Valley” between the public and 
private source of resources. Know Hub Chile (KH) is a non-profit organization 
founded to transform scientific research results into goods and services available to 
the market and for the benefit of society. When the Covid-19 emergency reached 
Chile, the organization launched the “KH Bridge” a program of proof-of-concept 
and selected three technologies able to support hospitals in solving their needs. The 
first one was a smart shift planning platform of medical staff for reducing the virus 
spreading probability; the second solution aimed to assess the use of masks, and 
counting capacity and physical distance of patients by using video camera analytic 
technology in real-time; and the third project selected was an innovative design of 
personal protection equipment made with copper nanoparticles. All these solutions 
were piloted and validated into public hospitals for three months with a USD 25.000 
budget. The KH Bridge experience has shown that the pandemic scenario has been 
an opportunity to validate university technologies in real environments and in 
shorter time frames, contributing to public health operations.

Keywords: Covid-19, Pandemic, Know Hub Chile, Proof of concept program,  
Know Hub Bridge, OpenBridge Covid-19

1. Introduction

Innovation and technology transfer are a fundamental part of society sustain-
able growth. In terms of Research and Development (R&D) investment, Chile is 
still far from OECD countries, being only 0.36% of the Gross Domestic Product 
(GDP), against an average of 2.4% GDP. Currently, universities are the largest 
precursor of innovation and technology transferring, capturing 45% of the total 
investment in research, equivalent to USD 452 million at 2017. Despite this, only 
49% of this investment is dedicated to applied R&D activities, with a focus on 
technology transfer [1].

Between 2015 and 2018, 11 news Transfer and Licensing Offices (TLOs or university 
technology transfer offices or TTOs) were founded into the universities, which move 
from 18 to a total of 29. However, the magnitude of this increase on the TLOs was 
not observed on the transfer indicators, which present a slight increasing (Figure 1). 
This issue could be reelevated to the lack of capabilities on technology transfer and 
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commercialization inside the TLOs. It is still insufficient open new OTLs, without an 
additional support on technology transfer and commercialization [2].

In 2009, the World Bank published “Promoting Technology Transfer and 
Commercialization: Chile” [3] report, pointing out the need to update the national 
regulatory framework for technology transfer, since it does not achieve interna-
tional standards. The following needs of the Chilean ecosystem stand out from 
this report:

• To improve institutions, regulations and practices for an efficient and dynamic 
intellectual property management system.

• To develop strategic partnerships for science-oriented, science-enhancing 
Public Technological Institutes.

• To accelerate the creation of technology companies.

• To develop skills and competencies to support these companies.

• To stimulate the universities “third mission”: contributing to economic  
growth.

• To trigger demand for technology and innovation.

• To promote a culture of entrepreneurship and innovation.

In response to these points, various public policies were generated between 2011 
and 2015 to develop trained human capital, and to promote technology commer-
cialization or “go to market”, in addition to the creation of institutions devoted 
to facilitate technology transfer processes, and TLOs in universities and research 
centers.

Towards the end of 2015, a new public policy was designed, the “Technology 
Transfer Hubs” (three in total). Under this instrument, seven public universi-
ties and three research centers created Know Hub Chile in January 2018. Its main 

Figure 1. 
Technology transfer indicators between 2015-2018.
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objective is collaborating to transform scientific research results of its partners in 
products, services and start-ups companies for the society benefit. For reaching this 
objective, Know Hub developed a series of programs to accomplish specific chal-
lenges of the Chilean (and Latinoamerican) innovation ecosystem. For instance, 
Know Hub Bridge program was created at the end of 2019 to close gaps in the 
development of technologies generated with public funding, and to improve their 
chances of reaching the market [4].

In parallel, due to the Covid-19 pandemic, the Chilean system of health tried 
to be prepared to the emergency that already had begun in Europe. Thus, a series 
of measurements were initiated, such as the purchase of mechanical ventilators, 
medical supplies for personal protection, reagents for PCR sample analysis, among 
others. Given the high world demand, there was a shortage of some of these items. 
In addition, there was a growing need for more effective technological solutions to 
mitigate the virus spreading, which led to local technological capabilities to meet 
the needs of health institutions [5].

In this context, from the innovation ecosystem, innovation challenges focused 
on validating technologies that would help to fight against coronavirus, such as the 
“Covid-19 Challenge” (TransferenciAP) [6], “SiEmpre initiative” carried out by 
SOFOFA hub [7] and the “Innovation Challenges for diagnostic kits and personal 
protection elements”, promoted by the Chilean Economic Development Agency 
(Corfo) and the Ministry of Science, Technology, Knowledge and Innovation 
(MinCTCi) [8, 9].

In parallel, Know Hub Chile launched its pilot program Know Hub Bridge, to 
accelerate the validation of technologies that helped Chilean public hospitals to 
combat Covid-19. The initiative was called OpenBridge Covid-19 and was carried 
out together with Open Beauchef (University of Chile) and Santander X [10].

In this chapter we will discuss how the Technology Transfer Hubs policy, and 
specifically how Know Hub Chile established itself in the innovation ecosystem, 
and how the implementation of the pilot program Know Hub Bridge, under 
the name of OpenBridge Covid-19, has allowed to closing gaps in Science and 
Technology Based Companies (STBCs) by transferring their technologies to public 
hospitals during pandemic times.

2. Technology transfer institutions in Latin America

For some years now, several countries in Latin America have begun to generate 
the necessary institutions to carry out technology transfer, understanding that 
these technologies have the potential to impact the quality of life of society. In this 
sense, LTOs have been the institutions with the greatest development in recent 
years in Latin America, mainly housed in universities and research centers. In some 
countries, such as Colombia, Regional Research Results Transfer Offices (OTRI 
in spanish) have been created, covering various regional demands of the country 
through five offices -Connect Bogota, Tennova UEE, OTRI Estratégica de Oriente, 
CienTech and Reddi- [11].

Along with the development of the LTOs and/or technology transfer units, other 
institutions have also emerged to support and complement the work of these offices 
or their similes. In this regard, Ecuador through the Secretary of Higher Education, 
Science, Technology and Innovation (SENESCYT) has generated the Innovation 
and Technology Transfer HUB (HUB iTT) project in 2018, to “promote the develop-
ment of innovation, entrepreneurship and technology transfer activities carried 
out in the country’s higher education institutions”. Thus, six HUBs iTT have been 
created throughout Ecuador, grouped to meet regional needs (North, Quito, Central, 
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Cuenca, Guayaquil and Manabí) [12, 13]. Another country that has created a similar 
institutional framework is Chile, through the technology transfer HUBs, whose his-
tory and results are discussed in more detail in this chapter. It should be noted that 
this new institutional framework is still incipient in the region, so as success stories 
are generated with HUBS in Ecuador and Chile, it is highly probable that more 
countries will generate public policies that support the creation of these institutions.

3. Technology transfer hubs in Chile

3.1 Innovation ecosystem

In 2011, Corfo launched the first Program for the Creation and Strengthening 
of TLOs. This program was open to universities and technology centers. Eighteen 
projects were funded, with a budget of USD 7.14 million. Despite this significant 
investment, it was not enough to maintain the structure of the offices with a 
sustainable financial model.

In 2015, Corfo launched a second TLO program, which tried to consolidate 
and to position the offices, hoping to improve transfer indicators. Through this 
program, 15 TLOs were financed. In addition, in order to consolidate the existing 
TLOs and strengthen the new ones, a new stage in the specialization of technology 
transfer in Chile began with the “on campus-off campus” model.

3.2 “On campus - Off campus” model

The “on campus-off campus” model takes into consideration the need to 
strengthen commercialization and transfer capabilities within universities, con-
sidering that the specialization of competencies is the way to achieve successful 
commercialization with greater probability.

The “on campus” component corresponds to the role played by the TLOs in the 
identification, follow-up and compilation of research and development results 
within universities and research centers. The aim is to promote research focused on 
solving specific problems or needs of the productive sector and society. Similarly, 
the role of technological asset management is considered, according to the guide-
lines or capabilities of each institution.

The “off-campus” component is related to entities that have the capabilities 
and human capital highly specialized in scaling and transferring research and 
development results generated in universities and research centers. This work itself 
is oriented to the generation of global business in different industries, with access 
to support networks in internationalization of scientific and technological enter-
prises, which involves a decrease in the gap in the capabilities required by the TLOs, 
performing this activity through two ways: using their own work, or coordinating 
and intermediating external services (Figure 2).

Along with the implementation of the model, the Technology Transfer Hubs 
were born with the objective of strengthening the transfer capabilities of universi-
ties and associated research centers, through the “on campus and off campus” 
model, focusing on improving the processes of intellectual property, technological 
development and commercialization, in a joint work with the TLOs [14].

3.3 Origin of technology transfer HUBs in Chile

Technology transfer hubs were created by Corfo as a public policy that sought 
to close the gap between the generation of technologies in universities and research 
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centers and their transference to the market, using the “on campus - off campus” 
model described above. Hubs are associative organizations comprised by several 
universities and research centers, which are linked to companies, trade associa-
tions, investment and venture capital funds, among others. According to Corfo, 
“the Hubs should perform functions of technological surveillance and competitive 
intelligence, intellectual property management, commercialization of licenses, 
and creation and assistance to spin-offs. It also involves closing capability gaps 
required by the TLOs, through their own work, or by intermediating external 
capabilities.” [14].

The specific objectives are: [14].

• Implement an associative model with specialization of functions on campus-
off campus that achieves the necessary scale for the sustainability of the 
technology transfer HUBs in the medium and short term.

• Attract and generate human capital specialized in intellectual property man-
agement, technology transfer and industry linkage models, such as technology 
contracts, open innovation, among others.

• Improve the market potential of the technological assets generated by R&D&I 
projects, adopting international best practices in technology management.

• Increase the creation of technology-based ventures based on R&D results, 
increasing the amount of private resources invested and boosting access to 
early-stage venture capital, both nationally and internationally.

• Strengthen the positioning of on campus - off campus technology trans-
fer entities in the national innovation and national entrepreneurship 
ecosystem.”

“The expected outcomes of this new program are: [14].

• Development of a HUB’s 10-year strategic plan that considers a governance and 
business model that allows the achievement of its objectives and sustainability.

Figure 2. 
On–off campus model.
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• Implementation of an associative model with specialization of functions on 
campus and off campus.

• Increasing the quantity and quality of the actors’ competencies in the innova-
tion system related to management of intellectual and industrial property, 
technology transfer, links with industry and open innovation.

• Increasing the value of the portfolio of technological assets and innovations, 
improving the management of disclosures, intellectual and industrial property, 
and new technological businesses with a global focus.

• Increasing the number and amounts of applied R&D contracts entered into by 
universities with companies, licenses and university-company collaboration 
projects in high-impact strategic sectors.

• Increasing the commercialization of Chilean technologies abroad.

• Increasing the number of spin-offs and technology-based companies.

• Increasing the number of technology-based spin-offs by obtaining funds for 
scaling them and in the amounts of private investment (Venture Capital) for 
spin-offs and technology-based companies.”

To finance the hubs, Corfo launched in 2015 a competitive award to subsidy 80% 
of the total cost of the project, with a maximum of USD 8,000,000 for 5 years, and 
a potential extension of a second 5-year period.

“The projects were selected after an international evaluation. Subsequently, an 
internal Corfo committee reviewed the proposals and decided to fund the three 
proposed projects: HubTec, Know Hub Chile (KH) and Andes Pacific Technology 
Access (APTA), each focused primarily on agriculture; health; industrial produc-
tion, technology and energy and comprised by a group of Chilean universities, 
companies, research centers and technology centers.” [15].

4. Know hub Chile

4.1 History of know hub Chile

Know Hub Chile was born as a non-profit corporation on January 23, 2018 
and as part of a public policy discussed previously. Its main objective is col-
laborating to transformer scientific research results of its partners into products 
and services available to the market and society, with emphasis on their global 
impact. In other words, Know Hub Chile collaborates to transform science into 
innovation.

Know Hub Chile was initially founded by seven universities -Universidad 
de Chile, Universidad de Talca, Universidad Católica del Maule, Universidad 
del Bío-Bío, Universidad Católica de Temuco, Universidad Austral de Chile 
and Universidad de Los Lagos- and three scientific institutions -Instituto de 
Neurociencia Biomédica, Instituto de Investigaciones Agropecuarias and Centro 
de Estudios en Alimentos Procesados- mainly from central-southern Chile. At 
the beginning of 2019, the eleventh member joined: the Universidad Tecnológica 
Metropolitana.



169

Science-Based Technological Transfer as a Key Tool in Public Health
DOI: http://dx.doi.org/10.5772/intechopen.98704

4.2 Programs of know hub Chile

Initially, Know Hub Chile implemented a working model based on the iden-
tification and commercialization of technologies that were in an advanced stage 
of development and high market potential developed by its associates. Under 
this model, Know Hub Chile created the first technology portfolio, comprised 
by more than a hundred research results and technologies that were evaluated 
by different entities (KIM Global Spain, Genesis Partners and University of 
California Riverside). The conclusions obtained from this process were the 
following:

1. Low state of development of the technologies evaluated, since most of them 
were at Technology Readiness Level (TRL) 3 or 4;

2. Most of the technologies did not have a commercial partner, the customer was 
not identified and they did not even respond to a specific industry need;

3. Research teams barely committed to the later stages of technology  
development, and/or lack of funding for further development.

Considering the conclusions, the commercialization potential of Know Hub 
Chile’s first technology portfolio was quite low. For this reason, during the first half 
of 2019 the foundation decided to modify its strategy.

Firstly, Know Hub Chile’s current strategy is based on the design and imple-
mentation of programs that respond to gaps in the innovation ecosystem, aiming 
to bring research results to the market and society. Secondly, the foundation seeks 
to provide strategic support to its partners, beyond technology commercialization 
activities, with the objective of improving institutional capabilities in technology 
transfer. In this way, and thirdly, Know Hub Chile major goal is to contribute to the 
maturation of the Chilean innovation ecosystem.

Based on this strategy, and in terms of technology transfer, Know Hub Chile 
designed five programs to improve commercialization opportunities and to accelerate 
transfer processes focused on international markets. These programs are:

• Know Hub Ignition: strengthening and promoting technologically based 
entrepreneurship.

• Know Hub Portfolio: identifying, assessing, selecting and managing technolo-
gies developed by its associates in order to bring them to market directly or 
through Know Hub’s strategic alliances.

• Know Hub Bridge: reducing technology risk to improve technology of  
opportunities to international market.

• Know Hub Connect: strengthening the bonds with industry through  
technology contracts.

• Know Hub Dual-Tech: supporting the creation and acceleration of science- and 
technology-based companies with civil-military applications.

While three programs were designed for positioning and validating the 
foundation:
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• Know Hub Building: To develop and strengthen the professional and insti-
tutional competencies of our partners in issues related to technology-based 
innovation.

• Know Hub Partnership: Generate national and international public-private 
alliances to collaborate in initiatives that broaden the scope of technology-
based innovation. To expand the scope of their partners’ and national ecosys-
tem technology transfer in order to bring technologies closer to society.

• Communications: Strengthen the dissemination and positioning of Know Hub 
Chile, through its success stories in technology transfer and its value proposition.

5. Know hub bridge program

As previously mentioned, Know Hub Chile is deploying its efforts to transfer 
Chilean technologies through various mechanisms, such as the creation of programs 
to reduce the gaps that prevent technologies from reaching the national and inter-
national markets effectively.

In this sense, and as part of KH’s mapping of the national innovation and 
entrepreneurship ecosystem, it was observed that there is a lack of integration and 
cohesion between the different funding sources for R&D and innovation, both 
public and private. This means that a significant number of technologies in which 
resources and time have been invested do not manage to overcome the “valley of 
death” and fail to reach the market.

The “valley of death” concept was initially applied in the field of entrepreneur-
ship by Sthepan Markham (2002), describing the inability of a company to main-
tain a sustainable business model [16]. This is also a metaphorical concept used 
to describe the gap between academic-based innovations and their commercial 
applications in the market. More specifically, the “valley of death” refers directly 
to the difficulty of maturing TRL 6 to 8 technologies through their demonstration 
and validation stage due to a series of barriers that prevent them from reaching the 
market. Among the barriers are high costs associated to carry out demonstration 
and validation tests, low capital investment, difficulties to obtain certifications, 
among others. Overcoming the “valley of death” is one of the most expensive 
stages in the development of an innovation [17]. In the specific case of Chile, an 
additional barrier is the industry’s reticence to technological risk, avoiding innova-
tions to reach the value chain of industries as mining, salmon farming, forestry.

In the specific case of Know Hub Chile’s partners, out of more than 120 tech-
nologies evaluated by the foundation, 52% have a TRL 4 or lower and more than 
65% do not have a commercial partner to support their transfer to the market. These 
figures are a true reflection of what has been seen in the national innovation and 
entrepreneurship ecosystem.

In order to improve the transfer chances of the portfolio by increasing their value 
and mitigating technological risks for the industry, Know Hub Chile has designed 
Know Hub Bridge. This program promotes the creation of favorable conditions for the 
maturation and introduction of new technological products or services in the market. 
Also, the initiative contributes to the development of scientific and technological 
based companies (STBCs) or technology-based companies (TBCs), by the investment 
of third parties in them or by licensing the technologies directly to the industry.

To this end, Know Hub conducts a review of other existing programs to formu-
late its own program.
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In this regard, the “Horizon 2020” program of the European Union (EU) - 
specifically of the European Commission- stands out for implementing the 
“Innovation Union” strategy. This initiative seeks to create an open environment for 
innovation that facilitates the conversion of great ideas into products and services 
that boost EU economy and create jobs. Horizon 2020/Innovation Union has a 
strong focus on the market [18].

One of the instruments within “Horizon 2020” focuses on small and medium-
size enterprises (SMEs) by supporting the technology development, helping to 
leverage capital for technology development and commercialization, mitigating 
technological risk and accelerating technology arrival to the market. Since its imple-
mentation in 2014, this instrument has managed to raise around USD 3.6 billion of 
private investment, investing a total of USD 1.5 billion, which means that for every 
dollar of public money invested, is generated USD 2.83 of private investment. This 
amount has been increasing over time. They have also supported more than 4,500 
SMEs and are expected to reach 6,000 by 2021 [19].

Another initiative is The Research Council of Norways’s programme on 
Commercializing R&D results (FORNY2020), which is a Proof-of-Concept 
Funding that supports testing, scaling-up and the continuation of research projects 
to facilitate the commercialization of research results carried out in public research 
institutions [20].

Finally, the U.S. Department of Defense (DOD) Science and Technology (S&T) 
program, has two initiatives, “Advanced Technology Development” (ATD) and the 
“Advance Component Development and Prototypes” (ACD&P), that support the 
generation of prototype models and their testing in controlled or real operating 
conditions, allowing the transition from the laboratory to operational use or even 
being part of the DOD acquisition processes [21].

All these programs -and many others of the Proof of Concept type- have in 
common that they finance technologies with a high potential to be transferred (TRL 
5–6) or commercialized in short or medium term. These technologies come from 
different areas and need financing to achieve validation under real conditions, scal-
ing up and market launch. In general, funding ranges from USD 25 K to USD 100 K. 
Finally, these programs not only focus on technologies coming from universities or 
research centers, but also from STBCs.

All these elements gave rise to the Know Hub Bridge program, whose general 
objective is to improve the transfer opportunities and terms of negotiation of the 
research results of KH’s partners, by reducing the technological risk for potential 
licensees and/or investors, through the financing of market viability tests. The 
specific objectives of the program are as follows:

• To generate an increase the commercial value of the technologies generated by 
Know Hub Chile’s partners.

• To increase the level of technological development of the research results or 
TRL in a period of 12 to 18 months, at the most.

• To facilitate and accelerate the commercialization of research results and/or 
technologies developed by Know Hub Chile partners, by mitigating part of 
their technological risks.

• To increase the number of technological products or services belonging to 
Know Hub Chile’s partners that are ready to be commercialized in national and 
international markets.
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• To increase the number of technological products or services belonging 
to Know Hub Chile’s partners that achieve private leverage in co-invest-
ment format.

The Know Hub Bridge program is composed by 3 stages (Figure 3):

1. Identification of research results or technologies with potential to be transferred to 
the market. KH Bridge focuses on the maturation of technologies that have a 
level of development equivalent to a TRL 4 status. Its first element of value is 
the identification of research results or technologies or inventions with com-
mercial potential developed by professional teams from KH’s partners, as well 
as technologies developed by technology-based companies derived from KH 
partners. This identification process is carried out through an open call for a 
determined period of time. The proposals are submitted through an applica-
tion form, which are submitted to a formal evaluation based on evaluation 
 criteria: amount of investment and increase in value, time to commercializa-
tion, team capacity and project design. Then, the selected proposals present 
their plan of activities and key milestones to be developed during the program.

2. Execution of activity plan/key milestones. Proposals supported by the KH Bridge 
program are challenged to develop a plan of activities and key milestones that 
will have a duration of 12 months, which may be extended up to 6 additional 
months (as in the case of projects involving biological cycles). This plan should 
state activities, milestones with their respective detailed descriptions, budget, 
time and the people responsible for the team to carry out each of the activities.

3. Support in the business model and commercialization of research results or technol-
ogies. During the program, Know Hub Chile will actively support the definition 
of the business model and the raising of private investment for market entry, 
customer search and/or productive scaling of research results from technolo-
gy-based companies, as well as in the prospecting of potential licensees and/or 
companies interested in the development of final stages of research results or 
technologies, both nationally and internationally.

In general terms, the program consists of supporting the selected teams for a 
maximum period of 12 months, moving from a TRL 4 to a TRL6.

Figure 3. 
Stages of know hub bridge program.



173

Science-Based Technological Transfer as a Key Tool in Public Health
DOI: http://dx.doi.org/10.5772/intechopen.98704

5.1 Piloting the program: COVID-19 open bridge experience and results

When the Covid-19 pandemic began in Chile and Latin America, initiatives 
focused on validating technologies that would help to fight against coronavirus 
have arisen. At Latin America level, the “Covid-19 Challenge” (TransferenciAP) 
[22], and Chilean level “SiEmpre initiative” carried out by SOFOFA hub [23] and 
the “Innovation Challenges for diagnostic kits and personal protection elements”, 
promoted by the Chilean Economic Development Agency (Corfo) and the Ministry 
of Science, Technology, Knowledge and Innovation (MinCTCi) [24, 25].

In parallel, Know Hub contacted to the National Institute of Geriatrics (Instituto 
Nacional de Geriatría, INGER) and the Padre Hurtado Hospital. Both health 
institutions requested to support the generation of spaces for innovators to propose 
solutions for problems triggered by the pandemic. Know Hub Chile took up this 
request, allocating resources from the Know Hub Bridge Program to generate a pilot 
experience to seek innovative solutions related to the health emergency.

In this sense, KH collected, organized and prioritized the requirements 
of the health centers in three thematic axes: Personal Protective Equipment 
(PPE); Cleaning, Asepsis and Disinfection Technologies, and Information and 
Communication Technologies (ICTs). Due to the urgency of the pandemic, the 
developed technologies must be transferred within three to four months. Know Hub 
Bridge would finance the feasibility tests in clinical fields.

In order to accomplish the tight deadlines, collaboration was essential. Thus, 
the Innovation and Entrepreneurship Center of the Faculty of Physical and 
Mathematical Sciences of the Universidad de Chile, OpenBeauchef joined to 
the initiative, contributing with its experience in evaluation and incubation, 
contacts, and links with the Universidad de Chile Clinical Hospital (HCUCH). 
Thus, the name of the call was OpenBridge Covid-19 and its objective public were 
groups of researchers, entrepreneurs or graduate students linked to KH’s partner 
institutions.

The international entrepreneurship project Santander X, from the bank  
of the same name, also joined to the initiative proving resources for another award. 
The Santander X Award acknowledged ideas from undergraduate and graduate 
students from KH institutions that were also linked to the three strategic axes of 
the call.

The Open Bridge COVID-19 call is characterized by the rapid implementation 
of technologies and/or research results to solve the particular needs of institutions 
such as INGER, HCUCH and other health institutions, in order to mitigate the 
effects generated by the pandemic caused by SARS-CoV-2 in these institutions and 
in the Chilean health system.

To achieve its objective, OpenBridge Covid-19 worked in two parallel fronts.
Firstly, supporting the maturation of technologies that have a level of develop-

ment equivalent to a TRL 4 status, through the implementation and development of 
a work plan to be developed in 3–4 months that allows a validation process together 
with the INGER, HCUCH and/or other health institutions;

Secondly, working with the developers of the technologies in all the elements 
related to protection strategy, business model and legal aspects related to the 
creation of companies that are able to perform adequately as potential suppliers of 
the mentioned health institutions and/or prepared to raise investment.

OpenBridge Covid-19 opened its call for applications on May 6, 2020. After an 
intense communication and scouting campaign with KH partners, on May 29, 2020 
the process close successfully with 43 applications.

After a selection process, where 13 teams passed to the pitch stage, three initia-
tives were selected to be financed:
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• Safe Vision (SV), is a video analytical system for health facilities which is 
connected directly to the standard cameras of these centers. Its purpose is to 
process images for metadata analysis in real time. The current system counts 
capacity and flow of people (patients, companions and health staff), checks 
masks and other PPE usage, and verifies compliance with social distancing. 
Safe Vision generates indicators likely to configure alerts to health center 
personnel. Created by the startup Dual Vision

• Medical Shield Staffing (MSS), is a system which manages health staff time 
availability, in order to work in different shift settings. This information feeds 
a dynamic optimization model, which uses stochastic dynamic simulation 
tools and mathematical programming. The system provides a shift scheme 
proposal, through a user-friendly interface, which minimizes contagion 
probability. The principle used by the model is concentrating work shifts 
on the virus incubation period, assigning medical staff free days to cover up 
contagion period, in case of infection. Developed by a research team from the 
Universidad de Chile

• Active Protection (ActPro), is a Personal Protective Equipment (PPE) for 
health workers. Given the fact that it has copper nanoparticles incorporated – 
with antimicrobial and antiviral activity– and due to its ergonomic design, it 
would prevent SARS-CoV-2 contagion, whether in direct contact with infected 
patients, or during disposal or replacement PPE process. Developed by a 
research team from the Universidad Católica de Temuco.

These three solutions were piloted for 4 months in public hospitals with a budget 
of USD 20 K each.

After slightly over more 4 months of design and implementation of pilot 
experiences with the selected teams, the results obtained within the framework of 
OpenBridge Covid-19 are the following:

5.1.1 Safe vision

5.1.1.1 Diagnosis

The health centers do not have systems in place to comply the measures estab-
lished by the health authority related to physical distance, mask use, number of 
people allowed in facilities and temperature measurement. All control procedures 
are carried out manually by facility personnel.

5.1.1.2 Proposal

Image analysis system based on artificial intelligence and computer vision, and 
using the existing camera system to count people, identify mask use and determine 
physical distancing. The images are processed, obtaining data that are presented 
on a platform, allowing to visualize data in real time, configure issue alerts, track 
historical metrics and make decisions to improve compliance with the measures, 
and resource optimization of health facilities.

5.1.1.3 Results

The Dual Vision’s team developed its own recognition algorithms for people 
counting and for identifying mask use and physical distancing. To do this, they took 
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images from the existing cameras in the healthcare facility and began to train the 
artificial intelligence system in real conditions. Once the recognition algorithms 
were developed, system assembly optimizations were made to obtain a packaged 
product at a lower cost. In parallel, the team worked on the development of an 
intuitive visualization platform to present the information in real time. In terms of 
visualization, it was decided to sectorize the metrics to aid decision making, and to 
include an option to access to historical record.

To implement the solution at INGER, additional cameras were required for 
installing in strategic spots to check areas of interest. Once the cameras were 
calibrated, the analytical phase began. To verify the correct functioning of the 
system, stress tests were performed. The piloting process began with a white run 
to show the hospital management area the system operating under real conditions. 
After this experience, the hospital staff provided feedback and requirements, which 
resulted in improvements to the service. It is expected that the hospital will acquire 
the technology.

In commercial aspects, the startup team proposed a Software As A Service 
(SaaS) business model with a one-year contract monthly charged, amortizing the 
software components and product development,

It should be noted that INGER has expressed interest in continuing to expand 
the range of analytics beyond the needs of the pandemic. The hospital objective is to 
obtain relevant information to improve the quality of patient care.

Dual Vision currently has business in the retail area as well. Know Hub Chile 
team is supporting them to achieve the venture consolidation in a short term.

5.1.2 Medical shield staffing (MSS)

5.1.2.1 Diagnosis

Public health centers in Chile do not have automated systems for staff shifts 
planning for different medical areas -such as Intensive Care Units or ICUs- in order 
to obtain the best shift patterns that allow personnel to rest and reduce the prob-
ability of getting Covid-19.

5.1.2.2 Proposal

MSS is a system that manages the availability of health personnel to work in 
different shifts configurations through a dynamic optimization model, which uses 
stochastic dynamic simulation tools and mathematical programming. The system 
delivers, through a friendly user interface, a shift planning proposal that minimizes 
the probability of contagion among personnel.

5.1.2.3 Results

MSS technology was designed, implemented and successfully put into opera-
tion at the Hospital Clínico de la Universidad de Chile (HCUCH) and the Hospital 
Clínico Herminda Martín de Chillán (South of Chile), two facilities that have been 
the front line fighting against the coronavirus. In the case of HCUCH, a facility that 
expanded its Critical Patient Unit as a result of the pandemic, MSS contemplated 
the design of shifts with a lower risk of infection, which at the same time would 
be adjusted to the available medical staffing: the 2 × 10 and 4 × 4 shift schedules 
maintain the same number of hours worked for each department and their imple-
mentation reduced the risk of infection among hospital workers by 25%. In the 
case of the Critical Patient Unit of the Hospital Clínico Herminda Martín, MSS was 
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able to reduce the risk of contagion by 9%. Currently, the MSS team is finishing the 
validation process in another Chilean health institution.

In the commercial aspects, the team expects a business model based on licens-
ing the technology to companies that have the operational capabilities to carry out 
the MSS service. In addition, the technology can be used in other areas where shift 
systems are used, such as retail and mining.

5.1.3 Active protection

5.1.3.1 Diagnosis

Personal protective equipment has become unusually important in the current 
pandemic, so any improvement in its design and materiality is necessary to prevent 
the infection of medical staff.

5.1.3.2 Proposal

ActPro is a personal protective equipment, specifically a plastic apron, for health 
staff use. Given the fact that it has copper nanoparticles incorporated –with anti-
microbial and antiviral activity– and due to its ergonomic design, it would prevent 
SARS-CoV-2 contagion, whether in direct contact with infected patients, or during 
disposal or replacement PPE process.

5.1.3.3 Results

To date, it has been designed a model of protective plastic apron according to the 
needs of medical staff. The team has had a close interaction with personnel from 
an specific area of the Hospital Dr. Hernán Henríquez Aravena, in Temuco (South 
of Chile) and concluded that the health staff requires a PPE easy to put on and to 
take off for disposal. In addition, the team has carried out several evaluations of 
the polymer used to manufacture the PPE, occupying different concentrations of 
copper nanoparticles to generate the antimicrobial property. Currently, an external 
laboratory is certificating the PPE. It is hoped to scale this pilot project to other 
areas of the same hospital and validate the design and technology of the material 
containing copper nanoparticles.

Regarding commercial aspects, the team wants to manufacture and sell the 
plastic apron directly. They also decided to development other PPEs, such as boots, 
shoe covers, and full body suits, not only for use in the medical field, but also in the 
food industry and other areas where personnel need to be protected.

Know Hub Chile has been supporting the teams to carry out their respective 
pilots, and guiding their commercial aspects, such as defining the value proposi-
tion, business model, and strengthening the team in commercial issues. Another 
important point for Know Hub Chile is that the technologies can be scalable and the 
scientific-technological based ventures can be sustainable over time, continuing 
beyond the Covid-19 pandemic. For that reason, the corporation has helped the 
teams to explore other customer segments where the technology can be applied.

6. Conclusions

In the context of the Covid-19 pandemic, the economic situation has been 
strongly impacted, especially in Latin American countries that were already in severe 
recessions and political instability. In Chile, strong public spending has been made to 
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remedy the consequences of the economic activities that have come to a halt, as well 
as to support the most vulnerable families. In this context of crisis, the generation of 
scientific knowledge and its transfer become relevant in society by demonstrating 
the ability to solve concrete problems, such as the generation of new PCR identi-
fication kits, treatment of convalescent plasma, and the development of vaccines, 
among others. In budgetary terms, it is expected that there will be a sharp cut in 
public spending in the coming years, and one of the budgets that will be impacted is 
science, technology and innovation. However, with the consolidation of the Ministry 
of Science, Technology and Innovation, it is hoped that the budgets allocated will 
increase, and that regardless of the prevailing political climate, a greater contribution 
of GDP will be allocated to scientific and technological development, and continuity 
will be given to public policies on technology transfer. In this sense, the ministry has 
created a new entrepreneurship program called “Startup ciencia”, to promote the 
development of technologies with potential, and the budget for the extension of the 
Hub project is currently being discussed by the National Agency for Research and 
Development (ANID), in order to achieve sustainability. It is hoped that this change 
in the valuation of the contribution of science to society in a transversal way will 
result in establishing technological development as an engine for sustainable eco-
nomic growth, using as a basis the scientific and technological knowledge generated 
by the country’s universities and research centers, with Know Hub Chile being a key 
element in facilitating the arrival of technologies to the market.

The entities that articulate the technology transfer process -as technology 
transfer hubs and specifically Know Hub Chile- are able to adapt to extraordinary 
complex circumstances like the Covid-19 pandemic. In this sense, collaboration and 
flexibility have marked initiatives such as OpenBridge Covid-19, where technologies 
developed by universities and STBCs were able to assist health centers in their fight 
against the current pandemic, accelerating and supporting them to “cross” the “val-
ley of death”. So, even though the pandemic has been one of the worst issues that 
humankind has faced last times, there has also been an opportunity for innovator. 
In fact, the circumstances have pushed to validate technologies in a real environ-
ment and in short periods of time, making a concrete contribution to national 
public health through technologies coming from academia.

The three initiatives supported by OpenBridge Covid-19 achieved the objective of 
being piloted in a real environment. It should be noted that within the technological 
risks assumed by KH supporting these technologies, it was expected that despite the 
successful piloting, some of them would not raise market interest due to very high 
entry barriers, low scalable technologies, lack of commercial/operational capabilities 
of the team, among others. In this sense, Safe Vision technology is the one that has 
made the most progress towards an early market launch, not only in the medical field 
but also in other areas, such as retail and mining, industries that would need this kind 
of technologies and beyond the pandemic. This process is supported by the KH team.

There is still a lot of work ahead for these initiatives to achieve sustainability 
considering that the pandemic will remain an unresolved issue in the coming 
months or even years. Also, the teams should be able to look beyond and ensure 
their continuity supporting health institutions in other needs unrelated to the 
pandemic, such as improving patient care quality.
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Abstract

Public health emergencies are becoming more commonplace every year. 
Naturally occurring public health emergencies, such as hurricanes, typhoons, 
tsunamis, and floods cause significant devastation to property and people. 
Although these emergencies are becoming more and more common, response 
is still very challenging. A root cause of failed response is a lack of coordination 
between national, regional, and local public health agencies. These failed and 
unsuccessful responses are seen with naturally occurring public health emergen-
cies, including pandemics. This chapter addresses coordination, its barriers and 
challenges, with a focus on the role of leadership in response to public health 
emergencies. Coordination leadership is a critical aspect of successful and effec-
tive response to emergencies. Leadership styles will be discussed and examples of 
effective leadership. Lessons learned will be presented, as well as research findings. 
Examples discussed include Hurricane Katrina, the tsunami of 2004 in Thailand, 
the COVID-19 pandemic, and the Sendai Framework for Disaster Risk Reduction, 
Sustainable Development Goals.

Keywords: leadership, emergency preparedness and response planning

1. Introduction

The nature of public health emergencies demand coordination and collaboration 
between local, state, regional and national capabilities. Local authorities do not 
have the capability, alone, to address these catastrophic events. In a Federalism sys-
tem of governance, such as what exists in the US, the Constitution mandates divi-
sions of power between federal and individual state governments [1]. Consequently, 
agencies at these different levels are not always naturally aligned to work collabora-
tively. Other models of government where authoritative territory issues are present 
also complicates coordination of efforts. A challenging issue is determining who 
is in charge of the response to emergencies when agencies from different levels are 
involved. The current COVID-19 pandemic emergency in the US with its lack of 
national coordination and state testing, consistency in data reporting, and vaccine 
distribution and public dispensation serves to illustrate this point. To successfully 
plan, mitigate risk, and respond to the effects of public health emergencies requires 
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leadership to manage the coordination at all levels. This chapter focuses primarily 
on the role of leadership in planning for and coordinating a response to a public 
health emergency. Among many other sources, evidence in the chapter is drawn 
from research conducted by Preparedness and Emergency Response Research 
Centers (PERRCs) funded through the Centers of Disease Control and Prevention 
(CDC) in the 2006 Pandemic and All-Hazards Preparedness Act (PAHPA). In the 
reauthorization process for PAHPA, the US Senate Subcommittee on Bioterrorism 
and Public Health Preparedness convened a Roundtable to gather recommenda-
tions from national experts on how to strengthen US capacity for an all-hazard 
public health response. Some recommendations by the panel included increases in 
preparedness and response research funding, development of performance metrics, 
and implementation of system capacity assessments [2].

Following the events of September 11, 2001, the importance of integrating and 
coordinating public health resources with first-responding agencies for planning, 
training, risk mitigation, and response to public health emergencies was formally 
recognized. However, the disconnect between these agencies resulted in barriers 
and conflicts culturally and jurisdictional. In an effort to facilitate this integra-
tion, in 2003 public health was included as a first-responder agency by the federal 
government [3]. This effort was less than successful because federal agencies are 
organized according to federal guidelines, while public health agencies follow 
state laws and regulations. This disparate organizational structure is a hinder-
ance to coordination and collaboration. This situation begs for strong, effective 
leadership.

There are two classic examples of the challenges to coordination from which 
many lessons can be learned. The first is Hurricane Katrina and the second is the 
COVID-19 pandemic. These events required a high-level of coordination of interna-
tional (in COVID-19’s case), federal, state, and local public health agencies. These 
events, on the surface, seemed to be similar to those which have occurred in the 
past, but the enormity of the required public health response was unexpected.

2. Coordination

Coordination can be simply defined as the act of making different people or 
things work together for a goal or effect [4]. Coordination has been defined in terms 
of positive and negative. Negative coordination is when decisions are made in one 
public health agency considering decision of other agencies, while attempting to 
avoid conflict. Positive coordination involves agencies not focusing on conflicts, 
but on finding ways to work together in a manner that each agency benefits [5]. 
Coordination problems usually are due to redundancies and gaps in services across 
agencies. Positive coordination is preferred because it results in better services.

Strategic coordination is what is needed for public health response. Strategic 
coordination involves countries through their public health agencies working 
together based on strategic goals. Examples of such goals can be found in the 
CDCs Public Health Emergency Preparedness and Response Capabilities devel-
oped as National Standards for State, Local, Tribal, and Territorial Public Health 
[6]. Another is the World Health Organization’s (WHO) Joint Evaluation Tool as 
a mechanism to assess country capacity to implement the International Health 
Regulations as mandated by the 48th World Health Assembly [7]. A common 
feature of these goals is to move toward standardization of practices across all 
jurisdictions for activities such as detecting, preparing and responding to threats, 
improving the health status of a population, delivering COVID-19 vaccines to 
the population, or creating a coordinated public health response program [8]. 
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Coordination levels have been delineated in the form of a scale from total indepen-
dence of top-level decision makers to a very coordinated governmental strategy [9]. 
It is not common for agencies to be at the top level of the coordination scale, but it 
does illustrate possible coordinating goals.

3. Leadership theory and styles

Leadership has been defined in several ways. One definition is leadership is a 
process by which a person has influence over others to accomplish an objective and 
directs an organization that makes it more cohesive and coherent [10]. Another 
definition is leadership is a process by which an individual influences a group of 
others to achieve a common goal [11]. These definitions are describing “process 
leadership” which is the process of leaders applying their leadership knowledge and 
skills to situations. Leadership is learned, but it is influenced by leaders’ beliefs, 
values, ethics, and character [12].

It is important that the effects of leadership are sustainable. Sustainable leader-
ship has the following characteristics: sustainable leadership 1) creates oppor-
tunities for training and learning, 2) ensures success over time, 3) maintains the 
leadership of others, 4) develops human resources, and 5) develops diversity and 
capacity [13]. Sustainable leadership is often characterized by distributive leader-
ship throughout an organization [14]. Successful leaders facilitate people’s learning 
from other’s diverse practices. Other’s practices and approaches may be enlightening 
and informative [15].

Several theories have been postulated concerning leadership. Bass’ Theory of 
Leadership states: a) personality traits lead people into leadership roles, b) events 
cause people to rise to the occasion, c) people can choose become leaders, and  
d) people can learn leadership skills [16]. Behavioral theories have stressed 
the role of how leaders’ behavior impact their effectiveness and followers [17]. 
Behavioral leadership theory styles are autocratic, democratic, and laissez-faire. 
Behavioral theory states that leaders adopt one of these styles and that leaders are 
made and not born [18]. Contingency theory suggests that a leader’ behavior is 
dependent on the situation. This theory is based on the proposition that success-
ful leaders must align their approach to the specific situation, and there is no one 
optimal approach to leadership [19].

Transactional leadership theory states that a two-way relationship between a 
leader and followers is essential in meeting success. This theory is based on rewards 
and incentives for followers [20]. The servant leadership theory suggests that 
leaders serve first, then lead. The theory advocates patience, kindness, humility, 
respectfulness, honesty, and commitment. Following this theory, the leader must 
overcome self-interest to serve others [21]. Dominant leadership theory posits 
influencing others by being assertive and using one’s power and formal authority 
[22]. Research has shown that dominant leaders are preferred in times of uncer-
tainty. This is based on the assumption that dominant leaders are decisive and 
action oriented [23].

There are two major leadership styles, directive and participative. Directive 
leadership style involves giving clear directions, expectations, and objectives 
to followers. This style is most effective when a situation is complex, novel, or 
unexpected. Leaders using the directive style making decisions independent of 
input from subordinates [24]. Using this style leaders have a tendency to control 
discussions, dominate interactions, and direct tasks to their completion [25]. 
Directive leaders motivate subordinates to act to support the leader’s strategy to 
address situations [26]. A result of directive leadership is achievement of high 
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levels of performance by providing clear goals [27]. Directive leadership has shown 
to improve exchange and processing of knowledge, which is another result for 
performance improvement [28].

Participative leadership is the process of jointly making decisions by a leader and 
subordinates [29]. The focus of this leadership style is on interpersonal behavior 
and interactions This leadership style has been shown to be beneficial for effective 
overseeing of teams [30]. Participative leadership allows for sharing of knowledge, 
and professional development of team members [31]. Studies have shown that 
participative leadership increases team members’ commitment, and allows for 
acceptance of change and effectiveness [32]. This style is associated with improved 
team motivation and attitudes toward the tasks at hand [33].

Leadership has a profound effect on managing the response to routine public 
health events, as well as those that are catastrophic. Weak leadership can magnify 
the effects of public health emergencies. Strong leadership will significantly reduce 
the effect of emergencies [34]. What is often the case, strong and effective leader-
ship is not seen because its success reduces the awareness of its effect [35].

4. Coordination challenges/barriers

Public health emergencies require coordination, but challenges exist. In fact, 
coordination is a fundamental problem for public health agencies. A challenge for 
public health agencies is to work with new partners, as well as the challenge to work 
differently with regular partners. Beginning with the events of 9–11, in addition 
to providing health services on a routine basis, the federal, state, and local public 
health agencies are expected to be prepared for natural disasters, terrorist attacks, 
and pandemics. Public health agencies are well prepared to respond to recurring 
events, such as food-borne outbreaks. The same can be said for seasonally occurring 
infectious disease outbreaks of flu and pneumonia Both of these outbreaks have 
serious health outcomes, but their occurrence is expected and strategies to manage 
them are programmable. Once these outbreaks are identified, public health agencies 
mobilize personnel, following well-established and longstanding plans and proce-
dures, to stop the outbreaks and coordinate treatment of those who may have been 
affected.

Hurricane Katrina has been identified as the worst natural disaster to ever 
occur in the United States. To classify it as a major disaster is an understatement. 
Hurricane Katrina attacked the United States over a five-day period, from August 
25th to August 29th in 2005. The storm first struck Florida, then intensified and 
made landfall in Louisiana. Its devastation was spread over several Gulf Coast 
states, but its primary affect was felt in the City of New Orleans. The failure of the 
levees in New Orleans resulted in floodwaters over 80% of the city and over 1,500 
deaths [36].

Shortly after Hurricane Karina passed through New Orleans and downgraded 
to a sub-tropical disturbance, it became clear that the storm had overwhelmed 
public health agencies. Lt. Gen. Russel Honoré testified to the U.S. Senate that 
Hurricane Katrina “beat us” [37]. A coordinated response was not implemented at 
first, because of the lack of communications, which were eliminated by the storm. 
Coordinated responses required command and control functions, which did not 
exist in the first few days after Hurricane Katrina made landfall. Results of this 
included: delayed and duplicate efforts by public health and governmental agencies, 
uncoordinated search and rescue efforts, confusion over delivery of needed sup-
plies, lack of clarity as to who was coordinating hospitals’ evaluation of patients, 
lack of local police protection, and confusion over who was in command [38].
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The absence of command and control was the greatest challenge for the 
Hurricane Katrina response because it is essential for emergency management. 
Again, in his testimony to the US Senate, Lt. Gen. Honoré stated that the art of 
command is to arrive at a situation and unconfuse the people [37]. The effects of the 
storm eliminated local command centers, either due to facility destruction or loss of 
communications. Successful coordination occurs when there is a singular command 
and effort, as well as a well-defined chain of command. There must be one person 
in command with a clearly defined line of command and control. The different 
federal, state, and local agencies must be guided by a jointly agreed set of objectives. 
Coordination is manifested by all agencies working to achieve the same objectives.

To alleviate many of the outcomes of Hurricane Katrina, a Joint Task Force Katrina 
(JTF-Katrina) was quickly established and lead by Lt. General Russel Honoré, a 
co-author of his chapter. JTF-Katrina consisted of federal and state military, local law 
enforcement, and federal, state, and local agencies. Establishing JTF-Katrina resulted 
in regaining command and control. JTF-Katrina assisted federal, state, and local 
agencies to provide immediate assistance in search and rescue, emergency medical 
care, evaluations, restoring infrastructure, damage assessment, and resupplying 
food and water. The assistance was successful due to a high level of coordination and 
collaboration.

On January 6, 2021 insurgents rioted and assaulted the US Capitol and American 
democracy. This insurrection was fueled by falsehoods of unfair election processes 
and ultimate confirmation of the Electoral College votes for President and Vice 
President of the US. Uncharacteristically, security at the US Capitol was over-
whelmed and resulted in significant property damage and six deaths. Speaker of 
the House of Representatives, Nancy Pelosi, appointed Lt. Gen. Russel Honoré to 
lead a review of US Capitol security. A significant part of Lt. Gen. Honoré’s review 
will be to evaluate the coordination of the various federal and local law enforcement 
agencies with respect to command and control [39]. The reason for his selection 
was based on past successful leadership in coordinating public health emergency 
response.

The COVID-19 pandemic is the worst public health emergency in the world 
since the Influenza Epidemic of 1918. The Influenza Epidemic lasted two years and 
resulted in 500 million infections worldwide (one-third of the world’s population 
at that time) and 50 million deaths. Nearly 25% of the US population was infected 
and 675,000 people died [40]. COVID-19 first emerged in late 2019 in Wuhan, 
China and, at first, seemed to be a problem far away for the other parts of the 
world. In early January 2020, China announced that Wuhan and other cities were 
locked down in attempt to stop the spread of the virus. Many countries, including 
the US, deemed it a China problem and travel to and from China was prohibited. It 
was thought that this would reduce the risk that the COVID-19 would not become 
a problem outside of China. This assumption was based on historical information 
from the severe acute respiratory syndrome (SARS) pandemic of 2003. SARS is 
a coronavirus which caused respiratory illness, and cases were first seen in Asia. 
SARS spread to more than 12 countries. In total, across the world, 8,000 people 
showed symptoms, and 774 of the symptomatic patients died. In the United States 
eight people who had traveled to infected areas became ill. However, there was 
no community spread in the United States [41]. But, despite travel restrictions, it 
soon became evident that the COVID-19 differed from SARS and was spreading 
throughout the world.

As was seen with Hurricane Katrina, the COVID-19 pandemic found the world 
unprepared to address its rapid, deadly, and wide-spread effects. An infectious 
agent with such high levels of infectivity, pathogenicity, and virulence was never 
seen before across the world. Majority of COVID-19 deaths (80%) in China was 
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observed in people 60 years of age and older. Early in the pandemic, most deaths 
in the United States (80%) occurred in individuals 65 years of age and older, with 
the highest percentage in those 85 years of age and older [42]. Hospitalization rates 
were high in the United States, to the point of overcrowding of intensive care units. 
Hospitals were challenged because they had not planned for the bolus of severely 
ill patients, and rapid modification of strategic and business plans were mandated. 
Elective surgeries were eliminated and re-assignment of surgical staff to intensive 
care units resulted. Additionally, supplies and resources acquisition and supply-
chain management was a challenge [43].

In March 2020, the Italian National Healthcare Service in COVID-19 hotspot 
areas was overwhelmed. This was due to years of budget cuts and fragmentation 
of services. The National Healthcare Service is regionally organized and as a result 
the national government had little control. This led to no coordination between 
national, regional and local agencies [44]. For example, in Milan the COVID-19 
pandemic response was based on a rapidly developed algorithm for identification 
of cases and referral for treatment. The algorithm consisted of determining indi-
vidual’s residence, if they had been in close contact with cases or suspected cases, 
and close contact with anyone with respiratory symptoms who had traveled to Asia. 
Individual who were screened were triaged to a hospital or home for isolation. The 
algorithm is continually outdated to align with local directives. This algorithm is 
now used nationally [45].

The response to the COVID-19 pandemic in Spain also faced many challenges. 
Spain has been one of the worst affected countries in the world. There was a 
lack of pandemic preparedness. Spain had insufficient surveillance systems, 
inadequate supplies of personal protection and critical care equipment. Poor 
coordination among national and regional agencies resulted in delayed response 
and slow decision making. The lack of preparedness was also evident in nursing 
homes [46].

5. Lessons learned

Coordination is a major problem because of the complexity of health-related 
activities. The lack of evaluations to assess capacity to meet strategic goals, lack of 
coordinated resources and infrastructure including essential data, and disasters 
lacking the necessary attention of interagency coordination are major barriers. 
A systematic focus on public health emergencies and the understanding of the 
need for managing resources and information must be similar across agencies. 
Establishing a timely and rigorous evaluation process is needed to have success-
ful continuous quality improvement. Leadership is the essential ingredient for 
successful coordination. Public health response varies based on the events, so 
leadership needs to have the ability to be flexible. Command and control must be 
agile to adjust to the changing circumstances within, and across, public health 
events [47]. Leaders must be decisive, while being flexible. Leaders also must be 
a) knowledgeable in public health practice, b) able to maintain situational aware-
ness, c) provide continued situational assessment, d) inspire trust, e) coordinate 
diverse members of the response team, and g) lead and manage effective, timely 
communications [48].

Because hurricanes are annual events, federal, state, and local agencies have an 
opportunity to develop a unified plan. In Louisiana, federal and state military have 
established a coordination plan in the event of a major storm. The plan consists of: 
establishment of a pre-event united command and control organizational structure, 
pre-positioning of unified disaster assessment team, designation of a single point 
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of contact for the federal coordinating officer to coordinate activities, implement a 
local or state employee disaster clause to reassign personnel to fill disaster support 
gaps, pre-position interoperable communication systems, identify external sources 
to mitigate common resources shortfalls, pre-assign space in state emergency opera-
tions center for integration of federal agencies, develop a plan to sustain govern-
mental operations, pre-arrange support contracts for needed resources, acquire an 
uninterrupted power supply, and collaborate with industry to receive commitments 
to re-establish critical services post-storm. This coordination plan requires a domi-
nant and directive leadership style to be successful.

The effects of a pandemic have similar response needs. Coordination is essential 
to successfully address pandemics. Decentralized and fragmented public health 
agencies need better coordination and establish a plan for command and control. 
Capacity for surveillance must be increased to a level at which the magnitude of 
pandemics do not take countries by surprise. Coordination between private, public, 
and governmental agencies must be formalized. An example is the initial distribu-
tion of the COVID-19 vaccine in the US, which has been less than successful. This is 
due, in part, to the decentralized, state-controlled distribution strategies, which dif-
fer from state to state. Agreements among these entities, as well as industry, must be 
developed and maintained. Adequate and appropriate resources, including human 
resources, must be planned and financed for long-term periods. Consistent com-
mand and control arrangements are requisite, as well as a firm commitment from 
political leaders to sustain preparedness over time. It is essential that coordination 
leadership must be participative, while being decisive, but flexible at the same time, 
due to the uncertainty of the COVID-19 pandemic.

The National Association of County and City Health Officials summarized the 
proposed response to pandemics [49]. The response recommended the follow-
ing measures: isolation of infected and exposed individuals, travel restrictions, 
prohibiting social gatherings, school closures, rationing of medical supplies, and 
cancelation of elective surgeries. These recommendations were prophetic because 
these same measures are being used in the COVID-19 pandemic. An important 
adjunct to this response is community engagement, which is included in the 
coordination effort to address the effects of pandemics. Preparedness, response, 
and recovery capacity on the community level can help to optimize pandemic 
contingency planning [50].

The United Nations has developed a disaster risk reduction model that aims 
to align policies across the world. The Sendai Framework for Disaster Risk 
Reduction, Sustainable Development Goals is a global agreement to assist in risk 
reduction efforts. The Sendai Framework’s core priorities are a) understand-
ing disaster risk, b) strengthening disaster risk governance, c) investment in 
disaster risk reduction, and d) enhancing disaster preparedness [51]. The Sendai 
Framework’s goal is to reduce the loss of life, injury, health impacts, and the effect 
of the social determinants of health.

6. Research findings

The PERRCs, presented in the Introduction of this chapter, were created spe-
cifically by US Senate authorization to conduct public health systems research for 
preparedness and response purposes [52]. A sample of significant findings from the 
research conducted at nine university-based centers included:

• ensure surge capacity through mutual aid agreements between jurisdictions for 
epidemiology and surveillance functions
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• build community leadership capacity capable of coordinating mental health 
and psychological needs

• increase capacity for communicating information during emergencies to 
vulnerable residents and health care providers

• communication inequities hamper the ability to sufficiently prevent and 
respond to disasters, and

• assess inter-organizational coordination to assure a resilient public health 
system during disasters.

In summary some of the most important findings are the need for adequate 
surge capacity, communication and information sharing, and closing inequity gaps. 
Communication is a basic element of coordination and is dependent on strong 
working relationships between agencies. Research studies have found that institu-
tional relationships are not enough; personal relationships and trust enable effective 
communication and coordination [53]. Information when responding to public 
health emergencies is ever-changing, resulting in fragmentation and misalignment 
of response resources and an absence of coordination. Information must have integ-
rity to adequately assist decision making and coordination. Another study found 
that stable, accurate, and consistent methods of communication and information 
sharing is essential [54].

In a case study of challenges in sharing and coordinating information the 
researcher learned that sharing is dependent on agency, community, and individual 
factors. Individual responders have been found to be more willing to receive infor-
mation than to share information with others. This has been related to information 
overload among those individuals who are responding to the effects of a public 
health emergency [55]. The following strategies have been proposed to enhance 
information sharing: a) establishment of institutional incentive mechanisms for 
interagency information sharing, b) ensure fair distribution of benefits from 
interagency information sharing, c) knowledge of the operations of other agencies 
will improve information sharing, d) establish agency norms and standards for 
information sharing, f) establish an inter-agency information sharing system, and 
g) integrate the inter-agency information sharing system into the daily operations 
of agencies [56].

A study of the tsunami disaster of 2004 in Thailand evaluated the response of 
the health care system [57]. Study findings included that the most factors important 
for disaster response is: information flow, overall coordination, and leadership. The 
information flow is critical between public health and governmental agencies, and 
the population. The study learned that information flow between agencies was not 
consistent, and was the cause of ineffective response activities. Coordination during 
the response was adequate, but the health care system was not prepared for the 
magnitude of the event. Leadership was effective at most levels, except for hospitals 
were physicians made the decisions without quality information.

It is important not to overlook those who are most severely affected by public 
health emergencies. Populations, and subpopulations, that are most vulnerable are 
affected disproportionately. As was mentioned above, one of the foci if the Sendai 
Framework is to reduce the effect of the social determinants of health. Those that 
are poor, uneducated, living in substandard housing, lacking access to transporta-
tion are the most vulnerable [58]. Those who are vulnerable are marginalized in 
society [59]. During naturally occurring public health emergencies minority groups 
in the US experience the greatest negative impact [60]. Poor coordination among 
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governmental agencies, non-profits, and private sector entities, as well as unequal 
disaster risk, worsens the effect within these vulnerable populations [61]. Health 
equity issues, created by unjust governmental and health policies, cause unequal 
negative impacts, as have been seen with the COVID-19 pandemic [62].

Public health, particularly in the US, has established policies and procedures 
to prepare leaders to respond to public health emergencies. The Association of 
State and Territorial Health Officials (ASTHO) published preparedness policy and 
position statements [63]. In preparedness guiding principles, ASTHO recognizes 
the role of state and territorial agencies in preparation and response to public health 
emergencies. The guiding principles include a) prevention, mitigation, resilience, 
and recovery; b) sustained funding; c) optimal preparedness for all populations; 
d) preparedness science and recognition of emerging emergencies; e) importance 
of partnerships; f) continual evaluation of preparedness. ASTHO outlines the 
importance of a collaborative national preparedness response, as well as the roles of 
federal, state, local, territorial, and tribal agencies.

Healthy People 2020, as a response to the COVID-19 pandemic, created poli-
cies for preparedness [64]. The National Health Security Strategy (NHSS) guides 
objectives for preparedness focused on community resilience, public health emer-
gency response systems, capabilities, and resources. Five strategic objectives are 
the hallmark of the preparedness policy. Community resilience is the first objective 
and focuses on local coordination of health and public health agencies. The second 
objective is the development of countermeasures to address public health emer-
gencies of all types, including infectious disease epidemics. The third objective is 
focused on continual situational awareness for early detection and coordinated 
response. The fourth objective establishes the importance of coalitions, and part-
nerships, of public health and emergency management agencies. The final objective 
involves global health security. This objective is focused on world-wide public 
health emergencies, specifically the COVID-19 pandemic.

7. Conclusions

Leadership is essential in coordination of response to public health emergencies. 
Work leadership is not only ineffective, it results in worsening of the effects of public 
health emergencies. A characteristic of public health emergencies is uncertainty. In 
uncertain situations dominant and directive leadership is required. Due to the ever-
changing nature of public health emergencies, the dominant and directive leader 
must be flexible to adjust to changes. Effective leadership is dependent on quality 
data-sharing and communications. Public health response must be carefully and 
thoroughly planned, considering the need for managing resources across all respond-
ing agencies, public and private.
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Abstract

This study responds to the gap in knowledge in translating team members’  
interdisciplinary knowledge to address wicked problems. We use qualitative method-
ology to understand the team-building process and response to the opioid epidemic in 
emergency care. We collected data through direct observation of nine health system 
science researchers and thought leaders as they performed in team-building activities 
and semi-structured interviews. The cultural exchange framework informed our 
selection and assessment of team-building activities, and the science of team science 
(SciTS) framework informed our understanding of promoting interdisciplinary 
collaborations. We identified six themes representing three areas: (1) Knowledge 
Building and Strategy Development (need for interdisciplinary understanding of 
substance abuse and mental health in the emergency department (ED); interdisci-
plinary approaches to fight the opioid epidemic in the ED); (2) Team Demographics 
and Collaboration (prescribing and collaboration; the role of interdisciplinary team 
composition and effectiveness in the ED); and (3) Identity and Relationship Building 
(role of professional identity in contributing to interdisciplinary research; building 
effective organizational relationships in the ED). Members’ personal and professional 
connections are fundamental for developing nuanced interdisciplinary strategies to 
respond to the opioid epidemic in the ED. We discuss implications for strategies that 
promote team building and improve treatment practices.

Keywords: team building, interdisciplinary collaboration, emergency care,  
opioid epidemic, implementation science

1. Introduction

There is growing interest in leveraging the knowledge, expertise, and skills of 
teams of experts from different disciplinary backgrounds to respond to wicked 
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problems affecting our society. Wicked problems are problems that require 
insight from experts who cut across multiple disciplines, in order to address the 
problem [1]. The interconnected aspect of such problems highlights their com-
plexity. However, it is still unclear how team members from different disciplines 
can effectively leverage their unique knowledge to develop innovative solutions 
to harmful epidemics, such as the opioid epidemic faced by the United States. 
Interdisciplinary team approaches, those that involve applying the knowledge and 
skills from different academic disciplines or subjects that are normally regarded as 
distinct, to the same issue [2] are gaining visibility in translation, dissemination, 
implementation, and improvement research. In this research study, we seek to 
understand and develop strategies that facilitate the formation and sustainability 
of interdisciplinary teams and improve health-care delivery in crisis situations [3]. 
We focus on opioid epidemic crisis in the United States and how EDs respond to the 
opioid epidemic, within the context of interdisciplinary teams. EDs are dynamic 
settings where interdisciplinary teams, in which collaborators can be located at 
different departments or institutions, endorse different ideologies, or rely on 
different methodologies, but share the common goal of addressing a problem, are 
necessary to developing cohesive and insightful solutions to the opioid epidemic in 
the United States.

2.  Interdisciplinary teams in the emergency department to respond to 
the opioid crisis

2.1 Team building conceptual framework

Building on conceptual work on multi and interdisciplinary teamwork in 
translational science [3, 4], this study examines how team building interactions and 
phases affect [5] team members’ response to initiating opioid use disorder (OUD) 
treatment for patients in the ED. We relied on the science of team science (SciTS) 
framework to explore the key challenges and solutions to promoting interdisciplin-
ary collaborations (see Table 1). SciTS seeks to understand barriers and facilitators 
of collaborative and team-based research efforts and identify conditions, under-
stand processes, and achieve outcomes associated with team objectives [6]. Barriers 
and facilitators are at different levels, including intrapersonal (own knowledge and 
competencies brought to the team), interpersonal (communication, connection 
and shared knowledge among team members), physical environment (structure 
of communication, collaboration, execution and problem solving), societal and 
political (community norms, political discourse), and technological (communica-
tion, connection, description). Understanding interactions and interdependencies 
between these factors can lead to a better understanding of the process of how 
team becomes effective in addressing critical issues. Furthermore, using SciTS to 
understand how to develop and support interdisciplinary collaboration may lead to 
effective translation of research findings into practice [6, 7].

We rely on a cultural exchange approach (see Table 1), which centers on sharing 
of ideas and knowledge between group members representing different professional 
systems, to help us understand the transaction of knowledge, attitudes, and practices 
that occurs during interactions [8]. During this process, we evaluated a series of 
discrete activities and document aspects from team science (space, communication, 
knowledge) to identify how team-building exercises ultimately enhanced problem-
solving. This method consisted of evaluating four conditions through team building 
activities: 1) groups’ accessibility to one another; 2) a sense of mutual respect; 3) 
creation of a shared language; 4) willingness to compromise/accommodate the needs 
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of others [8]. These activities are essential to bridging and merging diverse perspec-
tives and transcending disciplinary boundaries.

This study focuses on assembling a interdisciplinary team of scholars (Social 
Work, Nursing, and Medicine) at a research University and undertaking a 
team-building process so as to build interdisciplinary approaches to ‘wicked 
problems’ [9]. We implemented team-building activities and assessed the pro-
cess of becoming an interdisciplinary team while conducting a research study 
addressing ED responses to the opioid epidemic (IRB # RC010001). The efficacy 
of ED responses to the opioid epidemic can be considered a ‘wicked problem’ 
requiring a interdisciplinary approach, because such responses are influenced 
by contradictory and changing conditions and are seemingly intractable for any 
given discipline [9]. Our findings may inform strategies for constituting and 
preparing interdisciplinary teams to effectively respond to challenging issues, and 
to understand transformational experiences that may support the achievement of 
their common goals.

3. Methods

3.1 Sample and procedures

The sample included one team of nine researchers: four researchers from USC 
Social Work, two researchers from nursing, a researcher from the Keck School 
of Medicine, and an ED practicing physician from the Los Angeles County + 
University of Southern California (LAC + USC) Medical Center. We constituted 
a team with members from disciplines that have been shown to be important to 
improving care delivery in emergency departments. Each team members also had 
experience in opioid use disorder research or care delivery in the ED, but mostly 
from a disciplinary lens.

Framework Components

Science of Team Science (SciTS) 
Framework

• To explore the key challenges and 
solutions to promoting interdisciplinary 
collaborations

• Important for effective translation of 
research findings into practice

• Intrapersonal (own knowledge and competencies 
brought to the team)

• Interpersonal (communication, connection and shared 
knowledge among team members)

• Physical environment (structure of communication, 
collaboration, execution and problem solving)

• Societal and political (community norms, political 
discourse)

• Technological (communication, connection, 
description)

Cultural Exchange Approach

• To select team building activities that 
meet specific criteria

• Group accessibility to one another (e.g., interaction 
activity - bowling)

• A sense of mutual respect (decision making activity- 
ESCAPE room)

• Creation of a shared language (e.g., health-systems 
experts meeting)

• Willingness to compromise or accommodate each other 
needs (e.g., consensus group) to develop interdisciplin-
ary approaches to respond to wicked problems.

Table 1. 
Frameworks.
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We began our research by drawing from the literature on team building to 
develop a curriculum of team-building activities informed by the cultural exchange 
framework. During the course of the study, we introduced participants to team-
building activities that match their disciplinary knowledge and strategies and 
shown to promote multidiscipline approaches for ED treatment of individuals with 
OUD. We selected activities that met the Palinkas et al., criteria [8] and accessible 
to study participants: 1) group accessibility to one another (e.g., interaction activ-
ity - bowling); 2) a sense of mutual respect (decision making activity- ESCAPE 
room); 3) creation of a shared language (e.g., health-systems experts meeting); 4) 
willingness to compromise/accommodate each other needs (e.g., consensus group) 
to develop interdisciplinary approaches to respond to wicked problems.

3.2 Data collection

We collected data through three different approaches and settings: direct 
observations during structured team building activities with the full team of nine 
members followed by semi-structured interviews of five members; direct observa-
tion from a scientific presentation; and a focus group and consensus session with 
six members (see Figure 1). We sought to elicit interdisciplinary insight, as a funda-
mental mechanism for translating team-effective practices and generate innovative 
frameworks, methodologies, and policies toward solving identified problems [5, 10]. 
Our data collection was guided by the cultural exchange framework (identification 
of team building activities) and the SciTS framework (identification of barriers and 
facilitators to collaboration).

3.3 Team building activities

During 2016 and 2017 the team development activities were both virtual and 
in-person. These structured activities included 1) interacting in a bowling activity 
to promote communication and mutual respect through positive competition, and 
2) engaging members in an iterative problem-solving team-building activity to 
promote brainstorming, develop a shared language and compromising, and accom-
modating the needs of others in the pursuit of solutions. We used ESCAPE rooms 
for this activity, where the goal is to work as a team to figure out clues and escape 
the room within a pre-determined time. We relied on direct observation during 
and semi-structured interviews after team building activities with individual team 
members to identify their awareness of their own team-building process and the 
team’s responses. The deliberative sessions, following team activities, allowed us to 
develop shared goals based on the interdisciplinary work and understandings of the 
potential paths to achieve these goals, and ultimately increase the cooperation as a 
team as suggested in Hall et al. [5].

3.4 Focus group

We used a focus group and a deliberative session to discuss iterative findings 
from original research (findings from survey research on the ED). The focus 
group comprised of six participants (social work researchers, social work research 
assistants and a project coordinator, a social worker/clinical psychologist, research 
assistants, and a physician), all of whom participated in various team-building 
activities. Our scripted questions focused on understanding the problems and solu-
tions to the ED response to the opioid epidemic, with consideration for the diverse 
background, education, and training of participants. We also interviewed ED physi-
cians from the LAC+USC Medical Center. This allowed us to frame the problem and 
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solutions from different interdisciplinary perspectives and find ways to integrate 
these different perspectives into an innovative, coherent, and potentially effective 
approach to the problem.

3.5 Consensus building sessions

In line with findings showing that time and space are key elements for creat-
ing interdisciplinary research collaborations [11], the team (5 to 9 members) met 
in-person once per month for 1–2 hours for 8 months at different locations. These 
meetings included a scientific meeting and a consensus meeting, where we brought 
together leaders from academic and health-systems backgrounds to discuss a col-
laboration initiative for advancing interdisciplinary efforts to respond to health care 

Figure 1. 
Data collection schema.
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challenges, including the current opioid epidemic. Each meeting was structured to 
give members the opportunity to communicate their disciplinary perspectives and 
experience, highlight common ground, and create shared language and knowledge. 
Given research suggesting that off-campus meetings, i.e., off-sites, were helpful in 
the implementation phase to minimize distractions while assessing study progress 
[5], we held several in-person meetings and activities in an off-campus location. 
This approach provided information and context regarding individual and team 
problem solving.

We conducted additional analysis of transcripts from an interdisciplinary 
symposium, referred to as the health systems science meeting. This allowed 
us to integrate organization and implementation science and understand how 
these sciences can form a foundation for an institutional response to the opioid 
epidemic. The goal was to focus on areas shown by research to be associated with 
team science, identify barriers and facilitators, and use learnings to develop team 
interdisciplinarity.

We also created a database using reports written retrospectively by team 
members working together on a pilot study for assessing the process of becoming 
interdisciplinary when responding to ED actions for addressing the opioid epi-
demic. This qualitative analysis outlines the experiences and observations the team 
members had in participating in a series of activities that progressed from unstruc-
tured to structured activities.

The goals of assessing the team building process were to: 1) qualify the col-
laboration between social work, nursing and medicine (for example, we assessed 
team members’ perception of the process of moving toward a interdisciplinary 
approach. We relied on semi-structured interviews to examine perceived change in 
exchanging disciplinary knowledge and contributing toward the research goals), 
and 2) record group activities that successfully contributed and those that did not 
contribute to team progress (we compared direct observation reports of  
team building activities such as team bowling and analysis of semi-structured  
interview data).

3.6 Analytical strategy

To study team processes, two Ph.D.-level researchers and a doctoral student 
observed and documented team interactions. These included in-person meetings 
and activities, phone conversations, and e-mail exchanges. All interviews and 
focus groups were recorded and professionally transcribed. Data was kept strictly 
confidential based on the original (2016) and revised human protection protocol 
(IRB # RC010001). Two doctoral level and one graduate level raters analyzed 
transcripts with InVivo software using template analysis, a set of techniques for 
thematically organizing and analyzing textual data via thematic codes that are 
defined a priori as critical to study questions and inductively through the cod-
ing process. The research team identified the most common and prominently 
expressed codes and themes that emerged from the interviews. When these codes 
and themes were not clear, raters discussed them and reached consensus on the 
best description. Themes were validated with outside social work and medicine 
researchers.

3.7 Results

Our findings emphasize the contributions of interdisciplinary teams toward 
ED response to the opioid epidemic, after exposure to processes that facilitate 
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and promote the formation and effectiveness of a more integrated interdisciplin-
ary team. The process of team building developed in this study was engaging 
and fostered professional relationships in a setting outside of work. Participants 
reported that the three iterative team-building activities—dinner, team bowling, 
and escape rooms—were valuable to team building in that they were critical to 
the team’s connection and knowledge-building experiences. Dinner introduced 
participants to each other, bowling helped them become more acquainted, and 
the escape rooms taught them problem solving and interdependence. Participants 
were motivated to meet new team members and become more familiar with those 
they already knew. Through these encounters, teammates were able to discuss 
with each other the details of their projects related to the opioid crisis and oppor-
tunities for collaboration that will foster improved care practices for opioid use 
disorders.

Data from focus groups, team building activities, and scientific presentation 
provided two perspectives on the response to the opioid epidemic problem. The 
focus group provided a point of view that is more implementation-based, while 
the Health Systems Science and interdisciplinary symposium perspective provided 
a multi-theoretical explanation of how systems can be implemented at different 
organizational levels. Throughout the transcripts, six overarching themes emerged 
that provide insight on the challenges practitioners in the ED and organizations 
face, while dealing with the opioid epidemic (see Figure 2). These themes were: 
need for interdisciplinary understanding of substance abuse and mental health; 
interdisciplinary approaches to fight the opioid epidemic; prescribing opioids and 
collaboration; the role of interdisciplinary team composition and team effective-
ness; the role of professional identity to contribute to interdisciplinary research; 
and building effective organizational relationships.

Figure 2. 
Interrelated themes.



Science-Based Approaches to Respond to COVID and Other Public Health Threats

208

4. Knowledge building and strategy development

4.1  Interdisciplinary understanding of substance abuse and mental health  
in the ED

Participants from different disciplines express to different degrees that the 
complexity of substance abuse and mental health disorders is not always properly 
understood in the ED. One participant explains the importance of having other 
experts in the ED to understand brain chemistry and social conditions by noting, 
“addiction is now understood as a brain disease for which we have brain medica-
tion.” She further elaborates that “conversations need to be had with ER physicians 
to emphasize drug addiction as the underlying problem to the presenting issue.” 
Another participant explains that some “patients who have substance use and 
mental health issues also have current life devastation issues, like they have no 
friends anymore because they alienated everybody. So now [they’re] here in the ER. 
They will come in the ER every other day for no other reason other than opioids.” 
Substance abuse is a complex issue that requires more time than can be provided in 
an ED visit.

One participant explains that other experts can help ER physicians “understand 
all the different components of substance abuse”. This participant further explains 
that ED practitioners “don’t care about reasons that contribute to the problem. I 
think, they think, if they can see the person, treat the person and get them out and 
now they are not causing harm but helping them.”

ED physicians may also have distorted expectations when treating someone 
with an opioid addiction. One participant explains that opioid treatment outcomes 
have to be “clear, relevant and realistic… Physicians want to see 100% of patients 
who start buprenorphine do so when completely sober. And you’re like that’s just 
not a realistic thing.” The ED physician supports this claim, stating, “if physicians 
believe that patients cannot get better there is hopelessness of engaging in other 
options.” Having unrealistic expectations of how well someone will do when treated 
with MAT goes hand-in-hand with not being familiar with the science of opioid 
addiction, coupled with the mental health and other co-occurring conditions that 
challenge the effectiveness of treatment. Enhancing physician knowledge of opioid 
addiction and related conditions, supported by the availability of practitioners 
from other specialties, is therefore an important aspect of addressing the opioid 
epidemic.

4.2  Interdisciplinary teams, networks and training to fight the opioid epidemic 
in the ED

A running theme throughout the focus group discussions is the value placed 
on being part of an interdisciplinary team or network. One participant said that 
she “extremely values being part of the team.” She adds that she is “very big on 
collaboration. I think no one knows everything and when people come together 
with their different level of experience of expertise you see the best results 
whether it’s implementing new policy or the care of an individual.” Some par-
ticipants noted how interdisciplinary education should be part of the curriculum 
in medical school. As an example, participants highlighted the interdisciplinary 
curriculum of the geriatric program, which incorporates dental services, occupa-
tional therapy, physical therapy, social work, and physicians. Oncology was cited 
as another interdisciplinary field, with one participant noting the value of social 
work in it: “I think that’s also true in palliative care. They really value the social 
worker.”
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Although working together in an interdisciplinary team appears to make sense, 
one participant said that such a perspective is often lost in medical school, where 
medical doctors may not learn how to work with other to have the most impact on 
health …“So maybe we should bring in that model [to medical school] of interdis-
ciplinary and the social work theory of empathy, active listening, and put them 
together in a class, presentation or workshop.”

The dual benefit of interdisciplinarity was also highlighted. That is, conversa-
tions should be initiated with ED providers or seize the opportunities in the ED to 
demonstrate that interdisciplinary teamwork benefits both the patient and the ED 
prescriber. The ED prescriber’s network may also help ED practitioners increase 
their understanding of the opioid problem. According to the presenters describing 
the process of seeking advice, “It depends on the qualities of the expert, the qual-
ity of their expertise, how accessible they are to you, it depends upon your needs 
as an advice seeker, and a lot of it depends on accessibility.” These networks can 
be defined “in terms of physical proximity, social proximity, or history of prior 
relationships.” Findings from the scientific presentation suggest that quality of 
expertise and accessibility to the expert were significant indicators when predicting 
the presence, absence, or a tie of a network formation. Furthermore, the presenters 
noted that “faculty experts and supervisors were more likely to be new sources of 
advice for clinicians over time. Also, being in the same organization and being from 
the same discipline were significant predictors of the tie formation.” Participants 
also highlighted the effectiveness in working across disciplines and departments. 
Every participant has had an opportunity to work with colleagues from other 
disciplines, and clearly acknowledge how the depth and quality of conversations are 
enriched by collaboration.

5. Team demographics and collaboration

5.1 ED practitioners’ prescribing and collaboration

Participants highlight that the ED is a major player in the prescribing of opioid 
medication and would benefit from greater collaboration from other disciplines. 
For example, one participant investigated whether differences in belief systems 
exist among ED practitioners, affecting how often they prescribe opioids. The 
participant noted that ED practitioners rely on a set of values to determine when 
to prescribe, with ED doctors “making decisions in a different way” when treating 
patients who show in the ED seeking opioid prescriptions. ED practitioners may 
assess the deservedness of patients, based on their race, language, complaint, etc.

One participant offered a physician’s perspective, explaining that “most doctors 
do not confront patients about their opioid use, and have a conversation about other 
options. Almost never happens, it requires too much energy. Doctors have two easy 
ways out, kick them out of the ED or give them the pills.”

ED practitioners may have continued the problem by refilling narcotics 
prescriptions. “That has been our response to this problem,” one participant 
states. One ED leader reports that opioids and antibiotics are prescribed 80% of 
the time when pain is the chief complaint. Participants say that in many instances 
ED providers “feel they don’t have the background or the experience” to prescribe 
opioids. They further state that “right now we don’t have a current approach to 
prescribing opioids that includes providing incentives to [ED providers].” One 
participant suggests working collaboratively with other professionals on “the 
process and structure and referral to treatment, rather than attempting to change 
prescriber behavior.” “Doctors want to solve the problem and they wonder about 
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the result.” This participant explains that even when prescribing an opioid like 
hydrocodone, physicians focus on the number of pills prescribed, usually pre-
scribing a lower number of pills, “12 pills from 20-30.” This participant also feels 
that “there is a sense of helplessness around responding to addiction requiring 
other professions to improve treatment effectiveness.” This suggests ED practitio-
ners’ need for interdisciplinary approach to support each other and help improve 
treatment.

Moreover, this participant explains that providing Medication Assisted 
Treatment (MAT) requires an interdisciplinary team effort, but currently is 
disjointed because “ED doctors’ structure of work is in shifts. They go away!” ED 
physicians and ED practitioners understand there is a real opioid abuse problem; 
however, they do not have the time, energy, or even the incentive to treat ED 
patients from start to end. Creating dialog with ED providers seems to be key to 
educating them and changing their opioid diagnostics and prescribing behavior. 
Moreover, ED providers need to be engaged carefully otherwise “they get really 
defensive and it’s not a very productive conversation.” The consensus among partici-
pants was that by creating dialog between ED practitioners and interdisciplinary 
experts on opioid addictions and treatment, ED prescribers can move away from 
refilling prescriptions to focusing on treating and resolving some of the underlying 
issues of substance abuse.

Participants described several ways in which interdisciplinary collaborations 
can help ED practitioners improve their opioid prescriptions. One expert physi-
cian noted that one traditional approach is to become familiar with the state of the 
science regarding opioid addiction and treatment, coaching prescribers and telling 
positive stories. By understanding current methods of opioid addiction treatment, 
ED prescribers will gain confidence in their ability to properly treat opioid addic-
tion, rather than continue to refill opioid prescriptions. One participant explained 
“coach[ing]” a senior ED attending physician through the decision process when 
a patient presented to the ED with opioid withdrawal symptoms. “Telling positive 
stories” of how ED practitioners saved their patients’ lives by providing the opioid 
treatment they needed. This participant explained that “[ED practitioners] come on 
board once they see that it works or when they are shown evidence or support. Then 
it makes them a little more open.” Participants suggested disseminating these types 
of success stories visually, perhaps through documentaries that retell the struggles 
and success of opioid addiction.

However, some participants noted that there is pushback against having ED 
practitioners initiate individuals with chronic opioid abuse on MAT. When they 
discussed poignant findings from an exploratory survey in the ED, “33% strongly 
agreed or agreed while the rest were uncertain to initiate MAT for OUD.” In some 
instances, the hesitation to start MAT is based on not knowing if the patient will 
“follow up with treatment” or the provider being uncertain if treatment “will cause 
harm.” But, as one participant stated, “if [they] read the papers and the science 
behind it, the ED doctors should all be like of course we’re going to do this life sav-
ing treatment [initiate MAT in the ED].”

The lead presenter in the health systems science meeting explained that orga-
nizations can respond to change. They “can be proactive in basically having the 
systems in place to respond to that change in terms of leadership, management 
practices, [and] structures.” The presenters further explain that:

Based on the systems approach, organizations are made up of the sub-systems 
and it is important that we engage these different sub-systems, so in the case of 
hospitals, of course, management vs. clinical, a lot of the cultural competency work 
started more on the clinical side and often times, the management was not engaged. 
It is important to have those two components together.
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Overall, behavioral change among ED practitioners will take much effort, 
including changing the institutional culture to be less siloed and more based on 
collaboration, supported by dissemination of information on evidence-based treat-
ment practices. At the institutional level, changing the ED prescriber’s behavior 
may happen through the collaboration among professionals to adopt frameworks 
of change, such as the “Causal Model of Organizational Performance and Change.” 
Although the focus has been on the behavior of the ED prescriber, the overall 
responsibility of fostering change should also be at the institutional level.

5.2 Team composition and effectiveness in the ED

Working in interdisciplinary teams in healthcare was deemed instrumental 
to new treatment implementation and the health outcomes of patients. However, 
teams were required to have certain characteristics in order to be effective. 
According to one participant in the interdisciplinary symposium, teams are 
described as bounded: “who’s on the team and who’s off the team.” Teams are also 
interdependent: “there’s a reason to be together and work together.” The presenters 
further explained teams as having “some stability to the membership over time, 
norms of conduct, and some authority for executing work processes so they can’t 
just be mindless in terms of just executing what leadership, and some process for 
them to determine how to do the work.”

Team size was also considered important, especially for teams in healthcare. 
The presenters explained that “how large the team is can affect its effectiveness or 
affect the implementation of best practices. When teams become too heterogeneous 
it can be challenging for teams.” Similarly, the presenters explained that too much 
diversity in the team is associated with worse outcomes for team functioning. The 
presenters also noted that “when professional identities are too disconnected, it’s 
hard to find a common ground.” Moreover, connections between teams, team cli-
mate, relational coordination, and psychological safety can influence the effective-
ness of the team. The presenters suggested that if healthcare teams are structured 
appropriately, “they can yield all the things we want: implementation of evidence-
based practices, the effectiveness of these practices, and improved patient care.” 
Participants also noted that team science suggests that feedback should be provided 
to teams so as to make them more effective. In healthcare, patient instant feedback 
from a survey is not generally enough to determine team effectiveness. Overall, the 
impact healthcare teams have on implementation and patient care is highly depen-
dent on the membership composition and purpose. Additionally, feedback loops, 
rather than a linear approach to providing feedback should be a part of efforts to 
improve how effective teams are in providing treatment.

6. Identity and relationship building

6.1  Professional identity and contributions to interdisciplinary research  
in the ED

Professional identity was discussed among the participants as it relates to the 
work they are doing and that needs to be done. Participants describe themselves as 
social workers, nurses, researchers, and physicians. They describe how their prior 
training and experiences help them effectively function in their current capac-
ity. For instance, a participant who currently functions as a researcher describes 
formally working as a therapist and “dealing with a lot of clients seeking services for 
mental health needs.” He acknowledges that mental health disorders are prevalent 
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among those with substance abuse disorders. The same participant bridges the 
science of social work with the service provided. He states, “we know the research. 
We know what people need. We know certain things don’t work. So, let’s try to get 
involved in that.”

The participant’s perspective highlights the extent to which discipline-specific 
training informs knowledge and the conceptualization of one’s role in the care deliv-
ery process, and within teams. These views are directly related to their value and 
contributions to an interdisciplinary approach to opioid addiction treatment. As a 
social worker, he understands how and where he fits into the spectrum of service 
delivery and treatment. Other participants in the field of social work share similar 
views. They have a “deep concern for not only understanding but solving issues that 
affect the most vulnerable. I try to do that through research, through understand-
ing and through interventions.” Another participant also in the field of social work 
adds that she “provides the best services possible to our consumers by being able to 
connect them with resources, housing, medication, case management therapy and 
everything.” In general, social workers seem to have a genuine sense of service for 
those in need.

Interestingly, one participant who is a physician by training identifies as a physi-
cian only at work and endorses a different view of health care or special populations 
elsewhere. She states, “I don’t really feel like that’s my identity outside of work. I’ll 
be like, oh, I work at a hospital, but as a physician at work, I guess, I have mixed 
opinions.” She further highlights the characteristics of taking a non-traditional role 
as a physician by explaining, “I think of myself more as like an implementer, opera-
tion person and trying to take the tools and the knowledge of research and put that 
into practice, and trying to build a connection between research and what actually 
happens in real life.” She understands that she can use her position as a physician 
to influence the desired change. She states that “there is a lot of opportunity for 
leadership and what I consider the right thing to do.” She further explains that as a 
physician she cannot be the solution, but instead part of the solution, reiterating the 
importance of an interdisciplinary team approach.

7. Building effective organizational relationships in the ED

Building organizational relationships across disciplines has proven to be chal-
lenging on two fronts. First, individuals do not always know how to effectively build 
relationships across professions or disciplines. The importance of building relation-
ships is not always fostered or even emphasized in medical school, for example. One 
participant explains, “I don’t think we’re given a lot of tools to understand how to 
build relationships. And then when you go to medical school it is very much a com-
petitive thing as opposed to a collaborative thing. And I think that’s changing slowly 
overtime, but it’s one that the admission process seeks out to identify. I think you are 
studying with a baseline of students who tend to be like the gunner student in the 
class whose studying at four in the morning as opposed to building relationships.”

Second, building relationships takes a significant amount of time. Even when a 
relationship is established with key figures, those individuals have to be willing to 
support new ideas. As the above participant notes, staff “wanted to do this [team 
building] three or four years ago, but I didn’t know the pharmacy director. I didn’t 
know people. To be like, hey, don’t you think this would be cool? I think right now 
it’s working and I think we’re right at the point where I could give a lecture and the 
receptive 33% audience member says they’re going to call me next time they have 
a case. And they called me the next time they had a case and we treated and they 
saw the miracle that happened when you actually treat substance abuse.” Building 
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relationships may be easy for some but challenging for others. In health care, 
workers are interdependent. Having the emotional intelligence to navigate different 
personalities can be as important as having the medical knowledge to save lives.

Another participant further explains that even after relationships are built, the 
relationships must be continuously nurtured. Individuals must build credibility 
among their colleagues, especially among those who are more resistant to changing 
the way they work. The presenters explain that “effective leadership can help build 
effective collaborations through influence and expert guidance.” But it takes time 
to develop the leadership necessary to influence relationships. At the ED, building 
effective organizational relationships requires leaders who cultivate relationships 
over time and by gradually gaining buy-in from employees. “It is a trickle-down 
effect from top manager’s leadership to direct service providers” and rely on 
this and other networks to improve their work. One presenter stated that “social 
networks are important for implementation, because these ties are conduits for 
information, for expertise, for social influence. A lot of different implementation 
strategies leverage these social networks. We try to find an opinion leader and have 
them exert their influence within an organization or a champion.” One participant 
illustrates how their team is already doing this.

Isn’t that kind of what we are doing? I mean how we have built a relationship 
with two leaders in the ED, a physician and a head nurse who are very involved 
in the ED and very passionate about this topic. It kind of helped us get in so we 
could build relationships with other nurses and physicians. They see us when we are 
going on Sundays. They say, hey you guys are here again, let me get some people for 
you. So, kind of just making ourselves present there so they get more comfortable 
knowing that we are there because we care about this topic. And then I’m sure 
they’ll want to see us later and we can present it to them. I think we kind of started 
that and can continue building on it. “Building organizational relationships will 
facilitate the overall implementation of MAT. Over time, these relationships will 
be instrumental in influencing not only ED practitioners, but will have a greater 
influence at the organizational level.”

8. Discussion

The opioid epidemic poses several challenges for health professionals and health 
service delivery systems. The current study sought to understand the team process 
necessary for researchers to be more effective in tackling this wicked problem. From 
a systems perspective, the opioid epidemic can be ameliorated through a number of 
approaches that require high-level coordination and execution among teams. These 
include changing the way opioids are prescribed, how substance abuse is defined and 
treated, how collaborations across disciplines take place, the composition and effec-
tiveness of healthcare teams, understanding professional identity, and building orga-
nizational relationships to improve collaboration and health outcomes (see Table 2). 
These are the themes identified in this study, but also consistent with the National 
Institute on Drug Abuse (NIDA) priorities to combat the opioid epidemic [12], as 
well as the NIDA’s three-prong approach—reducing prescriptions, enhancing access 
to treatment and preventing overdoses—to address this epidemic [13]. Inherent in 
these priorities are interdisciplinary team approaches to effectively responding to the 
opioid epidemic.

The team-building activities undertaken in this study supported the key aspects 
of the cultural exchange framework, and are aligned with evidence informed 
approaches. These were 1) accessibility to one another; 2) a sense of mutual respect; 
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3) creation of a shared language; and 4) willingness to compromise/accommodate 
the needs of others [8]. These activities increased access for all team members to 
discuss a variety of issues related to ED responses to the opioid epidemic. Team 
leaders created a sense of mutual respect across disciplines, and activities pro-
moted the co-creation of language to define challenges and solutions for the ED to 
diagnose and treat OUD. The structured problem-solving activities, as well as the 
scholarly presentations and consensus group, allowed members to compromise with 
each other and accommodate new information to lead an effective interdisciplinary 
collaboration.

Member interactions ranged from building personal connection, sharing world 
views, to professional and scientifically focused detailing of strategies to break 
down the problems into different components. These team interactions helped 
identify barriers and facilitators to using the Science of Team Science framework. 
For instance, it was clear that physicians, nurses and social workers have and bring 
unique knowledge and competencies to the team (intrapersonal) that could either 
disconnect or expand the team knowledge. Yet, communication, connection, and 
shared knowledge among team members improved greatly with exposure to the 
team building activities (interpersonal).

8.1 Limitations

We should note limitations of the present study. The study used a small sample 
of researchers from different disciplines to obtain a deep understanding of how 
team building may enhance problem solving. Although derived from a small 
sample, the qualitative data were not intended to be representative of interdisci-
plinary teams, or researchers in ED systems. However, the themes that emerged 
from this work are consistent with concerns in the field [12, 13]. Furthermore, the 
comprehensive and multimethod approach to data collection used in this study 
is consistent with other research in behavioral health [14, 15]. Our results did not 
provide information about concrete outcomes, but rather to team building process 
generally, as intended. The physical environment was a barrier to team build-
ing – traveling in a large metropolis reduces interactions. The societal and political 
norms were however not evident. Participants discussed them in terms of hospital 

Themes Strategies

Need for interdisciplinary 
understanding of substance abuse 
and mental health

Enhance physician knowledge of opioid addiction and related 
conditions, embed practitioners from other specialties who allow for 
a holistic approach to addressing the opioid epidemic

Interdisciplinary approaches to 
fight the opioid epidemic

Create an environment for collaborations fosters depth and high 
quality of conversations

Prescribing opioids and 
collaboration

Develop and implement institutional level policies and practices

Role of interdisciplinary team 
composition and team effectiveness

Determine the optimal mix of diversity in a team, and put in place 
feedback loops, rather than a linear approach to providing feedback

Role of professional identity to 
contribute to interdisciplinary 
research

Create a culture where problem solving, and professional identities 
are framed within the context of interdisciplinarity (professional 
identities are a key part of addressing operational problems)

Building effective organizational 
relationships

Provide opportunities for building leadership skills, and developing 
emotional intelligence

Table 2. 
Themes and strategies.
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policies that prevented new medications from being included in prescribing 
schedules. Finally, technological issues were important in improving connection. 
Using video communication and presentations as well as text messaging reinforced 
the initiative. Future studies can build on our results and address these limitations 
by examining how each of the team building strategies we implemented influence 
the quality of decision making and effectiveness of problem-solving abilities of the 
team, and ultimately opioid use disorder treatment practices.

8.2 Conclusions and implications

This study highlighted the importance of building teams from a personal and 
general skill level to a more refined disciplinary knowledge and competencies. 
The team-building process appeared to be significant in building knowledge and 
connecting members at personal, professional, and disciplinary levels. Participants 
appreciated this level of connection to support their understanding and problem 
solving of the opioid epidemic. Health care systems should consider investing 
(i.e., funding, rewarding, structuring) in team building among experts from 
different disciplines to improve ways in which the ED can reduce risk of opioid 
use. Findings from this study have implications for investing in team-building 
activities to improve interdisciplinary approaches to wicked problems. In this 
process, it is important that each member of the team is meaningfully included, as 
well as empowered by the team process and to contribute their unique disciplinary 
approach. This is especially conducive to developing solutions to pressing issue of 
building ED capacity to respond to the opioid epidemic.
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Chapter 11

Artificial Intelligence (AI) in 
Evidence-Based Approaches to 
Effectively Respond to Public 
Health Emergencies
Lap Yan Wong, Chun Kit Yip, Dao Shen Tan  
and Wai Lim Ling

Abstract

Artificial intelligence (AI) techniques have been commonly used to track, 
predict early warning, forecast trends, and model and measure public health 
responses. Statistics have traditionally been used to track public health crises. 
AI-enabled methods, such as machine learning and deep learning–based models, 
have exploded in popularity recently, complementing statistical approaches. A wide 
range of medical fields have used various well-developed deep learning algorithms. 
Surveillance of public health emergencies is one region that has gained greatly from 
AI advancements in recent years. One of the examples of effectively reacting to 
public health emergencies is the need for developing AI evidence-based approaches 
to public health strategies for the scientific community’s response to the COVID-19 
pandemic.

Keywords: Artificial Intelligence AI Public Health Emergencies

1. Introduction

In the first two decades of the twenty-first century, two big deadly epidemics 
posed a global public health challenge. Infectious disease known as serious acute 
respiratory syndrome (SARS) cases first appeared in 2002, and a novel coronavirus 
(SARS-CoV-2) was reported as the etiologic agent in coronavirus disease 2019 
(COVID-19), with the start of a new outbreak at the end of 2019. SARS spread to 
five continents, prompting the World Health Organization (WHO) to declare the 
outbreak was caused by a novel pathogen, a member of the coronavirus family that 
had never been seen before in human history [1]. In 2019, a mysterious pneumonia 
outbreak occurred in Wuhan, China, which the WHO classified as a pandemic in 
March 2020 [2]. Globally, cases have been recorded in over 20 nations, regions, or 
territories across five continents [3].

The world is in the midst of a time of recurrent crises, and conventional crisis 
management models are struggling to cope with today’s dynamic crises. The new 
crisis management system should be converted from a passive crisis response to 
a dominant crisis management system. It is essential to develop a modernization 
management system for effective crisis response, which should include the 
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immediate implementation of basic preventive measures against emergencies, as 
well as accurate and rapid diagnosis for containment and clinical management. 
Furthermore, new developments in disease-related applied research and technology 
would be needed to slow the COVID-19 pandemic’s spread.

The fields of medicine, research and development, and public health are all 
being transformed by artificial intelligence (AI) [4]. AI has taken over some routine 
tasks in the last decade, and its effect on repetitive tasks has already begun. We have 
all witnessed the information revolution, which in just a few decades has totally 
transformed the way people operate. The AI era has also resulted in the creation 
of intelligent advanced solutions for different aspects of life: AI can be used to 
optimize quantitative activities on a wide scale; it can be used to measure and 
practice a planned action or project under various conditions; and it can be used to 
assist in job optimization processes in various industries.

AI has reached a crucial juncture in its growth and implementation. Artificial 
neural networks, machine learning, and deep learning are examples of AI systems 
that have made substantial progress. In several tasks, AI algorithms have been 
able to mimic or even outperform the human brain. Machine learning, as opposed 
to traditional statistical analysis methods that use a predetermined equation as a 
model, can account for all interactions among variations and integrate new data to 
update algorithms [5]. Due to their important information processing properties in 
terms of nonlinearity, high levels of parallelism, noise and fault tolerance, as well as 
learning, generalization, and adaptive capabilities, AI systems are advantageous [6]. 
AI is not only a tool for assisting humans with all types of technological and mental 
tasks, but also an extension of their senses and abilities.

There is an immediate need for safety assurance and cost efficiency in the 
management of public health crises as a result of the recent global epidemic. Public 
health surveillance has benefited greatly as a result of recent AI advancements. 
There is an increasing body of knowledge in the field of AI-enabled and 
AI-enhanced public health monitoring research [7]. AI is becoming increasingly 
important in evidence-based approaches to efficiently respond to public health 
emergencies.

2. Public health emergency

2.1 Definition of public health emergency

Public health emergencies are a subset of public emergencies that are related 
to health incidents and have an inclusion and exclusion arrangement with public 
emergencies. The Emergency of Public Health (Emergency of Public Health) is 
described as “mainly including infectious diseases, mass diseases of unknown 
origin, food safety and occupational hazards, animal epidemics, and other events 
that seriously affect public health and life safety” in the “China National Overall 
Emergency Plan for Public Emergencies” promulgated on January 8, 2006.

2.2 Overview of AI application in public health

2.2.1  The stage of crisis recovery is important in the management of public health 
crises

The recovery phase in public health crisis management refers to the stage 
during which the crisis is gradually alleviated and eliminated. The flow of factors 
that trigger disasters has slowed, and public health emergencies have been 
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effectively addressed. The government’s goal at this time is to reduce the impact 
of public health crises, contribute to social and economic recovery, summarize 
crisis management flaws, and improve the experience of managing public health 
emergencies in crisis.

It is critical to use AI and other technologies to promote the resumption of 
work and development in order to ensure sustainable and stable economic growth. 
Intelligent network systems have been used in China [8] to carry out online 
workplace, online teaching, and other activities. Companies must “not close” during 
the epidemic, and schools must “suspend classes without suspension.” During the 
nationwide “war epidemic,” AI networks such as WeLink, DingTalk, and Tencent 
Conference were widely popularized in order to minimize the losses incurred by 
shutdowns and output shutdowns, which played a positive role in reducing crowd 
gathering and reducing the risk of cross-infection while going out [9]. On the other 
hand, using a big data platform to analyze the migration and traffic situation in 
each region, as well as AI technology to prevent the epidemic from resuming, and to 
genuinely achieve safe resumption of work and development. Manually processing 
these data makes it difficult to ensure the data’s validity and timeliness. Experts use 
AI to assist them, collect crisis-related data, and determine the type of crisis [10]. 
Moreover, AI calculates the severity of the crisis’ effects and analyzes the causes 
of the crisis. Furthermore, AI allows for early detection of a problem, allowing for 
more time to deal with it.

2.2.2 The use of AI to predict the results of public health emergencies

The period in which the crisis will break out in the crisis management of public 
health crises is referred to as the preparatory stage of crisis management for public 
health emergencies. Since the onset of public health emergencies is uncertain and 
unpredictable, it is important to track and alert them. For this stage, improving 
the ability to monitor and respond to public health emergencies is the main focus 
of the government’s work. The preparatory stage of crisis management for public 
health emergencies consists of two parts: crisis early warning, crisis training and 
exercises [10].

Early notice of public health crises is a vital task in the planning stage of disaster 
prevention. When a crisis occurs, successful early warning will significantly 
speed up the organization’s response time. To develop an infectious disease 
outbreak early warning system, governments of various countries currently 
depend primarily on conventional surveillance methods (collaboration of medical 
institutions at all levels, disease prevention and control centers, and influenza-like 
case monitoring sentinel hospitals, and medical institutions diagnose and record 
clinically diagnosed and confirmed cases of influenza). However, there are some 
disadvantages of this monitoring system: the data collected is from a single source, 
and there is no comparison or correction of data from other sources; the data 
acquisition process of daily sampling and weekly summary, the data results are 
comparatively lagging; the monitoring consumes a lot of manpower and material 
resources, and the monitoring covers the entire country; the monitoring consumes 
a lot of manpower and material resources, and the monitoring covers the entire 
country. The accuracy of the data would be affected by an error in any node in 
the network [10]. The use of AI to perform infectious disease forecasting and 
early warning work, as well as monitoring social media, online news posts, and 
government reports for signs of infectious disease outbreaks, can significantly assist 
relevant government agencies in keeping track of the epidemic, rationally allocating 
medical resources, and improving advances. The cost of national disease prediction 
and infection prevention and control is reduced by the success rate of prevention. 
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By scanning foreign language news stories, animal and plant disease reports, 
and various official statements, the AI system provided alerts to its customers, 
recognizing the first foreign alert of the epidemic at an early stage. Machine 
learning has been used to track, locate and report on infectious spread. It provides 
alerts to a wide range of clients, including health care, government, industry, and 
public health organizations. It also serves as an alert about the existence of a new 
coronavirus [11]. In several aspects of the global battle against the epidemic, AI 
has already played a valuable but fragmented role. Screening, contact tracing, 
contact alerts, diagnosis, automatic deliveries, and laboratory drug discovery are 
only a few of the applications. AI has already played a useful but fragmented role 
in many aspects of the global fight against the epidemic. It has been widely used 
in screening, contact tracing, contact alerts, diagnosis, automated deliveries, and 
laboratory drug discovery [11]. It also predicts whether or not a person is infectious 
in advance, as well as the seriousness of the infection. By doing some general data 
analysis, one can significantly reduce waiting time, determine whether or not one 
has come into contact with virus carriers, and prevent the virus from spreading. 
Systematic planning and drills are an important way to enhance emergency 
response in the event of a disaster. Knowledge map technology can be used in 
public health emergency training to combine and link all of the information in the 
knowledge base and create a bottom map that covers all knowledge and records the 
connections between knowledge and knowledge, significantly increasing the scope 
and depth of training. The use of AI technology to perform public health emergency 
simulation exercises, build public health emergency simulation scenarios, deduce 
public health emergency handling protocols, and summarize the effects of 
public health emergency crisis exercises. It will help the government assess the 
epidemic’s condition, develop decision-making and deployment capabilities for 
epidemic prevention and control, and test a range of mature response plans in 
simulation, setting the groundwork for potential rapid response and precise policy 
implementation in actual combat in the future [18].

Is it a Cough or a Covid? COVID-19 Detection Using Artificial Intelligence from 
Cough Sounds.

Increased disease screening and early warning capabilities can help to 
dramatically delay the spread and effect of a disease. Recent progress in developing 
deep learning AI models to classify cough sounds as a COVID-19 prescreening tool 
has shown early promise. Cough-based diagnosis is a non-invasive, cost-effective, 
and scalable method of diagnosing COVID-19 that, if approved, could be a game-
changer in the battle against the virus. Cough sounds have recently been tested as 
a preliminary diagnostic or a prescreening technique for Covid-19 identification 
in asymptomatic individuals by AI researchers [11]. This is advantageous because 
the virus can trigger subtle changes in the body that can be identified by complex 
algorithms combining audio signal processing and machine learning, even though 
no symptoms are present. This technology may also be more efficient than the 
standard strategy of prescreening for COVID-19 based on temperature, especially 
in asymptomatic patients.

2.2.3 AI accelerating healthcare outcomes

AI expands data access. AI’s predictive ability is based on the volume and 
variety of data available; optimizing emerging tools requires extensive data access 
across the healthcare ecosystem. To prevent gaming of findings and prejudice, 
data scientists must commit to robust research over several parameters. AI allows 
for more concentrated collaboration. Thousands of inputs must be incorporated 
by scientists and technologists in collaboration with clinical specialist physicians, 
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including lab results, vital signs, drug administration, prescription doses and 
durations, length of stay in hospital, and patient and hospital demographics, 
to name a few. Clinicians can participate in the validation process and feature 
engineering for each organ- or condition-specific version of an AI surveillance 
system so that the solution can produce customized, actionable risk scores that 
clinicians will use. Moreover, transparency in clinical surveillance is aided by 
AI. These surveillance solutions can enable clinicians to apply their own clinical 
judgment to the performance by offering a visual representation of how and why 
AI made the predictions. Any AI-enabled tool should do the same thing to promote 
clinician buy-in and the requisite change management for widespread adoption.

2.3 AI aids decision-making by simulating a real-life epidemic

The government’s approaches or policies to combat the outbreak are 
unquestionably important in effectively controlling the virus’s spread. AI can be 
used to help them make the best decision possible.

Key parameters that define the characteristics of the spread, such as the 
transmission rate, incubation time, population density in the region, and so on, 
can be used to create a simulated model that mimics the actual environment of 
pandemics.

Following the development of the environment simulator, Reinforcement 
Learning can be used to determine the best strategy for achieving our aim of 
preventing virus spread while minimizing economic costs.

2.3.1 The SIR models

A simple compartmental model in epidemiology, known as the SIR model, is 
commonly used to simulate the spread of disease [12]. S represents the number 
Susceptible/Healthy individuals, I represents the number of Infectious individuals 
and R represents the number of Recovered individuals. It can be modeled by the 
below set of ordinary differential equations:

 dS IS
dt N

β
= −  (1)

 dI IS I
dt N

β γ= −  

 ,dR I
dt

γ=  

where N is the total population, β is the probability of disease transmission in 
a contact between a susceptible and an infectious subject. γ is the probability of an 
infectious individual being recovered in dt.

2.3.1.1 The agent-based model

The SIR model is a fundamental model for studying individual flow between 
compartments, assuming that all individuals within a compartment are 
 homogeneous. An Agent-Based Model is developed to simulate the behavior of 
heterogeneous individuals, taking into account their characteristics [13, 14].  
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We may, for example, identify various types of agents, such as individuals, families, 
businesses, and governments, and then enable them to communicate with one 
another. Each type of agent may have different attributes, such as age, location 
of the person, location of the house/business, and wealth of the agents. Different 
activities, such as going to work, going home, or making business connections, can 
be simulated at different times.

Different social, epidemiological, and economic parameters, such as individual 
mobility, incubation, transmission, recovery time, income, and GDP, must be 
specifically defined by domain experts, using empirical evidence, or designed by 
the author to simulate the attributes and actions of agents. During simulation, the 
economic impact and pandemic statistics, such as individual wealth and the number 
of active cases, can be generated for evaluation.

2.3.1.2 Reinforcement learning

Reinforcement Learning (RL) is an area of machine learning that focuses on 
learning strategies or sequential decisions in order to optimize long-term reward in 
the defined environment.

A basic reinforcement learning model is shown in Figure 1 [15]. It involves an 
Agent who interacts with the environment in each time steps by taking different 
actions. At time t, the agent will receive the current State tS  of the environment and 
the current Reward tR . The agent will perform Action tA  based on the policy and tS  . 
Then, the environment will move from current State tS  to the next State 1tS +  and the 
associated “reward” 1tR +  will be output. The state 1tS +  and reward 1tR +  will be fed 
back to the agent. The process iterates until the terminal state is reached. The goal of 
the model is to learn the policy which optimizes the cumulative reward.

To train the RL model and learn the optimal policy, one way is to use Monte 
Carlo Tree Search, which is a searching algorithm to determine the best moves. 
It repeated the process of “Selecting ➔ Expanding ➔ Simulating ➔ Updating” 
to update the nodes in a tree (Figure 2) [16]. Each node in the tree represents the 
action we can take, with a node value which can be the probability of winning or the 
expected reward. At “Selecting” stage, we select the path by the value of the node 
until we reach the leaf node at the end of the branch. At the leaf node, we “Expand” 
by randomly choosing the action from the action space. Then, we “Simulate” the 
complete rollout, until the terminal state and obtain the final cumulative reward. 
The reward will then be backpropagated to update the values in each node along 
the path.

RL, in combination with the Agent-Based Model and the SIR model, will help 
the government make the best decision possible to combat the pandemic [17]. The 
state and the environment in RL can be simulated by the Agent-Based Model and 
SIR Model.

The reward function can be designed based on the pandemic statistics and 
economic statistics generated from the Agent-Based Model. The trained RL model will 

Figure 1. 
Basic reinforcement learning model.
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be able to advise the government on the best course of action to take at various stages 
of the pandemic and scenarios in order to contain the pandemic with the least amount 
of economic effect. The agent is to be trained with empirical demographic data, 
pandemic data and economic data in pandemic time to simulate the impacts of policies 
conditioned with the predicted pandemic data. An Action space can be defined. Social 
distancing, lockdown, company and school closures, wearing a face mask, doing 
nothing, public hygiene promotion and so on. The impact of policies can be highly 
dimensioned vectors and subject to execution error. However, all these attributes can be 
inputs of the simulations and the prediction error can be reduced by more data input.

With the numerous simulations, government can have a full profile of impacts of 
policies to be taken in different scenarios by making assumption on the parameters 
of the effectiveness of policy, say the shut-down of schools reduce the younger 
age group infection by {38.2%, 50%, 61.8%}, and the impact of this reduction can 
be propagated to other age groups through a trained Boltzmann Machine which 
depict the dynamics of infection rate between the age groups. The fidelity of the 
simulations is correlated with the complexity of model and number of data used to 
train the model.

The reward functions can deviate across regions; however the reward function 
can be designed based on the pandemic statistics and economic statistics generated 
from the Agent-Based model. The trained RL model would allow the government 
to select the optimal policy and evaluate the drawbacks before the policy is 
implemented.

2.4 Public health emergencies accelerate the implementation of AI

Many AI technologies, such as robots assisting in hospital transportation, have 
accelerated as a result of the epidemic’s social isolation. One of the most contentious 
examples is contact tracing. Many countries around the world have successfully 
developed contact tracing systems, allowing them to efficiently monitor the 
epidemic’s spread. This strategy, however, is seen as an infringement of privacy 
in the United States, Europe, and other countries. Although it has a bright future, 
there are challenges in the areas of privacy, data processing, ethics, and social issues. 
When it comes to medical information, these questions must be seriously addressed 
in the light of public health or personal health. During a public health crisis, the 
government must strike a balance between citizens’ rights and the need for effective 
prevention and control measures to efficiently control disease transmission until 
the outbreak is over, and then return to normal.

Figure 2. 
Phases of the Monte Carlo tree search algorithm. A search tree, rooted at the current state, is grown through 
repeated application of the above four phases.
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No one wants to replicate the epidemic’s mistakes. AI will be used in the 
future to prevent epidemics from arising and spreading. Hospitals will make 
effective use of sensors and wearable devices to collect outbreak data and report 
possible hazards in a timely manner, allowing them to properly respond to the 
crisis and avoid losing control again. Inevitably, privacy concerns would arise in 
the former. There are some notable inconsistencies between privacy rights and 
the requirements of machine learning. Although privacy security necessitates 
as little data sharing as possible, machine learning necessitates as much data as 
possible. Many countries are concerned that misuse of contact tracing could 
compromise privacy, so they have developed and implemented a variety of 
privacy security technologies. AI techniques, processes, and technology are being 
used to develop health care and programs. The good news is that they can coexist, 
and AI is a double-edged sword that can help to foster global governance and 
cultural change.

2.4.1  AI enables and promotes medical reform and public health emergencies by 
speeding up their incorporation into the medical system

Deep learning has the ability to process multidimensional data at high speeds 
while also facilitating the recognition of unique features, making it one of AI’s most 
far-reaching applications. Deep learning and deep neural networks have already 
been widely used in a variety of medical applications, including medical image 
recognition, drug design, decision support, and predictive analytics, to deliver 
accurate and rapid algorithmic interpretation [18]. A straightforward blueprint 
for how AI will be infused into health care as a result of the pandemic. The most 
accurate insights into health and disease can come from all of the world’s results. 
AI will assist us in being adequately prepared for the next pandemic, efficiently 
responding to public health monitoring and emergencies, and advancing global 
healthcare systems.

2.4.2  AI-enhanced data analysis for outbreak detection, early warning and flow 
adjustment

In order to enhance the timeliness and accuracy of outbreak detection and 
early warning approaches, public health researchers continuously analyze and 
explore sensor data and indicators to and from the physical world, including 
health, environmental, social, financial, and economic aspects, among others. 
Deep learning has been used to identify multiple infectious disease outbreaks. A 
dynamic neural network model was created to predict the probability of  infectious 
disease outbreaks in the United States, such as Zika virus (ZIKV). Decision-
makings can easily modify the risk of an indicator, the risk classification system, 
and the forecast window for prediction based on their own unique needs [19]. 
Support vector machine (SVM), gradient boosting machine, and random forest 
(RF) were applied to simulate the global distribution of infectious diseases. To 
train the models, multidimensional and multidisciplinary datasets were qualified 
and quantified, such as social variables, incident medical records, high-risk areas, 
and cyberspace data. The suitability of the temperature has been stated to have the 
best discriminatory power among variables, and random forest (RF) is known to 
obtain the highest area under curve (AUC) value [20]. Each bootstrap sample was 
fitted with an unpruned decision tree. The risk maps were accurate in over 80% 
of the observed risk ranks falling within the 80% prediction interval, according  
to random bootstrap samples drawn from the results [21]. The use of data from 
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the cyberspace, such as keyword google searches, Key Opinion Leaders’ blogs, and 
social media networking messages, has taken significant effort. Machine learning 
has been used for sentiment analysis and text classification from social media data 
for surveillance purposes. In India, a social media-based early warning system for 
mosquito-borne disease has been proposed [18].

2.4.3  What are the latest effects of intelligent early detection of infectious diseases, 
and what does this mean for the global battle against the epidemic in the future?

There are a number of major effects: For instance, there was no intelligent big 
data research in the past. The network accounts of various hospitals could not be 
compared after a single patient was diagnosed with an infectious disease. Now, 
using AI’s dynamic perception, the device may display an outbreak or cluster 
of infectious disease under uncommon conditions in real time via case reports. 
Second, the use of AI technology to evaluate the infectious case’s time, space, and 
meteorological factors may have an effect on the local agricultural product market 
and economic conditions. Third, disease patterns can be forecast and early alerts 
for key ties can be issued using infectious disease data and local environmental 
monitoring. While AI’s dynamic models of infectious diseases are consistent, the 
neural network model of experts must be introduced because infectious diseases 
have different epidemics in different regions.

2.5  Suggestions for accelerating AI-enabled public health emergency crisis 
response

2.5.1 Strengthen scientific research

The AI industry should concentrate on core technology research and 
development in order to address technological challenges. Overall, the application 
of AI technology for disease prevention and control is still in its early stages of 
growth. Furthermore, AI also has an inexplicability that prevents it from being fully 
incorporated into the epidemiological system. The use of AI technology in disease 
prevention has been hampered by the lack of timely data collection and integration 
capabilities. As a result, play a bigger role in command. Epidemic modeling can be 
used to perform theoretical research on interpretability and improve the processing 
of large multi-dimensional data to this end.

2.5.2 Expand AI application scenarios

AI has been commonly used in the medical field as a result of continuous 
optimization of medical data and algorithm models. AI has achieved a great 
improvement in work efficiency in a subversive way, particularly during this 
special time of the new crown epidemic, and has spawned new demands. The 
use of AI has demonstrated quick landings, a wide range of effects, and major 
effects. However, AI in disease prevention and control is still in its early stages 
of research, and there are still flaws and issues in many areas. The use of AI in 
disease prevention and control should be thoroughly investigated, and a set of 
creative and reliable AI approaches should be used to aid in the detection and 
treatment of epidemics, as well as to minimize the risk of staff cross-infection. 
Improve disease management and control effectiveness, and provide strong 
scientific and technical support for winning the fight against epidemic prevention 
and control.
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3. Using AI to solve the issue of public health emergencies

AI models have been applied to detect outbreaks of infectious diseases. 
Researchers have a long history of successfully developing a global outbreak 
 surveillance approach using Internet-based approaches. Internet-based disease 
tracking approaches have provided a real-time alternative to conventional  
indicator-based public health disease surveillance [22, 23]. Internet-based 
 monitoring systems use a range of open-source Internet data, including online 
news and social media, as well as other Internet-based data sources, to detect  
early warning signals of threats to public health. AI techniques have played a 
significant role in a series of data processing and analysis activities. AI techniques 
have recently become popular for completing tasks in highly dynamic, complex, 
and data-rich environments. In the modern age of public health approaches, it is 
critical and important. Machine learning and deep learning as AI core technologies 
are among the most important, methodologically, for fundamental and increasing 
interests, intense research activities in the interdisciplinary field of AI. Despite the 
impressive list of achievements already achieved, AI technologies in the sense of 
public health and public health monitoring are still in their early stages of growth, 
with a lot of potentials yet to be realized. Outbreak identification, early warning, 
trend prediction, and public health evidence-based approaches effectively response 
modeling and assessment are among the core tasks of public health surveillance and 
response, particularly in light of the current COVID-19 pandemic.

3.1 Using AI to deal with public health emergencies

By pinpointing specific demographics or geographies where population health 
issues exist, AI and machine learning can help to target and precisely implement 
education and treatment programs and reduce spending waste. AI enables 
computers to mimic the cognitive function of human minds, and machine learning 
gives computers the ability to learn without being explicitly programmed. By using 
AI and machine learning to review vast sets of real-time data, health experts can 
identify at-risk populations for any number of diseases, from diabetes to heart 
disease. Throughout the coronavirus pandemic, the industry has witnessed the 
power of clinical surveillance. With a broad array of discrete tests that can identify 
a COVID-19 infection, health systems and public health authorities have needed a 
way to interpret and track the patients with infections.

3.1.1 Connecting the data with surveillance

Data is at the heart of clinical surveillance. When data is combined with 
evidence-based clinical decision support, a single source of reality can be created 
that connects the disease’s related symptoms, allowing for the discovery of how 
quickly a disease is progressing and what lab tests reveal. Keeping up with the 
latest advances in medical terminology and the related diagnosis and procedure 
codes is critical for recognizing clinical patterns as well as securing support, 
funding and reimbursement. Many health systems have transitioned to finding 
out the patterns in COVID-19 and better predicting respiratory and organ failures 
associated with the virus, despite being reluctant to implement technology in 
the past.

When the pandemic struck, healthcare providers immediately shifted their focus 
to include COVID-19 updates in their clinical surveillance activities. Hospitals and 
healthcare systems have been able to proactively monitor patient status for earlier 
interventions and broaden data flow in significant ways with a centralized, global 
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view of COVID-19 cases coupled with real-time alerting. Age, where the disease 
was possibly contracted, if the patient was examined, and how long the patient 
was in the ICU are only a few of the important patient measurements that have 
been monitored. Patients’ pre-existing conditions were taken into account during 
surveillance. This data trail assists providers in developing a constantly evolving 
coronavirus profile and provides key data points for reporting to state and local 
governments and public health agencies. Clinical monitoring now brings together 
information from various areas of the hospital and clinics into a centralized view of 
COVID care, such as lab results, patient data, co-morbidities, mortality, and drugs, 
since there are no other ways to put together seemingly fragmented information.

3.1.2 COVID-19 accelerated AI advancements

COVID-19 puts people at risk of sepsis, so they wanted to identify those who 
were most at risk. Many AI-powered fast-tracking techniques were put to the test. 
This health epidemic shows what can be done to anticipate and avoid a variety of 
chronic health concerns. This technology can then be used to save lives and money 
in cases where prevention has proven to be ineffective. To achieve those savings, 
it is necessary to refine the use of AI for clinical surveillance; 2) extend access to 
everything from electronic health records (EHR) to knowledge that exists outside 
of direct clinical settings, ranging from the omics to social determinants of health; 
and 3) differentiate AI hype from solutions that offer proven, actionable insights for 
specific clinical concerns.

3.1.3 The future of AI’s prospects in clinical emergencies

Though COVID-19 appeared to be a test ground for machine learning and AI, 
the industry had been focusing on harnessing technology’s power for healthcare-
associated infections (HAI) for some time. According to publicly available reports, 
HAIs cost the US healthcare system up to $45 billion a year [24]. On any given 
day, about one out of every 31 patients will be infected with at least one HAI [25]. 
One example is C. difficile infections (C. diff). C. diff raises the risk of inpatient 
death and duration of stay, putting hospitals at risk of financial penalties. Machine 
learning, on the other hand, will predict which patients are at risk for C. diff 
infection, allowing physicians to treat patients more effectively and avoid the 
spread of the infection in hospitals. Hundreds of thousands of variables that may 
lead to C. diff, as well as how those factors interact, are analyzed using machine 
learning. It is always learning and incorporating new data and information. 
Machine learning, when used in a clinical surveillance system, may identify 
at-risk patients before their infection progresses, adding variables that physicians 
frequently find difficult to detect when handling several patients, as well as 
conditions that are outside of their normal scope of practice.

Rules-based systems are less effective for these “edge” scenarios, as researchers 
know, since each new data feature necessitates a new rule. AI at warp speed will 
help hospitals and communities respond to complex cases like COVID-19, C. 
diff, and even sepsis until clusters, outbreaks, or critical medical emergencies 
worsen. Clinical surveillance based on AI can monitor when relevant factors arise 
in a specific way and understand how timing plays a role in interactions. Time 
is difficult to incorporate, but recognizing when the white blood cell count has 
increased or decreased, for example, is crucial to make reliable C. diff predictions.

These types of forecasts can make a huge difference in clinical emergencies 
like brain injury, heart arrest, and respiratory failure in healthcare organizations 
all over the world - cases where minutes can mean the difference between life and 
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death. Clinical surveillance with AI has the ability to provide next-generation 
decision-support resources that incorporate powerful technology, public health’s 
preventive emphasis, and clinicians’ diagnosis and treatment expertise. As a result, 
surveillance has the potential to play a key role in achieving the quality and cost 
goals that our industry has long pursued.

4. Conclusion

Overall, the use of AI technology for disease prevention and control is still in 
its early stages of investigation; there is an inexplicability about AI that prevents 
it from being effectively incorporated into the epidemiological system, and data 
collection and integration capacity building is still lacking. Due to lag and other 
problems, AI technology has been largely restricted from playing a larger role 
in epidemics prevention and control. To that end, disease modeling should be 
used for theoretical interpretability analysis, and large multi-dimensional data 
processing capacities should be enhanced to compensate for the corresponding 
technological flaws. However, it is important to understand and acknowledge the 
weaknesses and potentially major prejudices associated with public health big 
data, and there is still space for improvement. To comply with social ethics and 
norms, intellectual properties in algorithm methodologies and interpretability, 
as well as privacy security, should be given serious consideration. AI-enabled 
and –enhanced evidence-based public health monitoring and response, as seen in 
various AI applications in the medical sector, has real potential, but there are major 
challenges ahead.
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Chapter 12

Management of Healthcare Waste 
in Healthcare Emergencies
Julius Manjengwa

Abstract

Proper management of waste in healthcare emergencies is key to preventing 
spread of infections within an emergency. The risks of poor waste management are 
varied with the risks of spreading infectious diseases being the most important to 
consider. Chemical pollution should also be considered as water sources can easily 
be polluted. Careful thought and planning including a risk assessment should be 
carried out and the results should be publicized to create a common understand-
ing of the problem at hand. This will also inform the methods to be used for the 
management of waste. Training of healthcare workers is key to creating common 
understanding of the problem at hand. The different types of waste to be gener-
ated should be well understood and methods to manage it should be well thought 
out before implementation. The decision on the different methods used to man-
age waste should be informed by the risk assessment and the available resources. 
However effectiveness to deal with the waste produced should be considered above 
all factors. Proper healthcare waste management is imperative to preventing further 
infections that might not be part of the original healthcare emergency. Planning to 
manage waste is a process that requires information before implementation.

Keywords: Waste management, Risk Assessment, healthcare emergency, infections, 
chemical pollution

1. Introduction

Correct disposal of waste is critical in public health and even more critical in 
healthcare emergencies to improve safety. Existing collection and disposal systems 
can also be disrupted when there are unexpected volumes of certain types of health 
care waste as a result of healthcare emergencies. In some cases like, non-healthcare 
settings (quarantine centers, holding areas, designated hotels, households and 
refugee camps for displaced people) there might not be any provisions for manag-
ing healthcare waste. If healthcare waste is not dealt with quickly and appropriately 
enough it has the potential to worsen the situation. Waste from healthcare settings 
can be varied and includes used needles, syringes, soiled dressings, body parts, dead 
bodies, pharmaceuticals, medical devices, and laboratory related waste.

In order to better manage healthcare waste strict segregation is key as the bulk 
of the waste is non-infectious waste that can be managed by simpler methods. Poor 
segregation might lead to an increase in the volume of infectious waste as once 
mixed you cannot separate the waste and all the waste will now be treated as infec-
tious. In general non-infectious waste constitute 75–90% of all healthcare waste 
while only 10–25% of the waste is clinical waste. The focus is on the 10–25% of the 
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waste produced that is infectious. Depending on the type and cause of health care 
emergency the clinical waste can be sharps, chemicals, radioactive waste, genotoxic 
waste, pathological waste, pharmaceutical waste and dead bodies.

Healthcare emergencies as a result of an infectious diseases outbreak can lead 
to increased amount of infectious waste. In the event of a disease that is of a respi-
ratory nature (like TB and COVID-19) surgical masks will be needed to reduce 
human to human transmissions in everyday life as well as to reduce infections from 
patients to healthcare workers. The disposal of the face masks in non-healthcare 
settings requires a different perspective as the waste is now being generated even 
at household level. Use of latex or plastic gloves can also be encouraged in cases 
where diseases are spread by contact. This also significantly rises the amount of 
waste produced outside of healthcare settings. How this waste is managed needs 
special attention and strong policies. In order to better manage this level of waste 
production it is important to make sure that new lines of waste management are also 
opened beyond the usual hospital set up.

In non-emergency situations, the amount of waste produced is stable and easily 
managed with usual routes and methods. The integrated management of healthcare 
waste that comprises segregation, collection, storage, transportation and treatment 
should be significantly enhanced when there is a healthcare emergency. The entire 
chain should be adequately monitored in order to secure the waste at all stages. In 
order to better manage the waste introduction of mobile treatment facilities use of 
microwaves, steam disinfection can be used as innovations. The best available waste 
treatment technologies should be selected together with transitional methods that 
can be used to manage healthcare waste on an interim basis. However incinerations 
remains one of the most important ways of managing waste.

1.1 Risks of poor waste management

In emergency situations the major issues are generation of high volumes of 
healthcare waste in healthcare settings or generation of health waste in non-
healthcare settings. This can overwhelm the existing settings leading to improper 
management of waste.

The immediate effects of improper healthcare waste management is visual 
nuisance and serious smells. Healthcare waste is known to be a source of contami-
nation and forms a part of the transmission routes of certain diseases through

i. Direct contact: this can result in needle stick injuries, direct ingestion. The 
risk with needle stick injuries is the transmission of Hepatitis B, C and HIV 
which are the most commonly transmitted blood borne pathogens. Injection 
drug users who do not normally have access to sterile needles can end using 
any sharps they find in their way leading to transmission of diseases. In areas 
where people scavenge waste sharps, drugs and other disposables can end up 
being repacked and being resold. Depending on the route of transmission 
and type of healthcare emergency other pathogens also become important. 
During the Ebola outbreak management of dead bodies became key as 
contact with dead bodies became a significant route or transmission further 
exacerbating the healthcare emergency. Corona viruses are known to survive 
outside of the body for days.

ii. Transmission by air: smoke emissions containing pathogens ad hazardous 
by products like carbon monoxide, dioxin, furans heavy metals and more 
specific chemicals when expired drugs are burnt.
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iii. Pollution of water and environment: Untreated waste can contaminate 
surface and ground water from pathogens and chemicals. Organisms like 
Hepatitis A virus, clostridium tetani, polio viruses and fecal coliforms 
survive in water and soil.

iv. Contact via vectors: Flies carry diseases from one place to another and poorly 
managed waste can be a source of the pathogens that will be carried by the 
flies. There are also animal vectors like rodents who carry dangerous patho-
gens like yersinia pestis (Plague), tularemia and Lassa fever viruses among 
others [1].

It is important to avoid creation of another healthcare crisis as a result of poor 
management of waste. Some of the diseases like cholera, plague and Lassa fever 
have epidermic potential making it important to prioritize healthcare waste man-
agement. This chapter explores available methods of managing healthcare waste in 
healthcare emergencies. The efficacy of the different methods of managing waste 
are described fully.

2. Preparing to manage waste

In order to protect the environment the waste management hierarchy is a useful 
tool in guiding how waste is managed. In healthcare emergencies however, it is not 
always possible to follow this hierarchy. Disposal becomes a common way of dealing 
with health care waste in healthcare emergencies as either the waste is produced in 
non-healthcare settings or the amount of waste overwhelms the usual healthcare 
settings (Figure 1).

The modern methods of medicine are such that it is not possible to completely 
prevent the generation of waste. It is very important that the generation of waste be 
minimized to the lowest possible level. The types of waste generated most health-
care settings are described below.

2.1 Categories of waste

Waste can be categorized as follows:
Management of waste is highly dependent on knowing the type of waste that is 

being generated. It is important that facilities take time to evaluate the type of waste 
that is being generated and to create the necessary awareness about the waste being 
produced.

The advent of a healthcare emergency should call for a comprehensive risk 
assessment that Is all encompassing. This needs to be carried out by competent 
health and safety professional together with other health care professionals.

2.2 Risk assessment

Healthcare emergencies present with risks of exposures to different types of 
health hazards. It is recommended that a full risk assessment be carried out and all 
possible exposure scenarios assessed and controlled. The exposure analysis should 
focus on healthcare workers, waste handlers, the public and the environment. 
All types of healthcare waste should be assessed (refer to Table 1 above) and best 
ways of handling it described. In some cases a waste needs assessment might be 
useful [3].



Science-Based Approaches to Respond to COVID and Other Public Health Threats

236

The results of the risk assessment should be publicized. If big gaps are identi-
fied, waste handling policies and procedures need be updated to adequately address 
the risks identified. Risks assessments are an important part of anticipating dangers 
and preventing any accidents and exposures before they happen. Risks assessments 
are key in elevating awareness and ownership of the waste management procedures 
in health care emergencies. In most cases the existing policies and procedures might 
not be able to cover all the types of waste that come with emergencies.

A risk assessment typically involves risk identification, risk quantification, 
control, implementation and verification. It is recommended to carry out a risk 
assessment whenever conditions change in facilities and this can cover increased 
waste production, outbreaks, new procedures and new personnel.

Data to inform the risk assessment can be collected through:

• Interviewing key informants in the healthcare emergency: this helps to get  
relevant information about the existing healthcare waste management  
processes and procedures

Figure 1. 
Waste management hierarchy [2].



237

Management of Healthcare Waste in Healthcare Emergencies
DOI: http://dx.doi.org/10.5772/intechopen.99884

• A walk through the health facilities, camps, quarantine centers and all places 
used to manage the health care emergency helps with the familiarization with 
the physical context of the situation at hand

• Processes involved can be mapped to visualize the situation and this will be 
complemented by spot checks to verify

2.3 Creation of awareness of the different types of waste being produced

In order to better manage waste in the healthcare emergencies it is critical that 
everyone involved in the production and eventual management of the waste is 
aware of the type of the waste that is produced by the healthcare activities. Creating 
awareness is critical in making sure that everyone is aware of the methods of 
managing waste that will be used the manage the waste. In healthcare emergencies 
the most sophisticated and usual methods of managing waste might not be available 
hence the need to define the available methods.

The awareness can be created by short training sessions, development of SOP’s 
and illustrative job aids on how to manage the waste. Due to the fact that waste is 
managed by people of different professional backgrounds the trainings need to be 
in language that is easily understood by everyone who is involved in the manage-
ment of the waste. Training in vernacular language will be encouraged. Depending 
on the situation handwritten instruction can suffice.All these interventions can be 
informed by the risk assessment.

2.4 Training of health care workers and waste handlers

Formal training on waste handling can become a necessity to all healthcare 
workers in emergencies as it facilities and managers try to avoid transmission of 

Category Waste

Category 1 Human Anatomical Waste (human tissues, organs, body parts)

Category 2 Animal Waste (animal tissues, organs, body parts carcasses, bleeding parts, fluid, blood 
and experimental animals used in research, waste generated by veterinary hospitals, 
colleges, discharge from hospitals, animal houses)

Category 3 Microbiology & Biotechnology Waste (Wastes from laboratory cultures, human and 
animal cell culture, infectious agents from research and industrial laboratories, wastes 
from production of biological, etc)

Category 4 Waste Sharps (needles, syringes, scalpels, blade, glass, etc. that may cause puncture and 
cuts. This includes both used and unused sharps)

Category 5 Discarded Medicines and Cytotoxic drugs (Waste comprising of outdated, contaminated 
and discarded medicines)

Category 6 Soiled Waste (Items contaminated with blood, and body fluids including cotton, 
dressings, soiled plaster casts, linens, bedding, other material contaminated with blood)

Category 7 Solid Waste (Waste generated from disposable items other than the sharps such a tubing, 
catheters, intravenous sets etc.)

Category 8 Liquid Waste (Waste generated from laboratory and washing, cleaning, housekeeping and 
disinfecting activities)

Category 9 Incineration Ash (Ash from incineration of any bio-medical waste).

Category 10 Chemical Waste (Chemicals used in production of biologicals, chemicals used in 
disinfection, as insecticides, etc.)

Table 1. 
Healthcare waste categories.
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infections within the healthcare settings. It is however important to train further 
the waste handlers as they are integral in the management of waste. They are mostly 
recruited as general hands in the healthcare facilities. It is important that they get 
training on the management of the different classes of waste that might come in 
the facilities, Trainings in most cases should emphasizes the risks involved with the 
different types of waste and how that can protect themselves from the different 
exposures. The level of technical depth need to be adjusted appropriately to aid 
comprehension. in most cases local languages are recommended.

3. Available methods to manage healthcare waste

The results of the formal risk assessment forms the basis of interventions. 
The report should detail identified risks and mitigation measures put in place. 
Mitigation measures should be revaluated for effectiveness. The identified risks 
should also inform training of the health care workers and waste handlers. 
Following careful consideration of the risks and the type of waste that is being 
produced different ways of managing it need to be described. According to the 
waste management hierarchy it is important minimization is the first step towards 
managing the waste. The management of healthcare waste is contextual and should 
be guided by relevant legislations, regulations, available technology, costs and 
environmental and occupational health and safety factors [4].

3.1 Minimization

The reduction of waste at point of production should be applied to the furthest 
extent possible. It includes rational and risk-based PPE’s usage, choice of materi-
als with minimal packaging, unpacking at areas of low risk of contamination with 
infectious agents. Use of materials that can be cleaned or disinfected can greatly 
reduce amount of healthcare waste [2].

3.2 Segregation

Healthcare activities produce different types of waste. It is always safe to assume 
that only waste produced in administrative areas is considered non-hazardous. A 
risk assessment however should inform how you manage the waste throughout 
the emergency setting. The table below shows a typical color coding of bags under 
normal non-emergency settings. If these waste management and treatment options 
are available in emergency situations they should be adopted (Table 2).

The three-bin system is the most commonly used and segregates waste into three 
categories namely general waste, infectious waste and sharp waste. This also simpli-
fies the work of the waste handlers as they will only deal with a small number of 
waste types. However it is not always the case all the waste can easily be categorized 
into these three categories (Figure 2).

Based on information obtained in the risk assessment the more categories might 
be needed as per the first table. In emergency situation this might be adequate 
depending on the type of waste predominantly being produced.

3.3 Collection transportation and storage

After generation and segregation of the waste it needs to be transported from 
the point of generation either the final disposal point or the temporal holding place. 
All infectious waste should be collected in clearly labeled lined containers and sharp 
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waste in sharp boxes. In cases where people are in quarantine centers, holding centers, 
camps and other non-healthcare settings, waste like used masks, tissues, and other 
non-biodegradable waste is collected in double bagged red bags. It will be ideal to have 
the bags sealed and labeled with a date and time.There is no need to treat these materi-
als with disinfectant first but tying and wiping the outside with 0.5% chlorine should 
be sufficient as an additional measure to reduce spread of diseases. The collection of 
the waste should take place at times that are least busy to prevent exposure to people 
from the carts that might be used to transport the waste. Full PPE should be provided 
to the waste handlers. Transportation of hazardous and non-hazardous waste should 
always be done separately using the principle of clean to dirty places with hygienically 
sensitive areas being the areas to start from followed by the other places.

Waste holding areas should be designated wherever possible. When new build-
ing are being built it should be incorporated in building design. The size of the 
holding areas should be according to the amount of waste that is anticipated to be 
produced. The holding areas should be totally closed off and separated from essen-
tial areas like supply areas or food preparation rooms and only authorized staff 
should have access to that space. The floor of the holding area should be of material 
that is easy to clean like vinyl.

Waste that is highly infectious like waste contaminated with blood and other 
bodily fluids, microbiological cultures, stocks of infectious agents from laboratory, 
swabs,bandages, medical devices and pathological waste must be selected sealed 
to allow easy disinfection and need to be identified as infectious waste area using 
the biohazard sign. The time from generation of waste to treating it should not 
exceed 24 hours in the warm climate areas in the summertime. In temperate climate 
72 hours can be allowable in winter and 48 hours in summertime. Refrigerated 
storage if available can allow for waste to be stored for up to a week. This might 
be relevant where pathological waste involved. Pathological waste is considered 
biologically active and gas production might be expected in storage.

Color Type of Container Waste 
Category

Treatment options

Yellow Plastic Bag Categories 1, 
2, 3 & 6

Incineration deep burial

Red Plastic Bag Categories 3, 
6, 7

Autoclaving/Micro-waving Chemical 
Treatment

Blue/White 
Translucent

Plastic Bag/ 
puncture proof 

containers

Categories 4, 7 Autoclaving/Micro-waving/ Chemical 
Treatment & Destruction / shredding

Black Plastic Bag Categories 5, 
9, 10

Disposal in secured landfill

Table 2. 
Color coding of waste bags.

Figure 2. 
Three bag waste segregation [5].
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If pharmaceutical waste is to be stored it should be separated from other waste. 
In general pharmaceutical waste can be hazardous and non-hazardous in solid and 
liquid form. Local and international regulations should be followed to better man-
age this waste. If chemical waste is anticipated the characteristic of the waste need 
to be considered in terms of the reactivity of the chemicals. Under normal circum-
stances this should be a different area from the other waste. In emergency settings 
there might significantly differences as there might not be all these different spaces 
to hold waste.

The staff who handles the waste should be given the appropriate personal 
protective equipment like thick Gloves, boots and aprons. In addition, appropriate 
training should also be offered. The waste holding centers should be easy to clean, 
safe and locked up, well ventilated and most importantly protected away from 
animals, rodents and insects.

When the waste is to be transported offsite the labelling on the waste should 
be non-washable, the date and time of production should be clear, the name of the 
person sending other waste should be clearly stated, the category of the waste, and 
the contact details of a person in case of emergency.

3.4 Treatment

This waste should be treated on site before safe disposal. If the waste is to be 
moved off-site it is critical to understand where and how it be transported, treated 
and disposed. Waste should be treated prior to final disposal if non-combustion 
methods of disposal are to be used. The preferred methods include This can be 
useful in places where it is difficult or expensive to have an incinerator.

3.4.1 Autoclaving

Use of combination of steam, heat, and pressure to disinfect waste and equip-
ment. The combined effect of saturated steam under pressure and heat kills micro-
organisms. To guarantee that the process is working well chemical and biological 
indicators need to be added to be process on a regular basis or with every autoclav-
ing cycle. In combination with shredding, grinding, mixing the volume of the waste 
can be significantly reduced. Autoclaves can also be easily moved to sites they are 
needed depending on size in the process increasing access to waste treatment to the 
different sites for this method of disposal.

3.4.2 Microwaving

This is a recent technology in healthcare waste management. Microwaving 
technology heats the water in the waste. Some microwaving devices include trans-
formation devices like shredders or blenders. It is however not suitable in waste that 
might contain metallic items like surgical equipment. It can be done in batches or in 
a continuous manner (an automated process). However microwaving might not be 
suitable for all types of waste like anatomical waste. Chemical disinfection should 
be considered depending on circumstances [6].

3.4.3 Chemical disinfection

The most common and readily available method of chemical disinfection is 
use of hypochlorite solution. It has oxidizing properties and removes most of the 
microbial burden in the waste.
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3.5 Destruction of the waste

Incineration is the commonest way of destroying most healthcare waste. If 
it available especially in formal healthcare settings is the most commonly used 
method of getting rid of the healthcare waste. Incineration involves a high tem-
perature (850–1100 degrees Celsius) dry heating process that reduces organic and 
combustible waste to inorganic incombustible matter. It highly efficient in reducing 
weight of the waste. However it produces toxic emissions if the equipment is not 
well functioning. Dioxins and furans are generated by the combustion process 
which contains chlorine. They are highly toxic and bio accumulative. They can cause 
reproductive developmental problems, damage to the immune system, interference 
with hormones, and also can be mutagenic [6].

It is costly to have the High temperature incinerators. Incinerators use high 
heat to destroy waste. The De Montfort Incinerators can be rapidly deployed to 
emergency settings as they are small. In some cases single-chamber drum and 
brick incinerators can be designed to meet the healthcare emergency needs where 
resources are limiting. Transition to more sophisticated incinerators can be planned 
depending on the length of the healthcare emergency. Depending on setting, 
mobile incinerators can also be availed to add to the waste management strategies in 
the developed world in response to healthcare emergencies.

More sophisticated types can be deployed with time as they offer the option of 
polluting the environment less. The sophisticated ones include the dual chamber 
incinerators, and the co-incinerators. Dual Chamber incinerators burn waste at 
temperatures as high as 850 degrees Celsius in the primary chamber. The tem-
peratures are maintained by multiple gas and oil burners with the vapors from 
the primary chamber being directed to the secondary chamber with one or more 
burners that raises the temperatures to 1100 degrees Celsius. Flue gas treatment is 
recommended to reduce air pollution. Other incinerators can also allow for multiple 
types of waste to be dealt with at the same time [6].

The incinerators must be ideally located approximately 61 meters away from 
habitable buildings, 46 meters from water sources and 300 meters from agricultural 
site. The waste management site should always be enclosed. In urban settings these 
waste management centers should be offsite. The ash from the incinerators should 
be removed safely from the site and appropriately disposed in a pit.

In most healthcare emergencies it might not be possible to have the incinerators 
in all possible places where healthcare waste is being produced. In addition, the 
available incinerators are easily overwhelmed due to the increased volumes of waste 
produced during emergency settings.

4. Other alternatives in healthcare emergencies

4.1 Onsite burial of waste

Onsite burial of waste can be considered in cases where the resources are limit-
ing, and the amount of waste produced is also small and also if it is for a limited of 
time. The pit should be 1–2 meters wide and 2–5 meters deep. The bottom of the pits 
should be 2 meters above the ground water level to avoid contamination of ground 
water (Figure 3).

A fence should be constructed around the pit to stop wild animals and people 
from gaining access to the pit. Alternatively the waste can be burnt to reduce the 
volume of the waste.
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In cases where pathological waste is also being produced placenta pits can also be 
used to dispose to dispose pathological waste. These placenta pits need to be located 
in specific places with the view of avoiding contamination of ground water. Natural 
degradation and draining of liquid into subsoil will greatly reduce volume of waste.

Sharps need to be disposed in concrete lined pits after decontamination 
(Figure 4).

4.2 Washing, cleaning and disinfection

Existing cleaning and disinfection procedures for healthcare settings should be 
followed consistently. In most cases 705 ethyl alcohol and 0.1% sodium hypochlo-
rite are sufficient to disinfect most surfaces.it is recommended that all individuals 
in charge of environmental cleaning laundry and dealing with soiled bedding, 
towels and clothes from patients should wear appropriate PPE. Soiled linen should 
be placed in appropriately labeled leak proof bags or containers after carefully 
removing any solid excreta.

It is recommended that utility gloves or heavy-duty reusable plastic aprons are 
cleaned with soap and water and decontaminated with 0.5% sodium hypochlorite 
each time they are used.

5. Management of dead bodies

The number of deaths in most healthcare emergencies can significantly increase. 
Management of dead bodies has to be considered from a cultural point view as different 
cultures view dead bodies in differently. Burial has to be done by the relatives of the 
deceased, but it can be dangerous in cases of death from an infectious disease that is 
transmitted by casual contact. Most cultural practices involve dressing dead bodies, and 
this can significantly lead to an increased transmission of diseases like Ebola (and other 
viral hemorrhagic fevers). Communities need to be educated on the dangers of han-
dling dead bodies in these type of healthcare emergencies. There might need to train 

Figure 3. 
Waste disposal pit [7].
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workers at morgues on how to handle dead bodies in cases of disease outbreaks. During 
the Ebola outbreak management of dead bodies became a significant source of spread 
and this management of dead bodies was taken over by health care professional up to 
burial. Traditional practices like body viewing were not practiced and the dead bodies 
were taken to the burial sites with minimal delay and no gatherings.

In case of natural disasters like earthquakes, volcanic eruptions and floods were 
there are mass deaths the need to identify the dead bodies before burial becomes 
a critical step. This has the potential of overwhelming mortuaries as pathology 
services are not usually decentralized in most countries. The delays in DNA analysis 
in most settings is due to a limited number of laboratories that offer this high spe-
cialty service. Culturally close families prefer to bury their families after accurate 
identification.

Figure 4. 
Sharps disposal pit.
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6. Management of chemical pharmaceutical waste

Chemical waste can be produced from increased laboratory testing. In managing 
chemical waste it is important to consider the risks associated with the chemicals 
which should be informed by the risk assessments. The chemical incompatibilities 
of the different chemicals involved together with their anticipated volumes to be 
produced. It might be necessary to have specific storage spaces for the chemical 
waste being produced. In most infectious disease outbreaks use of polymerase chain 
reaction (PCR) to confirm infections can lead to increased production of dangerous 
chemicals like ethidium bromide. However, the use of the chemical in medical labo-
ratories is decreasing due to its mutagenic nature. Use of mercury-based measuring 
instruments can also lead to mercury waste which is dangerous. The impending ban 
on use of based thermometers and sphygmomanometers will great reduce the risk 
of having mercury as hazardous chemical waste in healthcare settings.

Pharmaceutical waste includes expired drugs, contaminated pharmaceutical 
products, drugs, vaccines and sera that is no longer needed. Items used in the han-
dling of pharmaceuticals is also included in this class of waste and includes bottles 
gloves, masks, vials, and tubing contaminated with pharmaceutical residues.

7. Conclusion

Management of healthcare waste should be highly prioritized in healthcare 
emergencies. Recent healthcare emergencies like the Ebola outbreak in west Africa 
and now the covid 19 pandemic have improved awareness and need to invest in 
innovative ways of managing waste. The EBV outbreak also highlighted the risks 
associated with traditional/cultural norms of burying dead bodies. This was 
extended to covid 19 as people in full PPE gear could be seen burying dead bodies in 
most countries. Lessons learnt in the different types of healthcare emergencies are 
very important for the next emergency.

Risk assessment has become a very important concept in the management of 
biosafety issues (including waste management). It is important to have a formal way 
of anticipating for potential exposures and making sure that the potential risks of 
exposure are removed from the from the facility. If systematically done in different 
emergencies it can adequately prevent exposures. Involvement of everyone who has 
a role to play in waste management significantly improves its effectiveness.

Training of healthcare workers is of paramount importance. in some cases, due 
to the nature of the emergency it might be important to reorient people on how the 
waste is going to be managed. Different emergencies present different risks and 
it Is important to customize the training on order to make sure that it is effective. 
Consideration of the different levels of employees is key if there is to be prevention 
of exposures. The EBV out breaks restricted orderlies from doing many duties as the 
danger of exposure increased especially from dead bodies. This coupled with the 
expensive PPE meant that the healthcare professionals had to be heavily involved. 
Use of appropriate technical language is key to making use that there is transfer of 
usable skills. Additionally evaluation of the trainings in this case need to be done to 
make sure that people understand what they have been taught. A retraining can be 
organized in case people did not fully understand.

The sudden increase in healthcare waste generation or generation of healthcare 
waste in non-healthcare settings means there is need to mobile resources to manage 
the waste. In high income settings alternatives can include use of mobile incinera-
tors to completement the onsite incinerators or to take care of healthcare waste in 
places where it is not possible to have incinerators like camps, quarantine centers 
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and other non-healthcare settings. The reaction of the Chinese to the covid 19 pan-
demic has highlighted innovative ways of managing waste like the mobile incinera-
tors that can be deployed to the places where the waste is being generated [8].

On the other hand, in low resource settings transitional methods can be applied 
as an interim measure as systems and resources are being put together to have more 
advanced technologies in place. The selection of the transitional methods needs to 
be made on the basis of adaptability to the setting. The methods should be readily 
available and adaptable with a known efficacy reducing the risk to public health by 
controlling the spread of infections and hazardous chemicals through healthcare 
waste. Technical options on the management of healthcare waste need be presented 
in the process of making a choice based on the resources that are available.

Expired drugs need to be disposed of as per the regulations of the country but 
incineration is the most common practice in most countries. Other classes of drugs 
are described as high risk and their disposal need to be monitored.

Proper healthcare waste management is imperative to preventing further infec-
tions that might not be part of the original healthcare emergency. Planning to man-
age waste is a process that requires information before implementation. Resource 
availability is key as some of the waster might require specific ways to manage it. 
The impending ban on mercury-based measuring instruments in healthcare will 
reduce the risks involved with their breakage in instruments like thermometers and 
sphygmomanometers. Risk assessments should inform all the waste management 
activities and should be carried out with everyone in mind.

© 2021 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms 
of the Creative Commons Attribution License (http://creativecommons.org/licenses/
by/3.0), which permits unrestricted use, distribution, and reproduction in any medium, 
provided the original work is properly cited. 
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Evidence-Based Preparedness for 
Post COVID-19
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Abstract

In spite of skepticisms at various levels, the COVID-19 pandemic posed 
 unprecedented impact on global health and economy. Although projections have 
yet to materialize, African countries are not at their worst with COVID-19. Yet, the 
worst is probably in the making despite swift, progressive, and adaptable responses 
many African countries have taken based on lessons from countries affected by 
the pandemic earlier. While efforts are underway to contain the current pandemic, 
the almost certain hit by another pandemic may call for appropriate preparation. 
This review aims to shade light on the need to align current COVID-19 prevention 
and management with preparation for the potential next one. A rapid review of 
available evidence was undertaken using clearly defined inclusion criteria and data 
analysis methods. The immediate focus of preparedness is coordination of interven-
tions where evidence generation, policy making, public and private sector as well 
as community engagement is required to contain the current COVID-19 pandemic. 
Improved/adapted mathematical projections to guide decisions; improved/adapted 
methods for risk communication and community engagement; improved methods/
technologies for surveillance, case detection and containment; optimal use of all 
the limited available resources; and strengthening partnerships at all levels need to 
be strengthened. Current endeavors should pay attention to strengthen the surveil-
lance system for early detection; provision of adequate health care infrastructure; 
strong and capable health workforce and financing. Furthermore, strengthen 
research capacity to play its role to shape the post-COVID-19 is critical by strength-
ening inter and intra-disciplinary research capacities; forging partnerships at all 
levels. Evidently COVID-19 has posed unprecedented challenge to the globe at large. 
Yet, it also offered opportunities to reassess existing health system vis-à-vis the 
pandemics. Besides, useful lessons from COVID-19 are that it does not discriminate 
human beings across the globe by economy, political system and socio-cultural 
backgrounds. This is a useful lesson for global solidarity and align efforts to contain 
post COVID-19 implications as well as to prevent and manage similar such pandem-
ics in the future.

Keywords: post COVID-19, responses to COVID-19, next pandemic, preparedness

1. Introduction

“This is like a world war, except in this case, we’re all on the same side” (Gates 2020)

In spite of skepticisms at various levels including by scientists, the COVID-19 
pandemic is spreading at unprecedented speed across borders severely impacting 
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global health and economy [1–3]. Globalization, which has often been celebrated 
for interconnecting countries, has now offered much more space and opportunity 
for the pandemic to easily cross boundaries and has seemingly ‘tipped the scales in 
favor of pathogens’ [4, 5]. The pandemic is still unchecked with thousands of life 
lost every day. Although the highly severe projections have yet to materialize [6, 7],  
COVID-19 is now well established in Africa [8, 9]. Estimates of future deaths 
projected to be in millions, in Africa, because of general poverty, malnutrition, 
prevalence of diseases such as HIV and TB, constrained health services etc. [6, 10]. 
While the potential role of climate, demography, BCG and other vaccines, and 
weakness in the reporting system including low rate of testing could not be ruled 
out [10–16], the relatively low number of cases seem to be in part because many 
African countries have taken swift, progressive, and adaptable responses despite 
resource limitations. Some studies indicate that, having garnered experience from 
several recent epidemics, Africa might have got it right after all [17] even though 
there is ‘no room for complacency’ [15, 18, 19].

Lockdown and social/physical distancing has been imposed in several countries. 
These and pandemic related pressures on the health system could have potentially 
unintended consequences including disruption of routine health services; wide-
spread economic challenge and hunger; worsening food insecurity; and increased 
violence with major impact on health/mortality [20, 21]. Even though the basic 
principles of infection control are universal, their concrete applications should be 
context specific [22]. Decisions must be based on risk sciences and as thorough risk 
and cost–benefit analyses [23, 24]. There are indications that early interventions 
could avert substantial number of infections and deaths [25, 26]. Thus, govern-
ments and public health authorities must play a balancing role as the evidence does 
not indicate a simple trade-off between lives lost to the pandemic and economic 
recession related to response [27]. The bottom line is policies must be internation-
ally coordinated, as WHO has called for since the disease has first appeared, and 
must recognize that neither abandoning control nor eternal lockdown are healthy 
options [10, 28, 29].

The Director General of the World Health Organization (WHO) indicated that 
the outbreak is a test of political, financial and scientific solidarity for the world to 
fight a common enemy that does not respect borders… what matters now is stopping 
the outbreak and saving lives [30]. However, this solidarity has failed to materialize 
to date because the pandemic has highlighted weaknesses in both ‘authoritarian’ 
and ‘democratic’ states with all trying to trade blames or downplay the danger for 
various reasons [4, 31, 32]. As compared to the previous pandemics, the current one 
shock the fabrics of society and threatens to change the course of history. As in pre-
vious pandemics, ‘public hysteria, fear, and conspiracy theories tend to derail public 
health responses’ [5]. ‘We Are Living in a Failed State’ – for USA no less [33] but also 
the world order is being seriously tested [34], with some predicting revolutions ‘re-
inventing Communism’ or ‘a new barbarian capitalism’ [35]. The post-pandemic is 
going to be tough although it is considered as an opportunity to re-evaluate what we 
want to prioritize as a civilization [36]. Therefore, it is imperative that we prepare 
for it as we struggle through the current one.

Most predictions of the next pandemic had influenza in mind, even though other 
catastrophe such as asteroids, mega volcanic eruptions or coronal mass ejection 
(CME) cannot be ruled out. Influenza is a truly universal disease. No virus poses a 
greater threat to more people [37, 38]. It is only good fortune that we haven’t seen 
another pandemic as severe as 1918 [39]. It is almost a certainty that there will be 
another influenza or other (of the some hundreds of new coronavirus species and the 
10,000 potentially zoonotic mammalian viruses) [40] pandemic of one magnitude/
type or another [30, 37]. The world is more interconnected. Global travel, internal 
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migration; and large-scale population displacement following natural disasters or 
conflicts has increased tremendously [41]; humans have seemingly ‘tipped the scales 
in favor of pathogens’ [5]. Ethiopian Airlines alone transported more than 10 million 
passengers in 2018, 21% more as compared to 2017 [42].

Bearing in mind that rarely has scientific provisions been as challenged as it is 
now even in the most developed countries, it is advisable to remember that medical 
scientists in general and tropical medicine specialists in particular ignore history at 
their peril [35, 39, 43]. So we should, as we struggle to control the current one, do so 
with preparation for the future in mind and hopefully break ‘the cycle of panic then 
forget’ since the first recorded pandemic [5, 44].

To date we have more tools at our disposal: better surveillance and diagnostic 
systems, stronger frameworks and regulations, such as the Global Health Security 
Agenda and Joint External Evaluations (JEE), and a deeper understanding of how 
diseases spread and what is needed to stop the spread of the virus [38, 41, 45]. 
So, what led to the near global chaos in the current pandemic was that, in spite of 
repeated warnings, the global community was ill prepared including the fact that 
lifesaving innovations are not reaching those who need them [29, 38, 41]. If the 
virus continues to spread throughout 2020, it will demonstrate in a very cruel way 
how well the public health systems of individual countries are functioning. These 
will be very important lessons in preparation for a future pandemic, which could be 
even more dangerous [46]. Already, attempts are being made to draw lessons from 
the various country experiences [47, 48]. Evidently, there is a political/economic 
dimension to pandemic preparedness. Epidemic preparedness is not beyond any 
country’s capacity although take proactive action remains a matter of political 
choice [38]. Uncannily, the COVID-19 pandemic began a few weeks after the end of 
PREDICT-2, the last-standing United States Agency for International Development 
(USAID) Emerging Pandemic Threats funding program, which supported a decade 
of virology, ecology, and epidemiology around the world [40].

As all low-income countries (LIC), Ethiopia is predicted to be heavily impacted 
by the current pandemic [49]. However, the force and united action garnered 
to fight the virus to recover from the COVID-19 economic losses and address 
the plethora of challenges that are impeding progress and sustainable develop-
ment [50].

A global ‘governance crisis is unfolding’ [18]. While adjustments to the Public 
Health Emergency of International Concern (PHEIC) declaration process might 
be warranted [51], the rule, as advised globally, should be to follow World Health 
Organization’s advice, end secrecy in decision-making and cooperate globally 
[24, 29, 52].

This should be done while resisting undue biologicalization/biomedical tunnel 
vision” (Thorp HH, 2020) of the disease or seeing the goal of containing COVID-19 
as a purely technocratic or law-and-order problem and developing context-specific, 
ethical approach to physical distancing [8, 22].

This rapid review was undertaken to articulate ways to support the current 
efforts to mitigate COVID-19 pandemic, leverage current efforts to strengthen the 
health system including monitoring and surveillance systems for early detection, 
management of future such pandemic and leverage current effort to strengthen 
research and evidence generation.

2. Materials and methods

We employed a rapid review of evidences in the forms of publications and 
reports on coronaviruses and associated policy and management. Although 
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numerous evidences are available, some are to date non-conclusive and others 
were not relevant to the theme in question. The rapid review thus helps to scope 
fragmented, opinion-based, large scale and sometimes-contradictory resources for 
easy use.

2.1 Search strategy

We searched through reports as well research outcomes on PubMed, and Google 
Scholar databases employing the key terms: “COVID-19”, “SARS-CoV-2”, “corona 
virus”, and “viral infections”, post “COVID-19”. Additional resources from the 
databases and dashboards on the websites of relevant institutions and guidelines 
of international organizations such as the World Health Organization (WHO), 
Center for Disease Control and Prevention (CDC) and the Ethiopian Public Health 
Institute (EPHI) were include as we saw it fit. The search period went as far back as 
2016 to July 15, 2020.

2.2 Inclusion criteria

Considering the broad scope of the theme under discussion, we maintained 
flexibility in terms of the documents that were eligible. Publications ranging from 
observational to experimental studies and from grey literatures to editorials and 
perspectives were included.

2.3 Data extraction and analysis

Data extraction and analysis included bringing together the evidences gener-
ated from different sources under current interventions and improving, leveraging 
the pandemic response to strengthen health systems, research and education. The 
research team comprising of four senior public health experts reviewed the contents 
of evidences separately to align them under defined categories.

3. Results and discussion

The findings is presented following specific themes in line with the objectives 
of the review. As such, articulation of ways to support current effort to contain the 
pandemic, strengthening the health system including monitoring and surveillance 
systems for early detection and management of future such pandemic and research 
interest were the major themes under which the findings are summarized.

3.1 Articulate ways to support current effort

The immediate focus of all concerned should, understandably, be to support 
the country articulate better ways to move out of the current crisis with as limited 
damage as possible. Moving out of the current crisis will clearly be a whole-society/
multi-sectoral effort as the pandemic will have major impact on the economic and 
social determinants of health [2, 49, 53]. Depending on measures taken, various 
outcomes are possible [54]. Experience show that pandemics hold several surprises 
and their control will require highly coordinated effort from all, scientists and 
policy makers in particular. WHO could strengthen the global effort by focusing on 
providing regularly updated recommendations from independent expert commit-
tees on preventive strategies and potential treatments for COVID-19; proposing 
universal and standardized ways of epidemiological data collection and reporting 
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from countries. It could seek for ways of accelerating the evaluation, selection, and 
prequalification of diagnostic tests; consolidate information on COVID-19 vaccine 
research progress and work upstream with partners to ensure equitable access and 
affordability of therapeutics and vaccines as they become available. It could facili-
tate logistical coordination and supply of reagents, personal protective equipment, 
and potential treatments. Finally, it could support countries with fragile health sys-
tems to maintain continuity of routine health care, particularly for chronic diseases, 
and primary health care [29]. Since we currently have only non-pharmaceutical 
response measures, the involvement of social and behavioral scientists is critical 
[55]. Success in the science with strong political and social leadership determine 
which scenarios unfold, so it is time to focus on what we can all do to help [56].

In the health sector, this implies strengthening the primary health care (PHC) 
approach i.e. empowering people and communities; developing multisectoral policy 
and action for health; and strengthening and integrating health services, with 
good-quality primary care supported by essential public health functions at the core 
[22]. The aim should be to ‘crush the curve’ of the pandemic [57].

3.1.1  Improved/adapted mathematical projections/outbreak science to help guide 
decisions

Mathematical projections/outbreak science has become the driving force behind 
the pandemic responses with growing calls to follow science including potential 
lessons from other risk science experiences [23]. However, we should bear in mind 
that mathematical models are useful exploration of questions are also dangerous 
way to assert answers. Various teams, primarily comprised of academic modelers, 
organized by, for example, the World Health Organization, the US Centers for 
Disease Control and Prevention have been involved [58, 59]. Obviously, research 
does not get much more policy-relevant since governments across the globe relying 
on these projections [59]. However, there is yet a lot to be learned about how the 
virus spreads that the models should be constantly updated with increasing knowl-
edge and information; a formidable task even with the best surveillance systems 
[60]. Because any single data type is likely to yield under- or over- estimate of the 
extent and spread of the disease, it is important to consider multiple data types and 
be cautious in relying on estimates without considering sources of bias [41]. Models 
(equation-based, agent-based …) are, at best, simplified representations of reality 
based on assumptions on the behaviors of the virus (reproductive rate, incubation 
period, death rate …), environmental/climate and individuals/societies including 
demographic composition and mobility [61, 62]. Even the best systems need regular 
updating and improvement based more on real data derived from epidemiologic 
investigations rather than assumptions [41, 63, 64]. In short, models should be used 
with prudence and we should ensure that modelling should not be considered with 
certainty than the models deserve; and politicians must not be allowed to offload 
accountability to models of their choosing.

In the Ethiopian context, the situation is compounded by the weak health 
management information system, diverse population and limited experience at 
modeling [65]. A recent modeling, for example (Figure 1), seems to clearly under-
estimate deaths by their won assumptions, leaving out possible deaths among those 
not hospitalized [66]. However, evidences reveal that majority of confirmed cases 
and deaths are from Addis Ababa.

Countries are expected to develop their own estimates based on demographic 
and epidemiological characteristics and update them periodically as data/info 
improves while networking and learning from the various efforts elsewhere. 
Typically, repeated runs with varying inputs and assumptions are undertaken on 
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several modes to avoid too much reliance on one mode [58]. The need, to develop 
the capacity to generate real-time, reliable, accessible and actionable data to 
empower leaders to act faster [42].

Based on experiences from the US, we should aim to change the health system by 
accelerating use of telemedicine; move away from traditional models of employer-
based health insurance; move away from nursing homes; address health disparities 
and the social determinants of health; improve drugs affordability; increase local 
production of drugs; enhance epidemic preparedness with more task shifting and 
improved financial management [57].

Organizational structures vary from country to country [58] but, in the 
Ethiopian context, the Federal Ministry of Health (FMOH), the Ethiopian Public 
Health Institute (EPHI), Regional Health Bureaus (RHB) etc. are destined to play 
the major role. It seems advisable to create a multi/interdisciplinary (epidemiolo-
gists, clinicians, health managers, social scientists, mathematicians …) team in 2–3 
universities and establish network or even a National Infectious Disease Forecasting 
Center or revamp EPHI to play this role [42]. The network/center should have a 
direct link with policy makers, adequate funding and access to data during out-
breaks. Models are only as robust as the data used to build them. In many settings, 
the infrastructure for collecting, collating, and cleaning high-quality data is under-
developed [58]. The network/center could attempt to create one data bank; the aim 
being to achieve precision public health which requires robust primary surveil-
lance data, rapid application of sophisticated analytics to track the geographical 
distribution of disease, and the capacity to act on such information. It could also 
join the WHO Global Research and Innovation Forum [30, 62]. Its term of refer-
ence (TOR) could include other non-epidemic issues see, for example, BARDA, 
CDC Health Economics and Modeling Unit; The Research and Policy for Infectious 
Disease Dynamics (RAPIDD) group in the Fogarty International Center at the 
National Institutes of Health (NIH), The International Initiative on Spatial Life 
course Epidemiology (ISLE) which could serve as possible contacts. Collaboration 

Figure 1. 
Attempt at Modeling the COVID Pandemic for Ethiopia. (Source: Adapted from [66], --- authors additions)
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with other (neighboring) African countries should be promoted [42, 62]. It is 
also important to consolidate training in field epidemiology and outbreak science 
methodologies [58] and, remember that no public-health research is complete until 
the key findings are effectively communicated and, ideally, implemented [67].

3.1.2 Improved/adapted methods for communication

The experience to date has, if need be, taught us the importance of timely, hon-
est, credible, empathetic, informative and balanced information as lack of informa-
tion can become misinformation and lead to untowardly consequences [23, 27, 32]. 
Even ensuring clear and effective communication with staff and students in higher 
education systems could prove challenging [68]. Credible sources such as religious 
or community leaders should be identified and engaged as appropriate. Attention 
should be paid to ‘infodemic’, the misinformation type – i.e., conspiracy theories, 
fake news etc. - in particular, on messenger apps and social media which could 
harm public health and put millions of lives at risk [55, 69].

The information should be conveyed using local context and vernacular lan-
guages and as jargon free as possible, making science accessible [67]. It should avoid 
language [that] creates a public health discourse that seems reactive rather than 
proactive, reductive rather than holistic, disempowering rather than empowering 
[70]. This has proved a slippery ground even under seemingly more auspicious 
circumstances that leads to increasing erosion of trust in science [71, 72]. There is, 
therefore, need to be especially careful to communicate transparent information 
about our capabilities, uncertainties, disagreements or agreements and being trust-
worthy including on vaccines indicated areas for improvement [73, 74]. A study in a 
major town, after less than two weeks of the outbreak in Ethiopia shows widespread 
misconceptions about the pandemic [75]. There have also been calls to make full use 
of digital technologies but their limitations in deprived areas, where access to the 
internet is relatively scarce, patients have little digital literacy, and language barriers 
abound should be factored [9, 76, 77].

3.1.3  Improved methods/technologies for surveillance, identification and 
containment

Innovations are required in testing, contact tracing, treatments, vaccines, 
policies for opening up since no single system can capture all parameters of the 
pandemic, multiple, complementary surveillance systems should be  
implemented [78].

Testing - for diagnosis and clinical management or for surveillance and out-
break control - is critical but countries such as Ethiopia are facing a daunting task 
because of limited facilities, testing kits, reagents etc. The case reports are likely to 
be an underestimate as, by mid-March, Ethiopia has carried out only about 11,000 
tests/10 for every 100,000 people compared to, for example, about 280 for South 
Africa, 2,000 for Australia and 1,560 for the United States [42]. Ethiopia has, thus, 
a long way to go to reach testing levels recommended by WHO. There are indica-
tions that global solidarity has faltered as market restrictions are being imposed by 
a number of countries [32]. Ethiopia, as for other African countries, should plan 
for its own quality assurance of diagnostic tests, drugs, and vaccines production, 
including antibody and nano-technology based testing [79, 80]. These could be 
along the lines of the Africa CDC initiative of Partnership to Accelerate COVID-19 
Testing (PACT) and the Ethiopian Food and Drug Authority (EFDA) Digital Health 
Activity (DHA) system. It should also explore the potentials of pooled testing in the 
Ethiopian context [42, 81].
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For contact tracing, Ethiopia should bolster its relatively strong community level 
services by mobilizing health extension workers (HEW), health development army 
(HDA), model families etc. [65, 82] using tested epidemic models and experiences 
in other settings [77, 83]. It could enhance this by using digital technology, ‘coro-
navirus apps’ – with due attention to privacy and other pitfalls [84, 85] not only for 
contact tracing but also for testing, isolation and physical/social distancing [86]. 
Overall, control of the pandemic will require action at the individual, community, 
and population levels as recent data show that asymptomatic cases could play a 
major role in transmission.

Evidence shows that strict implementation of physical distancing, optimum use 
of face masks, respirators, and eye protection in public and health-care settings 
provide, in spite of some contextual challenges, high levels of protection against 
transmission [26, 87]. A systematic review and meta-analysis [88]. Mobility/lock-
down restrictions could have variable results depending on areas – high for retail 
and recreational areas and transit stations but could be challenged by lockdown 
fatigue or the practicalities of daily living [89].

The development of safe and effective vaccine, including the potential use of 
vaccines for other diseases such as BCG and polio, is a priority [12, 14]. In terms of 
personal protection equipment (PPE) for care providers in particular, treatments – 
which seem to be a long shot, country specific guideline should be developed as 
well as strengthen inter-African collaboration policies for opening up etc. [87]. 
Access pool and to categorize Covid-19 vaccines as ‘global good’ and GAVI’s Covax 
Advance Market Commitment and other initiatives, the temptation to prioritize 
producer countries will be high. As often seen, the potential of selfish gain trump-
ing over collective good is high [39].

Vaccine hesitancy has, to date, been low in Ethiopia [90], but measures should 
be taken to ward off the global trend of vaccine hesitancy and politicization [73, 91]. 
Measures should also be taken to strengthen the vaccine delivery system as whether 
new or already in use, is only as effective as the system that provides it.

3.1.4 Optimal use of all the limited available resources

Ethiopia’s health care system, already highly limited, will be extremely strained 
by the response to the pandemic [65]. As in other LIC, there are already signs that 
essential services such as immunizations, reproductive health etc. could be side-
lined for various reasons with dire consequences [15, 22, 92, 93].

There are also indications that the pandemic could affect pregnancy outcomes 
and, in general, exacerbate social inequalities in health [94]. Therefore, ensuring 
access to basic support water, sanitation, and hygiene to most vulnerable ones is 
important [15, 56, 95–98]. The system should also improve quality of care includ-
ing improved supply chain, adopt improved technology for delivery of health care 
for new therapies and roll out vaccines as soon as they become available including 
mitigating potential hesitancies based on already mounting misinformation [99, 100].

3.1.5 Forging partnerships at all levels

COVID-19 is menacing the whole of humanity and so the whole of humanity 
must fight back. Individual country responses are not going to be enough [9]. As 
Bill Gates put it some 3 years ago, ‘What the world needs – and what our safety, 
if not survival, demands – is a coordinated global approach. Specifically, we need 
better tools, an early detection system, and a global response system’ [101]. UN 
agencies at all levels (local, national, continental and international) and across all 
disciplines and sectors, WHO in particular, should lead in forging partnerships. 
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All stakeholders in Africa, the AU and CDC Africa in particular, should contribute 
towards a unified continent-wide anti-COVID-19 Strategy [10].

3.2  Leverage current effort to strengthen the health system including 
monitoring and surveillance systems

The post-pandemic demands on the health care, because of increases in chronic 
mental or physical health conditions, are bound to exacerbate the burden on the 
system – the solution of which may benefit future such challenges [36, 102]. The 
resources mobilized to control the current pandemic and others could contribute to 
strengthen the health system in general and in preparation of future pandemics in 
particular [9, 49]. We should always have in mind the adage that when it comes to 
fighting infectious diseases, the best offense is a strong defense [103]. Strengthening 
implies helping the country ‘prepare for pandemics the way the military prepares 
for war’. This includes simulations and other preparedness exercises so we can better 
understand how diseases will spread and how to deal with things like quarantine 
and communications to minimize panic [101]. Various forms of health system for 
outbreaks preparedness are critical for considerations.

3.2.1 Strong monitoring and surveillance systems for early detection

Strong monitoring and surveillance system implies adequate number of contact 
tracers, adoption of the one health approach and improved laboratory and techni-
cal capacities including digital technology [9, 104]. The country’s laboratory and 
technical capacities are highly limited even for routine health care provision calling 
for major effort will be required to ensure universal access [65].

3.2.2 Adequate and accessible health care infrastructure

As mentioned above Ethiopia’s health system is, as for Africa in general, 
under-resourced and unprepared to withstand the onslaught of pandemics [105]. 
Investing in strong health systems is our best bet to protect ourselves and stop local 
outbreaks before they turn into global pandemics [103]. This would mean improv-
ing availability, access and quality of services i.e. progress towards UHC which 
could face challenges in the post pandemic period [106]. Experiences from similar 
events, developing Community Care Centers (CCC) within Health Posts could 
be attempted [107]. Besides, remote shared care delivery’ such as shared medical 
appointments (SMAs) could be adapted to the Ethiopian context [108].

3.2.3 Strong and capable health workforce

A strong and capable health workforce, including sufficient numbers of 
adequately trained critical-care physicians is required for appropriate response 
[87]. As compared to most African countries, Ethiopia has major health workforce 
crisis and, even though dented by recent ‘flooding strategy’, the workforce remains 
inadequate and of dubious quality.

3.2.4 Adequate financing

The health care system is highly underfunded and heavily dependent on for-
eign financing [65]. Pandemic preparedness will require dedicated and adequate 
financing bearing in mind that the amount of financing preparedness is minuscule 
compared to pandemic costs [109].
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3.3 Leverage current effort to strengthen research and evidence generation

‘The challenge for humans is to learn as much about influenza viruses as these 
viruses have already learned about us’. Higher education and research institutions 
should play a major role in this learning process and in helping to shape the post-
COVID-19 world [110]. In conjunction with health research institutions, it should 
make meaningful contribution to this as all countries need to develop strong and 
sustainable core capacities at the intersection of health systems and research i.e., pro-
active, empowered and coordinated research committed to fair and equitable access 
[30]. Hence, there is good reason to support priority research agenda that leads to 
the development of sustainable global research platforms pre-prepared for the next 
disease X epidemic. This will allow for accelerated research, innovative solutions and 
Research and Development of diagnostics, therapeutics and vaccines, as well as the 
timely and equitable access to these life-saving tools for those at highest risk [38]. 
Even before the pandemic, universities, ‘sinking ships’?, were facing several chal-
lenges. These could be exacerbated by the post-pandemic situation. Thus, as indi-
cated for US public universities, universities must not just adapt but lead with new 
models to resolve/mitigate current and future challenges and optimally use oppor-
tunities [68, 111, 112]. But, to date, in spite of the national commitment to evidence 
based development, the Ethiopian higher education and research institutions have 
contributed little and the prospects could be grim if, as projected and in line with 
historical trends during economic downturns universities come out of the pandemic 
weakened [90, 113–116]. One way to avert this could be to leverage the national and 
international/global solidarity that will be galvanized in response to the pandemic 
to strengthen university labs, develop research universities, forge partnerships and 
garner sustainable funding. In line with this, it is important to strengthen the labs 
in the universities and create strong coordination with other labs in the country to 
enhance tests and participate in sero-epidemiological studies [116, 117].

3.3.1 Develop a number of ‘research universities’

‘Research universities’1 would serve as resource centers for prioritizing and 
effective translation of science into both operational and policy action with the 
objective is to make a difference [38, 118, 119]. In short, paraphrasing what has 
been indicated in a different context, universities with ‘civic values, openness, and 
societal relevance’, where financing is [no longer] the leading factor, but one where 
contributing to the world beyond forms a leitmotif for actions [111]. They would 
guide policy decision including mathematical projections; developing surveillance, 
diagnostics, primary health care, and effective health security measures; assessing 
and promoting the potential role of traditional medicine/control measures and 
other essential topics [2, 59, 120].

Educators, policy-makers, employers and investors must urgently give thought 
to what a post-COVID world should look like and what role higher education 
institutions must play to make that world a reality. In short, they should serve as 
resource centers to inform policy in general and on how to maintain a cohesive and 
good-quality learning environment if and when the next pandemic, recession or 
natural disaster occurs [121].

1 Only AAU, as member of The African Research Universities Alliance (ARUA), currently approaches 
this status ranking 16th among African best universities in Times Higher Education ranking. For some 
background material and the debate on the teaching versus research role of the university see NRC 2012, 
Barron 2015, Shapira 2015, van der Zwaan 2017, Cloete et al. 2020, Kraemer-Mbula et al. 2020.
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They will also contribute to strengthening, in particular, the staff of the growing 
number of (new) higher education institutions thus promoting beneficial interac-
tions with senior peers and mitigating the impact on the quality of an already highly 
challenged education system [45]. Projections in other settings indicate that the 
post pandemic period will generally need greater access to higher education and 
vocational training programs, probably including a more online experience with 
blended learning [121, 122]. All these will require thought-through solutions ensur-
ing meaningful research impact and ‘reconciling the needs of scientists and society 
at large.

3.3.2 Forge partnerships

As is the case for health services, ‘research universities’ in particular, should forge 
partnerships at all levels (local, national, continental and international), and across 
all disciplines and sectors. There are indications that the pandemic may foster good, 
even though limited in Africa, relation between the higher education community 
and governments [68]. In the short term, this could mean tapping into the relatively 
high reactive research funding [112]. Partnerships could include the Coalition for 
Epidemic Preparedness Innovations (CEPI), the African Research Universities 
Alliance (ARUA), the African CDC, the Guild of European Research-Intensive 
Universities (the Guild), Diaspora scientists etc. This implies applying ‘the all-of-
government and all-of-society approaches’ recommended by WHO [7, 123, 124]. The 
potential of S-N-S/South–North–South triangulation should be explored [125]. The 
establishment of a scientific coordinating committee incorporating health/medicine, 
social sciences, mathematics/technology, One Health/human-animal-environment 
interface [38] etc. with focus on the multi-inter and trans-disciplinary, applied 
and context/country specific health policy and systems research (HPSR) for which 
Ethiopia is among leaders in LIC should also be explored [126].

3.3.3 Ensure sustainable financing

‘Innovation does not happen by chance. It has to be nurtured and funded’ [127]. 
Efforts to raise research grants from various sources are left to individual staff 
members instead of the institutions as a whole. Sustainable success will only be 
achieved if these efforts are supplemented and scaled up by the state and industry 
and are duly documented and synergized.

4. Conclusion

The unique feature of the current pandemic is its unprecedented global cover-
age as compared to several other flu-like outbreaks. Although case fatality is still 
incomparable to the Spanish flu of 1918, this pandemic could yet to cost human life 
and jeopardize global economies as well as impact the social and political landscape 
of individual countries. Although the pandemic has posed so much challenge, it 
could also offer opportunities to reassess the health system and improve on how it 
could readily respond to such pandemics, improve research and education in health 
sciences to develop competencies and evidences to respond to outbreaks of different 
size. While countries are to align their effort to contain the pandemic, commensu-
rate measure should be taken to prevent and manage potential similar pandemics 
in the future. Globally, COVID-19 offered an opportunity for human beings across 
the world to recognize such outbreaks do not discriminate by geography, economy, 
political system and socio-cultural backgrounds. As such, human beings across 
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