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Preface

Meningoencephalitis remains a major global threat, despite the prevention, diagnosis, and
antibiotic therapy that have been improved considerably in the last years.

The diagnostic approach urgently established, etiologic agent identified, and empirical antimi‐
crobial therapy remain a continuous challenge, especially in immunocompromised patients.

In this thematic issue, the scientists present their results of accomplished studies, in order to
provide several guidelines regarding the strategies of diagnosis and treatment of patients
with meningoencephalitis.

The guidelines are necessarily asked, and those using the guidelines are advised to seek
expert advice on the management of cases (from clinical microbiologists, infectious dis‐
ease physicians, infection control, public health physicians, and occupational health physi‐
cians) as required. The guidance can be adapted depending on local circumstances and risk
assessment of each suspected case or situation and will contribute to a considerable prog‐
ress in medical field.

However, meningoencephalitis remains a public health concern and continues to claim
many lives, despite the availability of potent antibiotics. Any delay in the diagnosis of this
illness could cause morbidity and death.

I take this occasion to thank so much all the contributors of this book, who played a critical
role in gathering data for public health decision, with precision, perseverance, and dedica‐
tion, adding valuable data and completing our knowledge regarding some meningoence‐
phalitis aspects.

Dr. Marina Pana
Head of Vaccine-Preventable Diseases Lab

Operational Contact Point for S. pneumoniae and N. meningitidis for ECDC
“Cantacuzino” National Research Institute

Bucharest, Romania





Chapter 1

Introductory Chapter: Meningoencephalitis

Marina Pana

Additional information is available at the end of the chapter

http://dx.doi.org/10.5772/intechopen.70366

1. Introduction

Meningitis continues to claim many lives, despite the availability of potent antibiotics to 
destroy the deadly pathogens. Acute bacterial meningitis (ABM) is an uncommon but poten-
tially fatal neurologic emergency that requires prompt recognition, diagnostic evaluation, 
and initiation of parenteral antibiotics [1]. Bacterial meningitis is very serious and can be 
deadly. Death can occur in as little as a few hours.

Common causes of bacterial meningitis vary by age group (newborns, babies and children, 
teens and young adults, older adults). And certain people are at increased risk for bacte-
rial meningitis, those including: age, community setting, certain medical conditions, working 
with meningitis-causing pathogens, and travel [1].

It is very important to highlight the clinical overlap between encephalitis and meningo 
encephalitis.

The diagnosis becomes challenging when patients present with nonspecific clinical features. 
Meningitis results from inflammation of the pia-arachnoid meninges as well as cerebrospinal 
fluid [2, 3]. Encephalitis refers to inflammation of the brain parenchyma and is typically char-
acterized by cognitive deficits. Of the pathogens reported to cause encephalitis, the majority 
are viruses.

However, despite extensive testing, the etiology of encephalitis remains unknown in most 
patients. Another major challenge for patients with encephalitis is to determine the relevance 
of an infectious agent identified outside of the CNS; these agents may play a role in the neu-
rologic manifestations of illness but not necessarily by directly invading the CNS. In addi-
tion, it is important to distinguish between infectious encephalitis and post infectious or post 
immunization encephalitis, encephalomyelitis [e.g., acute disseminated encephalomyelitis 
(ADEM)], which may be mediated by an immunologic response to an antecedent antigenic 
stimulus from an infecting microorganism or immunization [4].

© 2017 The Author(s). Licensee InTech. 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.



It is important to realize that guidelines cannot always account for individual variation among 
patients. They are not intended to supplant physician judgment with respect to particular  
patients or special clinical situations. The Infectious Diseases Society of America considers adher-
ence to these guidelines to be voluntary, with the ultimate determination regarding their appli-
cation to be made by the physician in the light of each patient’s individual circumstances [4].

The clinical distinction between meningitis and encephalitis is frequently blurred as patients 
often present with signs and symptoms of both conditions. These patients can best be described 
as having meningoencephalitis, the pathologic condition that results when inflammation 
spreads from the CSF and meninges to the adjacent brain parenchyma [1]. Inflammation of 
the central nervous system can be acute, subacute, or chronic in duration and community, 
or nosocomial in origin. Although meningeal inflammation may be due to medications, neo-
plastic or autoimmune processes, or nonbacterial microbes (e.g., viruses, fungi, or parasites), 
bacterial infection remains the most studied cause.

The existing literature on ABM is limited in several ways. First, much of the research on the 
pathophysiology of meningitis has been based on experimental rabbit and rat models. Second, 
much of our current understanding about the clinical features, diagnosis, and prognosis of 
ABM has been extracted from chart reviews. These reviews rarely report methodology and 
are heavily dependent on the availability and accuracy of the medical records. Furthermore, 
because reviewers cannot adequately control for confounding variables, the retrospective data 
cannot be used to establish cause-effect relationships; only potential associations between 
variables can be pointed out. Third, a good number of trials involving bacterial etiology and 
therapy have been conducted in the international setting. In general, the results of these stud-
ies cannot be extrapolated to practice within the United States. The external validity of all 
studies must be assessed before a new treatment strategy can be adopted [1].

It is always very important to distinguish community-acquired bacterial meningitis from 
encephalitis, aseptic meningitis, and intracranial abscess.

Microbiologists play a critical role in gathering data both for clinical and public health deci-
sion making [5]. Thus, high-quality surveillance, including molecular methods and fine typ-
ing, is crucial to accurately detect and assess changes in the epidemiology of bacteria (e.g., 
invasive meningococcal disease) and ensure sufficient understanding of the need for, and 
impact and effectiveness of, vaccination [5].

The priority of the vaccine and how it can be integrated into the national immunization pro-
gram are also important to consider [6]. Considering these factors, the cost effectiveness and 
feasibility of introducing a new vaccine needs to be based on country-specific assessments [7].
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Biosurveillance of Meningococcal Infection in Ukraine,
43 Years of Survey: Spatial and Temporal Dynamics
Models
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Abstract

Meningococcal disease in Ukraine represents an important cause of mortality mostly 
among the child population of less than five-year old. The present study illustrates the 
advancement on understanding of Meningococcal epidemiology across the national level 
by using20 years of data provided by the Ministry of Health of Ukraine on a constant sur-
vey of the disease. This unique set of data includes: demography (census); disease inci-
dence from 1973 to 2015 (i.e., purulent meningitis etiologic diagnostic); Meningococcal 
disease mortality; anonymized demographic data (sex, age, leaving area/city/village); 
Comparative etiology of purulent meningitis; serogroups of invasive meningococcal dis-
ease; carriers prevalence; a set of clinical data (meningitis, meningococcemia, nasophar-
yngitis, etc.); and a set of environmental data (season, etc.). The dynamic of the disease 
is described for over the past 20-year period of time including incidence, prevalence, 
spatial distribution, seasonality, and risk factors. Existing state of the art of meningo-
coccal infection epidemiology is presented for the all country. Ultimately, time series 
analysis of record and spatial distribution over such a long period of time supported the 
development of original construct of various models encompassing risk and vulnerabil-
ity, and ways to improve epidemiological surveillance, and develop vaccination strate-
gies in country.

Keywords: meningitis, meningococcemia, time series, modeling, Ukraine
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1. Introduction

1.1. Background

To date, purulent bacterial meningitis (PBM) remains a global health challenge. Meningococcal 
meningitis occurs in small clusters throughout the World with seasonal variation, accounts 
for a variable proportion of epidemic bacterial meningitis, and is one of the leading causes of 
such meningitis globally with a burden that, in 2012 encompassed 395,230 deaths, or 0.7% of 
global mortality [1, 2].

Meningococcal disease or meningococcal meningitis is caused by bacterium Neisseria menin-
gitidis, also called meningococcus. Meningococcal bacteria may cause infection, which occurs 
in different compartment of the body, called invasive meningococcal disease (IMD), including 
skin, gastrointestinal tract, or respiratory tract, among others. Ultimately, the bacteria may 
pass through the bloodstream and reach the nervous system causing meningococcal meningi-
tis. After an incubation period of 2–10 days, clinical presentation starts with symptoms similar 
to influenza (flu-like), which cause nausea, vomiting, rash, increased sensitivity to light, and 
confusion. Symptoms of meningococcal disease appear usually as a sudden onset of fever, 
headache, and stiff neck. When treated, most patients with meningococcal meningitis recover 
completely with appropriate antibiotic therapy and rapid medical attention. Also, meningitis 
can cause severe brain damage and be fatal for 50% of untreated cases.

There is no animal reservoir, and N. meningitidis is obligate commensals of human and can 
colonize the nasopharyngeal mucosa without affecting the host, a phenomenon known as 
carriage. Such asymptomatic carriage of meningococcus is the most prevalent form of menin-
gococcal infection. In none-epidemic settings, approximately 10–35% of healthy individuals 
carry N. meningitidis in the upper airway [3, 4]. Thus, only in very rare cases, N. meningitidis 
is the cause of invasive meningococcal disease. N. meningitidis is transmitted from person-to-
person through respiratory droplets or throat secretions from carriers or eventually patients. 
The risk of transmission and spread increases in particular by close and prolonged contact 
(e.g., kissing, sneezing, coughing, promiscuity, and sharing food or drinking utensils) with an 
infected person (symptomatic or asymptomatic (i.e., carrier). Moreover, such risk increases 
with recent upper respiratory infection, while young children and teen-agers are at greatest 
risk of infection.

Several types of meningococcal vaccines are available including Meningococcal Polysaccharide 
vaccines as bivalent (groups A and C), trivalent (groups A, C and W), or tetravalent (groups A, 
C, Y and W). Tetravalent A, C, Y, and W conjugate vaccines have been licensed since 2005 for 
use in children and adults in Canada, the United States of America, and Europe. Since 1999, 
meningococcal conjugate vaccines against group C have been available and widely used. 
(e.g., Meningococcal conjugate vaccine; Meningococcal polysaccharide vaccine; Serogroup B 
Meningococcal B) and are recommended vaccines as the best that can prevent meningitis 
infection. As of June 2015, over 220 million persons aged 1–29-year old received meningococ-
cal A conjugate vaccine against the most meningitis type prevalent among 15 countries of the 
African belt [2].

Meningoencephalitis - Disease Which Requires Optimal Approach in Emergency Manner6
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1.2. Epidemic pattern of Meningococcal meningitis in Europe

There is a reported reduction of morbidity of Invasive Meningococcal Disease (IMD) in the 
European countries (i.e., EU/EEA): The total number of confirmed cases of the IMD fell from 
7995 to 3463 for the period from 1999 to 2012. In countries with a meningococcal serogroup C 
vaccination program, the number of cases fell from 4840 to 2380, in countries where system-
atic immunization campaigns are not applied incidence decreased from 3155 cases to 1083 
cases [5, 6]. Therefore, a reduction of IMD mortality in EU/EEA countries was reported that 
diminished from 0.163 to 0.055 per 100,000 people from 1992 to 2012 [7]. Although, IMD is 
relatively rare in Europe (0.68 cases/100,000 people in 2012), country-specific rates of con-
firmed IMD range from 0.11 to 1.77 cases per 100,000 people [8].

Worldwide, most IMD cases are caused by serogroups B and C. Serogroup Y prevalence has 
been increasing but remains less frequent than B and C. An overall decreasing trend has been 
observed over the last 10 years, partly attributable to the introduction of serogroup C conju-
gate vaccine to national immunization schedules in several European countries.

Finally, it is of importance to strengthen surveillance of meningococcal disease in order to 
reduce burden of the disease (including patient and carrier) and to evaluate the impact of the 
ongoing vaccination programs, and support decision-makers with respect to the availability 
of new vaccines [6].

2. Meningococcal infection biosurveillance and Public Health response 
and control in Ukraine

The purpose of epidemiological surveillance of meningococcal infection (MI) is to prevent 
deaths and reduce disease morbidity risk groups. A retrospective epidemiological analysis 
of MI must include data monitoring morbidity risk groups (e.g., children aged of 0–1 and 
1–4 years old), and other young people as which came as socio-organized as group indica-
tors (i.e., including school, kindergartens, orphanages, vocational colleges, university, among 
others). Equally important is the analysis of total mortality and mortality by risk groups and 
their dynamics. In addition, data are analyzed from microbiological monitoring of “indicator 
groups.” Moreover, there is a national serological monitoring of MI pathogens.

In epidemic foci of MI, patients with IMD are hospitalized and isolated while and a 10 days’ 
medical observation of contact-persons is conducted (thermometry and examination of the 
skin and mucous membranes of the nasopharynx). Bacteriological tests are done twice among 
organized groups and once at home (i.e., family contact) within epidemic foci. Surveillance of 
other purulent meningitis is carried out as for meningococcal infection.

In Ukraine, since the 1920s, MI cases introduced are registered as well as Haemophilus influenzae 
type B Hib-meningitis cases are registered since 2010. From 2012, pneumococcal meningitis 
(PM) and all other bacterial meningitis are also registered. Vaccination against Hib-infection 
was included in the routine immunization program in 2006 by the Ministry of Health, while it 
is considering now to introduce a national vaccination campaigns against meningococcal and 
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pneumococcal disease. As of 2013, an estimated of 68.9% of Ukrainians lives in urban areas 
including the 68.2% of the population over 45 years old [8].

Since 2007, there is a Central Reference Laboratory for invasive bacterial diseases (IBD) char-
acterizing and supervising the dynamic of IBD pathogens in order to forecast and reduce 
(preventive measures) the incidence of IBD. The State institution “Ukrainian Centre for 
Disease Control and monitoring of the Ministry of Health of Ukraine” is a reference as part of 
the IBD-laboratory WHO and UNICEF networks. A sentinel surveillance system included all 
patients younger than 5 years clinically suspected of meningitis and hospitalized as hospital 
in-patient of either the department of infectious disease or intensive care unit.

3. Temporal and spatialdynamics of meningococcal infection in Ukraine

3.1. Place and time of meningococcal infection and other purulent meningitis

Purulent bacterial meningitis (PBM) is a group of diseases of multi-bacterial etiology that deter-
mines the nature of the treatment, laboratory diagnostic approach and epidemiological charac-
teristics for control and prevention. Indeed, PBM transmission and clinical presentation are fully 
dependent on the etiologic agent and concurrent risk factor. PBM etiology will ensure a success-
ful causal treatment and important information regarding the whole nosology of the meningitis 
and epidemiology pattern. Bacteriological etiological diagnosis of PBM has been carried out for 
24 years (1992–2015) in Ukraine (Ukrainian Centre for Disease Control and monitoring of the 
Ministry of Health): 37,843 cases were registered as PBM, among them, 18,878 were of purulent 
meningitis of meningococcal origin and other IMD. The ratio of meningococcal meningitis to 
non-meningococcal meningitis was about more or less of 1:1 (i.e., 49.89 to 50.11%) (Figure 1).

Figure 1. Incidence dynamics of different etiological forms of bacterial meningitis (Ukraine, 1992–2015). Legend: 
Abscissa = time (year); Ordinate = case of bacterial meningitis per 100,000 people; Empty diamond = Meningococcal 
Disease (MD); Empty square = Other Meningitis (caused by Staphylococcus aureus, Streptococcus groups A and B, Klebsiella 
pneumoniae, Escherichia coli, Listeria monocytogenes and PBM of unknown etiology); Empty circle = PBM pneumococcus 
(Purulent Bacterial Meningitis caused by Streptococcus pneumonia); Cross = Haemophilus influenzae type b (Hib).

Meningoencephalitis - Disease Which Requires Optimal Approach in Emergency Manner8
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meningitis of meningococcal origin and other IMD. The ratio of meningococcal meningitis to 
non-meningococcal meningitis was about more or less of 1:1 (i.e., 49.89 to 50.11%) (Figure 1).

Figure 1. Incidence dynamics of different etiological forms of bacterial meningitis (Ukraine, 1992–2015). Legend: 
Abscissa = time (year); Ordinate = case of bacterial meningitis per 100,000 people; Empty diamond = Meningococcal 
Disease (MD); Empty square = Other Meningitis (caused by Staphylococcus aureus, Streptococcus groups A and B, Klebsiella 
pneumoniae, Escherichia coli, Listeria monocytogenes and PBM of unknown etiology); Empty circle = PBM pneumococcus 
(Purulent Bacterial Meningitis caused by Streptococcus pneumonia); Cross = Haemophilus influenzae type b (Hib).
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The use of microbiological monitoring of PBM in Ukraine allowed to determine the etio-
logical origin of 37,843 cases from 1992 to 2012. The basic etiological agents PBM included: 
Meningococci (49.89%); Pneumococci (6.34%); Staphylococci, Streptococci and others 
(Escherichia spp., Listeria spp., etc.) (17.30%); Hib-infection (0.71%), and pathogens of unknown 
etiology (25.77%). Among the 21,359 registered cases of MI, 9986 cases (46.75%) were con-
firmed to be of bacteriological origin. Bacteriological confirmation of MI ranges from 33.71% 
in 1993 to 55.95% 9 years after (2002) (Figure 2).

Meningococcal infection predominated among all bacterial meningitis during the whole 
period of observation. However, half of all non-meningococcal meningitis as well as IMD did 
not have bacteriological confirmation the bacteriological tests were done almost in all patients 
but were not positive for half of all meningococcal meningitis. Thus, the total sensitivity of 
bacteriological tests was inadequate (nearly 50%).

3.2. Time series of morbidity and mortality of meningococcal infection in Ukraine

In 1969, an incidence of less than 0.9 per 100,000 people of MI was recorded. Since then, the 
incidence began to rise and lasted until 1985. For decade (1973–2012), MI incidence (includ-
ing all clinical forms) ranged from 6.7 (1985) to 0.83 (2012) per 100,000 people. Instead, in the 
long term, of IMD and mortality appear be very specific and different dynamics, while IMD 
incidence is much lower and ranges from 2.22 (1974) to 0.75 (2012) per 100,000 people with a 
mortality from 0.84 (1983) to 0.09 (Figure 3).

There is a significant decrease morbidity and mortality of MI for the last 33 years in Ukraine. 
Between 1983 and 2015 the incidence of MI decreased by 7.2 times. Between 1973 and 2015 

Figure 2. Etiological structure of purulent meningitis cases in Ukraine (1992–2012). Legend: Abscissa = Time (year); 
Ordinate = relative percentage of the bacterial meningitis etiology; oblique lines = Meningococcal Infection (MI); 
vertical lines = Staphylococcal and Other PBM (caused by Staphylococcus aureus, Streptococcus groups A and B, Klebsiella 
pneumoniae, Escherichia coli, Listeria monocytogenes and other PBM); horizontal lines  = PBM of unknown etiology); points  
= PBM pneumococcus (Purulent Bacterial Meningitis caused by Streptococcus pneumoniae); black = Haemophilus influenzae 
type b (Hib-PBM).
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the incidence of MI decreased by 5.4 times. In 2012 in Ukraine, IMD incidence (0.75 per 
100,000) was comparable to the one of EU (0.7 per 100,000). However, death rate in Ukraine 
(0.09 per 100,000) was higher than in the EU (0.06 per 100,000). Also, this has to take into 
account that half of the cases of MI in Ukraine are not bacteriologically confirmed.

3.3. Seasonality of meningococcal infection in Ukraine

From 1992 to 2015, most IMD cases occurred in winter and spring, as for other respiratory 
diseases in Ukraine. IMD incidence peaked up in March, while the lowest number of cases 
was reported in August (Figure 4). During that same period of time, 938 cases of IMD were 
regularly reported on the monthly base, and seasonal increase was registered when the num-
ber of monthly cases exceeded 78 (938 cases / 12 month  = 78.2 ≈ 78). Seasonal incidence rise 
was lasted for 6 months (from December to June) with a cumulative total number of 554 cases 
corresponding 59.06% annual incidence (i.e., seasonal coefficient with regard to the 9.84% 
average for each of these months. A 334 (40.94%) as of MI cases occurred during the seasonal 
rise with a monthly increase of 6.82%. One can ultimately evaluate the cases associated with 
seasonal risk factors that were in 18.66%, i.e. (9.84% – 6.82%) × 6 months = 18.66%.

Thus, the impact of seasonal factors on the annual incidence is very moderate, that is, annual 
incidence of MI is due to the seasonality of not more than one-fifth of part. Over 80% of 

Figure 3. Morbidity and mortality dynamics of meningococcal infection in Ukraine of a decade of observation 
(1973–2015). Legend: Abscissa = time (year); Ordinate = patient meningococcal infection per 100,000 people; line with 
empty square  = Meningococcal Infection (total MI, all clinic forms); line with empty diamond = Invasive Meningococcal 
Disease (IMD); line with empty triangle = total Mortality of Meningococcal Infection.
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 incidence of MI depends on the action of permanent factors. Our hypothesis is that the pro-
portion of susceptible population and the frequency of contacts between people (at risk of 
infection) are the basic are a permanent risk of MI transmission. We also assume that its values 
are slightly slowly changing throughout the year. Such seasonal rise was observed in Europe 
from December to June is also characterized by a seasonality pattern as it is in Ukraine, with 
the highest rate reporting during winter [8].

3.4. Geographical distribution

The incidence of MI is unevenly distributed on a geographical ground and expressed by 
ANOVA MI incidence for the 1992–2013 period of times among administrative units of 
Ukraine. Estimated value (Fisher’s test = 8.52, > critical value of 1.52) rejects the null hypoth-
esis of no effect of geographical factors on the incidence of MI. Indeed, Figure 5 shows the 
uneven geographical distribution of the disease by administrative units with low, medium, 
and high levels of incidence.

At first, the geographical distribution of MI incidence depends on population age pyramid 
including, the total population of the study area, the urban population and the child popu-
lation of 0–14 or 0–4-year old. We therefore calculated the corresponding correlation coeffi-
cients, but ultimately lacked of statistical significance between prevalence and administrative 
units. MI incidence correlation coefficients, when compared to different group, were equal to: 
0.3260 versus population density; 0.036 versus total population; 0.1711 versus urban pop-
ulation percentage; 0.1370 versus children aged 0–14; and 0.1968 versus the children aged 

Figure 4. Seasonal distribution of meningococcal infection in Ukraine (1992–2015). Legend: Abscissa = time (months); 
Ordinate = absolute number of cases of meningococcal infection; Gray line = the average monthly number of Meningococcal 
Infection (MI) cases of long-term; Empty diamond = number of Meningococcal Infection (MI) cases by month.
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0–4 years. We believe that the lack of statistical significance between these indicators suggest 
sporadic (or random) spatial nature distribution of the disease. Also, ANOVA analysis shows 
significant differences in the incidence among oblasts, but the correlation analysis of indi-
vidual factors (population density, age structure, etc.) by oblasts did not show any incidence 
because the population density and age structure are indirect factors. Thus, we can assume 
that geographical factors of each individual territory are quite stable, while geography has 
a limited effect on changes in incidence of MI in Ukraine. Geographical distribution of MI 
incidence is useful for comparing performance in different areas, but it cannot account for 
observed differences more likely linked to the multicomponent result with other causal fac-
tors. Also, the variable power of causal factors in any oblast could explain the differences in 
the incidence oblasts. In our case, the geographical distribution of the incidence of MI is a little 
informative because do not allowed to identify direct factors (i.e., risk of infection and/or risk 
of susceptibility).

3.5. Age distribution

The total incidence of MI decreased over the study period in Ukraine among all age groups, 
while it remains the highest among young children (Figure 6).

In Ukraine, the proportion of MI infected children under 14 years represented 77.17% of 
all cases as compared to 49.81% among the same xc of age of other European countries at 

Figure 5. Incidence of meningococcal disease in Ukraine by oblast (1992–2013). Legend: light-gray = Low incidence of 
Meningococcal Disease (less than 25 percentiles, IR<1.69); moderately gray = Middle incidence of Meningococcal Disease 
(between 25 and 75 percentile, IR = 1.69 ÷ 2.18); gray = High incidence of Meningococcal Disease (higher 75 percentile, 
IR > 2.18).
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large [8]. Thus, children under 14 years in Ukraine are at a major risk for MI infection, and 
mortality rates account for 78.35% (Figure 7). Altogether, there is a strong direct relationship 
of MI incidence among age groups that exactly fit the local pyramid of age.

Figure 6. Dynamics of the incidence of meningococcal infection in Ukraine by age group (1990–2014). Legend: 
Abscissa = time (year); Ordinate = person with meningococcal infection per 100,000 people by age group; 
Triangle = Incidence of Meningococcal Disease among the population aged over 15 years; Square = Incidence of 
Meningococcal Disease among children aged 0-14 years; Diamond = Incidence of Meningococcal Disease among 
the total population.

Figure 7. Mortality of meningococcal infectious disease among you children by class of age (Ukraine, 1965–2012). 
Legend: Legend: Abscissa = time (year); Ordinate = person with meningococcal infection per 100,000 people by age 
class; Empty circle = Incidence of Meningococcal Disease among children aged 0-14 years; Square = Incidence of 
Meningococcal Disease among children aged 0-1 years; Diamond = Incidence of Meningococcal Disease among the total 
population; Triangle = Incidence of Meningococcal Disease among children aged 0-4 years.
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The correlation coefficient between the total number of cases of MI and the number of popula-
tion for the years was r = 0.9676 (1990–2014). The correlation coefficient between the overall 
incidence and the total population was r = 0.9556 (Figure 8).

The correlation coefficient between number of the MI cases among children 0–14 years of 
age and number of children was of 0.9531. The correlation coefficient between the MI inci-
dence among children 0–14 years of age and number of children was of 0.8163. The correla-
tion coefficient between the total incidence of MI and the number of children was 0.9239. 
The correlation coefficient between the total number of cases of MI and the number of chil-
dren was 0.9420.

All of the above present a direct and strong statistical correlation between the dynamics of age 
structure, the population and the incidence of MI. Peak incidence and mortality of meningo-
coccal disease occurred in Ukraine in the mid-80s, also corresponding to this time of national 
birth rates or a “baby boom.”

Children's age is an indirect risk factor for invasive meningococci disease (IMD), while young-
est children are more susceptibility to the pathogen, including predisposing factor of IMD 
and high transmission risk among over-crowded communities (i.e., school, recreation area, 
etc.). Incidence may also be reduced when the relative number of children decreases, and the 
whole population is aging (as it is in Ukraine and Europe). Indeed, during the study period, 
the number of children relatively decreased by twofold among general population, while the 
total number of population also decreased in Ukraine. Thus, we believe that the incidence 
of IMD in different age groups defined different levels of susceptibility of the pathogen for 
these groups.

Figure 8. The dynamics of relationship between the overall incidence of meningococcal infection and the general 
population (Ukraine, 1990–2014). Legend: Abscissa = time (year); Ordinate = case of meningococcal infection per 100,000 
people; Diamond = number of the total population; Triangle = Incidence of Meningococcal Disease among the total 
population.
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3.6. Spatial rural as compared to urban distribution of meningococcal infection

In Figure 9, we see that the frequency of MI between cities and villages differ slightly. 
In  cities, the total number and density of the population is greater than in the villages. This is 
evidenced by the result of ANOVA analysis of MI incidence for the period of 1990–2014 years 
for the urban and rural population of Ukraine. Estimated value of Fisher criterion (1.2) is less 
than the critical value (4.04). Thus, we have confirmed the statistical null hypothesis of no 
effect of residence on the incidence of MI.

These data may indicate that the percentage of the susceptible population in cities and towns 
are approximately equal. He also points to the sporadic incidence of MI in Ukraine.

3.7. Meningococcal carriage

Indeed, as a first factor in favor of such observations, one has to consider that meningococ-
cus carriage is the most widespread form of meningococcal infection, that is, for one patient 
with IMD there is an estimate of more than thousands asymptomatic carriers of the pathogen. 
Carriage rates can range between 1 and 50% while varies with age, socioeconomic status, and 
connected with the predominant strain circulating in the area, and a number that appears 
not to vary with season or herd immunity. However, nasopharyngeal carriage surveillance 
is not recommended neither reported as a practical useful public health tool [9]. Also, data 
on  nasopharyngeal carriage are available from state bacteriological laboratory in Ukraine 
(Ukrainian Centre for Disease Control and monitoring of the Ministry of Health of Ukraine) 
(Figure 10). Indeed, diagnostic tests are run annually by the Sanitary-epidemiological service 

Figure 9. Dynamics of meningococcal infection in Ukraine in rural and urban areas (1990–2014). Legend: Abscissa = time 
(year); Ordinate = case of meningococcal infection per 100,000 people; Circle = Incidence of Meningococcal Disease in 
urban settings; Square = Incidence of Meningococcal Disease in rural; Triangle = Incidence of Meningococcal Disease 
among total population.
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of Ukraine using nasopharyngeal swab. This approach was conducted in order to identify the 
level of circulating N. meningitidis in Ukraine among the healthy children and adolescents and 
also among all persons who had contact with MI patients, while contact persons represent all 
age groups or the general population. Such study was carried out in all 26 regions (oblasts) 
of Ukraine.

From 1992 to 2012, 890,061 people (average of 42,384/year) were investigated, moreover, 
482,435 healthy people (average of 23,973/year) of all ages who have had contact with con-
firmed patients with MI, were also tested for meningococcal carriage in Ukraine. The results 
of these time series of MI carriers are shown in Figure 9 and show the risk among healthy chil-
dren and adolescents as an average of 0.99% as compared to 1.97% of the general population. 
Ultimately, such risk of infection is a factor of emergence of IMD and determines the level of 
prevalence of a small percentage of carriers is due to the large stratum of old adults and the 
low sensitivity of bacterial tests in Ukraine. The risk of infection is a necessary susceptibility 
factor for the emergence of IMI and therefore constantly determines the level of prevalence of 
meningococcal carriage.

3.8. Meningococcus serogroup distribution

In 1992–2012, information on the meningococcus serogroups was reported for 9484 IMD cases 
in Ukraine. The meningococcus B serogroup was responsible for 48.9% of IMD, followed by 
the meningococcus A serogroup (15.78%) and the meningococcus C serogroup (13.21%). The 
meningococcus D, X, Y, Z, 29E and W135 made up to 3.19% of IMD cases. Non-capsular 
strains represented 18.91%. During that same period, total information on serogroup was 
reported for 15,868 carriers. The meningococcus serogroup B was responsible for 36.15% 

Figure 10. Meningococcal carriage dynamics among different population group survey in Ukraine (1992–2012). Legend: 
Abscissa = time (year); Ordinate = absolute number of carriers of meningococci; Circle = Prevalence (%) of meningococcal 
carriage among the healthy children and adolescents; Diamond  = Prevalence (%) of meningococcal carriage among 
persons who had contact with MI patients (all age groups or the general population).
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of carriers of meningococcal infections, followed by serogroup C (7.74%) and serogroup A 
(7.17%). The meningococcus serogroups D, X, Y, Z, 29E and W135 represented 6.75% of carri-
ers’ meningococcal infections the known serogroup. Not typed strain represented 42.19% of 
carriers of meningococcal infections (Figure 11).

In 2012, information on serogroup was reported for 3234 of confirmed IMD cases in EU coun-
tries including 68% of serogroup B, 17% of serogroup C (17%), and a total of 93% included 
B and C, Y [8]. It is clearly seen that in the EU and also in Ukraine IM case are due mostly to 
serogroup B, while serogroups B and C are less represented in Ukraine than in EU.

In 2008, serogroup C incidence of was 0.21 per 100,000 in Ukraine. In 2012, it dropped to 0.08 
per 100,000. From 2008 to 2012, this index was slightly higher than the 0.1 per 100,000 in EU/
EEA countries [9]. Thus, in the Ukraine, currently, the incidence of serogroup C is not differ-
ent for EU/EEA but in Ukraine not carried out vaccination against Men C. This fact does not 
negate the benefits of vaccination but requires further detailed study. When one compares the 
incidence Men type C in EU with routine vaccination and Ukraine, where routine vaccination 
against MI has never been carried out, the effectiveness of Men C vaccination appears negli-
gible because the incidence Men type C in EU and Ukraine is not different.

In Europe and Ukraine, decline in the incidence of other serogroups (A and B) was not the 
result of specific interventions. We believe that demographic situation in Ukraine population 
has decreased from 52 to 45 million over the past 25 years. Birth rate decreases, and therefore, 
child population falls, altogether this will certainly not contribute to an increase incidence 
of IMD in Ukraine for the coming decade. The introduction of routine vaccination of IMD in 
Ukraine requires careful study because there is limited funding for public health.

Figure 11. Distribution of meningococcus serogroups among patients with meningococcal disease (n = 9484) and 
healthy carriers of (n = 15,868), Ukraine, 1992–2012. Legend: Abscissa = Meningococcus serogroups; Ordinate = cases 
of meningococcal disease (%); red bar = healthy carriers of MI-pathogen (%); blue bar = patients with meningococcal 
disease (%).
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4. Clinics

Among the 18,914 cases of IMD reported in Ukraine, 38.4% were meningococcemia, 29.9% 
were meningococcemia with meningitis, 27.9% meningitis and others 2.8% were of different 
minor etiologies. Other clinical forms have not been also clearly recognized and characterized 
as pneumonia or mixed clinical forms.

Also, the distribution of clinical forms of IMD in Ukraine is very different from the one observed 
in the EU countries in which meningitis prevails for 43.0%. Meningococcemia and meningo-
coccemia with meningitis represent, respectively, 21.0 and 29.0% of total IMD in the EU [10].

Case fatality rate (CFR) of Meningococcal disease in Ukraine for the period considered 
(1992–2012) was of: 12.1% for IMD (n = 18,914); 18.9% for Meningococcemia (n = 7448); 10.1% 
for Meningococcemia (n = 5660); 5.94% of Meningitis (n = 5273); and 5.6% for others undefined 
clinical forms (n = 538).

In 2012, overall CFR in EU/EEA countries was 7.9%, (3185 confirmed IMD cases). The high-
est CFR reported (n = 1563) among cases presenting septicemia was 18.8%, followed by 
cases meningitis with septicemia of 11.1%, and then by cases with meningitis (3.7%) [11]. 
In Ukraine, the higher observed overall CFR of IMD greater than in the EU can be attributed 
to the frequency of septicemia.

Meningococcal disease CFR among children in Ukraine during the period of 2010–2015 ranged 
from 14.7 to 19.1% occurring as follows with respect to the age class: first year of life, 66%; 1–3-
year old, 30%; over three-year old, 4%. Among 77% of patient death occurred during the first 24 
h after onset.

According to the children’s infectious hospital of Kiev, for the past 15 years, serotypes prevail 
as follows: meningococcal serogroup B, 57%; serogroup A, 19%; serogroup C, 20%; and other 
serogroup, 4%. Meningococcemia was diagnosed in 47% of patient with meningococcemia, 
41% meningitis, while 12–76% of children with meningococcal disease had a complicated 
course of the disease, including septic shock, brain edema, multiple organ failure, dissemi-
nated intravascular coagulation syndrome, among others.

5. Multiple linear regression model

From this data set and temporal series, some tentative models were developed for a better 
understanding to the disease dynamics. Assuming that the proportion of susceptible indi-
viduals is a constant value a reported to a large population (eventually of genetic origin), this 
could explain the main feature of the epidemic process of meningococcal disease and ecologi-
cal characteristics of meningococcus commensality.

Also, meningococcus as a species may exist as a non-pathogenic microorganism. IMD will 
then arise only among susceptible people who have a genetic predisposition while in any 
large population, such a percentage is very small (<1%).
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Also, the distribution of clinical forms of IMD in Ukraine is very different from the one observed 
in the EU countries in which meningitis prevails for 43.0%. Meningococcemia and meningo-
coccemia with meningitis represent, respectively, 21.0 and 29.0% of total IMD in the EU [10].

Case fatality rate (CFR) of Meningococcal disease in Ukraine for the period considered 
(1992–2012) was of: 12.1% for IMD (n = 18,914); 18.9% for Meningococcemia (n = 7448); 10.1% 
for Meningococcemia (n = 5660); 5.94% of Meningitis (n = 5273); and 5.6% for others undefined 
clinical forms (n = 538).

In 2012, overall CFR in EU/EEA countries was 7.9%, (3185 confirmed IMD cases). The high-
est CFR reported (n = 1563) among cases presenting septicemia was 18.8%, followed by 
cases meningitis with septicemia of 11.1%, and then by cases with meningitis (3.7%) [11]. 
In Ukraine, the higher observed overall CFR of IMD greater than in the EU can be attributed 
to the frequency of septicemia.

Meningococcal disease CFR among children in Ukraine during the period of 2010–2015 ranged 
from 14.7 to 19.1% occurring as follows with respect to the age class: first year of life, 66%; 1–3-
year old, 30%; over three-year old, 4%. Among 77% of patient death occurred during the first 24 
h after onset.

According to the children’s infectious hospital of Kiev, for the past 15 years, serotypes prevail 
as follows: meningococcal serogroup B, 57%; serogroup A, 19%; serogroup C, 20%; and other 
serogroup, 4%. Meningococcemia was diagnosed in 47% of patient with meningococcemia, 
41% meningitis, while 12–76% of children with meningococcal disease had a complicated 
course of the disease, including septic shock, brain edema, multiple organ failure, dissemi-
nated intravascular coagulation syndrome, among others.

5. Multiple linear regression model

From this data set and temporal series, some tentative models were developed for a better 
understanding to the disease dynamics. Assuming that the proportion of susceptible indi-
viduals is a constant value a reported to a large population (eventually of genetic origin), this 
could explain the main feature of the epidemic process of meningococcal disease and ecologi-
cal characteristics of meningococcus commensality.

Also, meningococcus as a species may exist as a non-pathogenic microorganism. IMD will 
then arise only among susceptible people who have a genetic predisposition while in any 
large population, such a percentage is very small (<1%).
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In order to calculate the percentage of susceptible population to IMD, it is possible to cal-
culate it as a risk of susceptibility (RS), the percentage of susceptible, i.e. approximate pro-
portion of the population susceptible” (APPS) to IMD. In order to calculate APPS, we first 
calculate the annual estimated number of carriers, AAQC (infected people without clinical 
manifestations):

  APPS  =  (IMD number : AAQC )   ×  100%  (1)

where AAQC = annual approximate quantity of carriers (infected people without clinical 
manifestations); CPR = carrier prevalence rate (from the ratio of the carriers detected among 
people examinees); N = the census of the population of the studied territory; 365 = days 
(i.e., a year); D = average duration of carriage status (not detected after 14 days).

where AAQC formula is derived f  rom PR formula:

  AAQC =   CPR × N × 365  ___________ D    (2)

where PR = prevalence rate; IR = incidence rate; D = average day duration for one case of 
 carriage [12].

Ultimately, AAQC formula allows to convert the data of sample surveys (i.e., prevalence 
of meningococcal carriage showed (Figure 9) to indicators of incidence (or the annual 
approximate number of carriers). Thus, we calculated the AAQC among healthy children 
for the period 1992–2012 years. The AAQC of children was calculated from 2,206,475 per-
sons. The proportion of IMD cases (i.e., % susceptible) presented an average of 0.0360% 
± 0.0189, that is: in overall, one IMD patient associated with 5271 carriers in during 
1990–2012.

Moreover, this way we calculated indicators for period of time from 1992 to 2012 for the gen-
eral population. The annual average number of carriers in the general healthy population was 
24,990,502 persons (variation of 15,480,263–34,746,741 per year). The proportion of IMD cases 
(i.e., % susceptible) had an average of 0.0036% (0.0022–0.0058% per year), that is: one IMB 
patient associated an average of 29,729 carriers.

In overall, this is consistent with the fact that the IMD incidence among children exceeds IMD 
incidence in the general population (or adult) by 10-fold or more.

The total risk of disease (RD) is expressed as a product of risk of infection (RI) to risk of sus-
ceptibility (RS) where RD = RI × RS. Thus, in our paradigm, RS and RI are the final and neces-
sary causes of IMD emergence and spread to human population. All other causes that may 
affect IMD incidence will act indirectly through RI and RS.

Therefore, we built multiple regression models of the epidemic process of MI, where the inci-
dence of IMD is the dependent variable, while independent variables are the level of menin-
gococcal carriage (RI) and the proportion of the susceptible population (RS). The construct 
of the regression model was by deriving multiple regression method [12]. Multiple linear 
regression models of IMD in Ukraine were therefore developed [13]. We used for the model 
the data presented in the figures 6 and 10.
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Our first model takes the following form of the regression equation:

  Y1 = − 7.43 + 8.26  X  1   + 227.63  X  2  ,  (3)

where Y1 = IMD incidence per 100,000 children 0–14 years; −7.43 (or “a”) = constant, which 
corresponds to the mathematical expectation Х1 and Х2 if Y = 0; Х1 = prevalence of carriage 
among healthy children aged 0–14 (%); Х2 = approximate proportion of the population sus-
ceptible to the IMD among children aged 0–14, or APPS (%); 8.26 (or “b1”) = regression coef-
ficient showing the change of level Y, if Х1 is changed to 1%; 227.63 (or “b2”) = regression 
coefficient showing the change of level Y, if Х2 is changed to 1%.

Note that the influence of the regression coefficients (b1 and b2) and constant “a” at incidence 
Y is statistically significant (Student exact test: b1 = 14.56 with p = 2.13 × 10−11; b2 = 15.39 with 
p = 8.38 × 10−12; a = 7.54 with p = 5.59 × 10−7).

In the model, the coefficient of multiple correlation R = 0.9697 and its standard error is equal 
to 0.5069 (R2 = 0.9404, i.e. 94.04%) that statistically significance explains IMD incidence and 
shows the high descriptive properties of the model. Ultimately, this model appears highly 
significant (Fisher’s exact test = 142.04 p < 0.05 at 95% confidence) describing the totality of the 
properties of the epidemic process of MD among children aged 0–14. Analysis of the residu-
als values of the model did not find any autocorrelation. Overall, the model encompasses all 
properties and is statistically significant.

Our second model takes the following form of the regression equation:

  Y2 = − 1.59  +  0.89  X  1   + 469.13  X  2  ,  (4)

where Y2 = IMD incidence per 100,000 population; Х1 = prevalence of carriage among per-
sons who had contact with IMD patients (or among total population), %; Х2 = approximate 
proportion of the population susceptible to the IMD among total population, APPSIMD, %. 
The model has excellent descriptive properties and statistically significant. The coefficient of 
multiple correlation r = 0.9937 and its standard error is equal to 0.0645, accordingly with r2 = 
0.9875. Residuals analysis of the model did not find any autocorrelation (i.e., almost normal 
distribution.)

Model limitation: Our models use aggregated data form a survey, and therefore, our model 
does not allow for an adequate formal residual analysis. In order to perform such type of 
analysis, it requires to build at least 50 times of such models from necessary data sets. Also, 
our models do not take into account the potential heterogeneity of the pathogen.

6. Conclusion

Altogether the present and past surveillance of bacterial meningitis in Ukraine provide a 
unique source for a comprehensive understanding of the disease dynamics and, most impor-
tantly, allow to develop tools and strategies for control and prevention.
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Thus, the results of mathematical modeling of IMD using the available time series of data 
suggest that the nature of the main manifestations of the epidemic caused by the MI pro-
cess demonstrates the prevalence of meningococcal carriage and provides a measure of the 
of susceptible populations, which are both factors strongly associated and allow the assess-
ment of immediate risk of IMD in country. The proposed multiple linear regression model of 
epidemic process of meningococcal disease will improve epidemiological surveillance of the 
disease. Moreover, such models will provide a strong mean for assessing the quality of vac-
cination against invasive bacterial infections as well as diphtheria.
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Abstract

Tick-borne encephalitis (TBE) is an important central nervous system infection in Europe 
and Asia. It is caused by three subtypes of TBE virus (TBEV): European, Siberian and 
 Far-Eastern, belonging to the genus Flavivirus. TBE is delineated by three criteria: the 
presence of clinical signs of meningitis, meningoencephalitis or meningoencephalomy-
elitis; cerebrospinal fluid pleocytosis (>5 × 106 cells/L); and demonstration of a recent 
infection with TBEV by the presence of specific serum IgM and IgG antibodies or IgG 
seroconversion. Imaging of the brain and spinal cord has a low sensitivity and specificity, 
but it is useful for the differential diagnosis. Clinical course and outcome of TBE depend 
on the subtype of TBEV (the disease caused by the European subtype has a milder acute 
course and a more favorable long-term outcome than the disease caused by the other 
two virus subtypes), age of patients (increasing age is associated with more severe acute 
course and poorer outcome) and probably on some host genetic factors. Due to relatively 
severe clinical course combined with the absence of etiologic treatment, considerable pro-
portion of patients with incomplete recovery after acute illness, and increasing incidence, 
TBE represents a growing (public) health problem that could be substantially reduced 
with vaccination.

Keywords: tick-borne encephalitis, tick-borne encephalitis virus, epidemiology, pathogenesis, 
clinical manifestations, diagnosis, treatment, prevention, vaccination

1. Introduction

Tick-borne encephalitis (TBE) is an important human viral infection of central nervous system 
(CNS) endemic in a large part of Europe and Asia. The causative agents are three different 
TBE virus (TBEV) subtypes named European, Siberian and Far-Eastern [1]. In spite of the 
pronounced genetic similarity of these flaviviruses, the illness caused by individual subtype 
is not entirely comparable to those caused by the other subtypes.

© 2017 The Author(s). Licensee InTech. 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.



The clinical course of acute illness is highly variable. Due to the relatively high proportion of 
severe cases and a considerable proportion of patients with long-lasting sequelae which may 
have a significant impact on quality of life, the disease represents high costs for healthcare 
system and society.

Herein we present an overview of TBE, including a short historical outline, basic information 
on TBEV, and of the epidemiology, pathogenesis, clinical manifestations, diagnosis and treat-
ment of TBE, as well as on the course and outcome of the disease and its prevention.

2. History

Historically the first mention of the TBE existence dates back to the eighteenth century in 
Scandinavian church records from Åland Islands. However, the first medical description of 
disease was given and published in 1931 by the Austrian physician H. Schneider [2]. Six years 
later, an expedition headed by Zilber in the Russian Far East isolated for the first time the 
causative agent (TBEV) from humans, mice, and Ixodes persulcatus ticks; they determined the 
etiology of TBE and its vector [3]. In 1939, Pavlovsky confirmed the preliminary hypothesis 
on the transmission of the TBEV in nature (between ticks and mammals) and proposed the 
theory of natural foci [4]. In Europe, TBEV was first isolated, from humans and Ixodes ricinus 
ticks, in Czechoslovakia in 1948 by Gallia and colleagues [5]. In the following years, the dis-
ease and/or the virus has been identified in many other European countries and, later, also in 
the north of China and northern Japan [6].

3. Etiology

TBE is caused by TBEV, a small, neurotropic, lipid‐enveloped spherical RNA virus, the member 
of genus Flavivirus, family Flaviviridae. The viral RNA contains records for three structural (E 
(envelope), prM/M (precursor of membrane or membrane, respectively), and C (capsid)), and 
seven nonstructural viral proteins (NS1, NS2a, NS2b, NS3, NS4a, NS4b, and NS5). Glycoprotein 
E is a major viral antigen and is associated with the production of neutralizing antibodies and 
the induction of protective immunity. It also plays a key role in the viral life cycle mediating the 
binding of virions to cell receptors and subsequent intraendosomal fusion [7].

TBEV occurs in three subtypes named as European, Siberian, and Far-Eastern subtype [1]. 
They are very closely related, both genetically and antigenically; variation in amino acids 
sequences between subtypes is 5–6% [8]. In spite of the pronounced genetic similarity of the 
subtypes the illness caused by individual subtype is not completely equivalent to those due 
to the other subtypes.

An important characteristic of the TBEV, which allows them alimentary route of infection, 
is their ability to maintain at least residual infectivity at acidic pH (above pH 1.42) [9]. TBEV 
maintains infectivity at very low environment temperatures (even below −70°C). On the con-
trary, it is heat labile; total inactivation of the virus occurs within 30 minutes at 56°C [10, 11]. 
It can be inactivated by pasteurization [12].
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4. Epidemiology

TBE arises in an endemic pattern of so‐called natural foci over a large geographical area 
extending from Central Europe and Scandinavia through the Eurasian continent to North‐
Eastern China and Northern Japan. Over the past few decades, a trend toward both an expan-
sion of the endemic areas and an increase of reported cases have been observed [13, 14]. The 
increase in the incidence is the result of a complex interrelation of socioeconomic and ecologi-
cal factors; a part of an increase may also be explained with an increased medical awareness, 
advanced diagnostics, and improvements in epidemiological surveillance [15, 16].

In Europe and Asia between 10,000 and 15,000 TBE cases are reported per year with pro-
nounced annual fluctuations [17]. The number is very likely underreported mainly due to 
lack of standardized TBE case definition, the varying diagnostics procedures, and the wide 
differences in the quality of national surveillance systems.

In 2012, TBE became a notifiable disease at the European Union level. Currently the disease is 
endemic in 27 European countries; the reporting is mandatory in 18 of them. Two‐thirds of the 
countries where TBE is a notifiable disease use the European Centre for Disease Prevention 
and Control case definition [13, 18, 19]. A total of 2560 TBE cases were reported in Europe in 
2012 with the overall notification rate of 0.52 cases per 100,000 inhabitants. Countries with the 
highest reported incidence (>5 cases per 100,000 inhabitants per year) were Estonia (13.35), 
Lithuania (11.69), Slovenia (7.98), and Czech Republic (5.46) [20].

The main hosts and reservoirs of TBEV in nature are wild vertebrate, in particular small 
rodents. Ticks act as both virus vectors and reservoir and carry the virus throughout their 
life. Humans are only accidental hosts and do not play any role in the maintenance of TBEV 
in nature [21, 22].

Most human infections occur through an infected hard tick bites. At least 11 tick species are 
capable of transmitting TBEV, but only 2 species are of clinical importance. I. ricinus is the 
principal vector throughout Europe and, therefore, the most important transmitter of the 
European TBEV subtype, while I. persulcatus occurs in regions of Eastern Europe, in Russia, 
and in far-eastern Asia and is the main vector of the Siberian and Far-Eastern TBEV subtype 
[21, 23]. The Siberian TBEV subtype is found in Siberia, the Baltics, and northern Finland, 
whereas the Far‐Eastern TBEV subtype is endemic in far‐eastern Asia and Japan, and also in 
central and eastern Siberia [13, 22]. In the Baltic States and Finland, where I. ricinus overlaps 
with I. persulcatus, all three TBEV subtypes co-circulate [24–26]. The Far-Eastern TBEV was 
found in Ixodes ovatus in Japan in south‐western China, while the European TBEV subtype 
was detected in Ixodes nipponensis ticks in Korea [1, 27].

In Europe, the TBEV prevalence in unfed I. ricinus ticks ranges from 0.1 to 5.0% (depending 
on the geographical location and time of the year) and increases with development stage, 
whereas in Siberia, the reported proportion of infected adult I. persulcatus ticks is up to 40% 
[13, 21]. In Slovenia, the prevalence of TBEV‐infected ticks was found to be 0.47%; 0.54% in 
2005 and 0.43% in 2006 [28]. About 1% of all human TBEV infections are alimentary‐transmit-
ted by consuming contaminated unpasteurized dairy products, especially goat milk [1]. This 
route of infection has to be considered in cases of local epidemics. The majority of outbreaks 
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due to oral virus transmission are reported from Eastern Europe and Baltic states [29, 30]. A 
few cases of laboratory-acquired TBEV infections have been documented [31]. Vertical trans-
mission, person-to-person transmission including breast-feeding, and transmission through 
blood transfusion have not been reliably described in humans.

TBE is a seasonal disease; most cases occur in the warm period of the year (usually between 
April and November) which correlates with the period of the highest tick activity and with 
increased exposure during this time period [32]. In Central Europe, a two‐peak distribution of 
TBE cases can be seen, first in June and July, and second in September and October, whereas in 
the regions where I. persulcatus is widespread, cases as a rule occur in May and June [11]. In all 
age groups men are affected more frequently than women. The highest notification rate is in the 
45–64 year‐old age group, followed by the over 65‐year olds [20, 33]. On an average, 10–20% of 
all reported cases of TBE occur in children, with the lowest incidence in those less than 3 years 
of age [34, 35]. It should be pointed out that due to its unspecific clinical presentation, TBE in 
children is often missed and is diagnosed as aseptic meningitis of unknown etiology [36, 37].

TBE represents a potential risk for nonvaccinated travelers traveling to countries with high 
endemic foci and therefore should be included in the differential diagnosis of the CNS infec-
tions in case of an appropriate epidemiological history also in patients living outside endemic 
areas. The risk depends on the season of travel, duration of stay as well as on travel style 
(degree of unprotected outdoor exposure). In the different endemic areas, the risk for infec-
tion after a single tick bite varies from 1:200 to 1:1000 [21].

5. Pathogenesis and pathology

After the bite of an infected tick TBEV replication occurs locally. Dendritic cells (Langerhans 
cells) are considered to be the most important cells for local viral replication and to transport 
the virus to the regional lymph nodes where further replication takes place. After release into 
the bloodstream the virus disseminate to other organs, in particular to the reticulo-endothelial 
system (mainly bone marrow, spleen, and liver) where the virus continue to multiply and 
maintain viremia for few days. During the viremic phase (which clinically matches to the 
initial phase of TBE) the virus probably reaches the brain [38, 39]. The precise mechanism of 
viral passage through the blood-brain barrier is unclear, but depends on the presence of vire-
mia. Four possible routes have been postulated: (i) peripheral nerves, (ii) highly susceptible 
olfactory neurons (especially relevant in laboratory infections by aerosols), (iii) transcytosis 
through vascular endothelial cells of brain capillaries, and (iv) diffusion of the virus between 
capillary endothelial cells. The primary targets of TBEV infection in central nervous system 
are neurons. Rarely, oligodendrocytes are infected [38].

TBEV in CNS induces inflammation with inflammatory cell infiltration, activation of microg-
lia, and neuronal degeneration. The exact mechanism of tissue destruction is unclear, but 
Ružek and coworkers demonstrated that inflammatory reaction mediated by CD8+ T cells 
significantly contributes to neuronal damage [40]. Limited data are available on the role of 
cytokines and chemokines.
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Pathological lesions are widespread all over the CNS and involve leptomeninges and gray 
matter, with the brain stem, cerebellum, basal ganglia, thalamus, and spinal cord being most 
frequently affected. Histological findings are nonspecific; lesions consist of perivascular and 
parenchymal accumulation of lymphocytes, consisted of T and B cells, and macrophages 
(microglia), associated with nerve cells necrosis and neuronophagia in regions of viral repli-
cation. Residual lesions are characterized by loss of neurons and microglial scarring. Cerebral 
and spinal meninges usually show diffuse infiltration with lymphocytes and sometimes neu-
trophils. The most extensive meningeal inflammation is around the cerebellum [38, 41].

6. Clinical manifestations of TBEV infection

Seroepidemiological studies have demonstrated that TBEV infection is often asymptomatic. 
The exact proportion of such cases is not known, because those with mild clinical presentation 
may not be diagnosed, but data suggest rates between 70 and 98% [42–44].

Time interval from a tick bite to the beginning of the illness is usually 7–14 days, but it may be 
as short as 2 days and as long as 4 weeks. After alimentary route of infection, there is regularly 
a shorter incubation period of 3–4 days [30, 32, 45].

In at least three‐quarters of patients who develop CNS involvement, the disease caused by 
the European virus subtype has a biphasic course [46–48]. The initial phase corresponds to 
the viremia and usually presents with nonspecific systemic signs and symptoms; the most 
common are moderate fever (99%), fatigue (63%), general malaise (62%), headache and body 
pain (arthralgia and myalgia) (54%) [47]. In this phase, which lasts 2–7 days, there are no signs 
or symptoms of CNS involvement; cerebrospinal fluid (CSF) examination reveals normal 
findings. After an improvement or even an asymptomatic interval of about 1 week duration 
(range 1–21 days) the second phase presents as meningitis, meningoencephalitis, or menin-
goencephalomyelitis in 54, 37, and 9% of adult patients [49]. The far most frequent clinical 
manifestation of TBE in children is meningitis [34]. Fever in the second phase is typically 
1–2°C higher than the peek temperature in the first phase and is of longer duration [12, 50].

In some patients the disease course is monophasic: they may either have CNS involvement or 
a febrile illness with headache with symptoms subsiding without developing into the second 
phase (i.e., the initial phase of TBE without subsequent CNS involvement), named abortive 
form of TBE or “febrile headache” [12, 32, 50, 51].

6.1. Abortive form of TBE

Data on the frequency of this clinical manifestation of the disease caused by European TBEV 
subtype are conflicting. According to some reports it represents more than a half of all clini-
cally manifested TBEV infections [32, 52]. However, this is not confirmed by the results of 
a prospective clinical trial on the etiology of acute febrile illness after a tick bite carried out 
by Lotric‐Furlan and coworkers: of the 56 patients diagnosed with TBEV infection during 
the initial phase of illness, in 55 (98.2%), CNS involvement with pleocytosis later appeared, 
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whereas only one (1.8%) had an isolated initial phase of the disease [51, 53]. In the Russian 
publications, this clinical manifestation is named “fever form” and is reported to represent up 
to 50% of all clinical presentations of TBE [54]. Abortive form of TBE most frequently presents 
itself by a moderate fever, headache, fatigue, and other nonspecific symptoms of the initial 
phase of the disease. The fever usually subsides in a few days and the disease does not have 
long-term consequences [55, 56].

6.2. Meningitis, encephalitis, and myelitis

Meningitis is characterized by fever, headache, nausea, vomiting, and meningeal signs. These 
symptoms and signs are present in the majority but not in all the patients. In a study encom-
passing 448 adult patients with TBE from Slovenia, almost all reported headache and had 
fever, more than 50% suffered from nausea and/or vomiting, and 70% had clearly expressed 
meningeal signs [33]. Encephalitis may manifest by a variety of neurological symptoms and 
signs, most often with tremor (especially of the fingers of the upper extremities and tongue), 
sometimes with nystagmus, speech disorder, ataxia and movement disorders, occasionally 
with seizures, and very rarely with brain stem symptoms and/or cranial nerve abnormali-
ties. Impaired consciousness, ranging from mild to severe, insomnia, and concentration and 
cognitive function disturbances are rather frequent. Mental disorders including amnesia, 
behavioral changes, psychosis, and delirium may also occur. Patients may have sensory 
impairment. Myelitis is virtually always associated with meningoencephalitis, and as a rule 
manifests with flaccid paralyses that are occasionally preceded by severe pain in the affected 
muscle groups. The involvement is usually asymmetrical. Most often extremities are affected, 
more frequently the upper than the lower limbs, and more often the proximal segments of the 
extremities than the distal ones. Patients with pareses of respiratory muscles usually require 
artificial ventilatory support [12, 32, 57].

6.3. Other manifestations in the acute phase of illness

6.3.1. Involvement of cranial nerves

According to rather limited data, involvement of cranial nerves is rare, mostly asymmetrical, 
typically associated with severe acute illness, and usually has a favorable outcome [46, 47, 58]. 
Ocular, facial, and pharyngeal muscles are most often affected, but hearing and vestibular 
defects are also encountered [42].

In a series of 1218 adult patients diagnosed with TBE at a single center, 11 (0.9%) developed 
peripheral facial palsy (2 bilateral, 9 unilateral); however, 3 out of 11 patients had associated 
borrelial infection. The latter finding suggests that in patients who develop peripheral facial 
palsy in the course of TBE, and who had been exposed to ticks in the region where both TBE 
and Lyme borreliosis are endemic, coexistent infection with Lyme borreliae have to be taken 
into account [59].

6.3.2. Autonomic disorders

Occasionally, autonomic nervous system disorders are present in patients with TBE [60].
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6.3.3. Encephalitis with normal CSF cell counts

Literature review revealed some reports on a serologically confirmed TBEV infection in 
patient with encephalitis but without CSF pleocytosis [61, 62]. This disagrees with the large 
series of serologically proven TBE patients, in which CSF pleocytosis was found in all the 
cases [12, 42, 43, 47]. However, the latter finding might be the result of a selection bias because 
in the studies CSF pleocytosis was one of the essential inclusion criteria for the diagnosis of 
TBE.

6.4. TBE in patients who had been vaccinated against the disease

It seems that breakthrough TBE after vaccination is rare: 7 cases were reported in Slovenia, 
25 in Austria, and 27 in Sweden in the periods 2000–2006, 2000–2008, and 2002–2008, respec-
tively. The majority (70%) of patients were over 50 years old, but also a pediatric case has 
been described [63–67]. According to Kunz, disease severity in unvaccinated and vaccinated 
patients with TBE does not differ substantially; however, the information is limited [68].

6.5. Chronic progressive TBE

A chronic progressive form of TBE, believed to be associated with the Siberian subtype of 
TBEV, has been described in Siberia and Far East. It may manifest with epilepsia partialis 
continua [69–72].

6.6. Postencephalitic syndrome

According to published data postencephalitic syndrome occurs in up to 58% of patients after 
acute TBE caused by European subtype of TBEV, and may include various nonspecific neu-
rological/neuropsychiatric symptoms and residual neurological dysfunctions [73]. It often 
affects the patient’s quality of life (sometimes requires a change in lifestyle) and also repre-
sents a high cost for the health care system and society.

The most commonly reported symptoms/signs have been cognitive or neuropsychiatric com-
plaints (i.e., apathy, irritability, memory and concentration disorders, altered sleep pattern), 
headache, hearing defects, disturbances of vision, ataxia, and pareses or flaccid paralyses  
[46, 47, 58, 73, 74]. At this point it should be noted that most of the studies failed to include 
a control group; therefore, the findings are difficult to interpret due to unclear differences 
between postencephalitis syndrome, other consequences of TBE and symptoms present in 
the general population.

Lithuanian prospective clinical follow‐up study showed that 46% of patients with TBE had 
sequelae 1 year post infection [47]. In 2009, Misić‐Majerus et al. published a prospective study 
on TBE postencephalitic syndrome. One hundred and twenty‐four patients, aged 16–76 years, 
participated in the study with follow‐up period for at least 3 years. Forty‐nine patients (39.5%) 
developed moderate or severe sequelae lasting for 3 to 18 months; in 11 patients permanent 
sequelae were seen—spinal nerve paresis in five, hearing impairment in six, dysarthria in two, 
and severe mental disorder in one patient [74]. In 2011, Kaiser reported 10‐year follow‐up 
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results in patients with encephalomyelitic manifestation of TBE; 11 (19%) out of 57 included 
patients fully recovered, 29 (51%) patients had long‐lasting sequelae (paresis or other impair-
ments), and 17 (30%) died 1–10 years after the acute disease. The most substantial improve-
ments were seen in the first year after acute disease [75]. Recently published case‐control 
study on the long-term sequelae after TBE from Sweden has showed that the neurocogni-
tive and motor symptoms in patients significantly differ from those in the age‐ and gender‐
matched control group [76].

7. Diagnosis

For a diagnosis of TBE, three criteria should be fulfilled:

(a) symptoms/signs indicating meningitis or meningoencephalitis,

(b) elevated CSF cell count (>5 × 106 leukocytes/L), and

(c) microbiologic evidence of TBEV infection (i.e., the presence of specific IgM and IgG an-
tibodies) [77].

7.1. Blood and cerebrospinal fluid analysis

In the initial (viremic) phase of TBE leukopenia and/or thrombocytopenia are ascertained in 
around 70% of patients, and abnormal liver test results are seen in about 20% [78]. In the sec-
ond (meningoencphalitic) phase, platelet count is normal, whereas peripheral blood leukocyte 
count is normal or mildly elevated (rarely >15 × 109/L). Concentration of C‐reactive protein 
and erythrocyte sedimentation rate is usually in normal range throughout the entire course of 
TBE. In the initial phase of TBE, CSF findings are in the normal range, whereas in the second 
(meningoencephalitic) phase, elevated CSF leukocyte counts (usually <500 × 106/L, extremely 
rarely ≥1000 × 106/L), a normal to moderately elevated protein concentration, and a normal 
glucose concentration are present. A typical finding is lymphocytic pleocytosis; however, in 
the first few days of the meningoencephalitic phase of TBE, neutrophils may predominate in 
CSF. Elevated lymphocyte counts may persist for several weeks after clinical recovery [32, 79].

7.2. Magnetic resonance imaging (MRI) abnormalities

MRI abnormalities of brain and spinal cord are present only in about 20% of patients with 
TBE. According to a study performed by Kaiser [46], they are found more often in patients 
with meningoencephalomyelitis (7/25, 29%) than in patients with meningoencephalitis (11/64, 
17%), and are not seen in those with meningitis (0/13). Increased signal intensity is most often 
seen in the thalamus, but can (also) be present in basal ganglia, internal capsule, splenium, 
cerebellum, peduncles and brain stem [46, 80–92]; in patients with myelitis, the abnormalities 
are seen predominantly in the anterior horns of the spinal cord [84, 85, 89, 93–97]. Studies of 
specificity are lacking but the specificity is probably low [89].
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7.3. Microbiological investigations

7.3.1. Detection of TBEV

Due to limited diagnostic yield, direct approaches to demonstrate TBEV, such as detection 
of viral RNA by reverse transcriptase PCR and isolation of the virus, are as a rule not used 
in clinical practice. TBEV is present in blood in the initial (viremic) phase of TBE but not 
in the meningoencephalitic phase of the disease and is only very exceptionally present in 
CSF [98].

7.3.2. Serology

In the routine clinical practice, demonstration of antibodies to TBEV in serum (and in some 
cases also in CSF) by enzyme‐linked immunosorbent assay (ELISA) is a standard microbio-
logic diagnostic approach with a high sensitivity and specificity [98, 99]. At the beginning 
of the meningoencephalitic phase, when patients are usually seen by their physicians and 
admitted to hospital, the large majority had specific serum IgM and IgG antibodies. In rare 
cases when only IgM antibodies to TBEV are found in the first serum sample, second sam-
pling 1–2 weeks later reveals IgG seroconversion and enables a reliable diagnosis of (recent) 
TBEV infection. In CSF, IgM and IgG antibodies to TBEV appear several days later than in 
serum, but are detectable in almost all cases by day 10 [98, 100].

Although the interpretation of the results of serological testing is usually straightforward, 
there may be some obstacles which should be taken into account. TBEV IgM antibodies may 
be present in serum for several months (up to 10 months or even longer) after acute infection, 
whereas TBEV IgG antibodies persist for a whole life and mediate an immunity that prevents 
symptomatic reinfection [98, 101].

Thus, serum IgG antibodies to TBEV without the presence of specific IgM antibodies do not 
indicate a recent but previous (symptomatic or asymptomatic) TBEV infection or vaccination 
against TBE. On the other hand, specific TBE serum IgM antibodies, an indicator of a recent 
infection with TBEV, may be detectable for several months after acute TBEV infection (and 
also in some persons after the first two doses of primary immunization); their demonstration 
may result in incorrect interpretation if another CNS infection/disease developed within this 
time period [98, 101].

A further challenge is a close antigenic relationship between TBEV and other flaviviruses with 
cross-reactive antibodies induced by infections or vaccinations, and a consequent diagnostic 
difficulties in persons vaccinated against Japanese encephalitis or yellow fever and in travel-
ers having acquired dengue, West Nile or other flavivirus infections [7]. Such problems in 
TBE serodiagnosis can be sorted out by the quantification of IgM antibodies. High IgM values 
(>500 arbitrary units) are indicative of a recent infection with TBEV, whereas lower IgM lev-
els may require the analysis of a follow-up sample (that enables the assessment of antibody 
dynamics), and/or a specific neutralization assay, to rule out cross‐reactive IgM antibodies 
and prolonged persistence of IgM antibodies after infection or vaccination [102].
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Knowledge in the understanding of TBE serology is required also in patients with meningi-
tis or meningoencephalitis or who had been previously vaccinated against TBE. Serological 
response in patients with TBE vaccination breakthroughs is as a rule distinct from the response 
in patients who had not been vaccinated; unawareness of the pattern may result in fail to 
notice vaccination breakthrough cases. Serologic response in these patients is characterized 
by a delayed development of specific IgM response (during the initial days of the meningo-
encephalitic phase of TBE, specific IgM antibodies may not be detectable) associated with a 
high and rapidly increasing levels of specific serum IgG antibodies [63, 64, 67]. For a reliable 
diagnosis of TBE in persons previously vaccinated against TBE, demonstration of intrathecal 
production of TBEV antibodies is needed [45].

8. Factors influencing clinical course of acute disease and/or long‐term 
outcome

8.1. Subtype of TBEV

Subtype of TBEV influences the course of acute TBE as well as its long‐term outcome. The 
disease caused by the European TBEV subtype usually has a biphasic course, around 10% of 
adult patients have a severe neurologic deficit, case‐fatality rate is <2% [12, 32]. According to 
a prospective study the abortive form of TBE is rare—the initial phase most of the time move 
on to the second phase of the disease [51]. Long‐lasting sequelae are identified in up to 50% 
of adult patients [103]. The disease is less severe and has a better outcome in children than in 
adults [34, 50, 104, 105].

Symptomatic infections with Far Eastern TBEV subtype often cause an illness with a gradual 
onset, more severe course, higher rates of severe neurologic sequelae, and a fatality rate of 
20–40%; the severity and outcome in adults and children are similar. Limited information 
about the clinical course of the disease is available for Siberian TBEV subtype. The case-fatality 
rate is 2–3%; some reports from Russia suggest an association with a chronic progressive form 
of TBE [1, 11].

8.2. Age of patients

Published data suggest the relationship between age of patients and the severity of TBE and 
its outcome — the severity of acute illness and the proportion of patients with unfavorable 
outcome increase with age [33, 47, 50, 106].

The disease caused by European subtype of TBEV generally has a milder course and better 
outcome in children than in adults. The predominant form of TBE in children and adolescents 
is meningitis. A summary of 8 studies on 1169 children with TBE showed that meningitis was 
present in 802 (69%), meningoencephalitis in 356 (30%), and meningoencephalomyelitis in 
11 (1%) patients. A total of 20 out of 945 patients (2.1%) had long‐term neurologic sequelae 
[34]. In contrary to children, in adults, and especially in elderly patients with TBE caused by 
European subtype of TBEV, the most frequent presentation is meningoencephalitis [33, 47].
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Furthermore, fatality rate, the ratio of patients who develop pareses, and the frequency of 
postencephalic syndrome is also parallel with the increasing age [33, 47, 106].

8.3. Other factors associated with severe acute disease

Some clinical studies have shown that TBE with monophasic presentation is associated with 
a more severe course of the acute disease [42, 107–111].

Concomitant TBE and Lyme neuroborreliosis may occur with a more severe clinical course 
[59, 112, 113].

8.4. Severity of acute illness and other risk factors for unfavorable outcome

The outcome of TBE is associated with clinical presentation. The risk of incomplete recovery 
is higher for patients who have more severe clinical illness during acute phase of TBE [45, 47].

Other identified risk factors found to be associated with unfavorable outcome are CSF cell 
count > 300 cells/μL, impaired blood‐brain barrier (total protein >600 mg/L) and abnormal 
findings on MRI [46].

8.5. Genetic factors

Host‐related factors, particularly genetically determined variability of the inflammatory/
immune response, very likely have an important impact on the course and long-term out-
come of TBE. In 2008, Kindberg and coworkers published the results of the study carried out 
on the Lithuanians, showing that a mutation in a chemokine receptor 5 (CCR5) gene increases 
the risk for the development of TBE after TBEV infection, but not for more severe disease 
[114]. Three years later the same group reported on an association between the wild-type 
Toll‐like receptor 3 (TLR3) rs3775291 allele and increased risk of TBE and suggested that a 
functional TLR3 may be associated with disease severity [115]. Similar findings were also 
reported by Mickiene et al. [116]. Furthermore, Barkhash and coworkers found an association 
between polymorphism in the promoter region of CD209 gene and predisposition to severe 
illness, and a possible association between 5 OAS single nucleotide polymorphisms and the 
TBEV infection outcome in Russians [117, 118].

In the future we expect new interesting discoveries on the role of host genetic factors in TBEV 
infections.

9. Differential diagnosis

In addition to a variety of viral infections, differential diagnosis of the initial (viremic) phase of 
TBE includes also several diseases caused by bacteria. There is a striking similarity in clinical 
and laboratory presentation of the initial phase of TBE and human granulocytic anaplasmosis. 
For both diseases fever, headache, leukopenia, and thrombocytopenia are typical. However, the 
presence of clinical symptoms such as chills, myalgia and arthralgia, and  laboratory findings 
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of elevated concentration of C‐reactive protein and lactate dehydrogenase values direct toward 
the diagnosis of human granulocytic anaplasmosis and against the initial phase of TBE [119].

TBE needs to be differentiated from encephalitis or aseptic meningitis due to many other 
viruses. Differential diagnosis comprises also other tick‐borne diseases such as Lyme borreli-
osis, babesiosis, human granulocytic anaplasmosis, tick‐transmitted rickettsioses, and tulare-
mia. Since these diseases are treatable with antibiotics, caution must be taken to distinguish 
them from TBE [32].

Concomitant TBEV and Borrelia burgdorferi sensu lato infections, as well as concomitant TBEV 
and Anaplasma phagocytophilum infections have been described [77, 113, 120–122].

10. Treatment

There is no specific antiviral treatment for TBE. Patients as a rule need hospitalization, sup-
portive care, symptomatic treatment based on the presence and severity of signs/symptoms 
and therapy of neurologic and systemic complications. The symptomatic treatment usually 
includes antipyretics, analgesics, antiemetics, maintenance of fluid and electrolyte balance, 
and if necessary administration of anticonvulsive agents and treatment of cerebral edema 
[50, 123–125].

In some countries corticosteroids are often used in patients with TBE. However, until reliable 
studies prove the benefits of corticosteroids, their usage for the treatment of TBE is not recom-
mended [47, 126].

Several patients need intensive care management; in those with neuromuscular paralysis 
leading to respiratory failure, intubation and ventilatory support are required. In a large 
prospective study, encompassing 635 patients diagnosed with TBE in the period from 1994 
to 1998 in Germany, 12% of patients were treated in intensive care unit and 5% of patients 
required assisted ventilation [46]. Among patients with TBE, treated at a single medical center 
in Slovenia in the period from 2000 to 2004, 6.9% were hospitalized in the intensive care unit 
and 22.5% of them needed mechanical ventilation [33].

11. Prevention

11.1. Nonspecific preventive measures

TBEV is transmitted to humans by a tick bite or consumption of infected milk. Therefore, 
nonspecific preventive measures consist of reduction of tick population, personal protective 
procedures, and—as milk from endemic regions may contain TBEV—pasteurization of milk, 
and avoiding consumption of unpasteurized milk and dairy products [30, 42].

Tick population can be diminished by taking environmental measures, such as control of deer 
population, treatment with acaricides, and/or regular cutting of grass around the residence.
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Nonspecific personal preventive measures include avoidance of ticks (i.e. avoidance of con-
tact with vegetation, especially in deciduous and mixed forests with a rich understory), wear-
ing light‐colored clothing (light colors enable that ticks are better noticeable) with long sleeves 
and slacks stuck in socks or footwear (to diminish tick access to the skin), use of repellents, 
careful examination of the whole body for the presence of ticks, and removal of the attached 
ticks as soon as possible. However, TBEV is present in salivary glands of the infected tick and 
may be transmitted from the saliva within a few minutes after attachment [42]. Although the 
recommended personal measures for the prevention of tick-borne diseases such as TBE and 
Lyme borreliosis appear to be obvious, the efficiency of some of these procedures is inad-
equate, uncertain or has not been properly evaluated. Furthermore, in everyday life only a 
small proportion of exposed persons follow the recommended procedures [127, 128].

11.2. Prevention with immunoglobulins (passive immunization)

In the TBE endemic regions, immunoglobulins containing gamma globulin against TBEV had 
been used as postexposure prophylaxis within 96 hours after a tick bite. Because protection 
was rather unreliable [129], and because several reports pointed toward a more severe disease 
course in children who had received the immunoglobulin [81, 129, 130], passive immuniza-
tion (the usage of the immunoglobulins) in the European Union has been abandoned [131]. 
However, the specific immunoglobulins are still used in Russia; the reported protection rate 
is about 80% [132].

11.3. Vaccination

Active immunization is the most effective and reliable way to prevent TBE [12, 42].

11.3.1. Recommendations for TBE vaccination

Given that TBE occurrence varies within and between individual endemic areas, vaccination 
strategies need to incorporate risk assessments for a particular region. According to WHO rec-
ommendations [133], in highly endemic TBE regions (≥5 cases/100,000/year) vaccination should 
be offered to whole population, including children, whereas in regions with a moderate or low 
TBE incidence (<5 cases/100,000/year), immunization has to target individuals at risk, i.e., those 
having outdoor activities or working under high-risk conditions. Travelers from non-endemic 
to endemic areas should be vaccinated if extensive outdoor activities are expected [133–136].

Similarly, Central European Vaccination Awareness Group (CEVAG) strongly recommends 
the introduction of universal TBE vaccination for persons >1‐year old for all countries at high 
risk of TBE [135]. Persons who had acquired TBE do not need vaccination as they are appreci-
ated to be protected against the disease.

11.3.2. Vaccines

In Europe two vaccines against TBE are registered: FSME‐IMMUN® and Encepur® (in some 
countries named TicoVac). Both contain inactivated European subtype of TBEV (strain Neudorf 
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1 and strain K23, respectively), are prepared in a similar way (viruses are grown in chick embryo 
fibroblast cells, are inactivated by formaldehyde and are purified, adjuvant is aluminum 
hydroxide), are registered for adults and children aged 1 year and older (vaccines for children 
are called FSME‐IMMUN 0.25 ml Junior, and Encepur Kinder, respectively), and effectively 
prevent TBE caused by the European as well as Far-Eastern and Siberian subtype of TBEV [131].

In addition to the European vaccines, three vaccines based on Far-Eastern subtype of TBEV 
are registered: two are produced in Russia (TBE‐Moscow and EnceVir) and one in China [131].

11.3.3. Vaccination schedule

All of several vaccination schedules consist of primary (basic) vaccination followed by booster 
doses. Complete primary (basic) vaccination comprises three doses, usually given with an 
interval of 1–3 months between first and second dose, and 5–12 months between the second 
and third dose. When protection is wanted to be achieved in a short time, “fast schedule” 
(second dose is administered earlier, usually 14 days instead of 1–3 months after the first 
dose) can be used in accordance with the manufacturers’ instructions [12, 42]. The first booster 
dose is administered 3 years after completion of the primary vaccination; after that, one dose 
is required every 5 years except for persons aged >60 years (FSME IMMUN) or >50 years 
(Encepur) for whom boosters are recommended at 3 years intervals [131]. Immunization with 
the first two doses is preferably accomplished during the winter months to achieve protection 
before tick activity; however, vaccination can start at any time. A person who had not received 
the recommended doses according to the schedule but with longer intervals does not need to 
start vaccination again from the very beginning but just to continue with missing doses. Longer 
intervals between doses generally do not reduce antibody concentrations after completion of 
TBE vaccination, but protection in the period before the delayed dose is less consistent [137].

11.3.4. Mode of application and dosages

TBE vaccine is administered intramuscularly into the deltoid muscle; in young children, it can 
be given in the muscles of anterolateral thigh. It may be administered simultaneously with other 
vaccines (live or inactivated) but not on the same place [131]. Doses (0.25 or 0.5 ml) depend upon 
the age of the recipient. The age limits for vaccines available in Europe differ. In persons <16 
years old, the dose of the FSME‐IMMUN vaccine is 0.25 ml, whereas for persons ≥16 years, 0.5 ml 
is advised; the corresponding age limits for Encepur vaccine are <12 and ≥12 years, respectively.

11.3.5. Efficacy and safety

Both European vaccines are safe and effective. Fourteen days after the second dose of basic 
vaccination protective antibodies develop in about 85% of the subjects, whereas after three 
doses, more than 98% of persons with normal immunity are protected [131]. As a rule the 
effectiveness of protection after vaccination against TBE is not verified by the detection of 
antibodies against TBEV in serum. However, the manufacturers of the vaccines and some 
authors recommend that in persons with immunodeficiency, the response to vaccination is 
assessed by serological testing approximately 4 weeks after the second dose, and that — if 
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antibody response was not adequate — the second dose is repeated and followed by the third 
dose in accordance with the regular TBE vaccination timetable. Along with some proposals 
similar procedure may possibly refer also to the following doses. While such practice may 
appear reasonable, no convincing clinical data corroborate its usage.

TBE vaccine field effectiveness is estimated to be >98% in persons vaccinated in line with the 
advocated schedule, and >90% for those who received basic vaccination, but were later not 
vaccinated according to the planned timetable [138].

Side effects are mild and relatively rare. They are more frequent after the initial than with later 
doses of TBE vaccine. The most common side effects are local pain and tenderness on pressure 
at the injection site; redness and swelling occur less often. Short-term fever after vaccination is 
relatively common in young children but rare in adults. Neurological complications are very 
infrequent [131].

11.3.6. Contraindications and limitations

11.3.6.1. Contraindications

The main contraindications are as follows:

a. Severe allergic reaction following preceding dose of TBE vaccine;

b. Information on severe allergic reactions to vaccine constituents (in addition to the active in-
gredients, TBE vaccine also contains remains of formaldehyde, protamine sulfate, gentamicin 
and neomycin); and

c. History on anaphylactic hypersensitivity to eggs (TBE viruses are grown in fibroblast cells 
of chick embryo).

d. Vaccination is not performed in persons with acute febrile illness.

11.3.6.2. Limitations

Pregnancy, breast‐feeding: Because information on the safety of TBE vaccine during pregnancy 
and lactation is inadequate, pregnant and lactating women should receive the vaccine only 
after a careful individual assessment of the potential risks and benefits. There is also no suf-
ficient data on the safety of vaccination during lactation. However, since TBE vaccines are 
based on inactivated virus, the harm of breast-feeding child or fetus is unlikely.

Autoimmune diseases: While there is no indication that vaccination may deteriorate the course 
of autoimmune diseases or trigger autoimmunity, caution is required in persons with an 
autoimmune disease because data on the safety of vaccination in this group are limited [131].

11.3.7. Storage

The vaccine must be stored in a refrigerator at a temperature between 2 and 8°C. Storage at 
higher temperatures and freezing are not suitable [131].
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12. Conclusion

TBE is an important central nervous system infection endemic in European and Asian coun-
tries. Due to relatively high proportion of cases with severe clinical course and a considerable 
proportion of patients with permanent sequelae after acute illness, as well as due to high 
incidence, it represents a growing (public) health problem that could be substantially reduced 
with vaccination.
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Abstract

Meningoencephalitis also known as encephalomeningitis is an inflammation of the brain 
and its surrounding protective membranes. It resembles both meningitis and  encephalitis. 
Meningoencephalitis can be caused by bacteria, viruses, fungi, and  protozoan or as 
 secondary sequel of other inflammations like AIDS. The viral or aseptic meningoenceph-
alitis is mainly caused by enteroviruses, varicella‐zoster viruses, herpes simplex viruses, 
or measles viruses. Among the various causes of viral meningoencephalitis, herpes 
meningoencephalitis (HME), caused by herpes simplex virus type 1 and 2, is dreadful. 
It is a communicable infection spread through droplets, air, water, food, sexual inter-
course, or effected mother to child. The symptoms of the disease resemble to common 
viral infections except few like nuchal rigidity, blurred vision, and purple body rashes. 
Diagnosis is carried out from body fluids like urine, saliva, blood, or cerebrospinal fluid 
using laboratory methods, imaging techniques, PCR or enzyme‐linked immunosorbent 
assays. The causes, diagnosis, prevention, and treatments of HME are discussed detail 
in this chapter.

Keywords: encephalitis, encephalomeningitis, herpes meningoencephalitis, meninges, 
meningitis, meningoencephalitis

1. Introduction

Mammalian brain and spinal cords are covered by three membranous tissue layers pia 
mater, arachnoid mater, and dura mater (from inner to outer) forming meninges. Infection 
in these layers is known as meningitis. An inflammation or infection in the brain tissue is 
known as encephalitis [1]. The infection in the brain and meninges together is known as 
 meningoencephalitis or encephalomeningitis. This can be caused by either of the bacteria, 
fungi, viruses, or protozoans. Viral or aseptic meningoencephalitis, caused by herpes  simplex 
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virus type 1 (HSV 1) and 2 (HSV 2), is known as herpes meningoencephalitis (HME) [2]. 
The direct infection in the brain or meninges is called primary HME, whereas if it spreads 
from other parts to the brain, then it is called secondary HME. Both the male and female are 
affected at an equal ratio with a higher mortality and morbidity rate (∼50%) for infants. Like a 
communicable infection, spread through air, water, or close contact [3], the viruses after enter-
ing the patient through mouth, nose, or genital tract reach to the brain‐crossing blood‐brain 
barrier and cause infection.

The symptoms of this infection are a combinatorial effect of both the meningitis and encepha-
litis insisting the physicians to suspect meningoencephalitis [4]. Symptoms resemble to the 
common viral infections but may vary among the children and adults. Some of the typical 
symptoms of HME are nuchal rigidity, blurred vision, and purple body rashes. The infection 
can spread among people through droplets, foods, air, or close contact. There is always a 
need for early diagnosis of the infection followed by treatment. The disease can be suspected 
initially on the basis of the specific symptoms of the patients. This can be further confirmed 
by several laboratory‐based, imaging, or advanced techniques [5]. Although the prevention 
of HME is not possible through vaccination, but proper precaution measures can reduce the 
risk of spreading and relapsing of the disease. Abstain or safety measures during sexual inter-
course and proper management during pregnancy lessen the risk of contamination.

Mild infected persons may recover in few weeks but a severely infected person requires lon-
ger time and intense care. Early treatment of the patients with antiviral drugs may hugely 
reduce the risk of the contamination and death. Anticonvulsants or diuretics can minimize the 
inflammation, cranial pressure, or pain. In this chapter, we have discussed in detail about the 
symptoms, causes, diagnosis, prevention, and treatment of HME.

2. Symptoms

The symptoms of HME resemble to common flu and may vary among children, adults, and 
neonates. HME type 1 is more prominent at age below 20 years or over 40 years. The  earlier 
symptoms shown in children and adults are fever, disorientation, or speech problem. At a 
later stage, headache, vomiting, fever, drowsiness, seizures, and unconsciousness also appear. 
Specific symptoms of this infection are nuchal rigidity, blurred vision, hallucinations, purple 
rashes or behavioral changes [4]. Infants are mainly infected by type 2, and the symptoms 
include high fever, bulging of forehead, poor feeding or constant sleepiness.

3. Causes

HME is mainly caused by HSV type 1, type 2 or as secondary squeal of other diseases like 
Crohn’s disease [2, 6]. HME accounts for about 10% of the total meningoencephalitis cases 
with a effecting rate of about 2/106. Most of the HME cases are seen in case of infants or 
children. The infection is contaminated through coughing, sneezing or close contact. Type 1 
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rashes or behavioral changes [4]. Infants are mainly infected by type 2, and the symptoms 
include high fever, bulging of forehead, poor feeding or constant sleepiness.

3. Causes

HME is mainly caused by HSV type 1, type 2 or as secondary squeal of other diseases like 
Crohn’s disease [2, 6]. HME accounts for about 10% of the total meningoencephalitis cases 
with a effecting rate of about 2/106. Most of the HME cases are seen in case of infants or 
children. The infection is contaminated through coughing, sneezing or close contact. Type 1 
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viruses can spread through food, water, and air, whereas type 2 transmits mainly through 
sexual contact [3]. Sometimes, after complete treatment, also the viruses remain silently in 
the body and relapse at a later stage. AIDS, alcoholism, diabetes, immunosuppressant drugs, 
splenectomy, and other immunosuppressive factors increase the susceptibility of a person 
toward getting infected. The infection may cause partial or complete impairment of the brain 
or sensory organs, kidney failure or death [7]. Therefore, there is a compulsory need for an 
early diagnosis of the disease followed by treatment.

4. Diagnosis

On the basis of different symptoms seen in the suspected patients, physicians suggest  different 
preliminary or confirmatory diagnostic tests [5]. Diagnosis of the HME involves several 
stages, initially differentiation from other closely related infections and then  distinguishes 
between bacterial, fungal, and viral meningoencephalitis. The final step involves  confirmation 
of HME from other forms of aseptic meningoencephalitis. Diagnosis can be carried out from 
blood, saliva, urine or cerebrospinal fluid (CSF) of the patients with the CSF being preference. 
Diagnosis of HME is done as below:

4.1. Laboratory methods

4.1.1. Body fluid test

Different types of body fluids like urine, blood, or saliva of the suspected patients can be 
tested for antigens, antibodies, level of WBCs, proteins, procalcitonin, or glucose. These com-
ponents are mainly detected through biochemical analysis or immunological assays. Increase 
in the WBC count in the CSF or the presence of IgM antibodies in the serum confirm HME. 
The level of these components confirms pathogenic condition of a person and differentiates 
between bacterial, fungal, and aseptic meningoencephalitis. The presence of WBCs or micro-
organisms turns the CSF from transparent to cloudy in color. Increase in the lymphocyte 
count is a characteristic of viral infection. Increase in the amount of proteins or decrease in 
the glucose in CSF also confirm viral infection. But biochemical analysis may be inconclusive 
or misleading. Therefore, further tests like PCR or blotting must be carried out for further 
confirmation of the specific infection. Sometimes, the samples from the patients are cultured 
and sensitivity tests carried out for confirmation of the pathogen [8–10]. But this consumes 
2–3 days for confirmation. Microscopic analysis of the patient samples is also another alterna-
tive diagnostic method. But this is a preliminary mode of diagnosis and nonspecific.

4.1.2. Spinal tap

Diagnosis using CSF through spinal tap or lumbar puncture is one of the most prefer-
able methods to distinguish meningoencephalitis from blood toxicity or sepsis. This tech-
nique involves extraction of about 0.5–1.0 ml of CSF from the subarachnoid space between 
 lumbar (L) vertebrae L3/L4 or L4/L5 [8]. The change in the composition of CSF, presence of 
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pathogens or their by‐products, presence of lactic acid, lactate dehydrogenase, or C‐reactive 
proteins or increase in the white blood cells (WBCs) count of CSF can be detected by various 
methods [9, 10]. CSF‐based detection is one of the traditional methods used for the diagnosis 
of several disorders associated with the central nervous system. Although the method is less 
time consuming, it is low sensitivity and nonspecific.

4.2. Non‐laboratory tests

4.2.1. Electroencephalography

This is a noninvasive electrophysiological technique which analyze the electrical signals or 
ionic current within the neurons of the brain. Any abnormalities or functional changes in 
the brain cause change in neural oscillation or brain waves over a period of time which can 
be detected [11]. The pattern of the waves in an electroencephalogram signifies the specific type 
of seizure or viral infection [12]. Despite its low resolution, it is still used as one of the pioneer 
diagnostic tool. This method consumes several hours for complete detection of the pathogen.

4.2.2. Neurological examinations

HME may cause partial or complete impairment of the brain and the sensory system in the 
patient. Therefore, physician carries out neurological examinations to confirm the infection. 
Neurological examination is carried out through series of tests to detect neurological disor-
ders, mental status, strengths of sensation, and behavioral changes. Simple instruments like 
forks, reflex hammer, or small pins are used by the physicians to detect the strength of the 
neurological response. But this test is nonspecific and misleading because it cannot discrimi-
nate between HME and meningocephalitis due to other causes.

4.3. Radiological methods

4.3.1. CT scan

Use of CT scan has gained preference over other methods during last few decades for diagnosis 
[13, 14]. CT scan or X‐ray CT involves two dimensional X‐ray images of the brain from several 
possible angles and computer‐based analysis for any deformities. Sometimes, dyes are also 
used to differentially highlight the different parts of brain [15]. This technique clearly visual-
izes any type of blood hemorrhage, clot, swellings, infections, or inflammations in the brain or 
the meninges. The dark areas signify for edema, whereas bright areas signify calcification or 
hemorrhage of the brain tissue. Although the high resolution of CT scan proved it to be better 
diagnostics method over others conventional methods but is associated with several side effects 
like damaging tissue and cancer. Therefore, is less preferred in the case of infants or children.

4.3.2. MRI‐based detection

Since 1970, after discovery, MRI is used as one of most versatile and prominent diagnostic tool 
in biomedical research. MRI or NMRI uses magnetic fields, radio waves, and field gradients 
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to image the anatomy or physiological structure of brain [16]. A clear image obtained there 
of reveals any infection or inflammation in the brain or meninges. Since, this technique does 
not use any ionizing radiations and has a higher sensitivity, therefore, preferred over CT scan. 
This method is sometimes time‐consuming, expensive, and cumbersome [17].

4.3.3. Brain biopsy

This technique involves digging a hole at a point in the skull identified through CT scan or 
MRI, collection of small tissue using sterilized needle, and then observation under microscope 
[18]. The status or condition of the brain and its surrounding tissue can be analyzed through 
this method. HME is detected depending upon the swelling or damage of the tissue. This 
method although is highly sensitive but painful and associated with several complications. 
Therefore, this method was slowly replaced by other methods.

4.3.4. Ultrasound

Ultrasound or sonography is a nondestructive method uses sound wave of >20 kHz to study 
the structure and secretions from brain. These wave with very short wavelength and low 
power density resolute every change in the brain without heating or cavitations effect [19]. 
Infection, swelling, lesions, or inflammation of the brain or the associated tissue can be clearly 
imaged. Despite these, over exposure to this wave may cause side effects like hearing loss and 
organ dysfunction.

4.4. Future directions

A quick and specific diagnosis of any disease is necessary to initiate an early treatment against it. 
Present diagnostic methods for HME are inconclusive, time‐consuming, misleading,  non‐ specific, 
or complicated. Therefore, there is a need for a quick, simple, sensitive, and  specific method for 
diagnosis of HME. Nowadays, several advanced methods have been developed for the diag-
nosis of different types of diseases. The principles of these methods can be used to develop a 
quick, simple, and reliable diagnostic method in future. Detection of any pathogen based on the 
analysis of partial or complete genome is one of the most preferred techniques nowadays. The 
genome of HSV is approximately of 152 kb which can be very easily analyzed as below:

4.4.1. PCR

Since the discovery of PCR, it is used as quick, specific, and sensitive method for diagnosis 
of several diseases. Several researchers proposed PCR‐based detection of HSV from patient 
samples through designing specific primers and found higher sensitive than other conven-
tional methods [5, 20–22]. The PCR amplicons can be analyzed which is an agarose gel elec-
trophoresis with or without Southern blotting [23], although Southern blotting increases the 
sensitivity of a PCR but increase the time taken. Therefore, some researchers replaced it with 
enzyme‐linked inmmunosorbent assay. Recently, we have reported very less time‐consuming 
direct PCR for detection of Neisseria meningitidis from the CSF samples (Figure 1) [24, 25]. The 
same procedure may be followed to detect HSV in future.
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4.4.2. Biosensors

Biosensors are replacing the traditional diagnostic methods because of their sensitivity, speci-
ficity, simplicity, and economical value [26–29]. A biosensor contains a biotransducer or bio-
receptor which interact with the analyte, and the signal released is detected by a detector. At a 
low analyte concentration, electrochemical sensor is more favorable than the others (Figure 2) 
[28, 29]. For construction of an electrochemical sensor, ionic bonding between the gold and 
thiol‐group can be used for immobilization. Which can be further hybridized with the com-
plementary analyte and detected electrochemically (Figure 3) [28, 29]. Metallic nanoparticles 
and carbon nanotubes can also be used to increase the surface of immobilization and sensitiv-
ity of the sensor for quick, sensitive, and specific diagnosis of large number of HME suspected 
samples at a time [30, 31].

Figure 2. Schematic representation of immobilization of thiol‐labeled probe onto gold electrode and detection of N. meningitidis 
from patient CSF [29].

Figure 1. PCR‐based diagnosis of bacterial meningitis Lane 1 and 2: control, lane 10, 16, and 26: infected patients, and 
lane 3‐9, 11‐15, 17‐25, and 12‐20: negative [25].

Meningoencephalitis - Disease Which Requires Optimal Approach in Emergency Manner54



4.4.2. Biosensors

Biosensors are replacing the traditional diagnostic methods because of their sensitivity, speci-
ficity, simplicity, and economical value [26–29]. A biosensor contains a biotransducer or bio-
receptor which interact with the analyte, and the signal released is detected by a detector. At a 
low analyte concentration, electrochemical sensor is more favorable than the others (Figure 2) 
[28, 29]. For construction of an electrochemical sensor, ionic bonding between the gold and 
thiol‐group can be used for immobilization. Which can be further hybridized with the com-
plementary analyte and detected electrochemically (Figure 3) [28, 29]. Metallic nanoparticles 
and carbon nanotubes can also be used to increase the surface of immobilization and sensitiv-
ity of the sensor for quick, sensitive, and specific diagnosis of large number of HME suspected 
samples at a time [30, 31].

Figure 2. Schematic representation of immobilization of thiol‐labeled probe onto gold electrode and detection of N. meningitidis 
from patient CSF [29].

Figure 1. PCR‐based diagnosis of bacterial meningitis Lane 1 and 2: control, lane 10, 16, and 26: infected patients, and 
lane 3‐9, 11‐15, 17‐25, and 12‐20: negative [25].

Meningoencephalitis - Disease Which Requires Optimal Approach in Emergency Manner54

4.4.3. Microarray

Microarray involves immobilization of an array of single or multiple types of ssDNA probes 
onto a surface and then hybridization with complementary ssDNA followed by detection 
through LASER scanning. Microarray is an advance and promising technique for diagnosis of 
any disease [32]. Tong et al. first time used 16S microarray for detection of neonatal bacterial 
meningitis using patient’s blood [33]. Nowadays, DNA microarray is used for detection of large 
number of suspected samples of different diseases at a time. DNA microarray can either be con-
structed by direct synthesis of oligonucleotide on the solid surface (affymetrix microarray) or 
by immobilization of earlier synthesized oligonucleotides onto a substrate [34]. The second one 
remains as choice of preference for the researchers because of its flexibility regarding the surface 
and ligand used for construction of microarray [35]. Glasses are preferred over other platforms 
due to their low‐cost, intrinsic fluorescence, and superior optical properties. 3′‐modified probe 
is preferred over the 5′‐modified probe because the later requires phosphoramidite reagents 
of the modifier in strictly anhydrous condition [36]. Surface of the substrates can be coated 
with polylysine or aminopropyle to increase the immobilization. The noncovalent attachments 
used for immobilization of the ssDNA probe onto an electrode are epoxide‐amine, epoxide‐
thiol, epoxide‐aminooxyalkyl, aldehyde‐amine, and semicarbazide‐aldehyde. Carboxyl‐amine, 
thiol‐disulfide, biotin‐ streptavidin, gold‐thiol,  zirconylated‐surface‐phosphate, and epoxide‐
amine are some of the covalent linkage used often for the probe immobilization (Figure 4) [34]. 
The immobilization of the probe is optimized for time, pH, temperature, and concentration in 
order to obtain maximum immobilization efficiency. The array of immobilized oligomers can 
be hybridized with the genomic DNA of pathogen in patient sample. Several researches have 
been reported by our lab to detect the presence of N. meningitidis from the CSF samples using 
microarray [35, 36]. The same principle can be used to develop a microchip in future for diag-
nosis of large number of HME suspected samples at a time.

Figure 3. Schematic representation of immobilization of probe on nanocomposite and diagnosis of bacterial meningitis 
from patient CSF [30].
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5. Prevention

It has always been said that prevention is better than cure. There is no effective vaccine avail-
able against HME, but prevention lies primarily in the management of genital infections in 
pregnant women [37]. Avoiding of sharing of food, beverages, and other objects in between 
the infected and healthy persons prevent the contamination of HME. Proper cleaning, ster-
ilization, sanitation, and isolation also help to prevent spread of the infection [38]. Regular 
monitoring and health checkups are necessary for the people living in mass, working together, 
or pilgrims to avoid the risk of contaminations. Abstain from sex or protected sexual relation 
through latex condoms can reduce the risk of sexual transmission.

6. Treatment

Patients suffering with mild infection recover within few weeks of treatment, whereas severe 
cases may require longer period. About 50–70% of the HME patients suffer from secondary 
sequel‐like brain damage, neurological disorders or comma. Therefore, an early treatment 
of the HME is necessary [39]. A dramatic improvement in the HME patient health can be 
achieved by treating at an earlier stage with antiviral drugs like acyclovir, vidarabine, or fam-
ciclovir. At a later stage, the treatment becomes ineffective. Anticonvulsants such as dilantin 
or phenytoin prevent HME seizures [40]. Corticosteroids or diuretics such as prednisone, 
furosemide, or mannitol can relieve the skull pressure, reduce swelling due to inflammation, 

Figure 4. Schematic presentation of microarray‐based detection of bacterial meningitis [35].
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and prevent hearing loss. In the case of severe inflammations, pain suppressors or sedatives 
may be prescribed. Complete rehabilitation, rest, regular monitoring, balanced nutrition, and 
occupational therapy are necessary for preventing relapse of the infection.

7. Conclusions

HME is one of the most dreadful forms of aseptic meningoencephalitis caused by HSV 1 and 
2. It has a high mortality and morbidity rate especially in infants. The fail to accurate  diagnosis 
and complete treatment has raised the risk of disease. Therefore, a rapid and accurate diag-
nosis is essential for early treatment of the infection and effective public health management. 
The inefficacy for eradication of any disease is equally shared by ignorance of the people and 
fail of early treatment. Therefore, the dreadful impact of this disease should be made aware 
to the common people. Recent advances in the field of diagnosis such as PCR, microarray, 
and nanosensors may help for early diagnosis. Still, there is a high demand on the research 
regarding early treatment of the infection to save the life of people.
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Abstract

Scrub typhus is a zoonotic disease, which is characterized by an acute febrile illness, 
lymphadenopathy, eschar, multisystem involvement, and a rapid response to doxycycline. 
It is found widely in Asia and Pacific islands. Various neurological manifestations, like 
meningoencephalitis, cranial nerve involvement, are known to occur. Diagnosis is based 
on a high clinical suspicion, presence of eschar and serological tests. Prompt diagnosis and 
management can prevent morbidity and mortality, as it has a rapid response to doxycy-
cline. However, due to underdiagnosis, it has often been called as the ‘forgotten killer’.

Keywords: scrub typhus, neurological manifestation, meningitis, encephalitis, 
meningoencephalitis

1. Introduction

Scrub typhus is also known as ‘tsutsugamushi disease’. It is a zoonotic disease. This disease 
was first mentioned in Japanese folklore to be associated with the jungle mite or ‘chigger’, 
which was named ‘dangerous bug’. Therefore, the term ‘tsutsugamushi’ is derived from two 
Japanese words, ‘tsutsuga’ which means something small and dangerous, and ‘mushi’ which 
means creature.

‘Typhus’ has been derived from the Greek word ‘typos’ which means ‘fever with stupor’. The 
name itself reveals a clinical aspect of the disease [1].

2. Scrub typhus

2.1. Epidemiology

Although scrub typhus was known in China in the third century A.D., it was first described 
by Hakuju Hashimoto in 1810 in people living in the banks of the Shinano river and later 
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in 1879 by Baclz and Kawakami as Japanese ‘flood fever’. It is widespread in the so-called 
‘tsutsugamushi triangle’ which extends from Pakistan, India, Nepal in the West, to South 
Eastern Siberia, Japan, China and Korea in the North, to Indonesia, the Philippines, Northern 
Australia and the Pacific islands in the South. Taiwan is the centre of the tsutsugamushi triangle, 
and Korea has the highest reported incidence in the world [2]. About one million new cases 
are identified annually.

In India, the disease had occurred among troops during World War II in the state of Assam and 
West Bengal. Although the disease is endemic in India, epidemics have also been reported.

Epidemiological reports confirm strong existence of scrub in hilly/rain prone areas. Outbreaks 
reveal an autumn-winter type and a summer type of pattern. In comparison with the summer 
type, the autumn-winter type is less severe.

Increasing prevalence of scrub typhus reported from some Asian countries may be related to 
urbanization of rural areas.

2.2. Pathophysiology

Scrub typhus is caused by an obligate intracellular gram-negative bacterium called Orientia 
tsutsugamushi. Ogata in 1931 isolated the organism and named it Rickettsia tsutsugamushi. 
Now it has been renamed as O. tsutsugamushi. The organism lacks a cell wall. There are six 
important serotypes of O. tsutsugamushi—Gilliam, Karp, Kato, Shimokoshi, Kawasaki and 
Kuroki. A new strain has been isolated from a case of scrub typhus in Australia which was 
quite different from the classic strains and has been named as Litchfield.

The mite has four stages: egg, larva, nymph and adult. The larval forms (chiggers) transmit 
the disease to humans and other vertebrates. The larvae feed on rodents particularly wild 
rats of subgenus Rattus, The infection in humans is acquired during outdoor recreational and 
agricultural activities, by the bite of the larval stage of mites. The areas are usually secondary 
scrub growth which grows after clearance of primary forest hence the term scrub typhus. 
Humans are therefore accidental hosts for the pathogen. Vertical transovarial transmission 
occurs in mites. One case of transplacental spread has been reported in a pregnant woman, 
who delivered a preterm baby with scrub typhus IgM positivity.

Following the bite, the pathogen multiplies at the site of inoculation and produces both systemic 
and local manifestation. Infection spreads through both haematogenous and lymphatic routes. 
The severity of the illness depends on both host-related and pathogen-related factors. Pathogen-
related factors may be related to the different strains of O. tsutsugamushi. Host-related factors as 
seen in humans with G6PD deficiency who has a worse prognosis also play a role. Target cells 
for multiplication are the endothelial cells of the various systems. The immune response induced 
by the pathogen is a combination of humoral and cell-mediated immunity. There occurs a rise 
of cytokines during an acute infection. There also occurs a rise in macrophage colony stimulat-
ing factor, interferon gamma and granulocyte colony stimulating factor. Therefore, the macro-
phage and T-lymphocyte response may be the main factor in immunity against the infection. 
However, the parasite has also evolved to evade the immune response of the host. The pathogen 
can down-regulate the expression of glycoprotein 96, in infected macrophages and endothelial 
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cells and thereby neutralize host immune response. This molecule plays a central role antigen 
presentation and antibody production [3].

Central nervous system involvement occurs in scrub typhus. It is speculated that since the 
pathogen is an obligatory intracellular organism, it enters the cerebrospinal fluid in a mono-
cyte or grow through the endothelium, enter via the luminal cell membrane and release into 
the perivascular space [4]. The pathogen also invades and multiplies in the vascular endothe-
lium and cause wide spread vasculitis. Autopsy specimens have shown central nervous system 
pathology in scrub typhus cases in the form of diffuse or focal mononuclear cell infiltration of 
the leptomeninges, presence of typhus nodules (clusters of microglial cells) and haemorrhages 
of the brain substance [4].

2.3. Clinical features

The incubation period of O. tsutsugamushi in humans is around 10–12 days (can vary between 
6 and 21 days). The clinical manifestations vary from a mild febrile illness to a severe poten-
tially disease. The systemic features of the infection include fever, gastrointestinal disturbance, 
malaise, cough, myalgia and headache. A maculopapular rash starting from the trunk and 
spreading to the limbs is seen towards the end of the first week of the fever. Diffuse lymph-
adenopathy is commonly observed.

A necrotic ‘eschar’ at the bite site is almost diagnostic of scrub typhus (Figure 1).

The eschar resembles skin burn of cigarette butt. Eschar is found in 7–80% patients of scrub 
typhus [3]. In the authors study, eschar was detected in 28.81% of the patients of scrub typhus 
and 30.77% patients of meningoencephalitis due to scrub typhus [6]. The wide range of detec-
tion may be due to the difficulty in detecting eschars in dark-skinned individuals, difference 
in the eschar inducing capacity of the different strains of O. tsutsugamushi. The groin, axilla, 
waist and other exposed parts of the body are common sites of eschar detection. In the authors 

Figure 1. Eschar at bite site.
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study, eschar was mostly found in the inguinal region. Different pattern of eschar distribution 
found in males and females due to the differences in skin folds, clothing and pressure points 
created by garments. The eschar not only has immense diagnostic relevance but is also impor-
tant prognostically. Absence of an eschar is a risk factor for mortality [2].

Neurological involvement is often a prominent clinical manifestation of scrub typhus. 
However, they are still an unclear entity. Meningitis or meningoencephalitis can occur in upto 
one-fifth of affected patients. In the authors study, meningoencephalitis was found in 13.2% 
of scrub typhus patients [6]. The various neurological manifestations of scrub typhus [5] are 
as given in (Table 1).

Meningitis has features of headache, vomiting, fever, neck stiffness, along with cerebrospinal 
fluid (CSF) pleocytosis. Altered sensorium and fever with CSF pleocytosis are features of enceph-
alitis. Altered sensorium with fever but normal CSF is found in encephalopathy.

Neurological manifestations in scrub typhus does not occur in isolation but are accompanied 
by systemic features like jaundice, breathlessness, cough, renal impairment and in some cases, 
with multi-organ dysfunction. In the authors study [6] neurological manifestations were asso-
ciated with lymphadenopathy (46.15%), jaundice (53.85%), pulmonary oedema (23.08%), oli-
guria (15.38%), hepatomegaly (38.46%) and splenomegaly (7.69%). Multi-organ dysfunction 
was found in 15.38% patients of scrub typhus with neurological manifestation.

The most common symptom of scrub typhus is fever. The fever is usually mild and accom-
panied by myalgia. In the authors study the mean duration of fever was 5.61 days, prior to 
meningoencephalitis presentation.

Headache is a common symptom in scrub typhus (46–77%). A severe holocranial headache 
almost invariably occurs and thereby helps in identifying suspected cases. Headache occurs 

Direct involvement

1. Meningitis

2. Meningoencephalitis

3. Encephalitis

4. Encephalopathy

5. Seizure

6. Stroke

Immune mediated

1. Optic neuritis

2. Myelitis

3. Acute-disseminated encephalomyelitis

4. Neuropathy

Table 1. Neurological involvement in scrub typhus.
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not only in patients of meningitis or meningoencephalitis but in other scrub typhus patients 
also. However, in those cases, the headache is less severe.

In scrub typhus meningitis, the severe headache is associated with neck stiffness and fever. 
Other signs of meningeal irritation like Kernig’s sign may also be present. These meningeal 
signs are detected in upto 45% patients. In the author’s study, meningeal signs were present 
in 76.92% patients [6].

Altered sensorium is present in scrub typhus patient with encephalitis and meningoencepha-
litis. In the author’s study, altered sensorium was found in all patients; however, other studies 
have reported a lower incidence.

Seizure occurs in scrub typhus with neurological involvement in 22–50% cases, though 
uncommon myoclonic seizure was found in one patient in the author’s series.

Cranial nerve deficits are seen in 25% patients. Most commonly sixth nerve involvement is 
seen, which maybe unilateral or bilateral. Facial palsy may occur in isolation or in association 
with Guillain Barre syndrome [2]. Cochlear nerve involvement occurs in about 19% patients 
and cause sensorineural hearing loss, otalgia and tinnitus. This may be due to direct invasion 
by the pathogen or due to a secondary immune-mediated effect.

Other uncommon neurological manifestations of scrub typhus mentioned are infarction, cereb-
ellitis, haemorrhages, subdural hematoma and Guillain Barre syndrome [2].

2.4. Diagnosis of scrub typhus

This is aided by serological tests in appropriate clinical setting.

Microimmunofluorescence is considered the test of choice. However, lack of fluorescent micro-
scopes makes it difficult for most hospitals.

Latex agglutination, indirect haemagglutination, immunoperoxidase assay, ELISA and poly-
merase chain reaction (PCR) are also available. The nested PCR is more sensitive than the 
serological tests.

PCR can be used to detect rickettsial DNA in both blood and eschar samples. The PCR is tar-
geted at the gene encoding the major 56-kDa antigen and/or 47-kDa surface antigen gene. The 
results are best within first week for blood samples.

ELISA (IgG and IgM) technique, particularly immunoglobulin M (IgM), capture assays are 
probably the most sensitive test available for rickettsial diagnosis. In cases of infection with  
O. tsutsugamushi, a significant IgM antibody titre is observed at the end of the first week, 
whereas IgG antibodies appear at the end of the second week.

Weil Felix test: the sharing of the antigen between rickettsia and proteus is the basis of this het-
erophile antibody test. Though this test lacks high sensitivity and specificity, it is inexpensive. 
The test should be carried out after 5–7 days of onset of fever.

However, due to the antigenic diversity of the pathogen, a battery of tests may be required 
for the diagnosis [1].
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CSF analysis in scrub typhus meningoencephalitis reveals mild-to-moderate elevation in pro-
tein, low-to-normal glucose and mild degree of lymphocytic pleocytosis. By using nested PCR, 
the genotypes invading the central nervous system (CNS) may be identified. By this, it was sug-
gested that the Karp and Boryong genotypes possibly invade the CNS more than other types [4]. 
In the author’s study, tuberculous meningitis remained the close differential diagnosis of scrub 
typhus meningitis due to similar CSF findings [6]. However, CSF adenosine deaminase (ADA) 
may be helpful, as it is elevated >10 in tuberculous meningitis, unlike scrub typhus meningitis.

Neurological involvement in scrub typhus is usually associated with a normal MRI and non-
specific EEG slowing. Often MRI of brain in scrub typhus may reveal features of ischemic 
changes due to vasculitis or parainfectious demyelination [5].

2.5. Treatment

Doxycycline is the drug of choice. It is bacteriostatic to O. tsutsugamushi but does not cross the 
blood brain barrier beyond 15–30% [2]. Therefore, in some instances, neurological deteriora-
tion can continue despite doxycycline therapy. This may be due to resistance, immune-medi-
ated injury, or due to drug interactions with oral antacids. Doxycycline is given in the dose of 
200 mg/day, in two divided doses, for individuals above 45 kgs body weight, for a duration of 
7 days. In children, doxycycline is given in the dose of 4.5 mg/kg body weight in two divided 
doses. Doxycycline is contraindicated in pregnant women. In complicated cases, intravenous 
is given followed by oral doxycycline to complete 7–15 days of therapy.

Azithromycin is another drug which can be used in a dose of 500 mg daily for 5 days and 10 mg/kg 
body weight in children for 5 days. It can also be given intravenously in complicated cases. 
Azithromycin is the drug of choice in pregnant women with scrub typhus. It is also preferred in 
patients of scrub typhus with renal failure, where doxycycline is not given.

In complicated cases, Chloramphenicol can also be used. It is administered intravenously at 
a dose of 50–100 mg/kg/day, 6 hourly doses, followed by oral therapy to complete 7–15 days 
of therapy.

Doxycycline and/or chloramphenicol resistant strains have been detected in South-East Asia. 
These strains are sensitive to Azithromycin.

Patients with meningoencephalitis due to scrub typhus can be additionally administered with 
dexamethasone, or mannitol, if they have altered sensorium or cranial nerve deficits.

Recovery is usually brisk with appropriate therapy.

Pre-antibiotic era mortality was more than 60%; however, recent data show a mortality of 
approximately 30% [2]. In the author’s study [6], the mortality was 15.38%. Mortality is usu-
ally associated with multi-organ dysfunction syndrome.

3. Conclusion

Neurological complication is not uncommon in scrub typhus. They present with acute febrile 
illness with altered sensorium and meningeal signs. The presence of ‘eschar’ helps in early 
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diagnosis, but they are often absent. Prompt CSF analysis is required on clinical suspicion of 
neurological features in scrub typhus patients. Timely initiation of therapy results in recovery 
and less complications.
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