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Human immunodeficiency virus (HIV) infection is a complex illness affecting the 
immune system. Acquired immunodeficiency syndrome (AIDS) is an advanced form 

of HIV infection in which the patient has developed opportunistic infections or certain 
types of cancer and/or the CD4+ T cell count has dropped below 200/ŒºL. More than 

40 million persons around the world are infected with HIV, with approximately 14,000 
new infections every day. The disease causes 3 million deaths worldwide each year, 95% 

of them in developing countries. Optimal management of human immunodeficiency 
virus requires strict adherence to highly active antiretroviral treatment (HAART) 

regimens, but the complexity of these regimens (e.g., pill burden, food requirements, 
drug interactions, and severe adverse effects) limits effective treatment. However, 

more patients with HIV are surviving longer today because of these drugs. This allows 
further study of commonly associated adverse effects. These may affect all body 

systems and range from serious toxicities to uncomfortable but manageable events. 
This book reviews some of HAART-related metabolic and neurological complications.
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Preface 

Human Immunodeficiency Virus (HIV) infection was once considered a deadly 
disease.  The HIV virus has been associated with immune system suppression and a 
number of associated morbidities. However, advancement in HIV care and treatment 
has been revolutionary in the history of medicine. Today, HIV infection is no longer 
thought of as a death sentence, but a manageable condition.  

The impact of antiretroviral therapy on the natural history of HIV infection is 
indisputable, resulting in dramatic reductions in morbidity and mortality and 
improvements in the quality of life. However, the requirement for a life-long therapy 
with antiretroviral drugs has been associated with long-term metabolic toxicities and 
iatrogenic dysmorphias, termed lipodystrophy, that have increased the complexity of 
managing people living with HIV.  Of more recent significant concern is the finding 
that the metabolic consequences of lipodystrophy and antiretroviral treatment are 
strong mediators for the development of cardiovascular disease, diabetes, other 
metabolic abnormalities and osteoporosis and will have important implications for the 
future health and survival of the people living with HIV infection. Therefore, new 
interventions are needed for education, disease modification, risk reduction and 
coping with these important co-morbidities in the setting of HIV.  

This purpose of this book was to bring a group of experts together to review some of 
the metabolic complications associated with HIV infection and antiretroviral 
treatments. 

Dr. Elaheh Aghdassi 
The University Health Network, Toronto 

Canada 
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Metabolic Alterations of HIV Infection 
E.F. Silva

Federal University of São Paulo – São Paulo,
Brazil 

1. Introduction  
Changes in lipid profile, like increased serum triglycerides (TG) and decreased cholesterol
levels have been described in patients with HIV infection before the introduction of highly
active antiretroviral therapy (HAART) (Constans et al., 1994; Grunfeld et al., 1991; Shor-Posner 
et al., 1993). However, with the widespread use of HAART it has been worsening. After the
introduction of protease inhibitors (PIs) in 1996, patients developed a syndrome of fat
redistribution with peripheral loss and central gain, generally associated with metabolic 
abnormalities and insulin resistance (lipodistrophy syndrome) (Carr et al., 1998). High levels
of TG and total cholesterol (TC) concentrations are well known and often associated with
abnormal body fat distribution and glucose metabolism disturbs (Carr et al., 1998). On persons
treated with HAART, TG and TC elevations are associated with the use of protease
inhibitors/nonnucleoside reverse transcriptase inhibitor (PIs/NNRTI) regimens (54 and 44% 
respectively), followed by PIs regimes (40 and 27% respectively) and NNRTI-containing 
combinations (32 and 23% respectively) (Friss Moller et al., 2003). All these symptoms are
related to metabolic syndrome that could act to increase the cardiovascular risk in HIV-
infected patients. Another aspect of these metabolic alterations is non-alcoholic fatty liver 
disease. Its prevalence is higher in HIV infected patients (30-40%) than in general population 
(14-31%) (Crum-Cianflone et al., 2009; Guaraldi et al., 2008). It is believed that there is a
potential role of the antiretroviral therapy in the pathology of non-alcoholic fatty liver disease
due to its negative effects on glucose control, lipid metabolism, body fat redistribution, insulin 
resistance and mitochondrial toxicity (Crum-Cianflone et al., 2009; Guaraldi et al., 2008). 
HAART has change dramatically the natural history of HIV-infection, leading to a notable
extension of life expectancy and decline in mortality (Palella et al., 1998). Thus, mortality 
rates in HIV-infected patients who have experienced a CD4 recovery (> 500 cells/mm3) on 
long-term treatment resemble that of the general population (Lewden et al., 2007). However, 
prolonged metabolic imbalances could act on the long-term prognosis and outcome of HIV-
infected persons. There is an increasing concern about the cardiovascular risk in this
population despite the virological control (Graham, et al., 2000; Manfredi et al., 2000; Palella 
et al., 1998). Cardiovascular disease is emerging as one of the most important co morbidity 
and cause of death (Sackoff et al., 2006). Early identification and proper management of
traditional cardiovascular risk factors, such as smoking, overweight or hypertension is
imperative (Barbaro, 2006; Triant et al., 2007). As the prevalence of metabolic disorders is 
age-related their incidence will increase as HIV population becomes older (Triant et L., 
2007). Thus, active prevention, together with prompt diagnosis and management of
cardiovascular risk factors must be integrated on the routine of HIV care.
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2. Dyslipidemia and antiretroviral therapy 
The degree of dyslipidemia and lipid changes is different among the several classes of 
antiretroviral drugs and even among the individual drugs within each class. Furthermore, 
the magnitude of lipid changes varies widely among patients on the same antiretroviral 
regimen, reflecting the likely important role of host genomics. While the PI and NNRTI have 
well-described effects on lipids, there have been no reported significant changes in lipid 
profiles or cardiovascular risk associated with the new classes of antiretroviral such as, 
fusion inhibitors (enfuvirtide), CC chemokine receptor type 5 (CCR5) receptor inhibitors 
(maraviroc) or integrase inhibitors (raltegravir) as described in table 1. Nonnucleoside 
reverse transcriptase inhibitors are also associated with lipid abnormalities, but to a lesser 
extent than PIs. Nucleoside reverse transcriptase inhibitors have been associated with 
mitochondrial toxicity and insulin resistance, but the lipid changes associated with them are 
normally less significant than those caused by PI or NNRTIs (Malvestutto & Aberg, 2010, 
Hammond et al., 2004). 
 

PI Lipid Change 
Atazanavir No change 
Atazanavir/ritonavir ↑ LDL-c. TG and no change HDL-c 
Darunavir/ritonavir ↑ TC, LDL-c, TG and no change HDL-c 
Fosamprenavir/ritonavir ↑ TC, LDL-c, TG and no change HDL-c 
Indinavir ↑ TC, LDL-c, TG and  
Lopinavir/ritonavir ↑ TC, LDL-c, TG and no change HDL-c 
Nelfinavir ↑ TC, LDL-c, TG and no change HDL-c 
Ritonavir ↑ TC, LDL-c, TG and  HDL 
Saquinavir/ritonavir ↑ TC, LDL-c, TG and no change HDL-c 
Tipranavir/ritonavir ↑ TC, LDL-c, TG and not known in HDL-c 
ITRN  
Stavudine ↑ TG  
ITRNN  
Efavirenz ↑ TC, LDL-c, TG and HDL-c 
Nevirapine ↑ TC, LDL-c, TG and HDL-c 
Etravirine No change 
Integrase Inhibitor  
Raltegravir No change 
Fusion Inhibitor  
Enfuvirtude No change 
CC Chemokine receptor  
Maraviroc No change 

Table 1. Lipid changes with antiretroviral therapy. 
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3. Cardiovascular risk evaluation 
Primary prevention must be indicated and periodic assessment could be done every 3-6 
months in HIV-infected person on treatment and annually in patients not treated (Blanco et 
al., 2010). Factors to be evaluated include: age, smoking habit, diet, physical activity, alcohol 
consumption, personal and family history of coronary heart disease, hyperlipidemia, 
diabetes mellitus and hypertension (Adult Treatment Panel III, 2002). In women, the 
menopausal status is relevant. Baseline blood pressure, body mass index and waist 
circumference should be recorded together with lipid profile, glucose and renal function 
(Blanco et al., 2010). In addition, virologic control with HAART use may also decrease the 
risk of noninfectious co morbidities including cardiovascular disease.  
To predict the cardiovascular risk, Framingham Risk Score could be use (Anderson et al., 
1991). Using this score, which includes: age, gender, TC, HDL-c, systolic blood pressure and 
smoking, an individual could be stratified into three risk categories: low (<10%), medium 
(10-20%) and high risk (> 20%) in 10 year. The extent to which this model could be used 
from the general population to HIV-infected people is still under discussion. The 
Framingham Risk Score has not been specifically validated for HIV-infected subjects and 
factors related to the HIV/AIDS could not be adequately evaluated, but until more evidence 
is available, management strategies for cardiovascular risk proposed for the general 
population could be applied to HIV-infected subjects. In the D:A:D study (Data Collection 
on Adverse events of Anti-HIV Drugs), myocardial infarction rates seen in HIV-infected 
person treated and untreated were higher and lower respectively, than those predicted with 
Framingham Risk Score. Nevertheless, it predicted cardiovascular events at increased rates 
in parallel with time exposure to antiretroviral treatment (Friss-Moller et al., 2003). 
According to these findings, Framingham Risk Score may be useful for an initial estimation 
of cardiovascular risk in HIV-infected persons, although a more accurate model needs to be 
developed. 
To contribute with the discussion about HIV and cardiovascular risk, it was recently 
showed by the Kaiser Permanent Members that HIV infection confers a high independent 
risk for coronary heart disease (Klein et al., 2011). They matched HIV-infected adults of 
Kaiser Permanent California health plan with HIV negative members (1:10 ratio) on age, sex, 
medical center and start year follow-up. The cohort was followed from first Kaiser 
Permanent enrollment in 1996 until the end of December 2008. Coronary heart disease rates 
among HIV-infected members stratified by antiretroviral use and the most recent and 
lowest CD4 cell counts recorded were compared with rates among HIV negative members- 
Adjusted rate ratios (RRs) for any CHD diagnosis and for MIs were obtained from Poisson 
regression models adjusting for age, sex, race, tobacco use, alcohol/drug abuse, obesity, 
diabetes, and use of lipid lowering and hypertension therapy. 20,775 HIV-infected and 
215,158 HIV negative members contributed to 90,961 and 1,133,333 persons-years (py) 
respectively. HIV-infected and not infected individuals had respectively 399 (447/100,00 py) 
and 3,463 (311/100,00 py) coronary heart disease events and 248 and 1,825 myocardial 
infarction. In the HIV-infected group, the only significant HIV-related factor associated with 
an increased risk of coronary heart disease was the lowest CD4 ≤ 200 cells/mm3 recorded 
(relative risk = 1.3 [95% CI: 10.-1.6, p = 0,022) (Klein et al., 2011). HIV-infected patients on 
antiretroviral therapy and with CD4 count > 500 cells/mm3 (recent or lowest) had similar 
coronary heart disease risk compared with HIV negative group. These findings support 
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early initiation of antiretroviral therapy and aggressive management of cardiovascular 
disease risk. 
Nowadays, the recommendations suggest that HIV-infected people undergo evaluation and 
treatment on the basis of the Third National Cholesterol Education Program (ATP III) for 
dyslipidemia (Adult Treatment Panel III, 2002). Lipoprotein profiles should be done with at 
least 9 to 12 hours of fasting (Adult Treatment Panel III, 2002). Dyslipidemia is defined as 
TC ≥ 200 mg/dL, LDL-c ≥ 130 mg/dL, TG ≥ 150 mg/dL, HDL-c < 40 mg/dL and TC/HDL ≥ 
6.5. Therapeutic indications are made regarding the time for initiating specific lifestyle 
modifications and prescription of lipid-lowering therapy in order to achieve LDL-c goals 
(Adult Treatment Panel III, 2002). As for the general population, distinct drugs are 
suggested regarding the lipid alterations: hypercholesterolemia and/or 
hypertriglyceridemia. An update from ATP III (Grundy et al., 2004) included diabetes in 
high risk category for cardiovascular risk, and there is an additional benefit adding LDL-
lowering therapy in this population.  

4. Lifestyle interventions 
Counseling on healthy diet habits, regular exercise, alcohol consumption and quitting 
smoking should be the first step to decrease cardiovascular risk. Hyperglycemia due to 
diabetes mellitus must be managed aggressively, with consideration of treatment with 
insulin sensitizers, such as metformin and thiazolidenediones when appropriate (Kalra et 
al., 2011). 
Smoking is one well-know modifiable risk factor for coronary heart disease and its cessation 
leads to a decrease in cardiovascular and malignances risk (Mohiuddin et al., 2007). The 
smoking prevalence in HIV-infected patients is generally high, around 45-70%, much more 
than observed in uninfected controls (Friss-Moller et al., 2003; Mamary et al., 2002; Saves et 
al., 2003). Smoking cessation should be a priority in managing cardiovascular risk in HIV-
infected persons. 
The prevalence of hypertension in HIV-infected patients is around 25% (Glass et al., 2006; 
Jung et al., 2004,). The current recommendations for general population should be followed 
for HIV-infected patients, considering drug-interactions between antiretroviral drugs and 
antihypertensive drugs, particularly calcium-channel blockers. The management of 
hypertension should include lifestyle modifications such as weight loss if needed, 
incorporating low total and saturated fat in the diet, reduction of dietary sodium to 2.5 
g/day, aerobic exercise and decreasing alcohol consumption (Malvestutto & Aberg, 2010). 
Diet and exercise could help improve dyslipidemia, high blood pressure and glucose 
metabolism (Barrios et al., 2002; Fitch et al., 2006). Comprehensive dietary interventions 
have been demonstrated to decrease LDL-c by 20% in short term interventions in which 
adherence is maximal (Jenkins et al., 2003; Skeaff et al., 2005). The majority of the cholesterol 
lowering effect may be achieved by substituting unsaturated fats for saturated fats and 
increasing intake of plant sterols to at least 1.5 g/day. Each strategy could decrease the 
levels of LDL-c around 10% (Clifton et al., 2009). Further cholesterol lowering is also 
possible through weight loss and increasing intake of soluble fiber and soy protein (Clifton 
et al., 2009). Replacing saturated and trans fats with unsaturated fats is therefore a key 
strategy for lowering serum LDL-c (Clifton et al., 2009). Weight loss in those who are 
overweight lowers serum TC, LDL-c and TG and increases HDL-c (Datillo & Kris-Etherton, 
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1992). Weight reduction should be strongly encouraged if obesity is present. There are 
several dietary components that may be protective against cardiovascular disease through 
known and unknown mechanisms and their consumption may be encouraged as part of a 
cholesterol lowering and cardiovascular protective diet such as fish oil, whole grains, fruit, 
vegetables and nuts. Low intake of alcohol may also be advised (Cheng et al., 2004; Clifton 
et al., 2009). 
Clinicians should be alert for potential exacerbating conditions, such as hypothyroidism, 
renal and liver disease and hypogonadism. They should also consider the effects of 
glucocorticoids, beta-blockers, thiazide diuretics, thyroid preparations and hormonal agents 
(such as androgens, progestins, and estrogens) on both cholesterol and triglyceride levels 
(Dube et al., 2003). 

5. Lipid lowering therapy for HIV-infected patients 
The benefits of lipid-lowering therapy interventions have been extended to HIV-infected 
persons. Enthusiasm for drug therapy for dyslipidemia should be tempered with the 
understanding that interventions for advanced immunosuppression, opportunistic 
infections, malignancies, and HIV-associated wasting, should be done during the initial 
stages of treatment. There is currently no basis for a more aggressive dyslipidemia 
intervention among HIV-infected patients than what is currently recommended for the 
general population. Due to a significant possibility for drug interaction between some lipid-
lowering agents and antiretroviral drugs, special attention should be given to the choice of 
lipid-lowering therapy (Dube et al., 2003). Some advises should be instituted before 
pharmacological interventions as explained in life style modification section, except when 
there is an urgent need to prompt treatment (individuals with high risk for cardiovascular 
disease or with previous coronary heart disease or diabetes mellitus) (Adult Treatment 
Panel III, 2002).  

5.1 Statins 
The 3-hydroxy-3-methylglutaryl coenzyme A (HMG-CoA) reductase enzyme catalyzes the 
first step of cholesterol synthesis in the mevalonate pathway. Statins lower LDL-c levels 
through the inhibition of this specific enzyme. The more potent statins have been shown to 
reduce LDL-c levels by up to 55%. In addition, they also decrease TG levels to a lesser extent 
(up to 20%), probably through the inhibition of its synthesis in the liver and increase of 
lipoprotein lipase enzyme activity in the adipocytes (Jones et al., 2003; Saiki et al., 2005). 
Furthermore, statins are known to modestly increase levels of HDL-c (up to 10%). The 
precise mechanism by which statins increase HDL-c levels is not known; however, it is 
thought to result from apolipoprotein A1 gene induction through the activation of 
peroxisome proliferator activated receptors (Yano et al., 2007). It is also postulated that 
statins have pleiotropic effects, (certain lipid-independent effects) that contribute to some 
degree to their antiatherothrombotic properties. Among the proposed mechanisms are 
modulation of inflammatory response, improvement of endothelial function and inhibition 
of coagulation factors (Ray & Cannon, 2005). 
Lovastatin and simvastatin are highly metabolized through the cytrocrome P450 (CYP3A4), 
which is inhibited by most PIs. Thus, their concomitant use is contraindicated to avoid 
serious side effects of statins overexposure such as rhabdomyolysis. Pravastatin and 
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fluvastatin appear to be safe for use in association with HAART (Dube et al., 2003). 
Pravastatin is eliminated mostly by glucoronidation, fluvastatin by CYP 2C9 isoform, and 
CYP 3A4 has no role in their metabolism (Willians & Feely, 2002). Table 2 has a summary of 
the lipid lowering therapy in HIV infected people. 
Rosuvastatin and atorvastatin have higher efficacy than pravastatin in decreasing LDL-c. 
Due to partial metabolism of atorvastatin by CYP3A4, it must be used with caution when 
co administered with a PI, with hepatitis and myositis being potential toxicities. 
Rosuvastatin is the most potent statin to reduce LDL-c and TG, with serum levels being 
only slightly modified when co administered with a PI (Aslangui et al., 2010; Calza et al., 
2008). It can also reduce TG and increase HDL-c. Moreover, pharmacokinetic studies have 
demonstrated that its metabolism is not dependent on the CYP 450 3A4 isoenzyme and its 
use could be considered in PI-treated individuals since the risk of drug-drug interactions 
are low (Martin et al., 2003). Only 10% of the administered dose is metabolized by CYP 
2C9 isoenzyme into N-desmethyl rosuvastatin and its metabolite are 90% eliminated by 
the fecal route (Cheng, 2004; Martin et al., 2003; Willians & Feely, 2002). The usual 
recommended starting dose of rosuvastatin is 10 mg daily, but initiation at 5 mg daily 
may be considered for patients who have predisposing factors for myopathy or are taking 
cysclosporine. In subjects with severe renal impairment or taking fibrates, therapy with 
rosuvastatin should be used with great caution, daily dose should be initiated at 5 mg and 
not exceed 10 mg (Cheng, 2004). 
Until recently, pravastin and rosuvastatin were thought to be safer than other statins 
because their metabolism do not utilize the CYP450 3A4 enzyme system influenced by many 
antiretroviral medications. However, recent studies have demonstrated increased plasma 
levels (expressed as area under the plasma concentration-time curve [AUC] and maximum 
concentration [Cmax] values) of these statins as a result of exposure to certain antiretroviral 
drugs (Busti et al., 2008; Calza et al., 2005; Mazza et al., 2008; Townsend et al., 2007).These 
increased levels may be the result of inhibition of the organic anion transporting 
polypeptide (OATP) 1B1 that facilitates statin uptake into the liver (Ray, 2009). The 
disposition of pravastatin and rosuvastatin may be more dependent than other statins on 
OATPB1B1. In agreement with this theory, a study showed that atazanavir/ritonavir was 
associated with an increased in rosuvastatin levels. This finding led the authors to conclude 
that the maximum rosuvastatin dose with atazanavir/ritonavir should be 10-20 mg, similar 
to current recommendation of a maximum rosuvastatin dose of 10 mg when used with 
lopinavir-ritonavir (Busti et al., 2008). Although increased statins levels may enhance the 
effectiveness of these drugs, this benefit may come at the expense of an increase in toxicity. 
To date there is no known interactions between rosuvastatin and NNRTIs (Ray, 2009). 
Rosuvastatin may be a particularly good option in the setting of NNRTI-based therapy, 
given its greater effectiveness and lack of proven interactions, although additional 
pharmacokinetic studies would be useful (Ray, 2009).  
Statins should be initiated at the lowest dose established for each agent. Subsequent, 
adjustments of dosing can be done according to response, and potential side effects must be 
closely monitored during follow-up, especially elevations in creatine phosphokinase and 
abnormal liver parameters (Blanco et al., 2010). Statins may improve abnormal baseline 
transaminases levels in patients with steatohepatitis (Millazo et al., 2007). Although the 
mechanism is not well defined, the removal of the lipids from the liver by statins might 
explain their benefits on liver function.  
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Goal Lipid lowering therapy 
Elevated LDL-c or non-HDL 
cholesterol with triglycerides level 
of 200-500 mg/dL 

Statins: 
- Pravastatin: 10-40 mg daily 

 
- Atorvastatin: 10-40 mg/daily 

 
- Fluvastatin: 20-40 mg/daily 

 
- Rosuvastatin 5-20 mg 

 
- Lovastatin - not recommended with PI 

 
- Simvastatin - not recommended with PI 

 
- Ezetimibe: 10 mg daily 

Triglycerides level > 500 mg/dL Fibrates and Fish Oil: 
 

- Gemfibrozil: 1200 mg daily 
 

- Fenofibrate: 200 mg daily 
 

- Omega-3 polyunsaturated fatty acids/fish 
oil: 3-5g (alternative treatment) 

Adapted from Bader & & Kelly, 2008; Bennet et al., 2007; Calza et al., 2003; Soler et al., 2006; Stebbing et 
al., 2009. 

Table 2. Lipid lowering therapy for HIV-infected people. 

5.2 Fibrates 
For patients with triglycerides > 500 mg/dL, fibrates may be the first choice, especially in 
order to prevent pancreatitis (Dube et al., 2003). When extreme elevations are present (>1000 
mg/dL in persons with a history of pancreatitis), it is reasonable to institute both drug and 
nondrug therapies concomitantly (Dube et al., 2003). Fibrates are metabolized by CYP4A, 
and there is less issue of interactions with antiretroviral drugs. They exert their effects by 
activating PPAR- ɤ. These drugs reduce plasma TG between 30% to 50%, and raise the level 
of HDL-c by 2% to 20%. Their effect on LDL-c is variable, ranging from a small decrease 
around 10% to no change or even a slight increase (Barter & Rye, 2006).  
Gemfibrozil is generally initially recommended due to its efficacy in reducing TG. When 
concomitant hypercholesterolemia is present, statins can be added to fibrates, but the risk of 
rabdomimyolysis should be closely monitored (Henry et al., 1998). Clinicians treating HIV-
infected patients must be aware of the interaction between Lopinavir/ritonavir and 
Gemfibrozil. Lopinavir/ritonavir decreases the systemic exposure to gemfibrozil by 
reducing the absorption of this drug (Busse et al., 2009). Fenofibrate is recommended by 
current guidelines for hypertrigliceridemia in antiretroviral treated patients. (Dube et al., 
2003). Fenofibrate, could decrease triglyceride levels in HIV-infected persons on 
antiretroviral therapy, but only moderately (Aberg et al., 2005).  
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5.3 Niacin 
Niacin has also been used in HIV-infected persons to improve lipid profiles. In the AIDS 
Clinical Trials Group study A5148, hyperlipidemia was treated with long-acting niacin 
during 48 weeks. Treatment resulted in significant improvements in TG, TC, HDL-c, and 
LDL-c, but a transient worsening in insulin sensitivity was also observed (Dube et al., 2006). 
The use of niacin with antiretroviral drugs may reduce the effect of niacin (Martinez et al., 
2008). Patients treated with niacin should have regular evaluation of fasting glucose levels, 
and a standard 75-g, 2-h oral glucose-tolerance test should be considered, particularly when 
lipodystrophy or traditional risk factors for type 2 diabetes mellitus are present (Dube, 2000; 
Schambelan et al., 2002). 

5.4 Fish oils  
The metabolic effects of N-3 polyunsaturated fatty acids (PUFAs) derived from marine 
sources (known as “fish oils”) have been demonstrated to reduce fasting and postprandial 
triglycerides levels in individuals without HIV infection (Simons et al., 1985). Omega-3 is 
considered an alternative treatment in non-HIV infected populations. It has been reported 
that 3-5 g per day of omega-3 fatty acids can reduce triglycerides by 30-50%, thereby 
potentially minimizing the risk of coronary heart disease and pancreatitis (O’Keefe & Harris, 
2000). Treatment with fish oil is well tolerated, although potential effects on platelets must 
be checked, especially in persons taking drugs that may favor bleeding (Gerber et al., 2009). 

5.5 Ezetimibe  
Ezetimibe is the first lipid-lowering drug that inhibits intestinal uptake of dietary and biliary 
cholesterol at the brush border of the intestine, resulting in a reduction of hepatic cholesterol 
stores and an increase in clearance of cholesterol form in the blood (Kosoglou et al., 2005). It 
doesn’t affect the absorption of fat-soluble nutrients and is an attractive option for HIV-
infected patients because it lacks CYP P450 metabolism and therefore is not expected to 
interact with antiretroviral drugs (Kosoglou et al., 2005; Negredo et al., 2006]. The major 
metabolic pathway for Ezetimibe is the glucuronidation of 4-hydroxyphenyl group by 
uridine 5’-diphosphate-glucuronosyltransferase isoenzymes to form ezetimibe-glucuronide 
in the intestine and liver (Kosoglou et al., 2005). It reduces cholesterol absorption in the 
duodenum by approximately 50%, thereby attaining reductions in LDL-c of 20% (Gagne et 
al., 2002). This benefit is significantly greater when it is associated with any of the statins, 
achieving reductions in LDL-c of up to 50% (Bennett et al., 2007; Gagne et al., 2002, Pearson 
et al., 2005,). This synergistic effect of the two drugs in combination results from the 
inhibition of duodenal cholesterol absorption by ezetimibe, together with the reduction of 
hepatic cholesterol production by statins (Kosoglou et al., 2005). The recommended dose is 
10 mg/day, and can be administered in the morning or evening with or without food 
(Kosoglou et al., 2005). 
Ezetimibe has a favorable drug-drug interaction profile. It does not have significant effects 
on plasma levels of statins (atorvastatin, fluvastatin, lovastatin, pitavastatin, pravastatin, 
rosuvastatin, simvastatin), fibric acid derivatives (gemfibrozil, fenofibrate), digoxin, 
glipizide, warfarin and triphasic oral contraceptives (ethinylestradiol and levonorgestrel). 
Concomitant administration of food, antiacids, cimetidine or statins had no significant effect 
on ezetimibe bioavailability (Kosoglou et al., 2005). For this reason, it could be 
recommended as a second line therapy for dyslipidemia associated with antiretroviral drug 
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use if hypercholesterolemia is refractory to statins or if patient does not tolerate statins. Its 
high tolerability and the lack of interactions with the CYP 3A4 indicate that ezetimibe will 
not increase the risk of toxicity or pharmacokinetic interactions with the use of antiretroviral 
medications. In HIV-infected patients ezetimibe results in a significant decrease in LDL-c, 
without significant changes in TG (Berg-Wolf et al., 2008; Chow et al., 2009). Creatine 
phosphokinase levels should be monitored due to potential risk of rhabdomyolisis.  
Reductions in lipid levels with lipid-lowering therapy are greater in non-HIV infected 
patients than in HIV positive subjects (Martinez et al., 2008; Silverberg et al., 2009). Many 
studies that evaluated the effect of statins for the treatment of antiretroviral-associated 
dyslipidemia have shown only partial responses to such therapy, with total and LDL-c 
values being reduced by about 25% (Calza et al., 2003; Silverberg et al., 2009). The 
effectiveness and toxicity of statins among HIV-infected individuals may differ from those 
of the general population for several reasons. The patterns of dyslipidemia commonly seen 
among HIV-infected individuals are different from those observed in the general population 
(Riddler et al., 2003) and may be less responsive to treatment (Silverberg et al., 2009). 
Second, drug interactions between statins and antiretroviral drugs may impact the 
metabolism, effectiveness and toxicity associated with various forms of statins (Aberg et al., 
2006; Gerber et al., 2005; Kiser et al., 2008, Ray, 2009). Response to any lipid lowering 
therapy must be evaluated after 3-6 months by repeating a fasting lipid profile. 

6. Conclusion 
Metabolic alterations and traditional cardiovascular risk factors are common in HIV-infected 
patients. Due to the success of antiretroviral therapy in the last years in reducing AIDS 
events and mortality, the population is aging and naturally the risk of cardiovascular 
disease increases. Early detection and management of cardiovascular risk factors is 
necessary to prevent coronary heart disease. All HIV-infected patients should have their 
fasting plasma lipid profile prior to starting antiretroviral treatment and then at every three 
or four months regularly. Efforts should be done including incorporating healthy diet 
habits, regular exercise, decrease alcohol consumption and smoking cessation prior to start 
of pharmacological interventions, to avoid excess medication and undesirable side effects. 
Virologic control and immune recovery should be the first priority in the management of 
HIV-infected patients due to their associations with high mortality.  
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5.3 Niacin 
Niacin has also been used in HIV-infected persons to improve lipid profiles. In the AIDS 
Clinical Trials Group study A5148, hyperlipidemia was treated with long-acting niacin 
during 48 weeks. Treatment resulted in significant improvements in TG, TC, HDL-c, and 
LDL-c, but a transient worsening in insulin sensitivity was also observed (Dube et al., 2006). 
The use of niacin with antiretroviral drugs may reduce the effect of niacin (Martinez et al., 
2008). Patients treated with niacin should have regular evaluation of fasting glucose levels, 
and a standard 75-g, 2-h oral glucose-tolerance test should be considered, particularly when 
lipodystrophy or traditional risk factors for type 2 diabetes mellitus are present (Dube, 2000; 
Schambelan et al., 2002). 

5.4 Fish oils  
The metabolic effects of N-3 polyunsaturated fatty acids (PUFAs) derived from marine 
sources (known as “fish oils”) have been demonstrated to reduce fasting and postprandial 
triglycerides levels in individuals without HIV infection (Simons et al., 1985). Omega-3 is 
considered an alternative treatment in non-HIV infected populations. It has been reported 
that 3-5 g per day of omega-3 fatty acids can reduce triglycerides by 30-50%, thereby 
potentially minimizing the risk of coronary heart disease and pancreatitis (O’Keefe & Harris, 
2000). Treatment with fish oil is well tolerated, although potential effects on platelets must 
be checked, especially in persons taking drugs that may favor bleeding (Gerber et al., 2009). 

5.5 Ezetimibe  
Ezetimibe is the first lipid-lowering drug that inhibits intestinal uptake of dietary and biliary 
cholesterol at the brush border of the intestine, resulting in a reduction of hepatic cholesterol 
stores and an increase in clearance of cholesterol form in the blood (Kosoglou et al., 2005). It 
doesn’t affect the absorption of fat-soluble nutrients and is an attractive option for HIV-
infected patients because it lacks CYP P450 metabolism and therefore is not expected to 
interact with antiretroviral drugs (Kosoglou et al., 2005; Negredo et al., 2006]. The major 
metabolic pathway for Ezetimibe is the glucuronidation of 4-hydroxyphenyl group by 
uridine 5’-diphosphate-glucuronosyltransferase isoenzymes to form ezetimibe-glucuronide 
in the intestine and liver (Kosoglou et al., 2005). It reduces cholesterol absorption in the 
duodenum by approximately 50%, thereby attaining reductions in LDL-c of 20% (Gagne et 
al., 2002). This benefit is significantly greater when it is associated with any of the statins, 
achieving reductions in LDL-c of up to 50% (Bennett et al., 2007; Gagne et al., 2002, Pearson 
et al., 2005,). This synergistic effect of the two drugs in combination results from the 
inhibition of duodenal cholesterol absorption by ezetimibe, together with the reduction of 
hepatic cholesterol production by statins (Kosoglou et al., 2005). The recommended dose is 
10 mg/day, and can be administered in the morning or evening with or without food 
(Kosoglou et al., 2005). 
Ezetimibe has a favorable drug-drug interaction profile. It does not have significant effects 
on plasma levels of statins (atorvastatin, fluvastatin, lovastatin, pitavastatin, pravastatin, 
rosuvastatin, simvastatin), fibric acid derivatives (gemfibrozil, fenofibrate), digoxin, 
glipizide, warfarin and triphasic oral contraceptives (ethinylestradiol and levonorgestrel). 
Concomitant administration of food, antiacids, cimetidine or statins had no significant effect 
on ezetimibe bioavailability (Kosoglou et al., 2005). For this reason, it could be 
recommended as a second line therapy for dyslipidemia associated with antiretroviral drug 
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use if hypercholesterolemia is refractory to statins or if patient does not tolerate statins. Its 
high tolerability and the lack of interactions with the CYP 3A4 indicate that ezetimibe will 
not increase the risk of toxicity or pharmacokinetic interactions with the use of antiretroviral 
medications. In HIV-infected patients ezetimibe results in a significant decrease in LDL-c, 
without significant changes in TG (Berg-Wolf et al., 2008; Chow et al., 2009). Creatine 
phosphokinase levels should be monitored due to potential risk of rhabdomyolisis.  
Reductions in lipid levels with lipid-lowering therapy are greater in non-HIV infected 
patients than in HIV positive subjects (Martinez et al., 2008; Silverberg et al., 2009). Many 
studies that evaluated the effect of statins for the treatment of antiretroviral-associated 
dyslipidemia have shown only partial responses to such therapy, with total and LDL-c 
values being reduced by about 25% (Calza et al., 2003; Silverberg et al., 2009). The 
effectiveness and toxicity of statins among HIV-infected individuals may differ from those 
of the general population for several reasons. The patterns of dyslipidemia commonly seen 
among HIV-infected individuals are different from those observed in the general population 
(Riddler et al., 2003) and may be less responsive to treatment (Silverberg et al., 2009). 
Second, drug interactions between statins and antiretroviral drugs may impact the 
metabolism, effectiveness and toxicity associated with various forms of statins (Aberg et al., 
2006; Gerber et al., 2005; Kiser et al., 2008, Ray, 2009). Response to any lipid lowering 
therapy must be evaluated after 3-6 months by repeating a fasting lipid profile. 

6. Conclusion 
Metabolic alterations and traditional cardiovascular risk factors are common in HIV-infected 
patients. Due to the success of antiretroviral therapy in the last years in reducing AIDS 
events and mortality, the population is aging and naturally the risk of cardiovascular 
disease increases. Early detection and management of cardiovascular risk factors is 
necessary to prevent coronary heart disease. All HIV-infected patients should have their 
fasting plasma lipid profile prior to starting antiretroviral treatment and then at every three 
or four months regularly. Efforts should be done including incorporating healthy diet 
habits, regular exercise, decrease alcohol consumption and smoking cessation prior to start 
of pharmacological interventions, to avoid excess medication and undesirable side effects. 
Virologic control and immune recovery should be the first priority in the management of 
HIV-infected patients due to their associations with high mortality.  
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1. Introduction 
The UNAIDS global report estimated that the number of people living with HIV/AIDS by 
the end of 2009 was 33 million. By 2008, the global funding for HIV/AIDS had climbed to 
$15.6 billion (Kates et al., 2009) and by 2009, WHO estimated that 5.2 million were on ART in 
low and middle income countries (WHO, 2010). 
Over 30 years of the AIDS epidemic and since the introduction of highly active antiretroviral 
therapy (ART) in 1996, the management of HIV-1 infection has gradually moved from 
treatment of opportunistic infections towards regular monitoring and maintenance of a 
suppressed viral load. As expected, this has lead to dramatic improvements in morbidity 
and mortality from HIV-1. Whilst the median life expectancy following diagnosis with HIV-
1 prior to the advent of ART was 7 years, it has now reached 35 years in the developed 
world (Lohse et al., 2007). Consequently there has been a parallel growth in the 
complications that arise from chronic infection with HIV-1 and its treatments.  
Atherosclerotic and ischemic cardiovascular disease, which once predominantly afflicted the 
elderly, is now increasing in prevalence in HIV-1 infected persons. In the pre-ART era, the 
cardiac manifestations of HIV-1 were mainly HIV cardiomyopathy and pulmonary 
hypertension. The first documented case reports of acute myocardial infarction in HIV-1 
infected patients were described in 1998 (Bozzette et al., 2003). Supporting these findings 
were autopsy reports which demonstrated that HIV-1 infected patients without traditional 
cardiac risk factors also had unexpectedly higher rates of atherosclerosis, with endothelial 
lymphocytic infiltration, compared with controls (Joshi et al., 1987). The current incidence of 
coronary artery disease in the HIV-1 infected population is at least three-fold higher than the 
general population (Vittecoq et al., 2003) even in the absence of traditional risk factors, 
suggesting that HIV-1 is an independent risk factor for vascular disease.  
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The pathogenesis of endothelial dysfunction in HIV-1 infection is still being studied. 
However, several mechanisms have been postulated: HIV-induced endothelial cell injury, 
activation of endothelial cells by pro-inflammatory cytokines and mediators, and toxicity 
from ART which may itself have direct and indirect actions. This review will first examine 
endothelial dysfunction in non-HIV infected people and then explore the determinants of 
this process in HIV-infected patients. We will cover the most recent studies which suggest 
an interaction between HIV proteins and endothelium, recent developments in the link 
between the pro-inflammatory cascade and endothelial dysfunction and the effect of ART 
on both these mechanisms. 

2. Background: The endothelium in non-HIV infected patients 
From our knowledge of coronary artery disease in non-HIV infected subjects, we know that 
the earliest hallmark of vascular abnormalities is endothelial dysfunction. The endothelium 
is part of the barrier between the vessel wall and the circulation. It serves many purposes 
including regulation of muscle tone, lipid metabolism, thrombogenesis and vessel 
permeability (Kharbanda R, 2005). The healthy endothelium is not readily permeable, is 
anti-adhesive and able to relax vascular smooth muscle. This latter ability is governed by an 
intricate balance between vasodilatory (e.g. nitric oxide and prostacycline) and 
vasoconstrictive (predominantly endothelin-1, ET-1) substances that are released by the 
endothelial cells (Kharbanda R, 2005). Under normal conditions, the vascular endothelium is 
left in a predominantly dilated state; indeed, endothelial dysfunction is defined as impaired 
nitric oxide synthesis and vascular reactivity. However, the terminology is also used to 
describe the associated pro-inflammatory and pro-thrombogenic state. 

2.1 Vasodilatation and vasoconstriction 
In healthy endothelium, nitric oxide is produced from the precursor L-arginine via the 
constitutively expressed enzyme, endothelial nitric oxide synthase (e-NOS), which is 
activated in response to physical stimuli, such as shear stress (Kharbanda R, 2005). In 
addition to its vasodilatory action, the anti-thrombotic effects of nitric oxide are two-fold, 
inhibiting both leukocyte aggregation and platelet activation.  
Factors such as smoking, dyslipidemia, diabetes, aging and sedentary lifestyle have all been 
shown to reduce NO synthesis and therefore impair endothelial function.  
Endothelial cells also produce vasoconstrictive substances, one of the most potent being ET-
1. Endothelin-1 acts via 2 receptor subtypes, Endothelin-A and Endothelin-B (ET-A and ET-
B), which are expressed in varying quantities. Endogenous levels of ET-1 act via ET-A to 
induce coronary vasoconstriction but also serve to increase smooth muscle proliferation and 
induce cytokine production in vitro (Kharbanda R, 2005). Selective antagonism of ET-A 
receptors has been shown to improve endothelial function (Verhaar et al., 1998). 
In a healthy vessel, blood flow is laminar and shear stresses of the blood flow are maximal at 
the vessel wall. Following shear stress, endothelial cells elongate and align to the direction 
of blood flow (Lowe, 2003).  
Work by Virchow, von Rotitansky and Ross (Ross et al., 1977) first generated the hypothesis 
that endothelial damage was characterized by a loss of the normal orientation of endothelial 
cells in the direction of flow resulting in low-flow and low-shear circulation of blood cells in 
contact with the vessel wall. As this mechanical change reduces the release of nitric oxide, 
vasoreactivity is impaired: this explains why the earliest stages of endothelial dysfunction 
are characterized by a reduced ability of vessels to vasodilate. Subsequently, there is an 
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accumulation of platelets, fibrin and monocytes over the injured endothelium; these then 
release substances (such as platelet derived growth factor, PDGF, and tissue growth factor 
B, TGF-B) which stimulate smooth muscle proliferation and connective tissue production. 
Recruited macrophages absorb circulating lipids (such as low density lipoprotein and 
cholesterol) and are converted to foam cells, which perpetuate a cycle of reduced laminar 
flow, haemostasis and inflammation (Lowe, 2003).  

2.2 Haemostasis 
Haemostasis, characterized by activation of the coagulation pathway and fibrin formation, is 
well described in atherosclerosis. The endothelium synthesizes and releases fibronectin, von 
Willebrand factor (vWF) and thrombospondin in response to any pro-haemorrhagic stimuli 
(Kharbanda R, 2005). vWF acts as a ‘glue’ linking platelets to the endothelial matrix. There is 
a subsequent production of fibrin, which then crosslink the mesh creating a haemostatic 
seal. Complete vascular occlusion by the matrix is usually prevented by endothelial 
synthesis and activation of specific anti-thrombotic compounds such as protein C, anti-
thrombin and tPA (tissue plasminogen activator) which mediate endogenous fibrinolysis. 
Pro-coagulant activity is also modulated by nitric oxide which inhibits platelet aggregation 
and cell-cell adhesion activity.  
Haemostasis and thrombosis are central to the progression of atherosclerosis and acute 
arterial occlusion; several studies have looked at the role of pro-coagulant factors in arterial 
disease and it is suggested that there may be an imbalance of haemostatic factors in the 
development of atherosclerosis (Signorelli et al., 2007). High plasma levels of fibrinogen 
have been found in patients with peripheral atherosclerosis and are prognostic predictors 
for the development of myocardial infarction and cardiac arrest in patients with stable 
intermittent claudication (Thor et al., 2002). In addition, previous studies have shown that 
patients with established coronary artery disease were more likely to develop ischemia, as 
indicated by dobutamine stress echo testing, if they had a hypercoaguable state, which 
comprised increased levels of fibrinogen and factor VIII (De Lorenzo et al., 2003).  

2.3 The effect of inflammation in the non HIV infected-endothelium 
Because atherosclerosis is typified by the cycle of haemostasis, lipid accumulation and 
inflammation, it is considered an inflammatory disease. Factors such as smoking and 
hyperlipidemia are, in effect, chronically stimulating the endothelium which in turn changes 
the endothelial architecture and creates a permanent state of endothelial inflammation.  
In recent years the importance of inflammation in the development of endothelial changes 
has been increasingly recognized. C-reactive protein (CRP), an acute phase protein 
synthesized by the liver, is a sensitive marker of inflammation. Increased levels of CRP have 
been demonstrated in patients with type 2 diabetes and are believed to occur in response to 
chronic intra-arterial inflammation (Tan et al., 2002). Several studies have shown that the 
CRP level is closely correlated with the extent of endothelial dysfunction and this marker 
has been found to be increased in patients who have developed atherosclerosis. CRP was 
shown to be a strong predictor of cardiovascular events in a large prospective study 
involving 28,000 women (Ridker et al., 2002). The CRP appears not only to be an indicator of 
inflammatory disease, but can also directly amplify the inflammatory response via 
activation of the complement cascade, tissue damage and activation of endothelial cells 
(Signorelli et al., 2007). Indeed systemic inflammation of any cause, including autoimmune 
diseases such as rheumatoid arthritis and systemic lupus erythematosus, may initially drive 
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accumulation of platelets, fibrin and monocytes over the injured endothelium; these then 
release substances (such as platelet derived growth factor, PDGF, and tissue growth factor 
B, TGF-B) which stimulate smooth muscle proliferation and connective tissue production. 
Recruited macrophages absorb circulating lipids (such as low density lipoprotein and 
cholesterol) and are converted to foam cells, which perpetuate a cycle of reduced laminar 
flow, haemostasis and inflammation (Lowe, 2003).  

2.2 Haemostasis 
Haemostasis, characterized by activation of the coagulation pathway and fibrin formation, is 
well described in atherosclerosis. The endothelium synthesizes and releases fibronectin, von 
Willebrand factor (vWF) and thrombospondin in response to any pro-haemorrhagic stimuli 
(Kharbanda R, 2005). vWF acts as a ‘glue’ linking platelets to the endothelial matrix. There is 
a subsequent production of fibrin, which then crosslink the mesh creating a haemostatic 
seal. Complete vascular occlusion by the matrix is usually prevented by endothelial 
synthesis and activation of specific anti-thrombotic compounds such as protein C, anti-
thrombin and tPA (tissue plasminogen activator) which mediate endogenous fibrinolysis. 
Pro-coagulant activity is also modulated by nitric oxide which inhibits platelet aggregation 
and cell-cell adhesion activity.  
Haemostasis and thrombosis are central to the progression of atherosclerosis and acute 
arterial occlusion; several studies have looked at the role of pro-coagulant factors in arterial 
disease and it is suggested that there may be an imbalance of haemostatic factors in the 
development of atherosclerosis (Signorelli et al., 2007). High plasma levels of fibrinogen 
have been found in patients with peripheral atherosclerosis and are prognostic predictors 
for the development of myocardial infarction and cardiac arrest in patients with stable 
intermittent claudication (Thor et al., 2002). In addition, previous studies have shown that 
patients with established coronary artery disease were more likely to develop ischemia, as 
indicated by dobutamine stress echo testing, if they had a hypercoaguable state, which 
comprised increased levels of fibrinogen and factor VIII (De Lorenzo et al., 2003).  
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hyperlipidemia are, in effect, chronically stimulating the endothelium which in turn changes 
the endothelial architecture and creates a permanent state of endothelial inflammation.  
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the process of endothelial damage leading to a greater risk of cardiovascular disease 
(Turesson et al., 2008). It is hypothesized that HIV as a chronic inflammatory disease gives 
rise to atherosclerosis in a similar way.  

2.4 Cytokines and endothelial dysfunction 
Cytokines are polypeptide chemical messengers that play critical roles in the inflammatory 
cascade, following endothelial injury. Cytokines are able to act at low concentrations and 
over a range of time-scales; they act through paracrine, autocrine or endocrine routes 
(Signorelli et al., 2007). Cytokines, including Interleukin-1 (IL-1), interleukin-6 (IL-6), tumour 
necrosis factor alpha, Interferon-gamma (IFN) and monocyte-chemotactic protein-1 (MCP-
1) are proinflammatory. IL-6 may be directly responsible for the production of CRP 
(Signorelli et al., 2007). IL-2, IFN and TNF-α appear to be responsible for induction of 
adhesion molecules and chemokines in the vascular wall (Signorelli et al., 2007) and there is 
mounting evidence that IL-6 works in concert with TNF-α and other cytokines to activate 
endothelial cells and enhance leukocyte adhesion (Mu et al., 2007).  
The role of cytokines in endothelial dysfunction has mostly been studied in the obese 
population, those with established atherosclerosis and in diabetic patients. CRP has been 
shown to induce macrophage colony stimulating factor (M-CSF) release from mononuclear 
phagocytes, promoting a positive feedback loop with further proliferation of the 
macrophages which infiltrate the inflammatory plaque (Devaraj et al., 2009). Type 1 helper T 
cells (Th1) secrete TNF-α and IFN which can stimulate macrophagic internalization of 
modified lipoproteins leading to foam cell formation. TNF-α achieves this via up-regulation 
of receptors on the macrophage for uptake of modified lipoproteins (Hsu et al., 2000) and 
IFN reduces cholesterol efflux (Wang et al., 2002). The activated macrophages continue to 
release cytokines which increase the inflammatory response and seem to modulate smooth 
muscle architecture. Increased TNF levels are also believed to directly inhibit nitric oxide 
mediated coronary vasodilatation (Zhang et al., 2006).  
Clinical findings support the in vitro evidence. Elevated levels of TNF-α have been reported 
in association with myocardial ischemia and may contribute to irreversible myocardial 
tissue injury (Zhang et al., 2002). Similarly, a recent meta-analysis demonstrated an odds 
ratio of 3.34 for myocardial infarction or coronary death per two standard deviation increase 
in long-term average IL-6 level (Danesh et al., 2008). 

2.5 Adhesion molecules 
Endothelial inflammation induces over-expression of intercellular and vascular cell 
adhesion molecules (ICAM-1, VCAM-1), P-selectin and E-selectin, all of which attract 
monocytes and neutrophils to the area (Goldberg, 2009) and hence contribute to plaque 
formation. ICAM-1 and VCAM-1 mediate adhesion of inflammatory cells at the vascular 
endothelium. Monocytes then migrate into the sub-endothelial space of the vascular wall 
and subsequently differentiate into macrophages (Goldberg, 2009). 
In vivo, P-selectin is not expressed on normal endothelium; its expression on diseased 
endothelium can occur in response to a number of insults including an oxidized form of 
internalized low density lipoprotein (oxLDL) (Johnson-Tidey et al., 1994). In a study using 
rabbits fed only on an atherogenic diet, P-selectin was expressed after one week and 
infiltration of macrophages with lipoprotein occurred after two weeks (Sakai et al., 1997). 
Mice with homozygous knockout for the P-selectin gene showed a reduction in the 
atherosclerotic lesion size within the endothelium compared to wild-type mice (Collins et al.,  
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2000). Similarly E-selectin is found in increased concentration on atherosclerotic endothelial 
cells and appears to be induced by TNF and IL-1 alpha (Galkina et al., 2007; Stocker et al., 
2000). Combined deficiency of P-selectin and E-selectin in mice elicited an 80% protective 
effect in the early stages of atherosclerosis (Dong et al., 1998). 
Likewise, there are several reports showing increased expression of VCAM-1 on aortic 
endothelium in response to cholesterol accumulation within the intima (Truskey et al., 1999). 
Furthermore, treatment of human umbilical vein endothelial cells with TNF-α up-regulated 
VCAM-1 and ICAM-1 expression in vitro (Ramana et al., 2004), implying that adhesion 
molecule expression can be cytokine dependent. 

3. The effect of HIV-1 infection on endothelial dysfunction 
In recent years, reports have shown that HIV-infected patients have a greater risk of 
developing coronary artery disease compared to HIV-uninfected patients of the same age 
(Vittecoq et al., 2003).  
In the absence of anti-retrovirals, chronic inflammation, hypercoagulability, cell adhesion 
and platelet activation appear to drive the pathogenesis behind endothelial dysfunction in 
HIV-infected individuals (Francisci et al., 2009).  

3.1 Measuring atherosclerosis and endothelial dysfunction in HIV-1 
Surrogate measures of atherosclerosis include carotid artery intima-media thickness (C-IMT), 
which directly correlates with the extent of atherosclerosis; other techniques, such as brachial 
artery flow mediated dilatation, can also be used and these evaluate endothelial dysfunction. 

3.1.1 Carotid intima-media thickness 
Several studies have used C-IMT as a marker to assess sub-clinical atherosclerosis in HIV-
infected patients. C-IMT is a non-invasive technique using high resolution B-mode 
ultrasonography and is a reliable predictor of myocardial infarction and stroke after 
adjustment for other risk factors (O’Leary et al., 1999). C-IMT can be measured over time and 
has therefore been used as a primary endpoint for treatment success in clinical trials with 
cardioprotective drugs.  
C-IMT appears to be the most sensitive indicator of subclinical atherosclerosis (Hsue et al., 
2010b). In a study evaluating methods for assessment of atherosclerosis in HIV-1 infection, 
C-IMT was compared with coronary artery calcium, measured by computerized 
tomography (CAC) (Hsue et al., 2010b). Older age, duration of HIV-1 infection, low nadir 
CD4 count and hypertension in HIV-1 infected patients were shown to be associated with 
significantly higher C-IMT compared to controls. In contrast, the CAC was only increased in 
older HIV-infected patients (Hsue et al., 2010b). 
Hsue et al demonstrated that HIV-infected patients (whether or not they were on 
antiretroviral treatment) have a higher baseline mean C-IMT compared to age and sex-
matched controls (Hsue et al., 2004). In addition, the rate of progression of C-IMT was 
several fold higher than in HIV-uninfected subjects. In the same study, nadir CD4 T cell 
count less than 200 cells/microlitre was implicated as a compounding risk factor for 
increased C-IMT. Similar results have been replicated elsewhere – a case control study of 77 
HIV-infected men in the Netherlands showed that they had a 10.8% greater C-IMT 
compared with controls (van Vonderen et al., 2009). 
However, these findings are not universal. In an earlier study comparing well-matched 
cohorts (for age, sex and cardiovascular risk factors) of HIV-infected patients and non-HIV  
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the process of endothelial damage leading to a greater risk of cardiovascular disease 
(Turesson et al., 2008). It is hypothesized that HIV as a chronic inflammatory disease gives 
rise to atherosclerosis in a similar way.  

2.4 Cytokines and endothelial dysfunction 
Cytokines are polypeptide chemical messengers that play critical roles in the inflammatory 
cascade, following endothelial injury. Cytokines are able to act at low concentrations and 
over a range of time-scales; they act through paracrine, autocrine or endocrine routes 
(Signorelli et al., 2007). Cytokines, including Interleukin-1 (IL-1), interleukin-6 (IL-6), tumour 
necrosis factor alpha, Interferon-gamma (IFN) and monocyte-chemotactic protein-1 (MCP-
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endothelium can occur in response to a number of insults including an oxidized form of 
internalized low density lipoprotein (oxLDL) (Johnson-Tidey et al., 1994). In a study using 
rabbits fed only on an atherogenic diet, P-selectin was expressed after one week and 
infiltration of macrophages with lipoprotein occurred after two weeks (Sakai et al., 1997). 
Mice with homozygous knockout for the P-selectin gene showed a reduction in the 
atherosclerotic lesion size within the endothelium compared to wild-type mice (Collins et al.,  
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2000). Similarly E-selectin is found in increased concentration on atherosclerotic endothelial 
cells and appears to be induced by TNF and IL-1 alpha (Galkina et al., 2007; Stocker et al., 
2000). Combined deficiency of P-selectin and E-selectin in mice elicited an 80% protective 
effect in the early stages of atherosclerosis (Dong et al., 1998). 
Likewise, there are several reports showing increased expression of VCAM-1 on aortic 
endothelium in response to cholesterol accumulation within the intima (Truskey et al., 1999). 
Furthermore, treatment of human umbilical vein endothelial cells with TNF-α up-regulated 
VCAM-1 and ICAM-1 expression in vitro (Ramana et al., 2004), implying that adhesion 
molecule expression can be cytokine dependent. 

3. The effect of HIV-1 infection on endothelial dysfunction 
In recent years, reports have shown that HIV-infected patients have a greater risk of 
developing coronary artery disease compared to HIV-uninfected patients of the same age 
(Vittecoq et al., 2003).  
In the absence of anti-retrovirals, chronic inflammation, hypercoagulability, cell adhesion 
and platelet activation appear to drive the pathogenesis behind endothelial dysfunction in 
HIV-infected individuals (Francisci et al., 2009).  

3.1 Measuring atherosclerosis and endothelial dysfunction in HIV-1 
Surrogate measures of atherosclerosis include carotid artery intima-media thickness (C-IMT), 
which directly correlates with the extent of atherosclerosis; other techniques, such as brachial 
artery flow mediated dilatation, can also be used and these evaluate endothelial dysfunction. 

3.1.1 Carotid intima-media thickness 
Several studies have used C-IMT as a marker to assess sub-clinical atherosclerosis in HIV-
infected patients. C-IMT is a non-invasive technique using high resolution B-mode 
ultrasonography and is a reliable predictor of myocardial infarction and stroke after 
adjustment for other risk factors (O’Leary et al., 1999). C-IMT can be measured over time and 
has therefore been used as a primary endpoint for treatment success in clinical trials with 
cardioprotective drugs.  
C-IMT appears to be the most sensitive indicator of subclinical atherosclerosis (Hsue et al., 
2010b). In a study evaluating methods for assessment of atherosclerosis in HIV-1 infection, 
C-IMT was compared with coronary artery calcium, measured by computerized 
tomography (CAC) (Hsue et al., 2010b). Older age, duration of HIV-1 infection, low nadir 
CD4 count and hypertension in HIV-1 infected patients were shown to be associated with 
significantly higher C-IMT compared to controls. In contrast, the CAC was only increased in 
older HIV-infected patients (Hsue et al., 2010b). 
Hsue et al demonstrated that HIV-infected patients (whether or not they were on 
antiretroviral treatment) have a higher baseline mean C-IMT compared to age and sex-
matched controls (Hsue et al., 2004). In addition, the rate of progression of C-IMT was 
several fold higher than in HIV-uninfected subjects. In the same study, nadir CD4 T cell 
count less than 200 cells/microlitre was implicated as a compounding risk factor for 
increased C-IMT. Similar results have been replicated elsewhere – a case control study of 77 
HIV-infected men in the Netherlands showed that they had a 10.8% greater C-IMT 
compared with controls (van Vonderen et al., 2009). 
However, these findings are not universal. In an earlier study comparing well-matched 
cohorts (for age, sex and cardiovascular risk factors) of HIV-infected patients and non-HIV  
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infected controls, there was no statistically significant difference in the C-IMT as a static 
measure of atherosclerosis (Currier et al., 2005). One reason for the discrepancy in results 
may be the lack of uniform approach to C-IMT measurements. Whereas some studies 
measure C-IMT at the carotid bifurcation, most examine the common carotid. It is believed 
that the bifurcation may be more susceptible to inflammation and injury therefore could 
manifest early atherosclerosis (Hsue et al., 2010a). 

3.1.2 Brachial artery flow-mediated dilatation 
The hallmark of endothelial dysfunction is impaired endothelial dependent vasodilation. 
This can be non-invasively measured using a technique called brachial artery flow mediated 
vasodilation (FMD). The technique provokes the release of nitric oxide resulting in 
vasodilation following transient forearm ischemia and can be quantified as a measure of 
vasomotor function. FMD measures endothelial dysfunction in response to shear 
stresswhereas C-IMT measures structural defects and reflects more long term exposure to 
atherogenic factors (Ho et al., 2009). 
Studies have previously shown that HIV-1 infected patients have impaired endothelial 
function as assessed by FMD when compared to non-infected controls (Solages et al., 2006). 
The severity of impairment may be related to the level of viral replication.  

3.2 Pathogenesis 
The molecular mechanisms by which HIV-1 induces endothelial dysfunction have yet to be 
fully elucidated but several theories have been proposed and are currently being researched 
(Monsuez et al., 2009):  
1. Direct endothelial injury from the HIV-1 virus and the component proteins of HIV-1  
2. HIV-induced chronic inflammation 
3. HIV-induced dyslipidaemia and metabolic syndrome  
4. Direct endothelial injury from antiretroviral therapy  
5. ART-induced dyslipidaemia and metabolic syndrome 
It is likely to be the combination of viraemia, elevated inflammatory markers and adhesion 
molecules, a pro-atherogenic lipid profile and the effects of ART, which heighten the risk of 
cardiovascular disease in HIV-infected persons.  

3.2.1 The effects of HIV viral load 
It is likely that the increased viral load provides a permanent “on-switch” which constantly 
activates the endothelium: this may be via direct toxic insult, the concomitant inflammatory 
response in HIV infection, or both. One study demonstrated a 4-fold greater cardiovascular 
mortality in patients with higher viral loads (defined by at least 5 Log10 copies/ml) which 
was independent of CD4 count – this study suggested that the viral load was a surrogate 
marker for endothelial activation and IL-6 release (Marin et al., 2009). A study conducted in 
Argentina showed that patients with detectable HIV-1 viraemia had significantly higher 
levels of von Willebrand Factor (vWF) which implies endothelial activation and therefore 
may predict future cardiovascular risk (de Larranaga et al., 2003). Although some studies 
have shown no relationship between peak viral load and cardiovascular risk (Friis-Moller et 
al., 2007), there is now a general consensus on the association between viral load, chronic 
inflammatory activity and endothelial dysfunction. Moreover, recent results confirm that 
HIV viraemia is a significant predictor of acute myocardial infarction irrespective of CD4 
cell count (Triant et al., 2010).  
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The strategies for the management of antiretroviral therapy (SMART) longitudinal study 
demonstrated that patients who were initially assigned to intermittent ART therapy had 
increased cardiovascular events compared to the constant treatment arm which is believed 
to be due to ‘rebound viraemia’ after stopping treatment (El-Sadr et al., 2006). Similarly, 
fluctuations in viral load during ART correlate with adverse changes in flow mediated 
dilatation (Torriani et al., 2008).  

3.2.2 The effect of the component proteins within the HIV virion 
One of the genes within the HIV virion, “env”, encodes a single protein called Gp160. When 
Gp160 is synthesized, carbohydrate molecules are attached to it and the complex is turned 
into a glycoprotein (Wilson et al., 2008). The glycoprotein migrates to the cell surface 
envelope where it is cleaved into a trimeric complex comprised of a transmembrane protein 
(Gp41) and a surface glycoprotein (Gp120) which is embedded in the lipid bilayer. The 
Gp120 facilitates viral entry through interaction with the CD4 receptor and co-receptors on 
the receiving cell, which are either CXCR4 or CCR5. 
Studies have shown that during this interaction there may be some damage to the 
endothelium, which itself expresses CD4 receptors and co-receptors (Ullrich et al., 2000). 
Contact between Gp120/Gp160 and the CXCR4 co-receptor initiates the apoptotic cascade in 
umbilical vein endothelium (Huang et al., 2001). Another study showed that Gp120 
significantly increased the expression of human endothelial intercellular adhesion molecules 
(ICAM-1) at both m-RNA and protein levels, although it did not alter expression of VCAM-
1 and E-selectin (Ren et al., 2002). Furthermore, Gp120 has been shown to significantly 
reduce eNOS expression and endothelium dependent vasorelaxation in porcine and 
coronary arteries pre-treated with TNF-α; the authors also demonstrated that the 
combination of Gp120 and TNF-α substantially up-regulated ICAM-1 expression in these 
arteries (Jiang et al., 2010). In a different study the same authors showed that the HIV viral 
proteins Tat and Nef could also inhibit eNOS expression in endothelial cells. Tat 
additionally appears to induce expression of several adhesion molecules on endothelium. 
These results suggest that several viral proteins potentially contribute to the vascular 
complications seen in HIV-infected patients (Duffy et al., 2009).  

3.2.3 HIV induced inflammatory cascade and adhesion markers 
Another mechanism by which HIV-1 may contribute to endothelial dysfunction is via 
systemic inflammation. We know from non-HIV infected patients that inflammation plays 
an important role in endothelial dysfunction and atherosclerosis. As we have mentioned 
previously, raised CRP has been implicated in the pathogenesis of atherosclerosis in HIV 
uninfected individuals. Similarly, higher levels of CRP have been found in HIV-infected 
patients compared to controls and this has been shown to predict cardiovascular mortality 
and morbidity even after accounting for viral load and CD4 count (Hsue et al., 2004). Levels 
of CRP do appear to reduce following ART initiation, but not back to normal levels – data 
from the AIDS clinical trial group (ACTG 5095) showed that CRP levels did not normalize 
after 96 weeks of treatment (Shikuma et al., 2011). 
The CRP is not the only marker of inflammation in HIV-1 infection; HIV-1 appears to be 
associated with a generalized inflammatory activation of the vascular wall. 
Proinflammatory markers and adhesion molecules that are implicated in the pathogenesis of 
cardiovascular disease in non-HIV individuals are similarly studied in the context of HIV-1. 
TNF-α, for example, is expressed in large quantities by macrophages in HIV-infected 
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infected controls, there was no statistically significant difference in the C-IMT as a static 
measure of atherosclerosis (Currier et al., 2005). One reason for the discrepancy in results 
may be the lack of uniform approach to C-IMT measurements. Whereas some studies 
measure C-IMT at the carotid bifurcation, most examine the common carotid. It is believed 
that the bifurcation may be more susceptible to inflammation and injury therefore could 
manifest early atherosclerosis (Hsue et al., 2010a). 

3.1.2 Brachial artery flow-mediated dilatation 
The hallmark of endothelial dysfunction is impaired endothelial dependent vasodilation. 
This can be non-invasively measured using a technique called brachial artery flow mediated 
vasodilation (FMD). The technique provokes the release of nitric oxide resulting in 
vasodilation following transient forearm ischemia and can be quantified as a measure of 
vasomotor function. FMD measures endothelial dysfunction in response to shear 
stresswhereas C-IMT measures structural defects and reflects more long term exposure to 
atherogenic factors (Ho et al., 2009). 
Studies have previously shown that HIV-1 infected patients have impaired endothelial 
function as assessed by FMD when compared to non-infected controls (Solages et al., 2006). 
The severity of impairment may be related to the level of viral replication.  

3.2 Pathogenesis 
The molecular mechanisms by which HIV-1 induces endothelial dysfunction have yet to be 
fully elucidated but several theories have been proposed and are currently being researched 
(Monsuez et al., 2009):  
1. Direct endothelial injury from the HIV-1 virus and the component proteins of HIV-1  
2. HIV-induced chronic inflammation 
3. HIV-induced dyslipidaemia and metabolic syndrome  
4. Direct endothelial injury from antiretroviral therapy  
5. ART-induced dyslipidaemia and metabolic syndrome 
It is likely to be the combination of viraemia, elevated inflammatory markers and adhesion 
molecules, a pro-atherogenic lipid profile and the effects of ART, which heighten the risk of 
cardiovascular disease in HIV-infected persons.  

3.2.1 The effects of HIV viral load 
It is likely that the increased viral load provides a permanent “on-switch” which constantly 
activates the endothelium: this may be via direct toxic insult, the concomitant inflammatory 
response in HIV infection, or both. One study demonstrated a 4-fold greater cardiovascular 
mortality in patients with higher viral loads (defined by at least 5 Log10 copies/ml) which 
was independent of CD4 count – this study suggested that the viral load was a surrogate 
marker for endothelial activation and IL-6 release (Marin et al., 2009). A study conducted in 
Argentina showed that patients with detectable HIV-1 viraemia had significantly higher 
levels of von Willebrand Factor (vWF) which implies endothelial activation and therefore 
may predict future cardiovascular risk (de Larranaga et al., 2003). Although some studies 
have shown no relationship between peak viral load and cardiovascular risk (Friis-Moller et 
al., 2007), there is now a general consensus on the association between viral load, chronic 
inflammatory activity and endothelial dysfunction. Moreover, recent results confirm that 
HIV viraemia is a significant predictor of acute myocardial infarction irrespective of CD4 
cell count (Triant et al., 2010).  
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The strategies for the management of antiretroviral therapy (SMART) longitudinal study 
demonstrated that patients who were initially assigned to intermittent ART therapy had 
increased cardiovascular events compared to the constant treatment arm which is believed 
to be due to ‘rebound viraemia’ after stopping treatment (El-Sadr et al., 2006). Similarly, 
fluctuations in viral load during ART correlate with adverse changes in flow mediated 
dilatation (Torriani et al., 2008).  

3.2.2 The effect of the component proteins within the HIV virion 
One of the genes within the HIV virion, “env”, encodes a single protein called Gp160. When 
Gp160 is synthesized, carbohydrate molecules are attached to it and the complex is turned 
into a glycoprotein (Wilson et al., 2008). The glycoprotein migrates to the cell surface 
envelope where it is cleaved into a trimeric complex comprised of a transmembrane protein 
(Gp41) and a surface glycoprotein (Gp120) which is embedded in the lipid bilayer. The 
Gp120 facilitates viral entry through interaction with the CD4 receptor and co-receptors on 
the receiving cell, which are either CXCR4 or CCR5. 
Studies have shown that during this interaction there may be some damage to the 
endothelium, which itself expresses CD4 receptors and co-receptors (Ullrich et al., 2000). 
Contact between Gp120/Gp160 and the CXCR4 co-receptor initiates the apoptotic cascade in 
umbilical vein endothelium (Huang et al., 2001). Another study showed that Gp120 
significantly increased the expression of human endothelial intercellular adhesion molecules 
(ICAM-1) at both m-RNA and protein levels, although it did not alter expression of VCAM-
1 and E-selectin (Ren et al., 2002). Furthermore, Gp120 has been shown to significantly 
reduce eNOS expression and endothelium dependent vasorelaxation in porcine and 
coronary arteries pre-treated with TNF-α; the authors also demonstrated that the 
combination of Gp120 and TNF-α substantially up-regulated ICAM-1 expression in these 
arteries (Jiang et al., 2010). In a different study the same authors showed that the HIV viral 
proteins Tat and Nef could also inhibit eNOS expression in endothelial cells. Tat 
additionally appears to induce expression of several adhesion molecules on endothelium. 
These results suggest that several viral proteins potentially contribute to the vascular 
complications seen in HIV-infected patients (Duffy et al., 2009).  

3.2.3 HIV induced inflammatory cascade and adhesion markers 
Another mechanism by which HIV-1 may contribute to endothelial dysfunction is via 
systemic inflammation. We know from non-HIV infected patients that inflammation plays 
an important role in endothelial dysfunction and atherosclerosis. As we have mentioned 
previously, raised CRP has been implicated in the pathogenesis of atherosclerosis in HIV 
uninfected individuals. Similarly, higher levels of CRP have been found in HIV-infected 
patients compared to controls and this has been shown to predict cardiovascular mortality 
and morbidity even after accounting for viral load and CD4 count (Hsue et al., 2004). Levels 
of CRP do appear to reduce following ART initiation, but not back to normal levels – data 
from the AIDS clinical trial group (ACTG 5095) showed that CRP levels did not normalize 
after 96 weeks of treatment (Shikuma et al., 2011). 
The CRP is not the only marker of inflammation in HIV-1 infection; HIV-1 appears to be 
associated with a generalized inflammatory activation of the vascular wall. 
Proinflammatory markers and adhesion molecules that are implicated in the pathogenesis of 
cardiovascular disease in non-HIV individuals are similarly studied in the context of HIV-1. 
TNF-α, for example, is expressed in large quantities by macrophages in HIV-infected 
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individuals (Herbein et al., 1994). Studies by the Tanga Aids Working Group in Tanzania 
showed a significant increase in many proinflammatory cytokines in HIV-1 infected people 
and these displayed a positive correlation with HIV-1 RNA levels, suggesting that HIV-1 
replication itself may cause a pathological cytokine response (Haissman et al., 2009). The 
plasma levels of IL-6 are also higher in HIV-infected patients and are directly associated 
with the HIV-1 viral load (de Larranaga et al., 2003).  
Of note, a study which examined the cardiovascular characteristics of a group of HIV-1 
positive “elite controllers” (Deeks et al., 2007) (so called as they can maintain undetectable 
viral loads in the absence of ART), demonstrated raised CRP levels even in these patients 
(Hsue et al., 2009a). Elite controllers are likely to exhibit a state of viral replication which is 
not detected by current assays; this low level of replication may be sufficient to increase T-
cell specific responses with subsequent IL-6 and CRP release. Likewise, patients who are 
clinically well on long term ART may still have a low level of replication which is not 
detectable but which may be driving an atherogenic response.  
Not only does the increase in pro-inflammatory cytokines correlate with HIV-1 plasma viral 
load, but also with pro-thrombotic molecules such as vWF. Platelet activation is increased in 
HIV-1, resulting in increased thrombogenesis (Aukrust et al., 2000). Several studies have 
shown increased circulating levels of the endothelial adhesion markers VCAM-1 and ICAM-
1 as well as selectins in HIV-infected patients and this may also correlate with disease 
progression (Galea et al., 1997). Moreover, raised levels of vWF, ICAM-1 and VCAM-1 have 
been associated with raised D-dimer levels, which are fibrin-degradation products produced 
when fibrinolysis occurs following coagulation (Wolf et al., 2002). The significance of this 
association may be that endothelial activation correlates with activation of the coagulation 
cascade and therefore increased thrombogenic potential. Consistently, these biomarkers 
closely correlate with HIV-1 plasma viraemia corroborating the interplay between 
inflammatory biomarkers, HIV-1 viral load and endothelial dysfunction (figure 1.).  
In keeping with these results, another study which looked specifically at risk factors for 
increased cardiovascular mortality demonstrated that levels of D-dimer and VCAM-1 in 
HIV-infected patients positively correlated with cardiovascular risk; the D-dimer was 
identified as an independent risk factor for cardiovascular disease in addition to the 
traditional risk factors of hypercholesterolaemia and smoking (Ford et al., 2010). These 
findings may suggest a role for biomarkers in future risk stratification in HIV-infected 
patients.  

3.2.4 AntiRetroviral Therapy (ART) and endothelial dysfunction 
There are currently 6 classes of antiretrovirals that have been approved for use. These are 
the nucleoside reverse transcriptase inhibitors (NRTIs), the non-nucleoside reverse 
transcriptase inhibitors (NNRTIs), protease inhibitors (PIs), fusion inhibitors, CCR5-
antagonists and integrase inhibitors. Recommended initial regimens usually include 
combinations of two NRTIs and one NNRTI, or two NRTIs and one PI. 
Antiretroviral therapy appears to be somewhat of a ‘double edged sword’ in terms of 
cardiovascular effects. Treatment with ART reduces viral load and the concentration of 
inflammatory markers that are likely to perpetuate cardiovascular risk. However, this may 
be offset by direct toxic effects of ART on endothelium and ART-induced metabolic 
syndrome. It seems likely that the effects of ART on endothelial dysfunction may depend on 
nadir CD4 count and peak viral load prior to ART, the type of antiretroviral given and other 
contributing ‘classical’ cardiovascular risk factors.  
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Fig. 1. The key processes involved in plaque formation in anti-retroviral naïve, HIV-1 
infected patients. The HIV-1 virus leads to increased levels of adhesion molecules, ICAM-1 
and VCAM-1 and increased levels of vWF. Heightened plasma levels of IL-6 contribute to C-
reactive protein synthesis from the liver. The adhesion molecules and CRP promote 
monocyte recruitment to the area. Monocytes migrate to the sub-endothelial tissue and 
mature into macrophages. Macrophages contribute to foam cell formation and release TNF-
α. TNF-α and gp120 inhibit eNOS expression and endothelium dependent vasorelaxtion. 
The net result is a proliferation of macrophages, foam cell formation and atheromatous 
plaques with associated haemostasis exacerbated by increased vWF levels. 

3.2.4.1 The effects of ART on viral load and cardiovascular disease 
It is well established that HIV-1 viraemia and proinflammatory markers are intrinsically 
linked. Therefore one would presume that by reducing the viral load, ART should also 
arrest inflammatory processes. The SMART (Lundgren et al., 2008) study showed that 
interrupted ART was associated with a higher risk of cardiovascular events implying that 
viral replication and inflammation following treatment cessation is linked with cardiovascular 
disease. A similar interruption study demonstrated a significant increase in the pro-
inflammatory markers IL-6 and D-dimer and an associated increase in cardiovascular 
mortality in the ART sparing arm compared to those who continued therapy (Kuller, 2008). 
3.2.4.2 The effect of ART on inflammatory markers and endothelial dysfunction 
Various biological markers of endothelial dysfunction have been shown to increase in HIV-1 
infected patients. A longitudinal study comparing biomarkers in HIV-infected patients at 
ART initiation to two months and then 14 months into treatment demonstrated a 
normalization or significant reduction in levels of E-selectin, ICAM-1, VCAM-1 and CRP at 
the two month interval. These changes persisted up to 14 months except for E-selectin which 
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individuals (Herbein et al., 1994). Studies by the Tanga Aids Working Group in Tanzania 
showed a significant increase in many proinflammatory cytokines in HIV-1 infected people 
and these displayed a positive correlation with HIV-1 RNA levels, suggesting that HIV-1 
replication itself may cause a pathological cytokine response (Haissman et al., 2009). The 
plasma levels of IL-6 are also higher in HIV-infected patients and are directly associated 
with the HIV-1 viral load (de Larranaga et al., 2003).  
Of note, a study which examined the cardiovascular characteristics of a group of HIV-1 
positive “elite controllers” (Deeks et al., 2007) (so called as they can maintain undetectable 
viral loads in the absence of ART), demonstrated raised CRP levels even in these patients 
(Hsue et al., 2009a). Elite controllers are likely to exhibit a state of viral replication which is 
not detected by current assays; this low level of replication may be sufficient to increase T-
cell specific responses with subsequent IL-6 and CRP release. Likewise, patients who are 
clinically well on long term ART may still have a low level of replication which is not 
detectable but which may be driving an atherogenic response.  
Not only does the increase in pro-inflammatory cytokines correlate with HIV-1 plasma viral 
load, but also with pro-thrombotic molecules such as vWF. Platelet activation is increased in 
HIV-1, resulting in increased thrombogenesis (Aukrust et al., 2000). Several studies have 
shown increased circulating levels of the endothelial adhesion markers VCAM-1 and ICAM-
1 as well as selectins in HIV-infected patients and this may also correlate with disease 
progression (Galea et al., 1997). Moreover, raised levels of vWF, ICAM-1 and VCAM-1 have 
been associated with raised D-dimer levels, which are fibrin-degradation products produced 
when fibrinolysis occurs following coagulation (Wolf et al., 2002). The significance of this 
association may be that endothelial activation correlates with activation of the coagulation 
cascade and therefore increased thrombogenic potential. Consistently, these biomarkers 
closely correlate with HIV-1 plasma viraemia corroborating the interplay between 
inflammatory biomarkers, HIV-1 viral load and endothelial dysfunction (figure 1.).  
In keeping with these results, another study which looked specifically at risk factors for 
increased cardiovascular mortality demonstrated that levels of D-dimer and VCAM-1 in 
HIV-infected patients positively correlated with cardiovascular risk; the D-dimer was 
identified as an independent risk factor for cardiovascular disease in addition to the 
traditional risk factors of hypercholesterolaemia and smoking (Ford et al., 2010). These 
findings may suggest a role for biomarkers in future risk stratification in HIV-infected 
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Fig. 1. The key processes involved in plaque formation in anti-retroviral naïve, HIV-1 
infected patients. The HIV-1 virus leads to increased levels of adhesion molecules, ICAM-1 
and VCAM-1 and increased levels of vWF. Heightened plasma levels of IL-6 contribute to C-
reactive protein synthesis from the liver. The adhesion molecules and CRP promote 
monocyte recruitment to the area. Monocytes migrate to the sub-endothelial tissue and 
mature into macrophages. Macrophages contribute to foam cell formation and release TNF-
α. TNF-α and gp120 inhibit eNOS expression and endothelium dependent vasorelaxtion. 
The net result is a proliferation of macrophages, foam cell formation and atheromatous 
plaques with associated haemostasis exacerbated by increased vWF levels. 

3.2.4.1 The effects of ART on viral load and cardiovascular disease 
It is well established that HIV-1 viraemia and proinflammatory markers are intrinsically 
linked. Therefore one would presume that by reducing the viral load, ART should also 
arrest inflammatory processes. The SMART (Lundgren et al., 2008) study showed that 
interrupted ART was associated with a higher risk of cardiovascular events implying that 
viral replication and inflammation following treatment cessation is linked with cardiovascular 
disease. A similar interruption study demonstrated a significant increase in the pro-
inflammatory markers IL-6 and D-dimer and an associated increase in cardiovascular 
mortality in the ART sparing arm compared to those who continued therapy (Kuller, 2008). 
3.2.4.2 The effect of ART on inflammatory markers and endothelial dysfunction 
Various biological markers of endothelial dysfunction have been shown to increase in HIV-1 
infected patients. A longitudinal study comparing biomarkers in HIV-infected patients at 
ART initiation to two months and then 14 months into treatment demonstrated a 
normalization or significant reduction in levels of E-selectin, ICAM-1, VCAM-1 and CRP at 
the two month interval. These changes persisted up to 14 months except for E-selectin which 
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did not change (Kristoffersen et al., 2009). Similar findings have been reported in other 
cohort studies, showing significant reductions in both vWF and VCAM-1 levels after six 
months following initiation of ART, with no demonstrable difference between PI and 
NNRTI containing regimes (Francisci et al., 2009). In another study the levels of VCAM-1 
and vWF correlated positively with viral load in the ART-naïve group; following five 
months of treatment with a regimen which included either a PI or an NNRTI, there was a 
significant reduction in levels of VCAM-1 and vWF suggesting a marked reduction in 
endothelial activation following ART (Wolf et al., 2002). 
In recent years, the NRTI, abacavir, has been linked with increased cardiovascular risk in 
certain observational studies (Sabin et al., 2008). The SMART study has also suggested that 
the use of abacavir is independently associated with a significant increase in plasma levels 
of CRP and IL-6 (Lundgren et al., 2008), implying that abacavir itself has pro-inflammatory 
effects compared to other NRTIs. However, these results have not been uniformly replicated 
in other randomized trials. Indeed the HEAT study, which compared efficacy between 
abacavir/lamivudine/kaletra and tenofovir/emtricitabine/kaletra regimens, retrospectively 
showed that there was a decline of CRP, IL-6 and VCAM-1 in both regimens along with 
viral load reduction. Neither regime was specifically associated with increased 
cardiovascular events (Smith et al., 2009).  
3.2.4.3 The effects of ART on flow mediated dilatation 
It seems logical that by reducing systemic inflammation in HIV-1 infected patients, there 
would be a concurrent improvement in brachial flow mediated dilatation. This concept was 
demonstrated in a pilot trial which examined the effects of the anti-inflammatory nuclear 
factor kappaB-inhibitor, salsalate, on HIV-1 infected patients who were not on ART: a 
significant improvement in FMD was witnessed after 8 weeks of salsalate therapy (Gupta et 
al., 2008). Since ART also reduces systemic inflammation it might be expected to improve 
flow mediated dilatation (FMD).  
Indeed, a study which examined the effects of ART (two NRTIs and one NNRTI, two NRTIs 
and one PI or one PI and one NNRTI) on FMD, viral load and lipid profile showed that after 
24 weeks of treatment there was an increase in brachial artery FMD in all 3 ART regimens. 
This occurred despite an associated increase in total cholesterol and low density lipoprotein 
levels in all participants, suggesting that decreased inflammation with ART may have a 
protective effect on the endothelium (Torriani et al., 2008). 
However, in another study vascular dilatation in HIV-1 infected patients on ART was 
significantly impaired compared with ART naïve patients (with no demonstrated difference 
between PI and NRTI containing regimens) (Andrade et al., 2008). Another study comparing 
37 HIV-1 infected patients receiving ART against age and diabetes matched non-HIV-1 
infected patients showed that the FMD was equally reduced between the HIV-1 infected 
patients virally controlled on ART and HIV-1 negative diabetic patients (van Wijk et al., 2006). 
Again, certain antiretrovirals may be particularly implicated: in HIV-1 infected patients treated 
with abacavir and achieving virological suppression, a significant reduction in FMD was 
observed compared to those receiving abacavir-sparing regimes (Hsue et al., 2009b). 
3.2.4.4 The effects of ART on vasomotor activity and endothelial cells  
Impairment of FMD demonstrates the macro-structural alterations elicited by ART. 
However, ART also leads to direct microvascular changes. ART can provide a direct insult 
and subsequent cell death through mitochondrial DNA damage and necrotic pathways, a 
theory that was demonstrated on human endothelial cells treated with ritonavir in vitro 
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(Zhong et al., 2002). In vitro cytotoxic effects have also been exhibited by zidovudine (AZT) 
and indinavir, both damaging intercellular gaps between adjacent endothelial cells (Fiala et 
al., 2004) thus providing a platform for the inflammatory cascade.  
There may be a causal relationship between the toxic effects of ART and impaired 
vasomotor reactivity. Ritonavir has been shown to reduce endothelial NO synthase (eNOS) 
mRNA and protein levels in cultured human coronary endothelial cells (Fu et al., 2005). 
Similarly, administration of combination antiretrovirals, which included zidovudine and 
indinavir in the regimento rats have been shown to increase levels of endothelin-1, a marker 
of endothelial injury and inducer of vasoconstriction (Jiang et al., 2006). 
As with other chronic insults, ART-induced endothelial dysfunction may progress to 
established vascular disease over time. A study by Jiang et al showed that short term 
treatment (five days) of mice with AZT resulted in a reduction in endothelium-dependent 
vessel relaxation; however after two weeks of treatment the authors showed a significant 
increase in injury-induced vascular smooth muscle proliferation and neo-intimal 
hyperplasia (Jiang et al., 2010). In the same study the authors demonstrated that this increase 
in neo-intimal hyperplasia correlated with an increase in vascular cell adhesion molecule 
staining, providing a link between ART and induction of cell adhesion molecules. 

4. The metabolic profile of chronic HIV infection and ART and its impact on 
cardiovascular risk 
Both HIV and antiretrovirals may also induce endothelial damage via modification of 
‘classical’ vascular insults, especially blood lipids and glucose. 
HIV-1 is a known risk factor for hypertriglyceridaemia, elevated low density lipoprotein 
cholesterol, depressed levels of high density lipoprotein cholesterol and insulin resistance 
(Oh et al., 2007). In treatment naïve patients, higher HIV-1 RNA levels independently 
associate with very low density lipoprotein (VLDL) and triglyceride levels. In patients with 
low CD4 cell counts there is also a higher risk of insulin resistance (El-Sadr et al., 2005). 
Thus, the metabolic changes that are often attributed to ART may be difficult to interpret 
because of established abnormalities already present due to infection alone. Nevertheless, it 
is generally accepted that the PIs and NRTIs are associated with metabolic side effects such 
as lipodystrophy, and shift the lipid profile to a proatherogenic pattern.  
The ongoing Data Collection on Adverse Events of Anti-HIV drugs (D:A:D) study showed 
that the relative risk of a myocardial infarction (MI) associated with cumulative PI use was 
1.16 per year of exposure (whereas NNRTIs did not appreciably increase the risk of an MI) 
(Friis-Moller et al., 2007). However, there appears to be a metabolic difference between 
various types of PIs. In the CASTLE study, patients treated with lopinavir/ritonavir had 
significantly raised fasting total cholesterol and triglyceride levels compared to patients 
given atazanavir/ritonavir (Molina et al., 2010). Other studies have now demonstrated that 
boosted lopinavir appears to elicit a worse lipid profile compared to other PI-containing 
regimens (Molina et al., 2010; Mills et al., 2009).  
The data supporting the role of NRTIs in generating metabolic abnormalities is mainly 
found in studies which used them in combination with a PI. Again, certain drugs are 
particularly implicated. The ACTG 5052 study compared efficacy in HIV-infected patients 
between abacavir/lamivudine and tenofovir/emtricitabine given with efavirenz or 
ritonavir-boosted atazanavir for 96 weeks. At week 48, fasting lipid levels had significantly 
increased in the arm receiving abacavir/lamivudine. 
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would be a concurrent improvement in brachial flow mediated dilatation. This concept was 
demonstrated in a pilot trial which examined the effects of the anti-inflammatory nuclear 
factor kappaB-inhibitor, salsalate, on HIV-1 infected patients who were not on ART: a 
significant improvement in FMD was witnessed after 8 weeks of salsalate therapy (Gupta et 
al., 2008). Since ART also reduces systemic inflammation it might be expected to improve 
flow mediated dilatation (FMD).  
Indeed, a study which examined the effects of ART (two NRTIs and one NNRTI, two NRTIs 
and one PI or one PI and one NNRTI) on FMD, viral load and lipid profile showed that after 
24 weeks of treatment there was an increase in brachial artery FMD in all 3 ART regimens. 
This occurred despite an associated increase in total cholesterol and low density lipoprotein 
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There may be a causal relationship between the toxic effects of ART and impaired 
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As with other chronic insults, ART-induced endothelial dysfunction may progress to 
established vascular disease over time. A study by Jiang et al showed that short term 
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The use of NNRTIs may also be associated with adverse lipid effects – recent data from the 
ACTG 5095 study showed that a regime containing efavirenz significantly increased lipid 
levels above the baseline values and above those seen in ‘NRTI only’ combinations 
(Shikuma et al., 2007) 96 weeks after treatment initiation.  

5. Assessment and management of patients with increased cardiovascular 
risk 
Given that HIV-1 itself is an independent risk factor for cardiovascular disease, there is an 
increasing need to apply a cardiovascular risk stratification score in HIV-1 infected patients. 
A cross-sectional study of HIV-1 infected patients in a Spanish outpatient setting 
demonstrated that the traditionally used Framingham risk calculation score identified a 
higher proportion of HIV-1 infected men with a moderate cardiovascular risk compared to 
other available risk stratification tools (Knobel et al., 2007). However, this tool may not be 
equally applicable to all populations – for example, in a study which examined the 
predicted cardiovascular risk in an HIV-1 infected Thai population, the Framingham 
calculation over estimated the risk of cardiovascular disease compared to other 
cardiovascular risk equations (Edwards-Jackson et al., 2011). 
When managing cardiovascular risk in the HIV-1 infected patient, one must advise in the 
same way as HIV-1 uninfected individuals; for example, addressing lifestyle factors as well 
as measuring lipid levels, blood pressure and signs of glucose intolerance. However, trials of 
non-drug therapies and dietary advice alone may not be sufficient to control HIV and ART 
associated dyslipidaemia.  
After addressing lifestyle measures it may then be prudent to review the current 
antiretroviral therapy. Firstly, it may be possible to switch within the class – for example, 
changing from nelfinavir to atazanavir can reduce the total cholesterol and triglyceride level 
sufficiently (Calza et al., 2005; Oh et al., 2007). Another strategy, if the patient is on a PI, is to 
switch them to another class providing there is established viral suppression and a 
compatible viral resistance profile (Dube et al., 2003).  
In terms of lipid-lowering pharmacotherapy, the Adult ACTG (Dube et al., 2003) have 
provided some guidance in approaching HIV-patients with dyslipidemia and raised 
cardiovascular risk. There are few changes in management compared to the general 
population and the use of statins (hydroxyl-methyl-glutaryl coenzyme A reductase inhibitors) 
as a therapy is widely advocated in patients with established isolated hypercholesterolemia 
(elevated total and LDL-cholesterol and triglyceride level less than 5mmol/l).  
The advantages of using a statin are two-fold; firstly, statins reduce the levels of cholesterol, 
which is implicated in endothelial dysfunction and atheroma formation. Secondly, there is 
increasing evidence that statins also exhibit anti-inflammatory effects (Jain et al., 2005). 
Recently a double-blinded cross-over trial (8 weeks of high dose 80mg atorvastatin versus 
placebo in HIV-1 infected ART naïve patients) showed a significant reduction in immune 
activation with statin therapy, as measured by a fall in activated CD8+ T cells, without any 
affect on HIV-1 RNA viral load (Ganesan et al., 2011). This further supports the use of statins 
in HIV-1 infected patients even without established lipid abnormalities. Lowering of 
oxidized LDL-cholesterol and total LDL cholesterol with 40mg pravastatin has also been 
shown to improve endothelial dysfunction, as measured by FMD, in patients on a PI-
containing ART regime (Hurlimann et al., 2006). 
However, some caution must be exercised when using statins as there may be significant 
interactions with PIs. The concentration of pravastatin has been shown to markedly increase 
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when used with boosted darunavir, although its levels are decreased with all other PIs. 
Therefore, whilst there is a potential increase in the side effect profile of all statins, 
pravastatin is usually considered the safest to use with PIs other than darunavir (Seker, 
2007).  
Statins are not the only lipid-lowering drug available; the combination of a statin and a 
fibrate should be considered (albeit with close monitoring due to the exaggerated side effect 
profile) when the triglyceride level is above 5mmol/l and may be the best approach to 
achieve lipid targets in these patients. Ezetimibe is a newer agent that acts by reducing 
intestinal cholesterol absorption and has been shown to be better tolerated but equally 
efficacious compared to statins in HIV-infected patients with hypercholesterolaemia 
(Negredo et al., 2006). Ezetimibe may be used when statins are not tolerated or as an adjunct 
to other anti-lipid agents in severe lipid disturbance.  
In non-HIV-1 infected patients, the beneficial effects of aspirin have largely been attributed 
to its action on thromboxane synthesis and platelet aggregation; however, there is also 
evidence suggesting that aspirin improves endothelial dysfunction through endothelium 
dependent vasodilatation (Husain et al., 1998). Current guidelines, as outlined by the U.S 
Preventative Services Task Force, recommend the use of aspirin in male patients between 
45-79 years old when the benefits of a reduction in risk of mycocardial infarction, taking into 
account overall cardiovascular risk, outweighs the potential risks associated with aspirin 
therapy (Calonge N, 2009). Spanish researchers applied these standards to their HIV-
infected cohort and found that aspirin would be indicated in 30.8% of their male patients 
(Tornero et al., 2010). Moreover, salsalate, a compound which exists within the same class as 
aspirin, has been shown to significantly improve flow mediated dilatation in HIV-infected 
patients after 8 weeks (as discussed above), perhaps suggesting a role for these agents in 
reducing endothelial dysfunction (Gupta et al., 2008). Whether or not aspirin should be 
considered as primary prevention in HIV-infected patients is still debatable and certainly it 
should not be seen as a replacement for timely ART.  

6. Conclusions 
As the HIV-1 infected population grows, management of patients is increasingly focused on 
chronic care issues such as cardiovascular comorbidity and metabolic disturbances 
including lipodystrophy and glucose intolerance. In recent years, there has been increasing 
recognition that endothelial dysfunction plays a pivotal role in atherosclerosis in HIV-1 
infected patients, and that HIV-1 may be as important as other more “traditional” risk 
factors for accelerated coronary artery disease. The pathology is complex and multifactorial; 
the HIV-1 virus and its component proteins are likely to perpetuate a cycle of chronic 
inflammation, haemostasis and endothelial activation. The role of ART is even less well 
understood, with the benefits of viral suppression being offset by the toxic and metabolic 
effects of ART itself (figure 2).  
However, what is certain is that early detection and appropriate management of HIV-1 and 
its complications is imperative in attempting to reduce the devastating global impact that 
HIV-1 has had within the last 30 years. Effective viral suppression, establishing coronary 
risk and modifying behavioral risk factors may provide the best initial approach to 
endothelial dysfunction. Following this, the option to switch antiretroviral drugs and treat 
the patient with pharmacotherapeutic agents aiming to optimize lipids, glucose and blood 
pressure may then be effective. 
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Fig. 2. Interplay between HIV, ART and endothelial dysfunction. Schematic diagram 
explaining how endothelial dysfunction is potentially caused through the effects of HIV 
itself and the effects of ART. Treatment naïve individuals can develop endothelial 
dysfunction as a consequence of direct toxicity of the virus, HIV-induced metabolic 
disturbances and associated chronic inflammation. ART acts to reduce these phenomena but 
can itself be toxic to endothelium and induce dyslipidaemia and glucose intolerance. ART = 
antiretroviral therapy. 
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1. Introduction 
The impact of antiretroviral therapy (ART) on the natural history of HIV is indisputable, 
resulting in dramatic reductions in morbidity and mortality and improvements in quality of 
life. This recognition coincides with a change in view of HIV infection from a progressive fatal 
disease to a medically manageable chronic condition. However, the requirement for life-long 
therapy with ART has been associated with long-term metabolic toxicities (hyperlipidemia, 
insulin resistance, diabetes, and osteoporosis) and iatrogenic dysmorphias, termed 
lipodystrophy, that have increased the complexity of managing people living with HIV 
infection (PLWH), the manifestations of which include peripheral fat loss and central fat 
accumulation. Lipodystrophy has emerged as one of the most feared complications of ART for 
PLWH. The highly stigmatizing nature of this adverse event has been associated with feelings 
of low self-esteem, forced disclosure of HIV-status, and negative effect on antiretroviral 
adherence. Of more recent significant concern is the finding that the metabolic consequences of 
lipodystrophy and ART, as well as the inflammation caused by the virus, are strong mediators 
for the development of cardiovascular disease (CVD), diabetes, metabolic abnormalities, and 
fatty liver disease and will have important implications for the future health and survival of 
the PLWH. One of the possible mechanisms contributing to these metabolic abnormalities is 
insulin resistance (IR) that has been increasingly seen in PLWH. Interventions aimed at 
improving insulin sensitivity have been shown effective in alleviating some but not all of ART 
and/or HIV associated adverse outcomes. This chapter will review the evidence for IR as a 
potential mechanism involved in HIV-related complications and the role of alternative 
treatments in improving IR in people living with HIV infection. 

2. Metabolic abnormalities associated with HIV infection  
The successful introduction of highly active antiretroviral therapy (HAART), a combination of 
potent antiretroviral agents, including protease inhibitors (PIs), nucleoside reverse 
transcriptase inhibitors (NRTIs), and nonnucleoside reverse transcriptase inhibitors (NNRTIs), 
has impacted positively on morbidity and mortality among HIV-positive patients. However, 
over time, HAART has been associated with a number of metabolic and anthropometric 
abnormalities, including dyslipidemia (1-3), hypertension (4-8) and insulin resistance(9-11), as well 
as subcutaneous fat loss and abdominal obesity, all included in the definition of metabolic 
syndrome(12) and potentially contributing to CVD risk . In a cohort of HIV-infected adults (296 
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syndrome(12) and potentially contributing to CVD risk . In a cohort of HIV-infected adults (296 
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participants: 217 men and 79 women) of mixed ethnicity with a mean age of 45.3 years, an 
appreciable prevalence of metabolic syndrome (30.0%) has been reported with the frequency 
increasing to 42.5% in those over 50 years of age. More women had abdominal obesity (59.5%) 
than men (20.7%, P<0.001) and the frequency of elevated plasma glucose was also higher in 
females (37.2%) compared to males (16.9%, P=0.004). High frequencies of decreased high-
density lipoprotein cholesterol (HDL-C) and elevated blood pressure were seen in both sexes. 
In those under 50 years of age, the 10-year Framingham coronary heart disease risk score for 
men was double that for women (6.2% vs. 2.7%, P<0.001). In older participants, the risk was 
similar between the sexes, with a third having scores over 10 %( 13). 
These metabolic disturbances are of complex origin, and their development may be affected 
by ART as well as the underlying HIV infection (14). HIV infection itself has been reported to 
impair triglycerides (TG) metabolism and lipoprotein-lipase (LPL) activity, and reduced 

plasma HDL cholesterol, Apo-B and Apo-A1, with higher LDL TG, and higher total 
cholesterol/HDL ratio(1-3-,15). Cytokines, such as interferon alpha, may play a role in the 
abnormal lipid homeostasis seen in PLWH (16,17). The use of PIs has been linked to further 
abnormalities in the serum lipid profile in PLWH (18, 19). Increased total cholesterol (TC), 
TG rich VLDL, and LDL-C are seen in PI-treated patients (19-21). Data from prospective 
cohort studies report new-onset hypercholesterolemia and hypertriglyceridemia after 5 
years of HAART in 24 and 19% of subjects, respectively (22, 23). Individual PIs likely have 
substantially different affects on the lipid profile. Data from the Swiss Cohort study suggest 
that ritonavir, but not indinavir or nelfinavir, is associated with increased TG levels (22). 
Purnell(24) demonstrated significant effects of ritonavir on TG levels after 2 weeks in HIV-
negative patients. Similarly, low dose ritonavir in combination with lopinavir over 4 weeks 
also increased TG levels in HIV-negative men (25). The newer PI atazanavir appears to have 
a significantly less pronounced effect on serum lipid levels (26, 27). The mechanism by 
which PIs influence serum TG is not clear. Animal studies (28, 29) suggest that PIs may 
prevent proteosomal degradation of nascent ApoB, a principle protein component of 
circulating TGs, leading to increased production of VLDL particles. Furthermore, as 
opposed to the “traditional” metabolic syndrome, which involves high free fatty acid (FFA) 
levels due to the inability for appropriate storage into fat cells in the presence of IR, patients 
receiving HAART develop a lipotoxicity due to mitochondrial dysfunction resulting in the 
excess release of FFA (30), resulting in increased production of VLDL and small, dense LDL 
as well as low plasma levels of HDL. This increase in lipolysis appears to cause the 
characteristic subcutaneous lipoatrophy in the face, legs, and buttocks with accumulation of 
fat in the visceral area and the back of the neck. PIs may also induce the lipoatrophy by 
inhibiting sterol regulatory enhancer-binding protein (SREBP-1) (30,31) and peroxisome 
proliferator-activated receptor–γ.(PPAR-γ)(32), which are both involved in lipogenesis.  
Other antiretroviral medications may also affect serum lipids. Kumar(33) reported, in 
treatment-naïve HIV+ subjects, PI sparing regimens (zidovudine/lamivudine + abacavir) 
raised fasting TC and TG least in comparison with regimens containing a PI 
(zidovudine/lamivudine + nelfinavir) or stavudine and a PI. The DAD study (n = 7483 
patients)(34) reported that exposure to non-nucleoside reverse transcriptase inhibitors 
(NNRTIs) is also associated with modest yet significantly increased TG levels (odds ratio, 
1.90; 95% confidence interval, 1.06–3.39), but not with low HDL-C or increased LDL-C.  
Fat redistribution has also been reported frequently in PLWH. NRTIs used to treat HIV-1 
infection are particularly associated with the lipoatrophy in subcutaneous fat (35), whereas 
PIs are considered more likely to cause systemic metabolic alterations such as insulin 

 
HIV-Infection: The Role of Insulin Resistance and Alternative Treatments 

 

39 

resistance (36). Non-nucleoside-analog reverse transcriptase inhibitors are not thought to 
contribute to the development of lipodystrophy, although some data have led to a 
reconsideration of the effects of some of these drugs on peripheral fat accumulation (37). 
There have been attempts to treat HIV-1-lipodystrophy using drugs of known effects against 
dyslipidemia (fibrates) or insulin resistance (thiazolidinediones), but results on the overall 
lipodystrophy syndrome have been poor (45,46). 
There is a growing concern about an increased risk for cardiovascular disease (CVD) in 
PLWH especially those receiving ART. This risk could be related to hypertension or 
metabolic abnormalities such as dyslipidemia, diabetes mellitus and central fat deposition 
which are increasingly seen with long-term use of ART (19, 38-41). This is also supported by 
epidemiological studies showing an increased risk for CVD in PLWH (42-44). 

3. Insulin resistance (IR) as one of the possible mechanisms involved 
Insulin resistance a risk factor for CVD is increasingly seen in PLWH and it is often 
accompanied by elevated blood pressure, dysfunctional glucose homeostasis, obesity, and 
dyslipidemia(47,48). It has been shown (49) that the presence of dyslipidemia (i.e. 
hypertriglyceridemia and low plasma HDL concentration) is highly indicative of underlying 
IR in patients with HIV despite fasting normoglycemia. Patients with the HIV-metabolic 
syndrome were also found to have a redistribution of adipose tissue to the intraperitoneal 
compartment and have markedly elevated intrahepatic lipid content (50).  
Insulin resistance is also a component of the lipodystrophy syndrome, and fasting insulin 
levels appear to correlate with waist to hip ratio. Multivariate modeling was used to 
estimate an approximate 1% increase in fasting insulin level for every 1% increase in visceral 
fat or every 1% increase in abdominal subcutaneous fat (51). Insulin levels and IR are higher 
in patients with both peripheral lipoatrophy and visceral adiposity than in those who have 
either alone (52). Intra-abdominal fat delivers excess free fatty acids directly into the portal 
blood system(53) and secrete cytokines and other factors that contribute to IR, impaired 
fibrinolysis(54,55), and endothelial dysfunction leading to increased risk for CVD(56).  
It is unclear whether IR is a direct result of HIV infection alone or it is a complication of 
ART. Chronic infection with HIV may contribute to glucose abnormalities among HIV-
infected patients. In the Multicenter AIDS Cohort Study, insulin resistance markers were 
higher in all groups of HIV-infected men compared with HIV-uninfected control subjects, 
even among those who were not receiving ART (57), suggesting an effect of HIV infection 
itself. A potential factor by which HIV could induce IR is TNF-α, which is chronically 
released by peripheral blood mononuclear cells in PLWH. Systemic inflammation has been 
associated with incident of diabetes in multiple cohorts in the general population (58-60). 
Proinflammatory cytokines, such as tumor necrosis factor (TNF)-α, may induce insulin 
resistance by binding to insulin-responsive elements in skeletal muscle (61). Among HIV-
infected patients, markers of systemic inflammation decrease quickly with ART initiation (62) 
but do not normalize (63). It is speculated that this residual inflammation with effective ART 
may contribute to the pathogenesis of co-morbidities in HIV-infected patients, including 
diabetes (64). 
Insulin resistance could also be a consequence of drug treatments in HIV. Among PLWH on 
ART, an IR prevalence rate of about 20-85% has been reported (9, 10, 65,66). There are 
differences in the pathways through which various PIs induce IR and in their propensity to 
do so. Certain PIs, such as indinavir (IDV), lopinavir, and ritonavir, have been shown to 
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appreciable prevalence of metabolic syndrome (30.0%) has been reported with the frequency 
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fat in the visceral area and the back of the neck. PIs may also induce the lipoatrophy by 
inhibiting sterol regulatory enhancer-binding protein (SREBP-1) (30,31) and peroxisome 
proliferator-activated receptor–γ.(PPAR-γ)(32), which are both involved in lipogenesis.  
Other antiretroviral medications may also affect serum lipids. Kumar(33) reported, in 
treatment-naïve HIV+ subjects, PI sparing regimens (zidovudine/lamivudine + abacavir) 
raised fasting TC and TG least in comparison with regimens containing a PI 
(zidovudine/lamivudine + nelfinavir) or stavudine and a PI. The DAD study (n = 7483 
patients)(34) reported that exposure to non-nucleoside reverse transcriptase inhibitors 
(NNRTIs) is also associated with modest yet significantly increased TG levels (odds ratio, 
1.90; 95% confidence interval, 1.06–3.39), but not with low HDL-C or increased LDL-C.  
Fat redistribution has also been reported frequently in PLWH. NRTIs used to treat HIV-1 
infection are particularly associated with the lipoatrophy in subcutaneous fat (35), whereas 
PIs are considered more likely to cause systemic metabolic alterations such as insulin 
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resistance (36). Non-nucleoside-analog reverse transcriptase inhibitors are not thought to 
contribute to the development of lipodystrophy, although some data have led to a 
reconsideration of the effects of some of these drugs on peripheral fat accumulation (37). 
There have been attempts to treat HIV-1-lipodystrophy using drugs of known effects against 
dyslipidemia (fibrates) or insulin resistance (thiazolidinediones), but results on the overall 
lipodystrophy syndrome have been poor (45,46). 
There is a growing concern about an increased risk for cardiovascular disease (CVD) in 
PLWH especially those receiving ART. This risk could be related to hypertension or 
metabolic abnormalities such as dyslipidemia, diabetes mellitus and central fat deposition 
which are increasingly seen with long-term use of ART (19, 38-41). This is also supported by 
epidemiological studies showing an increased risk for CVD in PLWH (42-44). 

3. Insulin resistance (IR) as one of the possible mechanisms involved 
Insulin resistance a risk factor for CVD is increasingly seen in PLWH and it is often 
accompanied by elevated blood pressure, dysfunctional glucose homeostasis, obesity, and 
dyslipidemia(47,48). It has been shown (49) that the presence of dyslipidemia (i.e. 
hypertriglyceridemia and low plasma HDL concentration) is highly indicative of underlying 
IR in patients with HIV despite fasting normoglycemia. Patients with the HIV-metabolic 
syndrome were also found to have a redistribution of adipose tissue to the intraperitoneal 
compartment and have markedly elevated intrahepatic lipid content (50).  
Insulin resistance is also a component of the lipodystrophy syndrome, and fasting insulin 
levels appear to correlate with waist to hip ratio. Multivariate modeling was used to 
estimate an approximate 1% increase in fasting insulin level for every 1% increase in visceral 
fat or every 1% increase in abdominal subcutaneous fat (51). Insulin levels and IR are higher 
in patients with both peripheral lipoatrophy and visceral adiposity than in those who have 
either alone (52). Intra-abdominal fat delivers excess free fatty acids directly into the portal 
blood system(53) and secrete cytokines and other factors that contribute to IR, impaired 
fibrinolysis(54,55), and endothelial dysfunction leading to increased risk for CVD(56).  
It is unclear whether IR is a direct result of HIV infection alone or it is a complication of 
ART. Chronic infection with HIV may contribute to glucose abnormalities among HIV-
infected patients. In the Multicenter AIDS Cohort Study, insulin resistance markers were 
higher in all groups of HIV-infected men compared with HIV-uninfected control subjects, 
even among those who were not receiving ART (57), suggesting an effect of HIV infection 
itself. A potential factor by which HIV could induce IR is TNF-α, which is chronically 
released by peripheral blood mononuclear cells in PLWH. Systemic inflammation has been 
associated with incident of diabetes in multiple cohorts in the general population (58-60). 
Proinflammatory cytokines, such as tumor necrosis factor (TNF)-α, may induce insulin 
resistance by binding to insulin-responsive elements in skeletal muscle (61). Among HIV-
infected patients, markers of systemic inflammation decrease quickly with ART initiation (62) 
but do not normalize (63). It is speculated that this residual inflammation with effective ART 
may contribute to the pathogenesis of co-morbidities in HIV-infected patients, including 
diabetes (64). 
Insulin resistance could also be a consequence of drug treatments in HIV. Among PLWH on 
ART, an IR prevalence rate of about 20-85% has been reported (9, 10, 65,66). There are 
differences in the pathways through which various PIs induce IR and in their propensity to 
do so. Certain PIs, such as indinavir (IDV), lopinavir, and ritonavir, have been shown to 
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reversibly induce IR, probably by inhibition of glucose translocation through GLUT4 (67). In 
contrast, atazanavir had no effect on IR.The NRTIs, zidovudine and stavudine, also have 
direct and indirect effects on glucose metabolism (68,69). In a case-control study (70), 
comparing 55 previously ART-naive individuals who developed diabetes 48 weeks after 
ART initiation (case subjects) with 55 individuals who did not develop diabetes during a 
comparable follow-up (control subjects), subjects with higher levels of high-sensitivity C-
reactive protein (hs-CRP), soluble TNFR1 (sTNFR1), and sTNFR2 at 48 weeks had an 
increased odds of subsequent diabetes, after adjustment for baseline marker level, age, BMI 
at week 48, CD4 count at week 48, and indinavir use. After further adjustment for week 48 
glucose, effects were attenuated and only sTNFR1 remained significant (odds ratio, highest 
quartile vs. lowest 23.2 [95% CI 1.28–423], P = 0.03). 
Insulin resistance, glucose and lipid metabolism were also found to be directly related to 
circulating adipokines suggesting that abnormalities in adipocytes may contribute to IR in 
patients with HIV. A known side effect of NRTIs is reduction in the production of 
adiponectin by lipoatrophy. Because adiponectin improves insulin sensitivity by increasing 
transportation/oxidation of FFAs and inhibition of hepatic glucose output, 
hypoadiponectinemia due to effects of NRTIs is thought to be a pathway for IR (7). Serum 
adiponectin level has been shown to inversely correlate with fasting insulin concentration 
and with hepatic fat content (71). Adiponectin also has anti-inflammatory properties. It 
suppresses inflammatory cell infiltration of the vascular intimal space (72-74), and 
deficiency of adiponectin up-regulates endothelial adhesion molecules (73). In a study by 
Cade et al(74) who performed adipose tissue biopsies in a cohort of HIV-infected patients, he 
found that the use of PIs is associated with down-regulation of adiponectin mRNA in 
appendicular adipocytes. These findings suggest a mechanistic link between PI use and 
development of dyslipidemia and IR. They also found that patients with HIV-metabolic 
syndrome have blunted insulin-mediated suppression of protein breakdown, unlike 
patients with type 2 diabetes. These findings imply a shared signalling defect in patients 
with HIV-metabolic syndrome that affects lipid, glucose and protein metabolism.  

4. Treatment challenge 
Because HIV infection frequently occurs in young individuals, long-term HAART is necessary 
and, thus, risk-factor modification is increasingly important to prevent the development of 
CVD. There is no single pharmacologic agent available with effects on multiple targets. The 
efficacy and safety of combining anti-inflammatory, antihypertensives, hypoglycemic and 
lipid lowering agents and their interactions with ART must be considered and favourable 
effects on reversing these abnormalities have not been uniformly reported.  
For example, dyslipidemia is common in HIV-infected patients, but treatment outcomes are 
often unsatisfactory. In one study (75) responses to lipid-lowering therapy were compared 
between 829 HIV-infected patients and 6941 uninfected controls, all with laboratory 
evidence of dyslipidemia. The HIV-infected patients had significantly smaller LDL declines 
in response to statins therapy than their HIV-negative counterparts (reduction, 25.6% vs. 
28.3%); within the HIV population, pravastatin was less effective than other agents 
(simvastatin, lovastatin, or atorvastatin). This drug is cited in current guidelines as a 
preferred agent because it has fewer interactions with ART than do other statins. The 
various classes of ART respond to lipid-lowering therapy differently; for example, PIs 
blunted response to fibrate therapy, but NNRTIs did not (75). 
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There have also been attempts to treat HIV-1-lipodystrophy using drugs of known effects 
against dyslipidemia (fibrates) or insulin resistance (thiazolidinediones), but results on the 
overall lipodystrophy syndrome have been poor (45,46). Therefore, drug treatment needs to be 
balanced against the potentially significant drug–drug interactions.  
Until definitive data are available on the efficacy of these medications, the primary focus of 
treatment should be on lifestyle modification, including diet, exercise since they are shown to 
improve IR and CVD risk in the general population. As well, patients with HIV infection have 
been shown to have inadequate dietary intake and suboptimal levels of various micronutrients 
some of which play an important role in regulating insulin function and CVD risk (76-78).  
Therefore, addressing nutritional deficiencies and modifiable risk factors such as smoking, 
obesity, and sedentary lifestyle can have a far greater impact on IR and CVD than changes 
in antiretroviral therapy.  

5. Dietary factors, physical activity and insulin resistance 
The identification of dietary factors that influence energy and lipid metabolism is an 
important research field of nutrition science and has become a growing requirement in the 
context of the HIV/AIDS epidemic in an attempt to attenuate the metabolic abnormalities 
and CVD risk associated with antiretroviral therapy. 
Consumption of energy-dense / high fat diets is strongly and positively associated with the 
overweight state, that in turns induces IR, particularly when the excess body weight is 
located in the abdominal region (79, 80). In patients with HIV infection, we collected 7-day 
food diary from 60 males who also had metabolic abnormalities (77). We estimated their 
energy, macro- and micronutrient intakes and compared it to the Dietary Reference Intakes 
for Canadians. A large proportion (41.5% and 63.1%) of subjects had intakes of fat and 
saturated fat exceeding the recommended levels of intake. None of the subjects met the 
recommended level of intake for fiber and 90.8% did not meet the recommended levels of 
intake for vitamin E. These findings have also been confirmed in other studies (79, 81). 
Dietary fat quality: IR is also independently affected by the type of dietary fat. In animal 
studies, saturated fat increases whereas omega-3 polyunsaturated fatty acids (PUFA) from 
fish and seafood reduce IR (82, 83). Several human studies (84-91) have also shown that saturated 
fat is significantly associated with worsening of IR, independent of body fat, while 
monounsaturated and PUFA improves IR. Based on fatty acid composition in plasma and 
muscle, studies also consistently show that increased unsaturated fat intake is associated 
with improved insulin sensitivity (91-94). Reports from systematic reviews (95, 96) also 
concluded that omega-3 PUFA reduce IR and serum triglycerides. Based on this, the 
American Diabetes Association (97) and American Heart Association (98) have recommended 
the consumption of 2-3 servings of fish/week. In one of our ongoing study (unpublished 
data) in males with HIV infection (n=27) who were found to have non-alcoholic fatty liver 
disease and several metabolic abnormalities, the omega-3 index (a combination of 2 long-
chain omega-3 PUFA, Eicosapentaenoic acid and Docosahexaenoic acid) in the red blood 
cells was significantly lower when compared to HIV-negative male subjects (n=6) with 
minimal findings in their liver biopsies (3.44±0.35 vs. 6.20±1.15; P=0.022). This was 
accompanied with a significantly higher omega-6 to omega-3 PUFA ratio in HIV-infected 
group (5.58±0.57 vs. 3.40±0.31; P=0.028) in favor of inflammatory processes in the body.  
The levels of the omega-3 PUFA in the blood and in the tissues are determined by diet and 
probably also by a genetic component. Changes in the levels of omega-3 PUFA are expected 
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reversibly induce IR, probably by inhibition of glucose translocation through GLUT4 (67). In 
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direct and indirect effects on glucose metabolism (68,69). In a case-control study (70), 
comparing 55 previously ART-naive individuals who developed diabetes 48 weeks after 
ART initiation (case subjects) with 55 individuals who did not develop diabetes during a 
comparable follow-up (control subjects), subjects with higher levels of high-sensitivity C-
reactive protein (hs-CRP), soluble TNFR1 (sTNFR1), and sTNFR2 at 48 weeks had an 
increased odds of subsequent diabetes, after adjustment for baseline marker level, age, BMI 
at week 48, CD4 count at week 48, and indinavir use. After further adjustment for week 48 
glucose, effects were attenuated and only sTNFR1 remained significant (odds ratio, highest 
quartile vs. lowest 23.2 [95% CI 1.28–423], P = 0.03). 
Insulin resistance, glucose and lipid metabolism were also found to be directly related to 
circulating adipokines suggesting that abnormalities in adipocytes may contribute to IR in 
patients with HIV. A known side effect of NRTIs is reduction in the production of 
adiponectin by lipoatrophy. Because adiponectin improves insulin sensitivity by increasing 
transportation/oxidation of FFAs and inhibition of hepatic glucose output, 
hypoadiponectinemia due to effects of NRTIs is thought to be a pathway for IR (7). Serum 
adiponectin level has been shown to inversely correlate with fasting insulin concentration 
and with hepatic fat content (71). Adiponectin also has anti-inflammatory properties. It 
suppresses inflammatory cell infiltration of the vascular intimal space (72-74), and 
deficiency of adiponectin up-regulates endothelial adhesion molecules (73). In a study by 
Cade et al(74) who performed adipose tissue biopsies in a cohort of HIV-infected patients, he 
found that the use of PIs is associated with down-regulation of adiponectin mRNA in 
appendicular adipocytes. These findings suggest a mechanistic link between PI use and 
development of dyslipidemia and IR. They also found that patients with HIV-metabolic 
syndrome have blunted insulin-mediated suppression of protein breakdown, unlike 
patients with type 2 diabetes. These findings imply a shared signalling defect in patients 
with HIV-metabolic syndrome that affects lipid, glucose and protein metabolism.  

4. Treatment challenge 
Because HIV infection frequently occurs in young individuals, long-term HAART is necessary 
and, thus, risk-factor modification is increasingly important to prevent the development of 
CVD. There is no single pharmacologic agent available with effects on multiple targets. The 
efficacy and safety of combining anti-inflammatory, antihypertensives, hypoglycemic and 
lipid lowering agents and their interactions with ART must be considered and favourable 
effects on reversing these abnormalities have not been uniformly reported.  
For example, dyslipidemia is common in HIV-infected patients, but treatment outcomes are 
often unsatisfactory. In one study (75) responses to lipid-lowering therapy were compared 
between 829 HIV-infected patients and 6941 uninfected controls, all with laboratory 
evidence of dyslipidemia. The HIV-infected patients had significantly smaller LDL declines 
in response to statins therapy than their HIV-negative counterparts (reduction, 25.6% vs. 
28.3%); within the HIV population, pravastatin was less effective than other agents 
(simvastatin, lovastatin, or atorvastatin). This drug is cited in current guidelines as a 
preferred agent because it has fewer interactions with ART than do other statins. The 
various classes of ART respond to lipid-lowering therapy differently; for example, PIs 
blunted response to fibrate therapy, but NNRTIs did not (75). 
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There have also been attempts to treat HIV-1-lipodystrophy using drugs of known effects 
against dyslipidemia (fibrates) or insulin resistance (thiazolidinediones), but results on the 
overall lipodystrophy syndrome have been poor (45,46). Therefore, drug treatment needs to be 
balanced against the potentially significant drug–drug interactions.  
Until definitive data are available on the efficacy of these medications, the primary focus of 
treatment should be on lifestyle modification, including diet, exercise since they are shown to 
improve IR and CVD risk in the general population. As well, patients with HIV infection have 
been shown to have inadequate dietary intake and suboptimal levels of various micronutrients 
some of which play an important role in regulating insulin function and CVD risk (76-78).  
Therefore, addressing nutritional deficiencies and modifiable risk factors such as smoking, 
obesity, and sedentary lifestyle can have a far greater impact on IR and CVD than changes 
in antiretroviral therapy.  

5. Dietary factors, physical activity and insulin resistance 
The identification of dietary factors that influence energy and lipid metabolism is an 
important research field of nutrition science and has become a growing requirement in the 
context of the HIV/AIDS epidemic in an attempt to attenuate the metabolic abnormalities 
and CVD risk associated with antiretroviral therapy. 
Consumption of energy-dense / high fat diets is strongly and positively associated with the 
overweight state, that in turns induces IR, particularly when the excess body weight is 
located in the abdominal region (79, 80). In patients with HIV infection, we collected 7-day 
food diary from 60 males who also had metabolic abnormalities (77). We estimated their 
energy, macro- and micronutrient intakes and compared it to the Dietary Reference Intakes 
for Canadians. A large proportion (41.5% and 63.1%) of subjects had intakes of fat and 
saturated fat exceeding the recommended levels of intake. None of the subjects met the 
recommended level of intake for fiber and 90.8% did not meet the recommended levels of 
intake for vitamin E. These findings have also been confirmed in other studies (79, 81). 
Dietary fat quality: IR is also independently affected by the type of dietary fat. In animal 
studies, saturated fat increases whereas omega-3 polyunsaturated fatty acids (PUFA) from 
fish and seafood reduce IR (82, 83). Several human studies (84-91) have also shown that saturated 
fat is significantly associated with worsening of IR, independent of body fat, while 
monounsaturated and PUFA improves IR. Based on fatty acid composition in plasma and 
muscle, studies also consistently show that increased unsaturated fat intake is associated 
with improved insulin sensitivity (91-94). Reports from systematic reviews (95, 96) also 
concluded that omega-3 PUFA reduce IR and serum triglycerides. Based on this, the 
American Diabetes Association (97) and American Heart Association (98) have recommended 
the consumption of 2-3 servings of fish/week. In one of our ongoing study (unpublished 
data) in males with HIV infection (n=27) who were found to have non-alcoholic fatty liver 
disease and several metabolic abnormalities, the omega-3 index (a combination of 2 long-
chain omega-3 PUFA, Eicosapentaenoic acid and Docosahexaenoic acid) in the red blood 
cells was significantly lower when compared to HIV-negative male subjects (n=6) with 
minimal findings in their liver biopsies (3.44±0.35 vs. 6.20±1.15; P=0.022). This was 
accompanied with a significantly higher omega-6 to omega-3 PUFA ratio in HIV-infected 
group (5.58±0.57 vs. 3.40±0.31; P=0.028) in favor of inflammatory processes in the body.  
The levels of the omega-3 PUFA in the blood and in the tissues are determined by diet and 
probably also by a genetic component. Changes in the levels of omega-3 PUFA are expected 
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in a given individual after a change in diet and during treatment with omega-3 PUFA. In a 
study (99) of 54 persons with HIV and elevated serum triglycerides (>150 mg/dL) and/or 
abnormal Quantitative Insulin Sensitivity Check Index values (<0.35 but >0.30) in which 
total fat, type of fat, fiber, and glycemic load were controlled along with supplementation 
with n-3 fatty acids to achieve an intake of 6 g/d, serum triglycerides in the intervention 
group decreased from a median of 180 mg/dL to 114 mg/dL from baseline to 3 weeks, 
whereas they remained stable in the control group (P = 0.003). Serum phospholipid fatty 
acids indicated a decrease in de novo lipogenesis and a decrease in arachidonic acid in the 
intervention group. At 3 weeks, the insulin area under the curve decreased but not 
significantly.  
In another randomized placebo-controlled trial (100), 51 patients with HIV infection received 
either 2 capsules of Omacor (an omega-3 PUFA supplement) twice daily or 2 capsules of 
placebo. Plasma triglycerides were reduced in the n-3 PUFA group by 0.14 mmol/l after 12 
weeks of treatment (n=26), while plasma triglycerides increased by 0.36 mmol/l in the 
control group (n=25). There was a significant increase in leukotriene B5 (LTB5) and 
LTB5/LTB4 ratio in the omega-3 PUFA group compared to the control group, inducing anti-
inflammatory effects by increasing formation of anti-inflammatory LTB5.  
Calcium: The importance of dietary calcium in the regulation of body weight and lipid 
metabolism has been the object of scientific investigations throughout the years. This 
relationship was first studied by Zamel et al (101-103), and today it continues to be an object of 
scientific interest (104, 105). Some epidemiological studies show that, in the general population, 
a high calcium and dairy product intake were associated with less fat accumulation and 
higher insulin sensitivity. It also presents an inverse relationship with metabolic syndrome 
components, especially hypertension (106, 107). On the other hand, the results of other 
investigations have indicated that calcium supplementation (1500 mg day−1) did not induce 
changes in body weight or lipid metabolism (108). It has been proposed that low calcium 
intake inhibits lipolysis and stimulates de novo synthesis, reducing fat oxidation, which 
results in an increased waist circumference. Through these mechanisms, a low dietary 
calcium intake leads to weight gain, whereas a high dietary calcium intake exerts the 
opposite effects (104). Another hypothesis suggests that calcium may have a modulating effect 
on the foecal excretion of fats (109). Reports from dietary assessments in the HIV infected 
patients have shown suboptimal intake of calcium (77, 79, 81). In these studies, over 90% of the 
patients did not meet the recommended level of intake of 1000 g/day of calcium. In one 
study, patients who had dietary calcium intake below 700 mg day−1 had greater waist 
circumference and body mass index (BMI) (81). Dairy food consumers (>2 servings per day) 
showed lower BMI (P < 0.01), waist circumference (P = 0.05), systolic and diastolic blood 
pressure, all components of the metabolic syndrome (81).  
Chromium: The metabolic abnormalities reported in PLWH are very similar to the 
abnormalities seen in patients with Type 2 diabetes and in those with chromium (Cr) 
deficiency. Chromium is a nutrient that potentiates insulin action and thus is an essential 
element for glucose and lipid metabolism (110-116). Improvements in glucose tolerance (117-128), 
plasma TG, total and HDL-cholesterol (128-131) after Cr supplementation is well documented 
in humans and in animals. In Type 2 diabetic patients, Cr supplementation resulted in an 
improvement in insulin sensitivity (132-134) and other metabolic parameters (135,136). Studies 
involving patients on total- parenteral- nutrition (TPN) led to conclusive documentation of 
the essential role of Cr in human nutrition (117, 123,124). These patients developed diabetic 
symptoms including glucose intolerance, weight loss, impaired energy utilization, and 
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nerve and brain disorders that were refractory to insulin. After adding Cr to TPN fluids, 
diabetic symptoms were alleviated, and exogenous insulin was no longer required. 
Furthermore, children, the elderly and people with type I and II diabetes mellitus have all 
been shown to display positive effects on blood glucose and lipids in response to 
supplemental Cr (128,129, 136, 137). Finally, in a meta-analysis of 41 randomized trials involving 
1198 participants, Cr supplementation significantly improved glycemia and dyslipidemia 
among patients with diabetes but had no effect in those without diabetes (138).  
The metabolic abnormalities including IR documented in PLWH may be related to 
suboptimal chromium status. We were the first to show (139) that the blood level of Cr was 
significantly lower and the urinary excretion was higher in antiretroviral-treated PLWH 
when compared with healthy control subjects. In a subsequent randomized, double blind, 
placebo-controlled trial (140), 50 HIV-positive subjects with evidence of body fat 
redistribution, elevated lipids or glucose and who were found to have IR based on the 
calculation of homeostatic model of assessment (HOMA= (fasting blood glucose x fasting 
insulin) / 22.5) were randomized to receive either 400 ug of Cr-nicotinate or placebo for a 
period of 16 weeks. For inclusion, the HOMA had to be> 2.5. Body weight and medication 
profile remained stable throughout the study period for both groups. Cr supplementation 
resulted in a significant decrease in blood insulin, blood triglycerides and HOMA. Blood 
glucose, C-peptide, total cholesterol, LDL and HDL cholesterol and Hb A1c remained 
unchanged. Biochemical parameters did not change in the placebo group except for LDL 
cholesterol that increased significantly post supplementation with placebo. In subjects 
supplemented with Cr, those who had body fat redistribution, had a more pronounced drop 
in blood triglycerides (-0.70±0.29 mmol/l) than those without (0.02 ±0.20 mmol/L) 
(P=0.056). The severity of IR at baseline determined the response to Cr supplementation as 
there was a strong correlation between baseline insulin level and the post-supplementation 
drop in blood: insulin (r= -0.852, p= 0.0001), triglycerides (r= -0.602, p=0.001) and c-peptide 
(r= -0.401, p=0.065).  
Analysis by dual energy X-ray absorptiometry (DEXA) scan also showed a significant 
decrease in total body fat mass (kg) in the Cr- supplemented group. This was accompanied 
by a significant reduction in percent total body fat mass and a significant increase in percent 
total lean body mass. Further analysis of the regional fat distribution showed a significant 
decrease in percent trunk fat mass as well as percent fat mass in the arms and legs. In the Cr-
supplemented group, the change in trunk fat mass was much more pronounced in subjects 
with body fat redistribution (-654.6 ±233.7 g) compare to those without this abnormality (-
33.66 ±218.2 g) (P=0.068). As well, in subjects with body fat redistribution, Cr 
supplementation resulted in a decrease in trunk fat mass (-654.6 g ±233.7) whereas in the 
placebo group, trunk fat mass increased (1803±356 g). The difference between the two 
groups was statistically significant (P=0.05). Trunk fat mass correlated significantly with 
waist circumference (r=0.854, p=0.0001), and HOMA at baseline (r=0.275, p=0.036). 
A detailed understanding of the molecular action of Cr is lacking; several lines of evidence 
point to enhancement of insulin action. Chromium increases insulin-stimulated glucose 
uptake in cultured muscle cells (141) and adipocytes (142). Chromium may increase insulin 
binding to cells, insulin receptor number, and insulin receptor tyrosine kinase activity (143). 
The enhancement of insulin action by Cr is associated with phosphorylation of insulin 
receptor substrate-1 (IRS-1) (141) and phosphatidylinositol 3-kinase (PI 3-kinase) (144) and is 
inhibited by wortmanin, an inhibitor of PI 3-kinase. Activation of these proteins in the 
insulin-signalling transduction pathway leads to translocation of glucose transporters from 
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in a given individual after a change in diet and during treatment with omega-3 PUFA. In a 
study (99) of 54 persons with HIV and elevated serum triglycerides (>150 mg/dL) and/or 
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total fat, type of fat, fiber, and glycemic load were controlled along with supplementation 
with n-3 fatty acids to achieve an intake of 6 g/d, serum triglycerides in the intervention 
group decreased from a median of 180 mg/dL to 114 mg/dL from baseline to 3 weeks, 
whereas they remained stable in the control group (P = 0.003). Serum phospholipid fatty 
acids indicated a decrease in de novo lipogenesis and a decrease in arachidonic acid in the 
intervention group. At 3 weeks, the insulin area under the curve decreased but not 
significantly.  
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involving patients on total- parenteral- nutrition (TPN) led to conclusive documentation of 
the essential role of Cr in human nutrition (117, 123,124). These patients developed diabetic 
symptoms including glucose intolerance, weight loss, impaired energy utilization, and 
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the cytosol to the plasma membrane. Indeed, Cr-picolinate supplementation was shown to 
significantly enhance the membrane-associated Glut-4 content of skeletal muscle and rate of 
glucose disappearance in obese rats after insulin stimulation (145). In a follow-up study it was 
reported that improved glucose disposal rates in Cr-fed, obese, insulin-resistant animals 
were attributable to enhanced insulin-stimulated IRS-1 and PI 3-kinase activity in skeletal 
muscle (146).  
The form or availability of Cr in specific foods is generally not known. A balanced diet will 
provide Cr with an average availability of 1-2% (147,148). Processed meats; liver; whole-grains 
including some ready-to-eat bran cereals; some pulses, such as dried beans; some 
vegetables, including broccoli and mushrooms; and spices are some of the best sources of 
Cr. Dairy products, and most fruits and vegetables, contain low amounts of Cr. Rice and 
sugar are poor sources. 
The suggested safe and adequate intake for Cr is established at 50-200 ug/day for 
adolescents and adults, and 10-120 ug/day for infants and children (149). It is reported that Cr 
intake by even healthy subjects consuming average Westernized diets is suboptimal (150) and 
is below the recommended level of 50 ug. One third of the diets, designed by a nutritionist 
to be well-balanced and to contain the recommended daily intake of vitamins and minerals 
(except chromium) contained less than the minimal safe and adequate intake of 50 ug of Cr 
(151). Anderson and Kozolvsky (150) measured the daily Cr intake of 22 female and 10 male 
subjects for 7 days. Not a single subject had a mean daily Cr intake of 50 ug or more. On the 
other hand, consuming less than 50 ug/d of Cr does not mean that one would eventually 
become Cr deficient. For example, in one study (152), 11 elderly women had an average intake 
of 20.1 ug/day and 11 elderly men had an average intake of 29.8 ug per day; the range of 
intakes was 13.6-47.7 ug among the 22 subjects. Of these, 16 maintained equilibrium, 4 
exhibited positive balances, and 2 exhibited slight and one exhibited severe negative 
balance. The intake at which Cr is low enough to induce changes responsive to Cr 
supplementation is not well established. Moreover, because other substances in the diet 
influence absorption and metabolism of Cr, the point at which Cr intake becomes 
inadequate depends in part on the other foods consumed, medical conditions and 
medication profile.  
Chromium chloride, chromium nicotinate, and chromium picolinate are commonly used 
formulations of trivalent chromium in the supplements. The studies that reported positive 
effects of supplemental chromium on people with diabetes usually involve 400 ug or more 
of Cr.  
Chromium supplements are inexpensive (153), and the limited safety data suggest that Cr is 
safe even at high doses (154). Therefore, Cr supplementation would be an attractive option for 
management of diabetes and for control of insulin and lipid concentration of PLWH. The 
role of Cr supplementation in conjunction with the initiation of HAART should be studied 
prospectively as a cost-effective approach to reducing CVD. 
Physical activity: At the present time, overweight and obese individuals constitute a much 
larger segment of the HIV-infected population than patients with wasting syndrome (155). As 
with individuals in the general population, an obese patient with HIV should be advised 
about the benefits of weight loss and regular physical activity; this is applicable not only to 
patients with high risk of diabetes but also to individuals who have already developed 
glucose intolerance or frank diabetes. There is considerable evidence that lifestyle changes, 
including changes in diet (eg, calorie restriction and reduction in intake of carbohydrates, 
saturated fats, and cholesterol) and increased physical activity can help reverse the 
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progression to type II diabetes and improve glycemic control in individuals already 
diagnosed with the condition (156-159). In a randomized study, aggressive lifestyle 
modification was more effective than metformin in preventing the development of diabetes 
in individuals with elevated fasting glucose (160); however, adherence to lifestyle changes is 
difficult to maintain over time. The expected improvement in Hb A1C levels in individuals 
who are able to follow lifestyle modification recommendations is 1%-2%, similar to goals 
that are attainable with some drug regimens. 
Clear evidence has established that adults who engage in regular physical activity and/or 
exhibit high cardiorespiratory fitness have a reduced risk of developing type II diabetes (161). 
Furthermore, the beneficial effects of a physically active lifestyle seem to hold true for 
normal-weight, overweight, and obese individuals alike. It is hypothesized that the 
mechanisms underlying this protective effect may be due, at least in part, to the insulin-
sensitizing properties of physical activity on skeletal muscle. 
From controlled studies, exercise training is associated directly with improved insulin 
sensitivity (162-165). Hughes et al (166) showed that exercise training of between 50% and 75% of 
maximal capacity can improve insulin sensitivity in individuals with impaired glucose 
tolerance. From community studies, increased levels of overall habitual physical activity 
have been positively associated with surrogate measures of insulin sensitivity among 
individuals without diabetes (167-168) and among those with impaired glucose tolerance (169), 
independent of obesity. In another study (170), including 1467 men and women of African 
American, Hispanic, and non-Hispanic white ethnicity, aged 40 to 69 years, with glucose 
tolerance ranging from normal to mild non–insulin-dependent diabetes mellitus, increased 
participation in non-vigorous as well as overall and vigorous physical activity was 
associated with significantly higher insulin sensitivity.  
However, questions remain regarding the nature and amount of physical activity required 
to have a sustained, beneficial impact on glucose and insulin metabolism at the individual 
and the community levels. The Centers for Disease Control and Prevention (CDC), and the 
American College of Sports Medicine (ACSM), have recently recommended that every US 
adult should accumulate at least 30 minutes of moderate-intensity physical activity (3 to 6 
metabolic equivalents [METs]) on most, preferably all, days of the week (171). The same 
recommendation was put forth by a 1996 National Institute of Health Consensus Statement 
(172). 
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1. Introduction 
Osteoporosis (OP) is the most widely spread metabolic osteopathy in the Western world, 
and is defined as a generalised state of the skeletal structure, characterised by a low bone 
mass and microarchitectural alterations, with an increase in bone fragility and risk of 
fracture (1). OP is now considered as an evolutive disorder affecting both the mineral and 
organic components leading to a progressive reduction in bone density, due to an imbalance 
in the regulation of hormones, which normally regulates the skeletal tissues (2). There are 
numerous classifications of OP in existence based on its pathogenesis , age of onset, 
association with other pathologies and pharmacological treatment or skeletal districts 
involved. Alongside primary OP is the heterogeneous group of secondary OP, which is 
either the consequence of the core disease or of the use of drugs. HIV infection has been 
shown to play an important role in the development of OP (3) and high prevalence of both 
osteopenia (OPe) and OP have been reported in subjects with chronic HIV infection (4). Loss 
of body weight, low body mass index (BMI) and diminished functional capacity are among 
some of the risk factors which, to a large extent, contribute to the loss of bone tissues in 
subjects suffering from chronic HIV infection (2-8).Furthermore, the drugs used to treat 
HIV+ patients can also interfere with bone metabolism and contribute to loss of bone mass 
(16). A reduction in bone mineral density (BMD) was observed in both HIV+ patients with 
hypogonadism and in those without (9-11). OP seems to be most frequently observed in 
subjects undergoing intense antiretroviral therapy, however, the mechanism by which 
antiretroviral treatments interfere with bone metabolism has not yet been clearly 
demonstrated. 
The success of highly active antiretroviral therapy (HAART) has dramatically increased the 
life expectancy of HIV+ patients in the developed world, however, their use has been 
associated with a range of side effects and complications. As people with HIV now live 
longer, bone disease is among the metabolic complications presenting physicians with new 
challenges in the management of the HIV+ patients (12). Although, OP is the most common 
bone disease described in HIV, but osteomalacia, usually in association with Fanconi’s 
syndrome or in patients treated with tenofovir, is also reported (15). 
The reduction in bone mass and the disruption of bone architecture increases the risk of 
bone fracture leading to disability, morbidity and mortality especially in the older 
population. One in two women and one in five men over the age of 50 years will suffer a 
fracture due to OP during their lifetime (13). There are concerns that as the HIV+ population 
ages, increased rates of bone loss may give rise to an ‘epidemic’ of fragility fractures (17). 
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Evidence is needed to inform judicious use of bone protective agents so that this situation 
can be avoided.  

2. Does HIV cause low bone mineral density? 
Validated risk factors for reduced BMD and fragility fracture are well established for the 
general population (19). They include,old age, low BMI, previous fragility fracture, low 
BMD at the femoral neck, parental history of hip fracture; glucocorticoid exposure; 
rheumatoid arthritis; current smoking; alcohol consumption of more than 3 units per day; 
hypogonadism, including post-menopausal status in women; prolonged immobility; 
malabsorption and liver cirrhosis (20). In addition, other well reported associations exist, 
including vitamin D deficiency, opiate (21) and other substance dependence (22) and the use 
of selective serotonin uptake inhibitor (SSRI) antidepressants (23). Some of the risk factors 
for OP described in the general population are also prevalent in people with HIV infection. 
The HIV+ population also has high rates of vitamin D insufficiency, high prevalence of 
smoking, alcohol abuse and injection drug use, opiate use and depression requiring SSRI 
treatment that are also risk factors for OP (25). Patients presenting late in their illness with 
AIDS usually have a low BMI. Immune reconstitution inflammatory syndrome (IRIS), which 
arises when HAART-associated immune reconstitution leads to an unmasking or worsening 
of features of infections such as tuberculosis, may require prolonged courses of 
glucocorticoid therapy (26), as may treatment of malignancies. Chronic diarrhoea resulting 
in malabsorption and nutritional deficiency can occur secondary to opportunistic infections 
or HIV directly. Androgen deficiency was common in the pre-HAART era in men 
presenting with AIDS-associated wasting (27) and is still seen in HIV-infected men on 
HAART presenting with weight loss (28). Low testosterone levels have also been reported in 
association with intravenous drug use (29). Of note, menstrual abnormalities are not more 
prevalent in HIV-infected women compared with non-infected women (30). There are 
growing numbers of studies reporting an increased prevalence of vitamin D deficiency in 
HIV-positive individuals compared to HIV-negative controls. Other studies have also 
demonstrated reduced 25-hydroxyvitamin D serum levels in HIV+ individuals taking 
HAART compared to age- and sex-matched HAART-naïve HIV+ individuals, with non-
nucleoside reverse transcriptase inhibitor (NNRTI) use and, moreover, cumulative exposure 
to efavirenz (but not nevirapine) being specifically implicated. Considering the high 
prevalence of the above risk factors in the HIV-infected population, it could be argued that 
the increased prevalence of decreased BMD in HIV-positive individuals is not surprising. It 
is very challenging, however, to separate HIV-specific factors from the confounding effect of 
traditional risk factors which are over-represented in the HIV-positive population. 
HIV-specific risk factors. As well as establishing the contribution of known OP risk factors 
within the HIV-positive population, cross-sectional and longitudinal studies have also 
related changes in BMD to HIV-specific factors, for example duration of HIV infection, HIV 
viral load and CD4 cell count, to determine whether these represent independent risk 
factors for reduced BMD in the HIV-positive population and consequently whether HIV 
infection is a risk factor for reduced BMD in its own right. The extent of the rise in CD4 cell 
count was directly proportional to the BMD increase at the lumbar spine in one longitudinal 
study of patients on HAART (31). Similar findings were seen in another longitudinal study, 
although without adjustment for simultaneous rise in BMI (28). The BMD increase in these 
two studies was also independently associated with having an undetectable HIV viral load. 
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In support of these findings a high HIV viral load at the time of assessment by Dual Energy 
X-Ray Absorptiometry (DXA) correlated positively with reduced BMD in one cross-
sectional study (32), although neither high HIV viral load nor low CD4 count were 
associated with reduced BMD in other studies (33). A low nadir CD4 cell count has been 
shown to be an independent risk factor for both reduced BMD and increased fracture 
incidence after adjustment for BMI (34). Time from date of diagnosis and prolonged 
exposure to unsuppressed HIV was also found to be an independent risk factor for loss of 
BMD in three studies (33).  

3. HIV-1 infection has direct influence on bone turnover 
The mechanical competence of bone is maintained by the process of bone remodelling, 
which consists of the removal of old bone by osteoclasts and its subsequent replacement 
with new bone by osteoblasts. In young adult skeleton, the amounts of bone resorbed and 
formed are similar, thus maintaining bone mass. Bone loss may occur in OP as a result of 
increased resorption, decreased formation or a combination of the two. In age-related bone 
loss in women, both mechanisms play a role, whereas in men, reduced bone formation is the 
predominant changes (49).The cellular mechanisms underlying bone loss in HIV+ 
individuals are not well defined, although in one study, reduced bone formation and 
turnover were reported in iliac crest biopsies (49,50). The association between chronic 
inflammatory conditions and OP is well documented and receptor activator of NFkB ligand 
(RANKL), the key mediator of osteoclast activity, is produced by activated T cells (46). Even 
in the asymptomatic phase of HIV infection, levels of inflammatory cytokines such as 
interleukin-1 (IL-1), IL-6 and tumor necrosis factor alpha (TNFa) are increased, and these 
cytokines also stimulate bone resorption (51). TNFa has also been shown to mediate 
apoptosis of human osteoblasts in response to HIV gp120 (52). Studies recently reported that 
levels of RANKL were higher in HIV-infected men and correlated with reduced BMD. 
Osteoblast and osteoclast function is influenced by a number of factors during HIV-1 
infection, including pro-inflammatory cytokines such as TNF-a, expression of receptor of 
activated NF-kB ligand (RANKL) and osteoprotegerin (OPG), vitamin D and calcium 
metabolism and hormone levels (36). Although there is not convincing evidence that 
osteoblasts or osteoclasts are directly infected, their function may be modulated by a variety 
of HIV proteins. The HIV envelope glycoprotein, gp 120, can induce TNF-a dependent 
apoptosis of osteoblast cell lines or primary cells (37); however many HIV-mediated effects 
occur without affecting cell viability. Inflammatory conditions modify bone metabolism, 
including a variety of factors released by T-cells and macrophages such as TNF-a, IFN-c, IL-
4, macrophage inflammation protein-1 (MIP-1) and RANKL. Markers of bone resorption in 
advanced HIV infection correlate with TNF-a levels (38). During HIV infection the cytokine 
profile favors TNF-a expression and increased viral replication, whilst there is a shift 
towards a TH2 cytokine balance, with decreased production of IFN-c (34). In turn enhanced 
TNF-a levels increases expression of RANKL with resulting stimulation of osteoclast activity 
(39). A number of studies suggest HIV proteins can shift the OPG/RANKL ratio in favour of 
RANKL-mediated osteoclastic activation (40). HIV Vpr (viral protein R), a factor needed for 
viral replication being required for the nuclear import of the HIV-1 pre-integration complex, 
up-regulates RANKL, potentiating glucocorticoid-induced stimulation of RANKL (41). 
gp120 also stimulates RANKL (42). ARV naïve HIV-positive individuals have increased 
serum RANKL levels and reduced OPG/RANKL ratios, which correlate negatively with the  
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HIV viral load and the Z-score obtained by densitometry (43). RANKL is not only produced 
by osteoblasts but also by activated T-cells, which represent a likely source of enhanced 
RANKL expression in light of their increased numbers during HIV infection. Although the 
natural inhibitor of RANKL, OPG, is also enhanced in the serum of ARV naïve individuals, 
increased binding of OPG to another factor up regulated by HIV, TNF-related apoptosis- 
inducing ligand (TRAIL), in preference to RANKL, limits its availability to inhibit osteoclast 
activation by RANKL (44). RANK (receptor of activated NF-kB) signalling via tumour 
necrosis factor receptor-associated factor 6 (TRAF-6) facilitates nuclear factor kappa B (NF-
kB) activation and phosphorylates (activates) c-Jun NH2- terminal kinase (JNK) 1 and Akt 
facilitating osteoclastogenesis. gp120 may also stimulate RANKL via activation of 
extracellular signal-regulated kinase (ERK) signaling. Nevertheless the specific RANK 
signaling events activated by HIV-1 are still being delineated. RANKL appears to limit the 
susceptibility of mitochondria to oxidative stress induced dysfunction in response to 
nucleoside reverse transcriptase inhibitors (NRTIs) by mechanisms that do not involve 
alterations in levels of mitochondrial superoxide dismutase (SOD) (45). These observations, 
in macrophage cell lines, if replicated in osteoclasts, may suggest a potential mechanism for 
enhanced osteoclastogenesis in response to RANKL could therefore be maintenance of 
mitochondrial metabolism despite increasing cell stress and therefore maintenance of 
osteoclast viability and prevention of apoptotic death (46). HIV proteins gp120 and the gag 
structural protein p55 suppress osteoblast activity in cell lines with up-regulation of the 
transcription factor RUNX-2 and decreased release of RANKL. p55 also suppresses 
osteoblast differentiation from mesenchymal stem cells (47).  

4. Does HAART increase the risk of osteoporosis? 
Protease inhibitors (PIs) and nucleoside reverse transcriptase inhibitors (NRTIs) have been 
the agents most widely investigated as causes for reduced BMD in HIV+ populations. 
However, consistent evidence for their effects is lacking and it is increasingly recognized 
that these may be drug rather than class-specific (48). Potential mechanisms by which 
antiretroviral might negatively affect BMD have been identified in vitro. Some PIs have been 
shown to inhibit osteogenesis and increase osteoclastogenesis, whereas others may decrease 
bone loss (53). Metabolic and morphologic changes have been described in patients with 
HIV infection receiving antiretroviral therapy (ART), including alterations in body fat 
distribution, dyslipidemia, lactic acidosis, glucose metabolism abnormalities, and bone 
metabolism abnormalities. The etiologies of these disorders are being investigated and are 
likely to be multifactorial. It is clear, however, that ART plays a significant role in these 
alterations. 

5. Pathophysiology of osteoporosis in HIV patients 
In the light of these facts, we set out to determine the incidence of OPe and OP, within a 
population of subjects suffering from chronic HIV infection, by calculating the biochemical 
parameters using the ultrasonic densitometer. The Quantitative Ultrasound Densitometry 
(QUS) was chosen for the fact that this exam enabled us to predict the risk of fractures, also 
for the vertebrae, comparable to the DEXA method (56-58), in addition to its low cost and 
feasibility. This study consisted of 26 HIV+ patients (mean age 47.9 ± 12.8), with a average 
duration of infection equal to 6.7 ± 4.8 years and seropositive duration ranging from 6 
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months to 16 years. This group of patients did not exhibit any associated diseases, while the 
BMI was equal to 24.82±1.45. No other type of pharmacological treatment was introduced 
other than the one for HIV infection. In this group of patients, 6 exhibited illnesses 
associated with HIV, such as: pneumocystis carinii infection, hepatocellular carcinoma, 
tuberculosis, cerebral neoplasia and HIV-related encephalitis. From our samples, 4 belonged 
to class C under the CDC classification (Centers for Disease Control – USA; 23) (59). 
The aim of our study was to determine has been to observe whether the presence of 
seropositivity for HIV could constitute to the development of OPe and/or overt OP. 
Meanwhile, our group of patients fell within the age bracket well below the limit for both 
post-menopausal and senile OP, with a superimposable average age for either sex. The 
different aspects evident at the bone level during the course of HIV infection stress that , in 
the various forms of genesis the IPs (Protease inhibitors (PIs) seem to play a causal 
predominant role. Other attributable factors are in play, like the possible interference of 
hormonal factors (behavioural and/or nutritional) directly correlated with the state of 
infection, but also the dysmetabolic effects of the antiretroviral drugs depending on the 
mechanism and the time involved. The protocols of the HAART therapy on the hand lead 
with a decisive improvement in the life expectancy and quality of life of HIV+ patients, but 
expose to toxic effects, which generally become more frequent and severe as the treatment is 
prolonged, and may take effect within diverse metabolic areas. As far as the skeletal 
structure is concerned, such effects can seriously impair the status of bone metabolism with 
pathological pictures of variable graveness, ranging from OPe to osteonecrosis (with a 
higher risk of developing pathological fractures). It is of extreme importance to have one or 
more of the instruments to safely and easily individualise the alterations of bone resistance 
readily available for diagnostic procedures aimed at various aspects of the disease and the 
adverse reactions of the antiretroviral therapy, before they advance into significant clinical 
events. In fact, a prompt diagnosis can allow for the implementation of more efficient 
therapeutic and prophylactic measures. Bone resistance must be considered, in a modern 
sense, as a fundamental characteristic of the bones themselves, which contribute to 
quantitative (bone density) and qualitative factors (structural properties, biomechanical 
properties, bone turnover). Our study also included an ultrasonometric bone assessment 
and biochemical assessment – in terms of neoformation marker and bone resorption 
markers. Motivations which have led us to use the ultrasonic densitometer to calculate the 
variations of bone resistance in the population in question were based on the grounds of 
employing a procedure which was safe and non invasive. This decision was also based on 
the possibility of obtaining accurate information on all the factors influencing bone 
resistance (biomechanical competence and elements associated to bone quality). In the 
course of our study, the ultrasonic densitometer also proved to be a highly sensitive 
diagnostic safeguard, allowing us to individualise an elevated incidence of cases of OPe/OP 
in HIV+ subjects. Analysis of the ultrasonometric parameters according to sex does not 
show significant variations, except for the broadband ultrasound attenuation (BUA), which 
seems to be significantly lower in females with respect to males. Significant variations can 
also be observed in relation to the duration of HIV infection, with ultrasonometric values 
highlighting its inclination towards OPe/OP with an increase in the number of years of 
infection-disease. Significant, indeed, is the reduction in the values of BMD relative to the 
duration of infection; proving the hypothesis that HIV inhibits osteoblastic activities and 
triggers osteoclastic activities, resulting in a negative skeletal balance, with an annual 
reduction in BMD values equal to approximately 1%. As for the dosage of sieric osteocalcin, 
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particularly the bone neoformation index, the data obtained does not allow for the complete 
explanation of the significance of the diagnosis, however, it does highlight the elevated 
sieric concentration in women after about 10-12 years of seropositivity, conferming the 
ultrasonometric results showing the presence of the aggressive processes of bone 
mineralisation. The assessment of other bone turnover markers does not reveal any 
significant variations – in terms of resorption marker – in subjects belonging to diverse 
classes under the CDC classification, with the exception of d-PYR in the group with the most 
serious conditions: this marker showed an unexpected lower mean level compared to the 
groups with patients in less aggressive situations. Although the results obtained from our 
study does not enable us to reach a definitive conclusion regarding the origin of the pictures 
of alterated bone mineralisation during the course of HIV infection, it does emphasise the 
considerable incidence, and destined to increase, thanks to the ever improving life 
expectancy as a result of more efficient antiretroviral therapies which are better tolerated by 
the patients. This problem presents a particularly serious connotation in younger subjects 
where the consequence of a chronic reduction in bone quality and quantity could result in 
irreversible disability. Bear in mind that it is, therefore, advisable to predispose accurate 
protocols when monitoring the skeletal development in these patients, based on the use of 
biochemical and instrumental research. Each patient should be followed with an individual 
programme, appropriately prepared based on age and personal characteristics, along with 
regular physical activities aimed at strengthening the skeletal muscles. It should also include 
a healthy diet, with particular reference to daily intakes of calcium and Vitamin D (60). 
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1. Introduction 
After the first cases of AIDS were described in 1981, the HIV pandemic rapidly expanded to 
become a major global public health problem with broad health, social, economic and 
developmental consequences that have not been seen with any other disease. In the 30 years 
that this disease has been known to mankind it has killed an estimated 25 million people 
and continues to affect not less than 33 million people many of whom could die if life saving 
therapies are not made available to them 1. The African continent has borne the largest 
impact of this  disease. Of the 33.3 million people that UNAIDS estimated were living with 
HIV in 2009, nearly 67% were living in Africa1. 
Pulmonary disease is a major contributor to the morbidity and mortality suffered by persons 
infected with HIV. It was the appearance of previously rare Pneumocytis pneumonia often 
accompanied by Kaposis sarcoma in previously healthy young gay men, intravenous drugs 
addicts and their sexual contacts that alerted the world to the new syndrome of the 
Acquired Immune Deficiency Syndrome (AIDS) caused by HIV 2,3,4,5,6. Before combination 
anti retroviral treatment (cART) became available a high proportion of HIV infected 
individuals would experience respiratory symptoms, and serious life threatening lung 
disease. Lung disease was often the index diagnosis that would point to the presence of HIV 
infection7,8. In general the incidence of serious pulmonary disease has declined following the 
wide availability of cART. For example in the USA rates of opportunistic infections 
decreased from 89.0 per 1000 person years in 1994-1997 to 25 per 1000 person years in 1998-
2002, and 13 per 1000 person years in 2003-20079. However, the incidence of many infectious 
diseases remain relatively high even in the cART era 10,11 and worryingly as HIV infected 
persons live longer, they appear to face an increased risk of non infectious lung diseases 
such as lung cancer, chronic obstructive lung disease and pulmonary arterial 
hypertension12,13.  
The range of pulmonary diseases that occur in HIV infected individuals is wide and 
includes infections, neoplasms, vascular lesions, interstitial pneumonias and obstructive 
airways disease. This chapter will summarize the current knowledge base on HIV associated 
lung disease including the burden and spectrum of the common diseases, diagnostic 
evaluation and approaches to treatment and prevention.  

2. Burden of pulmonary disease in HIV 
Prospective cohort studies carried out in the pre cART era out in North America and 
Western Europe documented a high incidence of both Pneumocytis and bacterial  
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Pneumonia Bacterial Streptococcus pneumoniae
Haempholius influenza 
Staphylococus aureus 
Pseudomonas aeruginosa 
Mycobacterium tuberculosis 
Others 

 Fungal Pneumocystic jirovecii
Aspergilus spp 
Cryptococcus neoformans 
Candida spp  
Mycoses Endemic to specific geographic areas 
(Histoplasma spp, Coccidiodes spp, Paracoccidiodes, 
Pencillium marneffei) 

 Viral Cytomegalovirus
Herpes Simplex 
Influenza 
Others 

 Parastic Toxoplasma gondii
Strongyloides stercoralis 

Malignacies Kaposis sarcoma
Lymphoma 
Lung cancer 

Other non infectious 
diseases 

Non specific Interstitial pneumonitis
Lymphoid Intersititial Pneumonitis 
Pulmonary arterial hypertension 
Chronic Obstructive Airway disease 
Others  

Table 1. Common pulmonary complications of HIV/AIDS. 

pneumonia14,15. The advent of cART markedly reduced the burden of both Pneumocytis and 
bacterial pneumonia but more so for Pneumocytis pneumonia16,17,18,.  
In contra distinction with situation in the developed world where Pneumocytis pneumonia 
was the hallmark of HIV lung disease, tuberculsosis (TB) has been the predominant disease 
in HIV infected persons in Sub – Saharan Africa. Tuberculosis case notification rates rapidly 
escalated as the HIV epidemic spread19, 20, 21,. In 2009 the World Health Organization 
estimated that HIV associated TB occurred in about 1.2 million people and was responsible 
for the deaths of about 200,000 people with nearly 85% of this burden occurring in Sub – 
Saharan Africa22.  

3. Clinical evaluation of HIV infected persons with respiratory symptoms 
3.1 History 
Even though advances have been made in medical technologies for the diagnosis of lung 
disease, a good clinical history remains essential in the clinical evaluation of HIV infected 
persons with lung disease. A thorough understanding of the patient’s illness may assist to 
narrow down the specific diagnosis behind the patient symptoms. It is important to establish if 
the patient presenting with respiratory symptoms already knows his or her HIV status and  
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Source WHO, Global Tuberculosis Report, 2010 

Fig. 1. TB Case Notification in Sub –Saharan Africa – 1990-2009. 

if so how long that status has been known. It is also important to know if that person has 
suffered opportunistic infections in the past, and if the patient is taking cART and preventive 
therapy for opportunistic infections. If the patient has been taking cART current and previous 
regimens must be elucidated and enquiries on adherence to current and previous cART made. 
The appearance of a lung opportunistic infection in a patient who has been on cART may point 
to a failing regimen. Since certain infections occur only in specific geographic areas a travel 
history should be obtained. Other risk factors for disease occurrence or for poor outcomes 
must as far as feasible be sought. These risk factors include intravenous drug use, alcohol 
abuse and tobacco smoking. The pre morbid health status must also be known.  

3.2 Clinical examination  
The clinical examination is intended to establish if serious lung disease is present and thus if 
urgent interventions are required. A common sense approach will help identify most 
patients with serious lung disease. Assessment of the patients’ mental status together with 
measurement of the respiratory rate, pulse, temperature, blood pressure and transcutaneous 
arterial oxygen saturation should rapidly reveal the presence or absence of serious life 
threatening lung disease. 

3.3 Laboratory tests 
The choice of laboratory and other tests to be carried out will depend on the clinical condition 
of the patient, the setting in which the patient is seen and the laboratory infrastructure 
available. Ideally most patients should have a plain chest radiograph to confirm the presence 
of lung disease and the extent of pulmonary involvement which will influence the placement 
of patients into specific risk groups for various outcomes and guide further management. 
Further medical tests may be carried out to identify co-morbid states or other organ 
involvement to assist with prognostication while others may be carried to diagnose the specific 
disease and thus assist in provision of targeted treatment. Tests designed to identify specific 
diseases include examination of body fluids such as sputum, blood, urine, bronchoalvelaor 
lavage fluid, pleural fluid and others  for pathogens using various stains, cultures, antigen and 
nucleic acid detection tests. Fiberoptic bronchoscopy (FOB), where available, with lavage, 
brushing and biopsy has found a special place in the evaluation of HIV infected persons with 
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respiratory symptoms. However FOB should not be used routinely in all HIV infected persons. 
This procedure may not provide treatment changing results in some settings.  
Evaluation of the patient with HIV Lung Disease 
 
Test /procedure Purpose Comment 
Chest x-ray Detection of lung disease/ 

severity assessment 
 Universally done 

CT scan Detection of lung disease 
/severity assessment 

Offers better detection and 
radiographic chacterization of 
lung disease/May be abnormal 
in the presence of a normal chest 
x-ray 

Pulse oximetry Severity assessment/ 
monitoring  

Shoulde be used in all patients 
with severe disease  

Arterial blood gases  Severity 
assessment/montoring 

Shoulde be used in all patients 
with severe disease 

Blood count (WBC, HB, 
Platelets)/ coagulation tests

Severity 
assessment/monitoring 

Shoulde be used in all patients 
with severe disease 

Renal and liver function 
tests 

Severity 
assessment/monitoring 

Shoulde be used in all patients 
with severe disease 

Induced Sputum gram stain 
and culture 

Microbiological aetiology  Shoulde be used in all patients 
with severe disease 

Blood culture Microbiological aetiology Shoulde be used in all patients 
with severe disease 

Antigen detection 
(Bllod/urine/sputum) 

Microbiological aetiolgy Especially for S. Pneumoniae and 
L. pneumophila sero group 1 

Serological tests Microbiological aetiology Most for the detection of 
“atypical pathogens”. Provide 
retrospective diagnosis  

Fiberoptic bronchoscopy 
witrh lavage, brushing and 
or biopsy 

Microbiological 
aetiology/diagnosis of non 
infectious disease 

Probably best reserved for 
patients with non diagnostic 
results with non invasive tests  

Open Lung Biopsy Histological 
diagnosis/Microbiological 
diagnosis 

Used mostly if bronchoscopy 
with TBB fails to provide a 
diagnosis 

Radio isotope studies Diagnosis of infectious /non 
infectious disease 

Gallium 67 citrate and 99m 
TCDTPA: expensive, time 
consuming and require complex 
infrastructure

Other tests (lung function 
tests) 

Diagnosis of non infectious 
disease (COPD) 

TLCO, KCO, FEV1, FVC: 
Sensitive but not specific for any 
lung disease

Table 2. Common tests and procedures for evaluating HIV associated lung disease. 
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4. Specific lung diseases 
4.1 Fungal pneumonia in HIV infected persons 
4.1.1 Pneumocytis pneumonia (PcP)  
The causative organism of Pneumocystis pneumonia, Pneumocystis jirovecii, has had an 
interesting history in terms of its taxonomy. Initially the pathogen was thought to be 
protozoan in nature. Later it was placed on the fungal group based on its nucleic acid profile 
and the name of the human pathogen was changed from Pneumocystis carinii to 
Pneumocystis jirovecii based on the understanding that the species that affects humans is 
distinctly different from that which affects other animals including cats23.  
4.1.1.1 Epidemiology 
Pneumocystis pneumonia was the dominant opportunistic infection in the pre cART era in 
the North America and Europe1, 2, 3,4,5,14,15. In contrast to the dominance of PcP in North 
America and Western Europe, other regions of the world and especially Sub Saharan Africa, 
the current epicentre of the HIV/AIDS epidemic, did not experience this surge of PcP with 
rates of PcP ranging from 0- 21% in the earlier case series and cohort studies 24,25,26,27,. In fact 
for a while this infection was thought to be absent from Africa28. As the HIV epidemic 
matured in Sub- Saharan Africa the prevalence of PcP in HIV infected patients appeared to 
have increased29,30,31, but the rates of this infection did not reach the levels that were 
observed in Western Europe and North America during the early years of the HIV 
epidemic. Currently PcP remains relatively rare in Sub – Saharan Africa, with prevalence as 
low as 1% being reported32, 33, 34,. The reasons for the low prevalence of PcP in Sub – 
Saharan Africa are not fully known but racial factors influencing susceptibility to the 
development of disease following infection or colonization may partly play a role. It is also 
worth noting that African populations have been documented to have a high prevalence of 
exposure to this pathogen and therefore the low rates of PcP in Sub –Saharan Africa is not 
the result of the absence of the pathogen from the African environment35. 
4.1.1.2 Risk factors 
Several studies have examined the risk factors for PcP in HIV infected individuals. These 
studies indicate that the risk of PcP is highest in those with declining CD 4 T cell count 
especially when the count falls below 200, unexplained fever, history of AIDs defining illness, 
presence of oral thrush and not being on prophylaxis or when prophylaxis fails36,37. HIV 
infected persons of the negroid race may have a lower risk of of PcP compared to Caucasians38. 
4.1.1.3 Clinical manifestations  
Symptoms 
Pneumocystis pneumonia usually presents with a sub acute onset of cough and shortness of 
breath. The cough is usually non productive or may be productive of scanty mucoid sputum 
while shortness of breath is slowly progressive and gradually limits activity. Many patients 
do not experience chest pain and do not have other constitutional disturbances, the 
symptom complex being largely dominated by shortness of breath.  

Signs 
The majority of patients will appear anxious when they are first examined. The breathing 
frequency is usually rapid and shallow. The pulse is also rapid but most often at the first 
evaluation the blood pressure is normal. Patients with PcP may have no fever at 
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respiratory symptoms. However FOB should not be used routinely in all HIV infected persons. 
This procedure may not provide treatment changing results in some settings.  
Evaluation of the patient with HIV Lung Disease 
 
Test /procedure Purpose Comment 
Chest x-ray Detection of lung disease/ 

severity assessment 
 Universally done 

CT scan Detection of lung disease 
/severity assessment 

Offers better detection and 
radiographic chacterization of 
lung disease/May be abnormal 
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Table 2. Common tests and procedures for evaluating HIV associated lung disease. 
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presentation. Lung signs including crackles may be absent and even when present are non 
specific. There may be evidence of other opportunistic infections such ano genital herpetic 
ulcers and oral thrush.  
 

 
Fig. 2. Ano genital Herpetic Ulcers in a patient with PcP. 

4.1.1.4 Pneumocystis pneumonia – Diagnostic tests  
Radiologic imaging  
Patients suspected to have PcP should have a chest radiograph which typically shows 
bilateral interstitial or alveolar shadows in the mid zones with basal and apical sparing. In 
some situations PcP may be present without any obvious changes on the chest radiograph. 
In these situations high resolution chest CT scan may reveal typical abnormalities that may 
render the performance of a fiberoptic bronchoscopy procedure unwarranted39. Radiostopic 
studies using Gallium 67 scintigraphy, where available may help to distinguish lung 
infections from neoplastic and other diseases processes40. 
 

 
Fig. 3. Chest Radiograph showing shadows typical of PcP. 

Lung function testing  
Patients with PcP typically are hypoxemic and will desaturate further when exercised, an 
observation that has been used as a diagnostic test to predict the presence of this infection 41, 
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42. The measurement of diffusion capacity has also been found to be a useful diagnostic 
test43. 
Microbiological tests 
The definitive diagnosis of PcP is based on the identification of the pathogen in lung 
samples most commonly obtained through induced sputum, fiberoptic bronchoscopy or 
open lung biopsy. While some controversy still exists, fiberoptic bronchoscopy with lavage 
is the standard procedure for the detection of Pneumocystis jirovecii44. Both bronchial 
brushings and transbronchial biopsy during the bronchoscopy procedure may offer no 
added value in the evaluation of patients suspected to have PcP45. In general lower 
respiratory tract  specimens are subjected to either cytochemical staining using May-
Grünwald-Giemsa (MGG), toluidine blue-O (TOL), Papani-colou (PAP) and Grocott 
methenamine silver (GRO); immunofluorescent staining with monoclonal antibodies or 
PCR. However PCR may not distinguish infection from colonization46 .Examination of 
expectorated sputum remains a useful procedure for the microbiological diagnosis of PcP 
especially in low resource settings. When toluidine blue O staining of expectorated sputum 
is carried out the sensitivity approaches 70% and 35% compared with immunofluorescent 
staining and PCR respectively while specificity is 100% and thus in these settings 
examination of expectorated sputum may be a practical procedure for the diagnosis of PcP 
47. The yield from sputum examination may be increased if sputum production is induced 
following inhalation of hypertonic saline. In a meta analysis of diagnostic procedures for 
PcP, it was found that, compared with bronchoalvelaor lavage as the gold standard, 
examination of induced sputum had an overall sensitivity of 55.5% and a specificity of 98.6% 
with even better sensitivity at 67% versus 43.1% when comparing immunofluorescent 
staining with cytochemical staining. In settings where the prevalence of PcP is in the range 
of 25-60%, the positive and negative predictive values ranged from 86-96.7% and 66.2-89.8%, 
respectively, with immunofluorescent staining , and 79-94.4% and 53-83.5% with 
cytochemical staining48.  
Other tests 
The diagnosis of PcP may also be aided by the measurement of serum 1-3 beta D –Glucan, a 
cell wall component of most pathogenic fungi including Pneumocystis jirovecii which has 
been found to have a sensitivity of nearly 100% and specificity of about 96.4%. Therefore this 
test may be used as non invasive test for diagnosis of PcP49,50. This test may however not 
correlate with disease severity and should not be used to monitor patients on treatment87.  
Treatment of Pneumocystis Pneumonia 
The drug of first choice for the treatment of PcP remains cotrimoxazole. The recommended 
dose is 20mg per Kg body weight per day for the trimethoprim and 100 mg per Kg per day 
for the sulphamethoxazole, given in three or four divided doses. It has been reported, 
however that lower doses may be used without loss of efficacy and with the added 
advantage of a reduction in the rate of adverse events51. Second line treatment options for 
patients unable to tolerate high dose cotrimoxazole include clindamycin /primaquine and 
pentamidine but pentamidine may be associated with a greater risk of death52. Trimetrexate 
with folinic acid is generally well tolerated and has a clinical efficacy of about 70%53. Other 
second line therapies include atovaquone, dapsone, a combination product of trimethoprim 
and dapsone and eflornithine hydrochloride. A metanalysis of second line therapies, in 
patients who fail whatever initial treatment is given concluded that the combination of 
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clindamycin plus primaquine appears to be the most effective alternative treatment for 
patients with PcP who are unresponsive to conventional antipneumocystis agents54.  
Outcomes 
Pneumocystis pneumonia is a serious life threatening illness in persons living with HIV. The 
overall in hospital mortality of this illness is in the region of 10-13%. Among the factors that 
have been associated with death in patients with PcP include older age, recent injection drug 
use, total bilirubin of greater than 0.6 mg/dl, serum albumin of less than 3 g/dl, alveolar-
arterial oxygen gradient of equal or greater than 50 mm Hg, failure of cotrimoxazole 
treatment and the presence of co- morbidities such as bacterial pneumonia, Kaposis sarcoma 
and TB55,56,57. Patients who need to be admitted to the intensive care unit may suffer very 
high rates of deaths that could reach 80% within the ICU and up to 34 % three months post 
ICU admission58. The high mortality of patients who need to be mechanically ventilated 
appears to be associated with high APACHE II scores, high levels of Positive End Expiratory 
Pressures (PEEP),the presence of co- infection with CMV and lower CD 4 T cell counts 59,60. 
In an attempt to lower the mortality of PcP adjunctive systemic steroids are recommended61 
based on the results of clinical trials that documented a reduction in mortality in patients 
with moderate to severe disease62,63,64. Use of adjunctive steroids for the treatment of 
moderate to severe PcP has not been associated with increased long term mortality after the 
PcP episode nor with an increase in the incidence of other opportunistic infections65,66.  
There have been concerns that patients infected with Pneumocystis jirovecii that has 
developed mutations in the dihdropteroate synthase reductase gene may not respond as 
well to cotrimoxazole as patients whose pathogen does not carry these mutations. The 
majority of studies however indicate that the development of mutations on the 
dihdropteroate synthase reductace gene does not have an impact on the efficacy of 
cotrimoxazole in the treatment of PcP67,68 However it has been reported that DHPS 
mutations increase the risk of death in patients with PcP 69.  
It has been suggested that measurement of C- Reactive Protein (CRP) may be a useful 
prognostic marker in patients with PcP. In one study the levels of CRP were negatively 
correlated with arterial oxygenation (PaO2)70. 
Prevention  
Pneumocystis pneumonia in HIV infected persons is a preventable disease. The most 
effective treatment for the prevention of PcP is cART which reconstitutes the immune 
system and dramatically reduces the incidence of opportunistic infections including PcP16, 17, 

18, 19. Many HIV infected persons with risk factors for PcP will however require to be 
protected from this disease even if they have been placed on cART until CD4 T cell recovery 
has taken place. Although aeroslolized pentamidine and cotrimoxazole may have equal 
efficacy71, the preferred drug is cotrimoxazole72 but if this cannot be tolerated aerosolized 
pentamidine or atovaquone which have been  found to have similar efficacy may be used73. 
Mutation in the dihdrofolate reductase gene may however, lead to prophylaxis failures74,75. 
An alternative drug is dapsone which appears to have an efficacy equal to that of 
atovaquone but which may be less safe76. In patients receiving cART it has been 
recommended that prophylaxis for PcP be discontinued when the CD 4 T cell count climbs 
to 200 and above77 but recent studies suggest that prophylaxis may be discontinued when 
viral suppression is achieved and before the CD 4 T cell count reaches 200 and above78,79. 
These are reassuring observations because cotrimoxazole treatment may sometimes be 
associated serious life threatening complications including septic shock like syndrome80. 

 
Pulmonary Manifestations of HIV Disease 

 

75 

Complications 

Pneumocystis pneumonia may result in pneumothorax and pneumomediastinum both of 
which may be life threatening. These complications are thought to arise from newly formed 
cysts and bronchiectasis81  

4.1.2 Other fungal pneumonias in HIV infected persons 
Pneumonia caused by fungal pathogens, other than Pneumocystis jirovecii, though less 
common when compared with PcP and bacterial pneumonia is a frequent cause of 
morbidity and mortality in HIV infected persons. Fungal pathogens have been identified 
mostly in severely immunocompromised patients with CD 4 T cell count below 200 and the 
lung is often involved in a disease process that is often disseminated and or where multiple 
pathogens are causing disease. The mortality of fungal pneumonia in HIV infected persons 
is thus high.  
Of the fungal pathogens that have been associated with lung disease in persons living with 
HIV Cryptococcus may not only be the commonest pathogen but also the best characterized. 
This fungus is ubiquitous and is more famous for causing meningitis in severely 
immunocompromised patients. Lung disease due to Cryptococcus neorformans has been 
reported in all parts of the world and tends to occur in patients who have CD 4 T cell counts 
below 200 82,83,84, The other ubiquitous fungus that has been associated with lung disease in 
HIV infected persons is Aspergillus spp. Invasive Aspergillosis occurs most commonly in 
patients who have a severely depressed immune system and often participates in disease in 
partnership with other pathogens, as a disseminated infection which confers a high 
mortality85,86,87. Other fungal pathogens are mostly confined to specific geographic areas 
where they have been reported to cause significant morbidity and mortality in HIV infected 
persons. These fungal pathogens include Histoplasma spp, Coccidioides spp, 
Paracoccidiodies spp, Pencillium marneffei, Sporotrichosis spp and Blastomycosis88,89,90,. 
4.1.2.1 Clinical manifestations 
Pneumonia due to fungal pathogens, other than PcP, may follow an acute or sub acute course. 
The disease may be indistinguishable from pneumonia due to bacterial pathogens and TB. 
There are no clinical features that distinguish fungal pneumonia from pneumonia due to other 
pathogens. As in other forms of pneumonia the clinical syndrome is characterized by the 
presence of a cough, shortness of breath and fever as the primary symptoms. In the presence of 
disseminated disease or meningitis, headache, malaise, vomiting, confusion and wasting may 
be present. Specific examination of the chest may reveal tachypnea, signs of consolidation or 
the presence of a pleural effusion while chest radiography may reveal segmental, lobar or 
multi lobar consolidation, pleural effusion and or widespread reticular, nodular, reticulo – 
nodular or mixed alveolar and interstitial shadowing.  
4.1.2.2 Diagnosis 
The diagnosis of fungal pneumonia is based on the identification of fungal pathogens in 
respiratory specimens mostly obtained at fiberoptic bronchoscopy with bronchoalveolar 
lavage, bronchial brushings or occasionally through biopsies. To confirm a fungal pathogen 
the lung specimens are cultured in Sabborauds media or subjected to PCR. For Cryptococcal 
disease measurement of serum Cryptococal antigen may be yield positive results, especially 
when the disease is disseminated. Cryptococcal antigen in serum may be negative in 
isolated pulmonary disease.  
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4.1.2.3 Treatment 
The treatment of fungal pneumonia is dependent on the specific pathogen. Many classes of 
antifungal agents are now available for the treatment of serious fungal infections such as 
pneumonia. These include polyene antifungals such as amphotericin B, imidazole, triazole 
and thiazole antifungals such ketoconazole, fluconazole and itraconazole and echinocandins 
such as caspofungin, micafungin and anidulafungin 
4.1.2.4 Prevention 
The most important intervention for the prevention of fungal pneumonia is immune 
reconstitution using cART. While fluconazole has been used to prevent Cryptococcal 
infections in HIV infected persons it has not found widespread use and the efficacy may be 
suboptimal 91.  

4.2 Community Acquired Bacterial Pneumonia (CABP) in HIV infected persons  
4.2.1 Epidemiology 
Persons living with HIV have a high incidence of community acquired bacterial 
pneumonia92. Often CABP is the index diagnosis for HIV 93,94. With the advent of cART, 
the incidence of CABP fell but not as much as that of PcP in high income countries 
probably as a result of the presence of other risk factors that drive the susceptibility to 
bacterial pneumonia such as intravenous drugs use, smoking and alcohol abuse among 
HIV infected individuals95,96, 97,. In one French study, CABP was the cause of admission to 
the intensive care unit in 74% of 147 HIV infected patients admitted to ICU and surpassed 
PcP as the predominant cause of acute respiratory failure in the era of cART98. In African 
HIV infected patients CABP and in particular pneumococcal disease remains a major 
cause of morbidity and mortality. Autopsy studies have also documented high rates of 
bacterial pneumonia in HIV patients dying of lung disease. For example in one Brazilian 
autopsy study involving 240 HIV infected patients dying of respiratory failure, the cause 
of death was attributed to CABP in 36 % 99. In a similar study from one USA centre, 47 
patients with a pre mortem diagnosis of TB, CABP was deemed to have been the cause of 
death in 13 (26%)100.  
The incidence of lower respiratory tract infection increases as the CD4 T cell count declines 
and in the absence of ART. Acute bronchitis, CABP and PcP will be experienced by more 
than 80% of patients with a CD 4 T cell count of less than 200 even when these patients are 
provided with chemoprophylaxis101. Injecting drug users have an increased incidence of BP 
compared with other categories of HIV acquisition as are patients who smoke tobacco, have 
liver cirrhosis and have suffered a previous episodes of BP102,103. Smoking cessation has been 
found to be beneficial in reducing the incidence of BP in HIV infected persons104,105,106. Other 
factors that increase the risk of BP and in particular pneumococcal pneumonia include age, 
not being on HAART107 and neutropenia108. On the other hand the major risk factor for 
nosocomial pneumonia is the duration of hospitalization109,110. The pathogens commonly 
encountered in nosocomial pneumonia include Pseudomonas aeruginosa, Staphylococcus 
aureus, and Streptococcus pneumoniae.  

4.2.2 Clinical manifestations  
Community acquired bacterial pneumonia is largely an acute illness in which symptoms 
evolve rapidly over a few days 111.The classical symptoms include cough with or without 
sputum expectoration, chest pain which is often pleuritic in nature, difficulties in breathing 
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and rapid breathing primarily driven by the chest pain and fever. Clinical examination 
usually reveals a sickly patient who is febrile, tachypneic but usually not as tachypneic as 
the patient with PcP and who has a tachycardia. Specific examination of the chest may 
reveal dullness to percussion, with bronchial breath sounds and pulmonary rales over the 
affected lobe or lobes of the lungs.  

4.2.3 Imaging  
A plain chest radiograph should be obtained in all patients suspected to have bacterial 
pneumonia. The plain chest x-ray typically shows alveolar shadows with segmental, lobar 
or bronchopneumonic distribution and these changes are similar to those seen in HIV sero 
negative patients112. Although diffuse interstitial shadowing is less common this 
radiographic picture should not be used to exclude BP . Other changes that may be visible 
on the chest radiograph include the presence of pleural effusions and cavitations. No 
radiographic appearance is pathognomonic of any specific pathogen. The chest x-ray in BP 
is largely uninfluenced by cART but patients with CD 4 T cell count less than 200 are likely 
to have a bronchopneumonic picture. It has also been documented that bacteremic patients 
were more likely to have a lobar lesion and a higher CD4 T cell count above 200113,114. A 
chest CT scan may be very helpful. It may reveal lesions where the plain chest x-ray does 
not and have high specificity for certain infections such PcP115. 

4.2.4 Laboratory tests 
In hospitalized patients with CABP  total white blood cell count, should be measured. A 
total white cell count of below 4x109 /L has been associated with bacteraemia and excess 
mortality in HIV negative patients with community acquired pneumonia116 and may carry 
the same risk in HIV infected persons 117. Similarly thrombocytopenia (count of less than 
100,000 x109/l) appears to signify severe disease that necessitates aggressive treatment 
including admission to the intensive care unit118. Measurement of the CRP has not been 
documented to be able to discriminate between PcP and BP119, however, using the cut off 
value of 3ng/ml for procalcitonin and 246 mg/l for CRP one group of investigators 
reported an increased capability to distinguish BP from TB with a sensitivity of 81.8% and 
a specificity of 82.5% for the procalcitonin and 78.8% and 82.3% respectively for the 
CRP120. 
In hospitalized patients the measurement of blood urea, creatinine, sugar, albumin, 
bilirubin, AST and ALT helps to place patients in specific risk groups for poor outcomes 
using the CURB – 65121 and or Pneumonia Severity Index criteria122  
The microbiological diagnosis of CABP is dependent on the detection of the pathogen itself 
in culture, components of the pathogen (antigen) in body fluids or the antibody response to 
the pathogen. Relevant samples where the pathogen or its antigen may be identified include 
sputum, bronchoalveolar lavage fluid, bronchial brushings, lung biopsies or aspirates, 
blood, urine and pleural fluid. The interpretation of microbiological culture results from 
sputum and other respiratory secretions is hampered by the contamination of these samples 
by oropharyngeal bacterial colonizers and precautions must be taken to ensure that not only 
are good quality specimens obtained but also appropriate and proven methods for 
interpreting results of bacterial cultures from these specimens are followed. A good quality 
sputum sample is for example one that has low number of squamous cells and high number 
of polymorphonuclear cells123.  
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nosocomial pneumonia is the duration of hospitalization109,110. The pathogens commonly 
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and rapid breathing primarily driven by the chest pain and fever. Clinical examination 
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the patient with PcP and who has a tachycardia. Specific examination of the chest may 
reveal dullness to percussion, with bronchial breath sounds and pulmonary rales over the 
affected lobe or lobes of the lungs.  
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A plain chest radiograph should be obtained in all patients suspected to have bacterial 
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or bronchopneumonic distribution and these changes are similar to those seen in HIV sero 
negative patients112. Although diffuse interstitial shadowing is less common this 
radiographic picture should not be used to exclude BP . Other changes that may be visible 
on the chest radiograph include the presence of pleural effusions and cavitations. No 
radiographic appearance is pathognomonic of any specific pathogen. The chest x-ray in BP 
is largely uninfluenced by cART but patients with CD 4 T cell count less than 200 are likely 
to have a bronchopneumonic picture. It has also been documented that bacteremic patients 
were more likely to have a lobar lesion and a higher CD4 T cell count above 200113,114. A 
chest CT scan may be very helpful. It may reveal lesions where the plain chest x-ray does 
not and have high specificity for certain infections such PcP115. 

4.2.4 Laboratory tests 
In hospitalized patients with CABP  total white blood cell count, should be measured. A 
total white cell count of below 4x109 /L has been associated with bacteraemia and excess 
mortality in HIV negative patients with community acquired pneumonia116 and may carry 
the same risk in HIV infected persons 117. Similarly thrombocytopenia (count of less than 
100,000 x109/l) appears to signify severe disease that necessitates aggressive treatment 
including admission to the intensive care unit118. Measurement of the CRP has not been 
documented to be able to discriminate between PcP and BP119, however, using the cut off 
value of 3ng/ml for procalcitonin and 246 mg/l for CRP one group of investigators 
reported an increased capability to distinguish BP from TB with a sensitivity of 81.8% and 
a specificity of 82.5% for the procalcitonin and 78.8% and 82.3% respectively for the 
CRP120. 
In hospitalized patients the measurement of blood urea, creatinine, sugar, albumin, 
bilirubin, AST and ALT helps to place patients in specific risk groups for poor outcomes 
using the CURB – 65121 and or Pneumonia Severity Index criteria122  
The microbiological diagnosis of CABP is dependent on the detection of the pathogen itself 
in culture, components of the pathogen (antigen) in body fluids or the antibody response to 
the pathogen. Relevant samples where the pathogen or its antigen may be identified include 
sputum, bronchoalveolar lavage fluid, bronchial brushings, lung biopsies or aspirates, 
blood, urine and pleural fluid. The interpretation of microbiological culture results from 
sputum and other respiratory secretions is hampered by the contamination of these samples 
by oropharyngeal bacterial colonizers and precautions must be taken to ensure that not only 
are good quality specimens obtained but also appropriate and proven methods for 
interpreting results of bacterial cultures from these specimens are followed. A good quality 
sputum sample is for example one that has low number of squamous cells and high number 
of polymorphonuclear cells123.  
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4.2.5 Sputum microbiologic testing 
In hospitalized patients, as far as feasible, sputum samples should be collected for gram 
staining and bacterial culture. If a sputum gram stain reveals a predominance of a pathogen 
with specific staining and morphological features (e.g. gram positive diplococci) this is 
highly predictive of the pathogen that is responsible for that episode of pneumonia. The 
sensitivity of sputum gram stain may reach 58%124. Sputum bacterial culture may be 
diagnostic in up to 34% of pneumonia episodes and be correlated with the organism isolated 
from a sterile site125. Compared with BAL and TBB the sensitivity and specificity of induced 
sputum is about 60% and 40% respectively126. Using quantitative bacterial culture the cut off 
for significant bacterial growth is usually considered to be 105 colony forming units per ml 
of sputum. In settings where PcP incidence may be low the fiberoptic bronchoscopy 
procedure may add little value to the examination of sputum for other pathogens127.  

4.2.6 Urinary antigen testing 
Urinary antigen tests are available for two bacterial pathogens: Streptococcus pneumoniae and 
Legionella pneumophila sero group 1. The urinary pneumococcal antigen test is a rapid test 
with good test performance parameters including a sensitivity in the region of 81%, specificity 
98%, positive (PPV) and negative predictive values (NPV) 98%, and 82%, respectively137. The 
urine pneumococcal antigen test may be positive many weeks after the pneumonia has 
resolved128.  The urinary antigen test for Legionella pneumophila sero group 1 has a sensitivity 
of 70-90% and a specificity of nearly 100% for the detection of this pathogen129  

4.2.7 Serological tests 
These tests are used primarily for the detection of atypical pathogens such as Mycoplasma 
pneumoniae130, Chlamydophila Spp and Legionella Spp other than Pneumophila Sero group 
1. The major draw back is that interpretation often requires comparison of results of acute 
and convalescent sera and thus may not be useful for clinical decision making.  

4.2.8 Fiberoptic bronchoscopy  
Fiberoptic bronchoscopy is a commonly used procedure for the evaluation of respiratory 
symptoms in HIV infected persons. Although the diagnostic yield may reach 74% only 
about 25% of bronchoscopies yield useful results that lead to a change in diagnosis and 
therapy131,132,133,. In situations where there are low rates of PcP and Kaposis sarcoma the 
fiberoptic bronchoscopy procedure may not yield additional results from that obtained 
through examination of expectorated sputum and other easily obtained body fluids145, 134, 
and therefore in such settings this procedure should be used judiciously.  

4.2.9 Fine needle transthoracic biopsy/aspiration 
This may be an underutilized procedure for the evaluation of respiratory symptoms in 
patients infected with HIV. The suitable patient for this procedure has a peripheral lesion 
close to the pleural membrane. The common complication with this procedure is 
pneumothorax which rarely requires pleural drainage135.  

4.2.10 The range of pathogens  
The range of pathogens involved in CABP in HIV infected persons is wide but the most 
common pathogens include Streptococcus pneumoniae, Staphylococcus aureus, Klebsiella 
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pneumoniae, Haemophilus influenzae, H. parainfluenzae and Pseudomonas aeruginosa. 
Streptococcus pneumoniae is the most common pathogen isolated in 40- 60% of 
bacteriologically confirmed cases 136,137,138. In TB endemic areas TB is a common cause of 
acute community acquired pneumonia and should always be screened for in all patients 
presenting with this condition.  
Persons living with HIV are at increased risk of pneumococcal bacteraemia associated with 
community acquired pneumonia 139,140,141. However the impact of the bacteraemia on 
survival appears to be uncertain with some studies suggesting there is no increase in the risk 
of mortality while others have found an association between pneumococcal bacteraemia and 
mortality from community acquired pneumonia 142,154,155. Compared with sero negative 
patients HIV infected patients may be predisposed to harbouring penicillin resistant 
pneumococci155,143.  
Other pathogens that have been identified in HIV infected patients with community 
acquired pneumonia include:  
 Rhodococcus equi, a gram-positive, coryneform bacterium that causes zoonotic 

infection mainly in horses and foals. Most cases have been reported in case reports and 
or case series144, 145,146, 

 Enterococcus that may be vancomyicn resistant and associated with lung abscess and 
empyema147 

 Norcadia asteroides a gram positive filamentous rod which may cause chronic lung 
infection and may sometimes disseminate with associated high mortality 148,149. This 
infection may be difficult to diagnose. 

 Legionella pneumophila, although it remains unclear if HIV infected persons are at 
increased risk of infection or severe disease150 151 

 Mycoplasma pneumoniae which has been found in up to 17% of patients with 
community acquired pneumonia in both HIV negative and positive persons152, 153.  

 Moraxella catarrhalis though this pathogen appears to be an uncommon cause of 
community acquired pneumonia. In one large study only 4 cases among 2123 patients 
hospitalized over a nine year period were found to have this pathogen154  

 Community acquired Pseudomonas aeruginosa which has been described as a cause of 
severe and often fulminant community acquired pneumonia in patients who are 
severely immune suppressed and who may not have the traditional risk factors for this 
infection such as central lines and neutropenia155,156, 157.  

 Salmonella which has been described mainly in patients with Salmonella bacteraemia158. 
Often the HIV infected person has multiple pathogens causing the respiratory illness159, 160, 
161, 162 such as fungi, bacterial and viral pathogens.  

4.2.11 Treatment of community acquired bacterial pneumonia in HIV infected persons 
A holistic approach should be adopted to the care of HIV infected patients with community 
acquired pneumonia. The benefit of targeted anti microbial therapy are likely to accrue if 
attention is paid to hydration, oxygenation and nutritional needs among other needs of the 
patient. Control of symptoms such as pain, fever, vomiting and diarrhoea which often are 
part of the pneumonia syndrome in HIV infected persons will ensure patient comfort as 
specific antimicrobial treatment takes effect.  
The initial antimicrobial treatment will usually be chosen on an empiric basis and this choice 
should be based on the range of common pathogens isolated in the specific setting, the anti 
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presenting with this condition.  
Persons living with HIV are at increased risk of pneumococcal bacteraemia associated with 
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survival appears to be uncertain with some studies suggesting there is no increase in the risk 
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or case series144, 145,146, 

 Enterococcus that may be vancomyicn resistant and associated with lung abscess and 
empyema147 

 Norcadia asteroides a gram positive filamentous rod which may cause chronic lung 
infection and may sometimes disseminate with associated high mortality 148,149. This 
infection may be difficult to diagnose. 

 Legionella pneumophila, although it remains unclear if HIV infected persons are at 
increased risk of infection or severe disease150 151 

 Mycoplasma pneumoniae which has been found in up to 17% of patients with 
community acquired pneumonia in both HIV negative and positive persons152, 153.  

 Moraxella catarrhalis though this pathogen appears to be an uncommon cause of 
community acquired pneumonia. In one large study only 4 cases among 2123 patients 
hospitalized over a nine year period were found to have this pathogen154  

 Community acquired Pseudomonas aeruginosa which has been described as a cause of 
severe and often fulminant community acquired pneumonia in patients who are 
severely immune suppressed and who may not have the traditional risk factors for this 
infection such as central lines and neutropenia155,156, 157.  
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microbial susceptibility patterns of common pathogens, the cost of treatment, co morbid 
states and to some extent the experience of the treating practitioner. No studies have 
specifically examined the efficacy of various antibiotics for the management of CABP in HIV 
infected persons. Thus current practice is based largely on guidelines derived from studies 
involving HIV sero negative individuals and clinical experience. In TB endemic settings the 
combination of a beta lactam and a macrolides is preferred over the use of  fluoroquinolones 
to avoid masking TB. The combination of a beta lactam and a macrolide has been associated 
with better outcomes in HIV sero negative patients, but not in all studies163, and is 
recommended by the Infectious Disease Society of America and the American Thoracic 
Society164. Pneumococcal penicillin resistance may be more common in HIV infected 
persons165 but outcomes of treatment appear not to be influenced by the presence of 
intermediate levels of penicillin resistance166, 167.  
In patients with Rhodococcus infection at least two antimicrobial agents should be given 
simultaneously to treat this infection for a period of up to several months. The combinations 
of erythromycin and rifampin or imipenem and teicoplanin have been found to be the most 
effective treatments in Rhodococcus infections168. 
The anti microbial treatment of Nocardia asteroides involves the use of combinations with 
proven synergy, such as imipenem and amikacin, as the recommended initial therapy. 

4.2.12 Outcomes of community acquired bacterial pneumonia  
Several risk factors may work together to increase the risk of death in HIV infected patients 
receiving treatment for CABP. These risk factors include not being on ART, presence of 
pneumococcal antigen in urine for patients with pneumococcal pneumonia169 and comorbid 
states such as liver cirrhosis (mostly from alcohol abuse)170. Compared with HIV sero negative 
patients and in situations where health care delivery may be described as optimal HIV 
infection appears not to increase the mortality risk in hospitalized patients with Community 
Acquired Pneumonia and neither does it lead to prolongation of hospital stay171,172.  
In patients with acute respiratory failure admitted to the ICU, the risk of death is related to 
extent of organ failure such as need for mechanical ventilation and use of vasopressor 
agents rather than HIV parameters such as CD4 T cell count, HIV plasma viral load or use of 
ART173. 
Bacteremiac pneumococcal disease may confer a higher mortality risk but this has not been 
a consistent finding 155-159. Certain pathogens confer a greater risk of death. Compared with 
Streptococcus pneumoniae for example patients with Legionella, were found to have a 
higher risk of death probably from a greater prevalence of co morbid conditions174. 
Advancing age and low CD4 T cell count are also risk factors for severe disease and death in 
HIV infected patients including patients on ART175,176.  
It has been proposed that HIV infected patients be placed in a low risk immunosuppressed 
group for death and that in this group the Pneumonia Severity Index (PSI) can be used to 
define patients at risk of death similar with the use of this tool to define groups of patients at 
risk of death in HIV negative patients177, 178, 179.  

4.2.13 Prevention  
Vaccination is available for Streptococcus pneumoniae. The 23 valent polysaccharide 
vaccine appears to be effective in HIV infected persons in North America for reducing all 
cause pneumonia but those with plasma viral load of greater than 100,000 may not 
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benefit180,181,182, but the results of clinical trials have not always been consistent183. On the 
other hand African patients have not been documented to benefit from the 23 valent 
pneumoccal vaccine, 184, 185. To avoid the sub optimal efficacy of the 23 valent pneumococcal 
vaccine in African HIV infected persons a conjugate vaccine has been developed. A clinical 
trial of the 7 valent conjugate vaccine among Malawian patients found a protective efficacy 
of about 74% for the prevention of recurrent pneumococcal pneumonia 186 
The other intervention available for preventing BP in HIV infected persons is cotrimoxazole 
preventive therapy which is most effective in those with CD 4 T cell count below 200,187,188.  

4.2.14 Other issues 
Recent data suggests that recurrent BP may be associated with an increased risk of lung 
cancer in HIV infected persons probably related to the persistent or recurrent inflammation 
in the lung189. Parapneumonic effusions may be more common in HIV infected patients with 
community acquired pneumonia and patients with parapneumonic effusions may have 
more severe disease with higher rates of bacteraemia190.  

4.3 Mycobcaterial pneumonia in HIV infected persons 
4.3.1 Mycobacterium tuberculosis 
4.3.1.1 Epidemiology 
Tuberculosis is the most common opportunistic infection and the most common cause of 
death in HIV infected persons. The dramatic increase in the burden of TB in Sub – Saharan 
Africa has been largely blamed on the HIV epidemic191. However, other than for differences 
in magnitude, TB is the most common opportunistic infection that is observed in the first 
three months of initiation of cART in both Sub–Saharan Africa and the industrialized world 
of North America and Europe192,193. The TB and HIV epidemics are so intricately intertwined 
in Sub–Saharan Africa that care and control of one must be linked with the prevention and 
care of the other194. HIV influences TB by increasing the risk of reactivation of latent TB 
infection, rapid progression of new TB infection to disease and recurrent disease from both 
re-infection and relapse195.  
4.3.1.2 Clinical manifestations 
Pulmonary tuberculosis is characterized by the sub acute onset of cough with or without the 
production of sputum associated with systemic symptoms of fever, night sweating and loss 
of weight. The sputum may be stained with blood. These symptoms are not specific for TB. 
The only symptoms that are significantly more common in TB than in other patients are 
night sweats and loss of weight196. There may also be pleuritic chest pain but shortness of 
breath is uncommon until the late stages of the disease. The symptoms of TB are largely 
similar between HIV negative and positive patients, however, depending on the stage of 
HIV disease, HIV infected persons may have stigmata of the HIV infection such as oro-
pharyngeal candidiasis, oral hairy leukoplakia, a non specific skin rash, cutaneous Kaposis 
sarcoma and peripheral lymph node enlargement.  
There may be no significant signs unearthed on specific examination of the chest and even 
when present these signs are non specific. The chest radiograph is a sensitive but non 
specific test for detection of TB in both HIV infected and un infected individuals197. It may 
show a variety of lesions which to a large extent depend on the severity of the HIV related 
immunosuppresesion. When immune function is still relatively well preserved the classical 
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microbial susceptibility patterns of common pathogens, the cost of treatment, co morbid 
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4.2.12 Outcomes of community acquired bacterial pneumonia  
Several risk factors may work together to increase the risk of death in HIV infected patients 
receiving treatment for CABP. These risk factors include not being on ART, presence of 
pneumococcal antigen in urine for patients with pneumococcal pneumonia169 and comorbid 
states such as liver cirrhosis (mostly from alcohol abuse)170. Compared with HIV sero negative 
patients and in situations where health care delivery may be described as optimal HIV 
infection appears not to increase the mortality risk in hospitalized patients with Community 
Acquired Pneumonia and neither does it lead to prolongation of hospital stay171,172.  
In patients with acute respiratory failure admitted to the ICU, the risk of death is related to 
extent of organ failure such as need for mechanical ventilation and use of vasopressor 
agents rather than HIV parameters such as CD4 T cell count, HIV plasma viral load or use of 
ART173. 
Bacteremiac pneumococcal disease may confer a higher mortality risk but this has not been 
a consistent finding 155-159. Certain pathogens confer a greater risk of death. Compared with 
Streptococcus pneumoniae for example patients with Legionella, were found to have a 
higher risk of death probably from a greater prevalence of co morbid conditions174. 
Advancing age and low CD4 T cell count are also risk factors for severe disease and death in 
HIV infected patients including patients on ART175,176.  
It has been proposed that HIV infected patients be placed in a low risk immunosuppressed 
group for death and that in this group the Pneumonia Severity Index (PSI) can be used to 
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benefit180,181,182, but the results of clinical trials have not always been consistent183. On the 
other hand African patients have not been documented to benefit from the 23 valent 
pneumoccal vaccine, 184, 185. To avoid the sub optimal efficacy of the 23 valent pneumococcal 
vaccine in African HIV infected persons a conjugate vaccine has been developed. A clinical 
trial of the 7 valent conjugate vaccine among Malawian patients found a protective efficacy 
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cancer in HIV infected persons probably related to the persistent or recurrent inflammation 
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There may be no significant signs unearthed on specific examination of the chest and even 
when present these signs are non specific. The chest radiograph is a sensitive but non 
specific test for detection of TB in both HIV infected and un infected individuals197. It may 
show a variety of lesions which to a large extent depend on the severity of the HIV related 
immunosuppresesion. When immune function is still relatively well preserved the classical 
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upper lobe fibrocavitary shadows may be seen. With advancing immune dysfunction the 
radiologic shadows become atypical and include mid and lower zone shadows, intrathoracic 
lymph node enlargement, pleural effusions, miliary shadowing among others lesions198, 199.  
4.3.1.3 Diagnosis of pulmonary TB  
Most TB occurs in middle and low income countries where conventional light microscopic 
examination of sputum using the Ziehl Nielsen stain is the primary diagnostic test. The test 
is rapid, relatively simple, inexpensive and highly specific in these settings, however, this 
test has provided inconsistent sensitivity results ranging from as low as 20%200 to as high as 
80%201 in comparison to culture confirmed TB and is more commonly negative in HIV 
infected individuals compared to HIV negative individuals202. Currently WHO recommends 
that two sputum specimens are obtained immediately the patient makes contact with the 
health care system. The examination of a third sputum specimen has not been found to add 
much value with the incremental yield of the third specimen not exceeding 4% 203. Similarly 
a morning specimen only marginally increases the diagnostic yield of smear microscopy 204 
and therefore may not be necessary in the evaluation of patients suspected to have TB. To 
increase the sensitivity of smear microscopy sputum may treated with bleach or sodium 
hydroxide and concentrated by centrifugation, or overnight sedimentation preceded by 
treatment with ammonium sulphate or bleach205. However the value of these sputum 
processes in HIV infected persons is not clear. The yield of sputum microscopy is 
consistently increased by up to 10% using fluorescence microscopy with auramine O or 
auramine – rhodamine stains 206 and recently fluorescence microscopy has been simplified 
by the development of Light Emitting Diode (LED) Fluorescence microscopy207. The Gold 
standard for TB diagnosis remains culture on solid or liquid media. Conventional culture on 
solid or liquid media for the diagnosis of TB is however a slow process that may take too 
long to reliably influence clinical decisions. The development of rapid liquid culture systems 
such as the Mycobaterial Growth Inhibitor Tube (MGIT) has improved the  turn around 
time and thus the clinical utility of culture for the diagnosis of TB208. The WHO recently 
recommended rapid liquid TB culture systems for the diagnosis of TB especially in HIV 
infected persons209. Although recommended by WHO as a bridge to fully automated liquid 
culture systems for TB diagnosis, non commercial culture systems such Mycobacteria 
Observation Drug Susceptibility (MODS), Nitrate Reductase Assays (NRAs), Thin layer 
Agar (TLA) and Colorimetric Redox Indicators (CRIs) systems do not decrease the time to 
TB diagnosis and drugs susceptibility results210. Even though the PCR technique has been 
used for a long time for the detection of TB, it is the automated cartridge based nucleic acid 
detection test called the Xpert MTB/Rif test that has the potential to revolutionize the 
diagnosis of TB especially in HIV infected persons. This test not only provides the diagnosis 
of TB in under two hours but also is able to indicate if there is likelihood of multi drug 
resistant TB based on the detection of mutations that confer rifampicin resistance. Diagnostic 
studies on this test suggest that it has an overall sensitivity of about 92.2% and a specificity 
of 99% using a single Xpert test. The sensitivity increases to 97.6% using three Xpert tests. 
Among HIV positive individuals the overall sensitivity of a single Xpert test has been 
reported to be about 94% compared to 98% in HIV negative individuals. For the detection of 
rifampicin resistance the sensitivity of this test is about 98%211,212. This test is now 
recommended as the initial test for the detection of pulmonary TB in HIV infected 
persons213. Although several serological tests are commercially available for the detection of 
TB, none has been found to have a consistently high sensitivity and specificity to replace 
smear microscopy and their use has recently been discouraged by WHO 214.  
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4.3.1.4 Treatment of TB in HIV infected persons 
Current treatment of pulmonary TB involves the use of combinations of 5 primary drugs: 
Isoniazid(H), rifampicin(R), ethambutol(E), pyrazinamide(Z),and streptomycin (S). The 
WHO and the International Standards of TB Care (ISTC) recommends a rifampicin based 
regimen made of RHZE given daily for two months followed by RH given daily, or two to 
three times weekly for six months for previously untreated patients215. With this regimen 
most HIV infected patients get cured with a lower risk of failure, relapse and acquired drug 
resistance216. Patients who have been treated previously must be assessed for risk of drug 
resistance, investigated for drug resistance using the Xpert MTB/Rif test, rapid molecular 
based line probe assays and culture, and treated with either primary, first line drugs if no 
drug resistance exists or with second line drugs if drug resistance, especially multi drug 
resistant TB, is present238.  
4.3.1.5 Drug resistant TB and HIV  
The WHO estimated that there were 400,000 cases of multi drug resistant TB, defined as 
TB bacilli that are resistant to both R and H, in 2009214. Although HIV per se appears not 
to be a risk factor for MDRTB, a link between MDRTB and HIV has been suggested by 
epidemiologic data from parts of Eastern Europe217. Outbreaks of MDRTB in HIV infected 
persons have been linked to nosocomial transmission of TB and have in general been 
characterized by high mortality among affected patients218. The more recent reports were 
from Southern Africa where a large majority of the patients were HIV infected, had 
extensive drug resistance (MDRTB with additional resistance to a fluoroquinolone and an 
injectable such as kanamycin, amikacin or capreomycin) and died within a few weeks 
after the diagnosis of XDRTB219, emphasizing the critical role of implementing robust 
measures to prevent TB transmission in situations where HIV infected persons receive 
care. 
4.3.1.6 Outcomes 
HIV infected PTB patients are at increased risk of death during treatment for TB. Up to 30% 
of such patients may die during treatment if no life prolonging ART is provided. The risk of 
death is higher in patients with smear negative disease and those with a lower CD 4 T cell 
count220. Life prolonging ART is able to dramatically reduce the deaths rates in HIV infected 
TB patients and the earlier it is given the better 221. Cotrimoxazole preventive therapy is also 
able to reduce the mortality of HIV associated TB222.  
4.3.1.7 Prevention 
HIV associated TB is a preventable disease. Several randomized clinical trials have 
demonstrated that TB can be effectively prevented using isoniazid given for 6-12 months in 
HIV infected persons223. With the advent of combined ART it was observed that TB 
incidence fell in persons on ART in North America and Europe. The fall in TB incidence has 
been observed to be greater in persons with a higher baseline CD4 T cell count, a lower base 
line viral load and robust immunological and virological responses224. Similar observations 
have been made in South Africa225. The combination of ART and Isoniazid Preventive 
Therapy (IPT) has been observed to confer greater protection against TB226 and provides 
further impetus to provide IPT in all HIV infected persons irrespective of whether they are 
or are not on ART. Currently there is no evidence that appropriately applied IPT leads to the 
expansion of isoniazid resistance227.  
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4.3.2 Other Mycobacteria 
4.3.2.1 Mycobacterium Avium Complex and other Non Tuberculous Mycobacteria 
Mycobacterium avium complex (MAC) is isolated with increasing frequency from respiratory 
specimens in HIV infected persons, however, the significance of isolating MAC from 
respiratory specimens is unclear. Criteria have been developed for defining clinical disease in 
patients who have non Tuberculous Mycobacteria isolated from respiratory samples228. HIV 
infected persons with pulmonary MAC are more likely to have fever, diffuse pulmonary 
abnormalities, lymphadenopathy and concurrent disease including disseminated MAC, PcP 
and BP compared with HIV negative individuals 229. These infections generally occur late in 
the course of HIV disease and confer a poor long term prognosis 230.  

4.4 Viral pneumonia 
Viral pathogens have also been implicated in HIV associated lung disease. These viruses 
have included Cytomegalovirus (CMV), Herpes Simplex Virus (HSV) and Influenza 
including H1N1. For CMV the difficult has been distinguishing infection from colonization. 
The most important risk factor for viral pneumonia is a CD 4 T cell count below 200. These 
pneumonias may be difficult to diagnose and carry a high mortality.  

4.4.1 CMV 
This is the most common virus that has been implicated in HIV associated pneumonia. The 
clinical presentation is similar to pneumonia due to other pathogens and is largely non 
specific. The symptoms include fever, shortness of breath, and cough. Pneumonia due to 
CMV may be the initial presentation of HIV disease231 and in the pre ART era, survival post 
CMV pneumonia, when successfully treated was short232, 233. Often CMV pneumonia is not 
recognized or diagnosed prior to death234,235. Patients with a high plasma viral load may 
also be at risk of CMV pneumonia236.  
The diagnosis of CMV may be problematic. When isolated in respiratory specimens such as 
bronchoalveolar lavage this virus may be a colonizer and not necessarily the cause of the 
lung disease 237. To diagnose respiratory disease the current consensus is that CMV should 
be isolated in lung secretions (BAL or brushes), and demonstrated to be available in 
histological specimens through immunohistochemistry or in situ hybridization in the 
presence of pulmonary infiltrates on the chest radiograph. The treatment of CMV involves 
the use of ganciclovir or forscanet.  
As with fungal pneumonia the most important intervention for the prevention of CMV 
pneumonia is immune reconstitution using anti- retroviral treatment. No chemo preventive 
intervention has been identified. Acyclovir has been tried but was not found to be efficacious238  

4.4.2 Herpes simplex 
Herpes simplex virus type 1 and type 2 have both been associated with HIV pneumonia. The 
pneumonia may occur in association with cutaneous herpes and thus represent disseminated 
disease239,240. Varicella pneumonia has been described and may present as a recurrent 
pneumonia241. 

4.5 Parasitic lung disease in HIV 
Lung disease caused by parasites may less common. The most common parasites that have 
been associated with HIV lung disease are Toxoplasma gondii and Strongyloides stercoralis. 

 
Pulmonary Manifestations of HIV Disease 

 

85 

Epidemiological studies to obtain good estimates of the incidence of these parasites in HIV 
infected persons have not been carried out. 

4.6 Non infectious HIV associated lung disease  
Several non infectious lung diseases have been observed in HIV infected persons. These 
diseases include pulmonary arterial hypertension, bronchiolitis obliterans organizing 
pneumonia, sarcoidosis and chronic obstructive pulmonary disease. The incidence of these 
diseases may be increasing as HIV infected individuals survive longer with cART.  

4.6.1 Interstitial pneumonitis  
The HIV syndrome is associated with an increased incidence of non specific interstitial 
pneumonitis and lymphoid interstitial pneumonitis, both of which may result from the chronic 
inflammatory state induced by HIV242,243. Lymphocytic Interstitial pneumonia in HIV infected 
persons may be associated with respiratory symptoms of cough and dyspnoea and cause lung 
function abnormalities244. The radiological picture is diffuse interstitial shadowing and a lung 
biopsy procedure is required for the diagnosis. The disease has been thought to be related to 
the host immune response245 and directly linked to HIV246. There is usually a predominance of 
CD8 positive T lymphocytes226. This entity may also occur as part of the immune reconstitution 
inflammatory syndrome247. It responds to systemic steroids and also resolves with ART248,249. 
The incidence has declined with the widespread use of anti-retroviral treatment250 

4.6.2 Non specific pneumonitis  
A non specific pneumonitis associated with cough and dyspnoea and diffuse interstitial 
shadowing on the chest x-ray often occurs in HIV infected persons. This disease entity may 
mimic PcP 251 and even appear to respond to PcP treatment252. However a search for 
Pneumocystis jirovecii is usually negative 253.  

4.6.3 Immune reconstitution inflammatory syndrome  
The immune reconstitution inflammatory syndrome represents an exaggerated immune 
response to infectious and non infectious agents as immune recovery occurs. The syndrome 
is characterized by the appearance of worsening symptoms and signs of specific infections 
as immune recovery takes place. While most episodes are mild, severe life threatening 
disease may occur. The syndrome has been described to occur with many infections 
including Pneumocystis jirovecii, CMV, TB and Cryptococcus 254,255,256,257.  

4.6.4 Pulmonary Arterial Hypertension (PAH)  
Pulmonary arterial hypertension associated with HIV is a rare clinical entity but when it 
occurs it leads to significant morbidity and mortality. The available literature is mostly 
based on case reports. This clinical entity appears to occurs at relatively high CD4 T cell of 
about 300. The clinical, radiographic and echocardiographic findings are similar to 
idiopathic PAH in HIV sero negative persons. Highly active antiretroviral therapy, 
bosentan, and prostaglandin therapy have all been reported to be beneficial in improving 
hemodynamic and functional status in HIV-related PAH258. In a French study the median 
survival of patients with HIV associated PAH receiving ART and PAH specific therapy was 
88% and 72% at 1 and 3 years respectively. There was better survival in patients with CD4 T 
cell count of greater than 200 and a higher cardiac index. Anti-retroviral therapy did not 
appear to influence hemodynamic parameters 259. 
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about 300. The clinical, radiographic and echocardiographic findings are similar to 
idiopathic PAH in HIV sero negative persons. Highly active antiretroviral therapy, 
bosentan, and prostaglandin therapy have all been reported to be beneficial in improving 
hemodynamic and functional status in HIV-related PAH258. In a French study the median 
survival of patients with HIV associated PAH receiving ART and PAH specific therapy was 
88% and 72% at 1 and 3 years respectively. There was better survival in patients with CD4 T 
cell count of greater than 200 and a higher cardiac index. Anti-retroviral therapy did not 
appear to influence hemodynamic parameters 259. 
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4.6.5 Pulmonary maligancies in HIV infected persons 
Both Kaposis sarcoma (KS) and non Hodgkins Lymphoma (NHL), the two AIDS defining 
malignancies (ADMs) have been associated with lung disease. Of the two malignancies KS 
has been the more common one. In HIV associated KS, the tumour most often afflicts the 
lung as part of a disseminated disease process but may also occur as a primary lung disease. 
Non Hodgikins lymphoma occurring as primary lung disease has been described in several 
case reports and series51. Persons living with HIV appear to be at increased risk of primary 
lung cancer, a non ADM52.  
Endobronchial Kaposis Sarcoma is seen in about 15% of patients with advanced HIV 
disease. The clinical presentation is indistinguishable from that of other pulmonary 
complications of HIV. Thus patients may present with cough, haemoptysis and dyspnoea. 
Both alveolar and interstitial shadows may be seen on the chest radiograph. Chest CT scans 
usually reveal the shadows better. The diagnosis requires visual detection of typical cherry 
red lesions at fiberoptic bronchoscopy. The lesions are usually not biopsied because of the 
risk of bleeding. Pulmonary KS usually occurs in the setting of disseminated KS and the 
prognosis is typically poor.  
Non Hodgikins lymphoma involving the lung has been reported in case series and cohorts. 
The clinical presentation is usually non specific and includes fever, weight loss, dyspnea, 
generalized lymphadenopathy, chest pain and cough. The chest raidiograph reveals nodular 
lesions or interstitial shadows. The diagnosis of lymphoma is more reliably made on open 
lung biopsy. In the pre – ART era the diagnosis of NHL carried with it a poor prognosis 
even with specific lymphoma treatment 260.  
The risk of lung cancer in HIV infected persons appears to be increased and this increase 
may not be fully explained by smoking261. Although the data is scanty, recurrent 
pneumonia, through the promotion of chronic infection has been found to be associated 
with the increased risk of lung cancer in HIV infected persons262. The incidence of lung 
cancer, may have increased in post HAART era263. However the incidence of lung cancer in 
HIV infected women appears not to be higher that that in HIV un infected women and the 
driver of the lung cancer risk is tobacco smoking and not the HIV infection264. HIV infected 
patients with primary lung cancer are younger, tend to present with aggressive and 
advanced disease and have poorer outcomes265,266. 

4.6.6 Chronic obstructive pulmonary disease 
Respiratory symptoms and functional abnormalities are common in patients infected with 
HIV including those on combined anti –retroviral therapy. A recent observational study 
documented respiratory symptoms and functional abnormalities in 47.3% and 64.1% of 
study participants respectively. Irreversible airways obstruction compatible with COPD, 
independently associated with pack years smoked, intravenous drug use and the use of anti 
–retroviral therapy was found in 21% of study participants267. In patients with obstructive 
airways disease, HIV infection appears to confer a higher risk of moderate but not severe 
dyspnoea268. 

4.6.7 Bronchiolitis obliterans organizing pneumonia 
Bronchiolitis obliterans organizing pneumonia (BOOP) is a disease of the small airways 
characterized by intraluminal polyps of myxoid connective tissue. The concomitant 
occurrence of BOOP with HIV has been described in a few case reports. In the cases 
reported, the clinical manifestations have included sub acute onset of dyspnoea which 
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progressed to respiratory failure, non productive cough and fever. The most common chest 
radiographic findings included bilateral mixed interstitial and alveolar shadows. When 
these patients are investigated for infection, no pathogens are found and empiric antibiotic 
therapy is not effective. The diagnosis of BOOP is made at open lung biopsy. Patients 
respond very well to corticosteroids at a dose of about 1 mg/Kg for up to three months269. 

4.6.8 Hypersentivity pneumonitis 
Case reports of hypersensivity pneumonitis associated with drugs used in the management 
of HIV infection including dapsone270, efavirenz271 and other anti retrovirals272 have been 
published. The burden of illness and or death caused hypersensivity pneumonitis in HIV 
infected persons is currently unclear.  

4.6.9 Sarcoidosis 
Sarcoidosis is a multi system disease in which tissues are infiltrated with non caseating 
granulomas. The lung is a common target of sarcoid lesions. Pulmonary sarcoidosis 
associated with HIV has been reported in case reports and series273,274. Many of the 
sarcoidosis case reports have appeared in the post HAART era and it is unclear if this entity, 
in the ART context is related to immune recovery. In patients who use adulterated drugs 
talc granulamotosis must be considered in the differential diagnosis of interstitial lung 
disease. This clinical entity is indistinguishable from opportunistic infections and requires 
examination of lung biopsy specimens which show granulomas with intracellular talc 
crystals275. 
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1. Introduction 
Over the past decade there have been significant demographic changes in the HIV epidemic. 
The overall population of people living with HIV/AIDS is aging. The effect of HAART, 
aging and resulting comorbidities, such as hypertension, and diabetes add new complexity 
to HIV and related conditions such as HIV neuropathies.  
HIV -associated polyneuropathy is still the most common neurological complication of HIV 
infection and is one of the main risk factors for development of a neuropathy worldwide. 
Many types of peripheral neuropathies are seen in HIV infection depending on the stage of 
infection. The inflammatory demyelinating neuropathies both acute (Guillain-Barré 
syndrome [GBS] and chronic (chronic inflammatory demyelinating neuropathy [CIDP] 
occur mainly at the time of seroconversion or early in the course of the disease while 
syndromes associated with opportunistic infections like CMV (i.e. polyradiculoneuropathy) 
occur in the late phase of HIV infection and are related to the loss of immune function. The 
most common neuropathy in HIV-infected patients is the sensory HIV associated 
neuropathy which includes distal symmetrical polyneuropathy (DSP) and antiretroviral 
toxic neuropathy (ATN). Those patients may experience painful symptoms such as burning 
or hyperalgesia in the feet and treatment is very often focussed on management of 
neuropathic pain. However one should be aware that the high prevalence of HIV-DSP in the 
HIV population makes the coexistence of more than one neuropathic condition likely either 
because of comorbidities or aging. These complexities have led to neuropathic syndromes 
that do not meet diagnostic criteria because of overlapping syndromes. We review the 
clinical manifestations, epidemiology, clinical diagnostics, and pathophysiology as well as 
management strategies for HIV-associated polyneuropathies. 

2. Diagnostic evaluation 
One way to classify HIV-neuropathies is according to the stage of HIV disease in which they 
occur. Therefore it is mandatory to have an actual CD4 cell count. Some types of 
neuropathies such as inflammatory demyelinating neuropathies often occur during 
seroconversion, before strong immunosuppression [1-4] while others such as progressive 
polyradiculopathies associated with CMV infection are common in late stages of AIDS. 
Over the past decade there have also been significant demographic changes in the HIV 
population, which has consequently brought attention to common so called “age related 
neuropathies” now also occurring in the HIV population. Figure 1 summarizes laboratory 
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parameters that are recommended as a baseline diagnostic in patients representing with the 
clinical symptoms of neuropathy. 
 

erythrocyte sedimentation rate or C-reactive protein, complete blood count, 
comprehensive metabolic panel (blood glucose or glucose tolerance testing (GTT), renal 
function, liver function), thyroid function tests, serum B12 (serum methylmalonic acid 
with or without homocysteine for low normal vitamin B12 levels), serum 
immunofixation electrophoresis, hepatitis B and C panel, Treponema pallidum 
screening test, immune status, HIV viral load, antinuclear antigen profile. 
In case of a co infection with hepatitis C: cryoglobulins. 

Fig. 1. Basic laboratory parameters in HIV-infected patients presenting with distal 
symmetric neuropathy. 

Cerebrospinal fluid (CSF) analysis is usually acquired when an inflammatory or an 
opportunistic/neoplastic neuropathy is suspected. You have to be aware that it may reveal 
confusing results in cases of GBS or CIDP, which occur mainly in patients with high CD4 
counts. This is because asymptomatic HIV patients may show an elevated protein and a 
mild lymphocytic pleocytosis [1, 2]. CSF analysis is however very important in patients with 
CD4 counts below 200/µl in whom there is a strong suspicion of an underlying infectious or 
malignant etiology. 

2.1 Functional and morphological assessment of nerve fibers 
Neurophysiological examination has do be done in every patient presenting with 
neuropathic symptoms in order to classify the neuropathy as either axonal or demyelinating 
and to assess a subclinical large fiber involvement in patients presenting with typical small 
fiber symptoms such as burning, aching or stubbing pain mainly localized in the feet. 
Somatosensory evoked potential may be useful if a myelopathy is suspected. 
HIV-infected patients represent very often with a pure small fiber neuropathy with burning 
feet, which may be difficult to objectify because of a paucity of clinical signs and 
unremarkable electrodiagnostic studies. Advances have been made in identifying those 
patients during the last decade. Skin biopsy from the distal leg and assessment of epidermal 
nerve fiber density (ENFD) using antibodies to protein-gene product 9.5 is nowadays a 
validated tool [5, 6]. ENFD declines with age [7], which has to be taken into account with the 
increased aging of HIV-infected individuals. Beyond skin biopsy, functional measurements 
are applicable such as quantitative sensory testing or contact heat-evoked potentials 
(CHEP`s) the later evaluating late potentials of A-delta and C fibers at the scalp following 
cutaneous stimulation. It has been shown that by using CHEP`s the sensitivity to detect 
patients with predominant small fiber involvement is higher compared to convential 
electrodiagnostic techniques [8].  

2.2 Nerve biopsy 
Nerve and muscle biopsies are only required in selected cases especially in patients 
representing with rapid progressing neuropathies. Reasons to perform a biopsy are patients 
were vasculitis, amyloidosis or storage diseases are suspected. Neuropathic pain on the 
biopsy site remains in 10 to 20 % of the patients. 

 
HIV Associated Neuropathies 

 

109 

3. Subtypes of HIV-associated neuropathies 
HIV-associated neuropathies can be classified according to clinical, neurophysiological or 
histomorphological criteria. Figure 2 summarizes the HIV-associated subtypes. 
 

HIV-associated neuropathies

HIV- associated sensory neuropathy (HIV-SN) 

- distal symmetric polyneuropathy (DSP) 

- antiretroviral toxic neuropathy (ATN) 

Inflammatory Demyelinating Polyneuropathies 

- acute inflammatory demyelininating polyneuropathy (AIDP) 

- chronic inflammatory demyelininating polyneuropathy (CIDP) 

Mononeuropathy multiplex 

Autonomic neuropathy 

Diffuse infiltrative lymphocytosis syndrome 

Neuropathies due to opportunistic infections 

Fig. 2. HIV-associated neuropathies. 

4. HIV-associated sensory neuropathy (HIV-SN) 
HIV-SN is by far the most common neurological complication in HIV infection [9, 10]. HIV-
SN summarizes 2 subtypes that are clinically undistinguishable: distal symmetric 
polyneuropathy (DSP) which occurs mainly during advanced stages of HIV infection and 
antiretroviral toxic neuropathy (ATN) as a result of neurotoxic antiretroviral treatment. 

4.1 Epidemiology 
The prevalence of HIV-SN has been found to increase further. In various cohorts, its 
prevalence reaches up to 50% [11, 12]. Early epidemiological studies conducted during the 
pre HAART-era describe an annual incidence of 36% for HIV-SN compared to 21% in the 
HAART-era [11, 13]. The increasing life expectancy of HIV-infected individuals and the high 
cumulative dosage of neurotoxic antiretroviral substances, in particular ddC, ddl and d4T, 
represent the causes for the increasing prevalence [14]. Markers of advanced HIV disease 
such as low CD4 cell count (especially a CD4 nadir below 50 cells/µl), a high HIV viral load 
(> 10.000 cop./ ml) as well as a diabetes and demographic factors such as age are associated 
with increased risk of HIV-SN [15, 16]. There seems to be evidence that the prevalence of the 
mitochondrial Haplotyp T as well as the E4 isoform for Apolipoprotein E act as an 
independent risk factor for ATN and HIV-DSP [17, 18]. Moreover it is argued that APOE 
epsilon4 may play a role in nerve regeneration [18, 19]. 
Newer analyses demonstrate that HIV-SN also occurs increasingly with protease inhibitors 
as Indinavir, Saquinavir and Ritonavir [20]. However, these patients demonstrate additional 
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parameters that are recommended as a baseline diagnostic in patients representing with the 
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In case of a co infection with hepatitis C: cryoglobulins. 
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factors that are combined with an increased prevalence of polyneuropathies, such as 
increased age and glycometabolic disturbances. Since protease inhibitors are often applied 
as first-line therapies, the progressing HIV infection likewise induces an increase of 
polyneuropathy, which is caused by the HIV virus itself [20]. 

4.2 Clinical manifestation 
The clinical presentation of HIV-DSP and ATN is undistinguishable and similar to other 
forms of DSP. Symptoms are usually length-dependent, symmetric, mainly sensory and 
often painful. Patients may describe burning, tightness or hyperalgesia in the feet and hands 
in a classic “stocking-and-glove” like pattern. Negative sensory symptoms such as 
numbness or hypalgesia often occur while strength is relatively preserved. Deep tendon 
reflexes are reduced at the ankles compared to the knees. Hyperactive reflexes may occur in 
cases of coexisting central nervous system disease such as myelopathy as well as HIV 
dementia. Significant motor involvement raises severe doubt about the diagnosis HIV-SN, 
although slight to moderate weakness and atrophy of the intrinsic muscles of the feet may 
be a feature of advanced HIV-SN. 

4.3 Diagnostic evaluation 
Nerve conduction studies (NCS`s) show predominantly an axonal sensory pattern with 
reduction of the sensory nerve action potential (SNAP) and mild reduction of the 
conduction velocities. As it is stated above, 20% of the patients represent exclusively with 
small fiber symptoms and therefore show unremarkable NCS`s [21]. One may consider 
conducting skin biopsy in those patients, which has been shown an objective and sensitive 
tool [6, 22]. Decreased ENFD was significantly associated with high plasma HIV viral levels 
and low CD4 counts as well as higher levels of neuropathic pain [6]. 

4.4 Pathogenesis 
Although HIV-DSP and HIV-ATN represent identically in clinical and neurophysiological 
examination they have different pathogenesis.  

4.4.1 HIV-DSP 
The pathogenesis of HIV-DSP is incompletely understood, but is likely immune mediated.  
The most characteristic pathological feature is the distal degeneration of long axons [4] 
accompanied by macrophage infiltration [4, 23] and either the absence or modest loss of 
neurons in the sensory dorsal root ganglia (DRG) [24-26]. Furthermore, there is degeneration 
within the centrally directed extension of sensory DRG neurons [26]. These findings have 
led to the hypothesis that the primary pathology could be at the level of the sensory neurons 
in the DRG, leading secondarily to a dying back process with axonal degeneration. The 
diminution and degeneration of epidermal nerve fibers as seen in skin biopsies proves this 
hypothesis [6]. People with HIV infection have also significantly reduced rates of both 
collateral and regenerative sprouting in skin biopsy experimental injury models [27]. 
The presence of HIV-infected perivascular macrophages has been shown in the DRG of 
patients with and without DSP. These studies demonstrated the presence of HIV proviral 
DNA, mRNA, p24 antigen in these cells [28-31]. Another consistent neuropathological 
abnormality in the DRG appears to be the presence of activated macrophages, which express 
MHC antigens and pro-inflammatory cytokines [4, 29, 31]. HIV-DSP correlates with the 
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degree of macrophage activation [32]. Taken together, this has led to the hypothesis that 
activated macrophages play an important role in the pathogenesis of peripheral neuropathy. 
Two possible neuropathogenetic mechanisms have been proposed; the direct effect of HIV 
or HIV proteins such as gp120 on DRGs [33-35] and the indirect neurotoxicity of products 
secreted by activated macrophages [32]. The later assumption is underlined by our 
observation that supernatants from HIV-infected macrophages induce neuritic retraction in 
DRG culture, suggesting that activated macrophages may secrete neurotoxic mediators [36]. 

4.4.2 ATN 
The increased survival time in the AIDS stage leads to a significantly higher cumulative 
dosage of antiretroviral agents. The toxicity of HAART is produced by a dysfunction in the 
mitochondria itself and mitochondrial DNA. There is evidence that the primary target in 
ATN is not the DRG itself but the axon [37]. Dalakas et al. described structural abnormalities 
in axonal mitochondria as well as mitochondria of Schwann cells in patients with ATN [38]. 
Mitochondrial DNA in subcutaneous fat was significantly reduced in patients currently 
taking Nucleoside reverse transcriptase inhibitors (NRTIs) but did however not correlate to 
the incidence of ATN [39].  
Ddl, ddC and d4T show toxic effects on the mitochondrial DNA in tissue cultures as well. 
PC12 cells exposed to ddl and ddC triggered structural modifications to the mitochondria 
and an increase in lactate production [40]. These effects are correlated with the concentration 
of these substances. The initial changes to the mitochondrial ultrastructure occurred after 
only a few days. The toxic potential for the induction of these changes can be arranged in 
the following sequence: ddC > d4T > ddI [41]. The higher toxicity of ddl, ddC and d4T in 
comparison to other antiretroviral agents results from the diverse inhibition of 
mitochondrial enzymes as γ-polymerase. However there seems to be γ-polymerase 
independent pathways of mitochondrial damage [42]. 

4.5 Therapy 
4.5.1 Causal 
There is no approved causal treatment for HIV-associated DSP. There is however some 
evidence that HAART may improve symptoms [43]. Early epidemiological studies 
conducted during the pre HAART-era describe an annual incidence of 36% for HIV-SN 
compared to 21% in the HAART-era [11, 13] which also indicate some positive influence of 
HAART. 
If the patient is taking neurotoxic medications they should be stopped or changed if it is 
possible. One has to check for potentially neurotoxic co medications that are often used for 
HIV-related conditions such as chloramphenicol, dapsone, ethambutol, etopside, isoniazid, 
metronidazole, pyridoxine, thalidomide, and vincristine [44].  
Clinical trials of potentially neuroregenerative therapies such as nerve growth factor [45], 
prosaptide [46] and timcodar [47], agents that were neurotrophic in vitro and in animal 
models have failed. 

4.5.2 Pain management 
Neuropathic pain can be quite disabling for the patients and treatment is often challenging 
because of concomitant diseases and relevant interactions of neuropsychopharmacologically 
active drugs with HAART. 
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factors that are combined with an increased prevalence of polyneuropathies, such as 
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degree of macrophage activation [32]. Taken together, this has led to the hypothesis that 
activated macrophages play an important role in the pathogenesis of peripheral neuropathy. 
Two possible neuropathogenetic mechanisms have been proposed; the direct effect of HIV 
or HIV proteins such as gp120 on DRGs [33-35] and the indirect neurotoxicity of products 
secreted by activated macrophages [32]. The later assumption is underlined by our 
observation that supernatants from HIV-infected macrophages induce neuritic retraction in 
DRG culture, suggesting that activated macrophages may secrete neurotoxic mediators [36]. 

4.4.2 ATN 
The increased survival time in the AIDS stage leads to a significantly higher cumulative 
dosage of antiretroviral agents. The toxicity of HAART is produced by a dysfunction in the 
mitochondria itself and mitochondrial DNA. There is evidence that the primary target in 
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in axonal mitochondria as well as mitochondria of Schwann cells in patients with ATN [38]. 
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only a few days. The toxic potential for the induction of these changes can be arranged in 
the following sequence: ddC > d4T > ddI [41]. The higher toxicity of ddl, ddC and d4T in 
comparison to other antiretroviral agents results from the diverse inhibition of 
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Recommendations are based on studies performed specifically in HIV-SN, but also 
extrapolated from studies performed in various conditions such as painful diabetic 
neuropathy as well as postherpetic neuralgia. Six main classes of agents are used: 
anticonvulsants (calcium- and sodium–dependent), antidepressants, opioids, topical 
treatments, nonspecific analgesics and alternatives therapies. 
A recently published review and meta-analysis describes randomized controlled trials 
(RCT`s) evidence of analgesic efficacy superior to placebo in the context of HIV-SN pain 
only for smoked cannabis, recombinant nerve growth factor (rhNGF) and high dose (8%) 
topical capsaicin [48]. Several other agents have been examined in RCTs and found to be not 
effective such as acetyl-L carnitine (1g/day), amitriptyline (100mg/day), topical capsaicin 
0.075%, gabapentin (2.4g/day), mexilitine (600mg/day), peptide –T (6mg/day), pregabalin 
(600mg/day), lamotrigine (600mg/day) and prosaptide (16mg/day) [48, (Simpson, Schifitto 
et al. 2010)]. Prospective RCT´s show however an effectiveness for gabapentin (up to 3.6g/d) 
[49] in HIV-DSP as well as lamotrigene in ATN [50].  
Gabapentin and pregabalin do not induce the cytochrome P-450 system and are therefore 
preferred agents. Older antiepileptics such as carbamazepine should be avoided as a result 
of multiple and pronounced interactions [51, 52]. There are also promising data for 
duloxetine in reducing pain. However RCT´s were performed in patients with painful 
diabetic neuropathy [53, 54]. Duloxetine is characterized by nearly no interactions with 
HAART and is therefore an interesting alternative. Even though the older, tricyclic 
antidepressants have not be convincing in one RCT [55] they are very well suited for 
neuropathic pain therapy in our clinical experience. However it has to be taken into 
consideration that amitriptyline levels are increased by protease inhibitors, which may 
provoke side effects.  

5. Inflammatory demyelinating polyneuropathies 
Acute inflammatory demyelinating polyneuropathy (AIDP or Guillain-Barré- syndrome 
[GBS]) or chronic inflammatory demyelinating polyneuropathy (CIDP) may occur early in 
the course of HIV disease as a part of the acute antiretroviral syndrome or in a stage where 
the CD4 cell count is above 250/µl [1, 2, 56].  

5.1 HIV-AIDP 
In our clinical experience HIV-AIDP is a rare disease. It has not been seen in prospective 
studies of HIV infection [57]. A Zimbabvian study of 32 consecutive patients with AIDP 
found that 55% suffered from HIV, while the seroprevalence of HIV infection during the 
time the study took place was estimated at 4.3%, clearly indicating a relationship [2]. 
Cornblath et al. [1] described three patients with HIV-AIDP early in HIV infection, prior to 
AIDS. Subsequent reports also indicated that HIV-AIDP occurs at time of seroconversion 
[58, 59]. HIV-AIDP is considered to precede AIDS but has been described in HIV-infected 
patients with a CD4 cell count below 200 but above 50/µl [56, 60]. The last remark is 
important as one has always to consider an opportunistic polyradiculitis in patients 
presenting with symptoms consistent with HIV-AIDP but CD4 cells below 50/µl. Those 
patients should be treated presumptively for CMV infection until the CMV polymerase 
chain reaction (PCR) in CSF is negative. 
The clinical manifestation is similar to those seen in HIV-negative patients with AIDP. First 
symptoms are distal pain, numbness, paraesthesia, or weakness in the limbs rapidly 
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progressing into a relatively symmetric weakness of the limbs with or without involvement 
of respiratory muscles or cranial nerve-innervated muscles [61]. Diagnostic evaluation for 
HIV-AIDP typically includes cerebrospinal fluid analysis (CSF) which might be misleading 
on the first glance because about 50% of the patients show mild lymphocytic pleocytosis (up 
to 50/µl) and elevated protein [62]. CSF analysis is especially important in patients with 
CD4 cell counts far below 200/µl in whom the suspicion of an underlying opportunistic or 
malignant etiology is high. 
Treatment recommendations are derived from experiences in HIV-negative patients and 
include either plasmapheresis (5-7 times) or intravenous immunoglobulin (IVIg) (2g/kg/body 
weight) [61]. The prognosis is in general good with an almost complete remission in more than 
50% of the patients [10, 56]. It seems that the relapse rate of HIV-AIDP or the development of a 
secondary chronic disease (CIDP) seems to occur more often [56]. 

5.2 HIV-CIDP 
HIV-CIDP is a rare disease but in our clinical experience more common than HIV- AIDP. 
Patients may present with similar clinical features like their HIV-negative counterparts but 
one may observe overlaps with other subtypes of HIV-associated neuropathies such as HIV-
DSP or ATN which can make the diagnose challenging. 
Typical clinical features include an acute or subacute onset of symptoms progressing for at 
least 8 weeks, a relapsing/remitting course, sometimes an asymmetrical pattern, a lack of 
length-dependent sensory deficits, or the presence of marked large fiber sensory deficits 
[63]. Sensory symptoms usually consist of numbness and tingling, but painful paresthesias 
may be present. Many patients have impaired balance due to proprioceptive deficits [63]. 
Weakness usually involves both proximal and distal muscles, but can be purely distal. 
Patients may reveal concomitant cranial nerve deficits [63]. As stated previously, there 
seems to be a higher risk for HIV-infected patients to progress from AIDP into CIDP. Those 
patients warrant careful consideration and follow-up as they are at risk for relapses that will 
require sustained treatment.  
CSF analysis is usually performed, but as already mentioned shows mild lymphocytic 
pleocytosis (up to 50/µl) and elevated protein in up to 50% of the patients [62]. Diagnostic 
evaluation includes NCS´s showing features of demyelination such as slowing of 
conduction velocity, prolonged distal latencies, and F-waves as well as conduction blocks 
and temporal dispersion [64]. Electromyography may reveal mild pathological spontaneous 
activity [1, 64]. A magnetic resonance image (MRI) with and without gadolinium of the 
corresponding spinal segments is not obligatory but is strongly recommended in patients 
with a CD4 cell count below 200/µl to exclude infiltrative processes in the nerve roots. A 
sural nerve biopsy is rarely necessary but may be helpful in patients representing with 
atypical clinical signs. 
There are no RCT´s in HIV-CIDP investigating treatment options. Therefore we follow the 
treatment recommendation for the non HIV-CIDP counterparts, where RCT´s have 
demonstrated the efficacy of corticosteroids [65], plasma exchange [66, 67], and IVIg [68, 69]. 
In our view IVIgs (loading dose 2g/kg/body weight) are the best choice to start with. 
Corticosteroids (1mg/kg/body weight for 2-4 weeks and than tapering down or switching 
into an alternate-day therapy) might be another option, but one has to consider potential 
side effects such as immunosuppression, increased risk of osteonecrosis of the femoral head, 
osteoporosis and metabolic derangement. They are only a choice if the patient receives a 
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antidepressants have not be convincing in one RCT [55] they are very well suited for 
neuropathic pain therapy in our clinical experience. However it has to be taken into 
consideration that amitriptyline levels are increased by protease inhibitors, which may 
provoke side effects.  

5. Inflammatory demyelinating polyneuropathies 
Acute inflammatory demyelinating polyneuropathy (AIDP or Guillain-Barré- syndrome 
[GBS]) or chronic inflammatory demyelinating polyneuropathy (CIDP) may occur early in 
the course of HIV disease as a part of the acute antiretroviral syndrome or in a stage where 
the CD4 cell count is above 250/µl [1, 2, 56].  

5.1 HIV-AIDP 
In our clinical experience HIV-AIDP is a rare disease. It has not been seen in prospective 
studies of HIV infection [57]. A Zimbabvian study of 32 consecutive patients with AIDP 
found that 55% suffered from HIV, while the seroprevalence of HIV infection during the 
time the study took place was estimated at 4.3%, clearly indicating a relationship [2]. 
Cornblath et al. [1] described three patients with HIV-AIDP early in HIV infection, prior to 
AIDS. Subsequent reports also indicated that HIV-AIDP occurs at time of seroconversion 
[58, 59]. HIV-AIDP is considered to precede AIDS but has been described in HIV-infected 
patients with a CD4 cell count below 200 but above 50/µl [56, 60]. The last remark is 
important as one has always to consider an opportunistic polyradiculitis in patients 
presenting with symptoms consistent with HIV-AIDP but CD4 cells below 50/µl. Those 
patients should be treated presumptively for CMV infection until the CMV polymerase 
chain reaction (PCR) in CSF is negative. 
The clinical manifestation is similar to those seen in HIV-negative patients with AIDP. First 
symptoms are distal pain, numbness, paraesthesia, or weakness in the limbs rapidly 
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progressing into a relatively symmetric weakness of the limbs with or without involvement 
of respiratory muscles or cranial nerve-innervated muscles [61]. Diagnostic evaluation for 
HIV-AIDP typically includes cerebrospinal fluid analysis (CSF) which might be misleading 
on the first glance because about 50% of the patients show mild lymphocytic pleocytosis (up 
to 50/µl) and elevated protein [62]. CSF analysis is especially important in patients with 
CD4 cell counts far below 200/µl in whom the suspicion of an underlying opportunistic or 
malignant etiology is high. 
Treatment recommendations are derived from experiences in HIV-negative patients and 
include either plasmapheresis (5-7 times) or intravenous immunoglobulin (IVIg) (2g/kg/body 
weight) [61]. The prognosis is in general good with an almost complete remission in more than 
50% of the patients [10, 56]. It seems that the relapse rate of HIV-AIDP or the development of a 
secondary chronic disease (CIDP) seems to occur more often [56]. 

5.2 HIV-CIDP 
HIV-CIDP is a rare disease but in our clinical experience more common than HIV- AIDP. 
Patients may present with similar clinical features like their HIV-negative counterparts but 
one may observe overlaps with other subtypes of HIV-associated neuropathies such as HIV-
DSP or ATN which can make the diagnose challenging. 
Typical clinical features include an acute or subacute onset of symptoms progressing for at 
least 8 weeks, a relapsing/remitting course, sometimes an asymmetrical pattern, a lack of 
length-dependent sensory deficits, or the presence of marked large fiber sensory deficits 
[63]. Sensory symptoms usually consist of numbness and tingling, but painful paresthesias 
may be present. Many patients have impaired balance due to proprioceptive deficits [63]. 
Weakness usually involves both proximal and distal muscles, but can be purely distal. 
Patients may reveal concomitant cranial nerve deficits [63]. As stated previously, there 
seems to be a higher risk for HIV-infected patients to progress from AIDP into CIDP. Those 
patients warrant careful consideration and follow-up as they are at risk for relapses that will 
require sustained treatment.  
CSF analysis is usually performed, but as already mentioned shows mild lymphocytic 
pleocytosis (up to 50/µl) and elevated protein in up to 50% of the patients [62]. Diagnostic 
evaluation includes NCS´s showing features of demyelination such as slowing of 
conduction velocity, prolonged distal latencies, and F-waves as well as conduction blocks 
and temporal dispersion [64]. Electromyography may reveal mild pathological spontaneous 
activity [1, 64]. A magnetic resonance image (MRI) with and without gadolinium of the 
corresponding spinal segments is not obligatory but is strongly recommended in patients 
with a CD4 cell count below 200/µl to exclude infiltrative processes in the nerve roots. A 
sural nerve biopsy is rarely necessary but may be helpful in patients representing with 
atypical clinical signs. 
There are no RCT´s in HIV-CIDP investigating treatment options. Therefore we follow the 
treatment recommendation for the non HIV-CIDP counterparts, where RCT´s have 
demonstrated the efficacy of corticosteroids [65], plasma exchange [66, 67], and IVIg [68, 69]. 
In our view IVIgs (loading dose 2g/kg/body weight) are the best choice to start with. 
Corticosteroids (1mg/kg/body weight for 2-4 weeks and than tapering down or switching 
into an alternate-day therapy) might be another option, but one has to consider potential 
side effects such as immunosuppression, increased risk of osteonecrosis of the femoral head, 
osteoporosis and metabolic derangement. They are only a choice if the patient receives a 
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stable HAART. Plasma exchange is typically used if patients are severely weak or if they 
relapse on prednisone or IVIg [63]. Many patients require a sustained therapy but there is no 
general paradigm.  

6. Mononeuropathy and mononeuropathy multiplex 
We do see mononeuropathies with HIV-infection and they are often described in the 
literature [10, 22, 70]. There are however no data about the incidence. They are occurring 
mainly as focal cranial neuropathies such as unilateral or bilateral facial palsy [71-73]. They 
are described in the context of seroconversion [71] but can occur also during later stages of 
HIV disease. If a patient is relevantly immunosuppressed one has to consider varicella 
zoster virus (VZV) as well as neoplastic etiologies [72]. 
It is unclear whether HIV-associated mononeuropathies should prompt one to start 
HAART. Since we are lacking data to answer that question it cannot be recommended yet. 
The prognosis is in general good. 
Mononeuropathy multiplex (MM) is a rare disease in HIV. Patients represent often with 
rapidly progressive multifocal deficits and pain. The underlying etiology differs according 
to the stage of HIV-disease. Mononeuropathy multiplex in patients with a high CD4 count is 
probably immune-mediated. In contrast in patients with advanced AIDS it represents 
mainly an opportunistic infection like CMV-MM and shows a more severe course compared 
to the immune-mediate variant. Because of the high rate of co-infection with hepatitis C and 
secondary cryoglobulinemia it should be always considered a potential differential 
diagnosis. 
Nerve conduction studies reveal axonal damage [74] and electromyography relevant 
pathological spontaneous activity in the clinically involved muscles. A CSF analysis is 
obligatory in patients with AIDS to search for the underlying pathology (PCR for CMV). 
Sural (or an alternative clinically involved nerve) biopsy if often required to show 
inflammatory CD8 infiltrates. 
If a CMV associated mononeuropathy multiplex is suspected you may choose to treat 
empirically with ganciclovir and attempt HAART. The prognosis is however poor. 
In patients with a high CD4 count and a suspected immune-mediated form patients may 
benefit from IVIg (2g/kg/body weight) or corticosteroids (100mg/d for 2 weeks, than 
tapering down). There are however no evidence based guidelines. 

7. Autonomic neuropathy 
It is not clear whether an autonomic HIV-associated neuropathy should be described as an 
isolated entity because according to our knowledge it is not known, that patients present 
with purely autonomic symptoms [10]. Autonomic symptoms however are often in other 
HIV-neuropathies, for instance HIV-SN. Studies investigating autonomic functions in HIV-
infected patients describe different in part contrary results [75-79], which urges the need for 
larger RCT´s.  

8. Diffuse infiltrative lymphocytosis syndrome (DILS) 
DILS is a very rare systemic disease involving several organs including the peripheral 
nervous system. To our knowledge it occurs exclusively in HIV-infected patients [80, 81] 
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during the middle or advanced stages of HIV disease while the CD4 cells are below 500/µl. 
The most common manifestations are bilateral parotid enlargement, pulmonary 
insufficiency, and lymphadenopathy [81]. Neurological manifestations of DILS include 
peripheral neuropathy, which can be the presenting symptom [82]. It has been described as 
a painful, symmetric neuropathy with acute or subacute onset. Other neurological 
manifestations are facial nerve palsy (uni- or bilateral) as well as myositis [83]. Recently a 
lumbosacral radiculoplexus neuropathy has been described as a clinical presentation of 
DILS [84]. 
The typical syndrome includes CD8-lymphomatosis (>1200/µl) and secondary infiltration of 
the visceral organ and peripheral nerves [81, 82, 85-87]. Sural nerve biopsy reveals epi- and 
endoneural infiltration by CD8 cells and vascular mural necrosis [82, 85]. Increased 
expression of HIV p24 has been demonstrated in macrophages infiltrating the nerves [80, 82, 
88]. 
DILS is a rare disease so there are no RCT´s for treatment regimens. It is described, that 
patients show improvement with corticosteroids and zidovudine [82]. It is therefore 
recommends to initiate or continue HAART and start with corticosteroids (1 mg/kg body 
weight for 4 weeks than tapering slowly down to 10-20 mg) [70]. 

9. Radiculopathies 
Progressive polyradiculopathy is seen in patients with advanced AIDS [89]. They are mainly 
CMV-associated but can be also caused by Treponema pallidum, VZV, EBV, HSV, 
mycobacterium tuberculosis or cryptococcus neoformans [62, 90-92]. Patients present with a 
rapidly evolving cauda equina syndrome, including weakness and numbness in the lower 
extremities and sphincter dysfunction [90].  
Mandatory diagnostic evaluation includes an MRI of the lumbosakral spine, which may 
show meningeal enhancement [93] as well as CSF analysis. A spinal tap is essential to 
confirm the underlying opportunistic infection in the CSF (PCR) as well as malignancy 
(cytology). CSF can be surprisingly unremarkable which would still not exclude the 
diagnosis [94] because of the severe immunosuppression. Nerve conduction studies reveal 
severe axonal damage in the lower extremities combined with extensive pathological 
spontaneous activity in the electromyography. If a CMV infection is suspected it would 
speed up the diagnose to search for evidence of CMV infection in other organs (retinitis, 
pneumonitis, hepatitis) [10, 22]. 
Treatment follows the underlying etiology [95]. In cases of CMV - polyradikulitis ganciclovir 
is effective or alternative foscarnet, and cidofovir [89, 96, 97]. 
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stable HAART. Plasma exchange is typically used if patients are severely weak or if they 
relapse on prednisone or IVIg [63]. Many patients require a sustained therapy but there is no 
general paradigm.  

6. Mononeuropathy and mononeuropathy multiplex 
We do see mononeuropathies with HIV-infection and they are often described in the 
literature [10, 22, 70]. There are however no data about the incidence. They are occurring 
mainly as focal cranial neuropathies such as unilateral or bilateral facial palsy [71-73]. They 
are described in the context of seroconversion [71] but can occur also during later stages of 
HIV disease. If a patient is relevantly immunosuppressed one has to consider varicella 
zoster virus (VZV) as well as neoplastic etiologies [72]. 
It is unclear whether HIV-associated mononeuropathies should prompt one to start 
HAART. Since we are lacking data to answer that question it cannot be recommended yet. 
The prognosis is in general good. 
Mononeuropathy multiplex (MM) is a rare disease in HIV. Patients represent often with 
rapidly progressive multifocal deficits and pain. The underlying etiology differs according 
to the stage of HIV-disease. Mononeuropathy multiplex in patients with a high CD4 count is 
probably immune-mediated. In contrast in patients with advanced AIDS it represents 
mainly an opportunistic infection like CMV-MM and shows a more severe course compared 
to the immune-mediate variant. Because of the high rate of co-infection with hepatitis C and 
secondary cryoglobulinemia it should be always considered a potential differential 
diagnosis. 
Nerve conduction studies reveal axonal damage [74] and electromyography relevant 
pathological spontaneous activity in the clinically involved muscles. A CSF analysis is 
obligatory in patients with AIDS to search for the underlying pathology (PCR for CMV). 
Sural (or an alternative clinically involved nerve) biopsy if often required to show 
inflammatory CD8 infiltrates. 
If a CMV associated mononeuropathy multiplex is suspected you may choose to treat 
empirically with ganciclovir and attempt HAART. The prognosis is however poor. 
In patients with a high CD4 count and a suspected immune-mediated form patients may 
benefit from IVIg (2g/kg/body weight) or corticosteroids (100mg/d for 2 weeks, than 
tapering down). There are however no evidence based guidelines. 

7. Autonomic neuropathy 
It is not clear whether an autonomic HIV-associated neuropathy should be described as an 
isolated entity because according to our knowledge it is not known, that patients present 
with purely autonomic symptoms [10]. Autonomic symptoms however are often in other 
HIV-neuropathies, for instance HIV-SN. Studies investigating autonomic functions in HIV-
infected patients describe different in part contrary results [75-79], which urges the need for 
larger RCT´s.  

8. Diffuse infiltrative lymphocytosis syndrome (DILS) 
DILS is a very rare systemic disease involving several organs including the peripheral 
nervous system. To our knowledge it occurs exclusively in HIV-infected patients [80, 81] 
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during the middle or advanced stages of HIV disease while the CD4 cells are below 500/µl. 
The most common manifestations are bilateral parotid enlargement, pulmonary 
insufficiency, and lymphadenopathy [81]. Neurological manifestations of DILS include 
peripheral neuropathy, which can be the presenting symptom [82]. It has been described as 
a painful, symmetric neuropathy with acute or subacute onset. Other neurological 
manifestations are facial nerve palsy (uni- or bilateral) as well as myositis [83]. Recently a 
lumbosacral radiculoplexus neuropathy has been described as a clinical presentation of 
DILS [84]. 
The typical syndrome includes CD8-lymphomatosis (>1200/µl) and secondary infiltration of 
the visceral organ and peripheral nerves [81, 82, 85-87]. Sural nerve biopsy reveals epi- and 
endoneural infiltration by CD8 cells and vascular mural necrosis [82, 85]. Increased 
expression of HIV p24 has been demonstrated in macrophages infiltrating the nerves [80, 82, 
88]. 
DILS is a rare disease so there are no RCT´s for treatment regimens. It is described, that 
patients show improvement with corticosteroids and zidovudine [82]. It is therefore 
recommends to initiate or continue HAART and start with corticosteroids (1 mg/kg body 
weight for 4 weeks than tapering slowly down to 10-20 mg) [70]. 

9. Radiculopathies 
Progressive polyradiculopathy is seen in patients with advanced AIDS [89]. They are mainly 
CMV-associated but can be also caused by Treponema pallidum, VZV, EBV, HSV, 
mycobacterium tuberculosis or cryptococcus neoformans [62, 90-92]. Patients present with a 
rapidly evolving cauda equina syndrome, including weakness and numbness in the lower 
extremities and sphincter dysfunction [90].  
Mandatory diagnostic evaluation includes an MRI of the lumbosakral spine, which may 
show meningeal enhancement [93] as well as CSF analysis. A spinal tap is essential to 
confirm the underlying opportunistic infection in the CSF (PCR) as well as malignancy 
(cytology). CSF can be surprisingly unremarkable which would still not exclude the 
diagnosis [94] because of the severe immunosuppression. Nerve conduction studies reveal 
severe axonal damage in the lower extremities combined with extensive pathological 
spontaneous activity in the electromyography. If a CMV infection is suspected it would 
speed up the diagnose to search for evidence of CMV infection in other organs (retinitis, 
pneumonitis, hepatitis) [10, 22]. 
Treatment follows the underlying etiology [95]. In cases of CMV - polyradikulitis ganciclovir 
is effective or alternative foscarnet, and cidofovir [89, 96, 97]. 
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1. Introduction 
1.1 Spinal infections 
1.1.1 History 
Infection of the spine is a disease with a long, well-documented history. Excavations of 
human skeletons from an archaeological site from the Iron Age showed likely cases of 
individual spinal infection (Tayles & Buckley, 2004). Tuberculosis of the spine is often 
described as Pott’s disease; the pattern of the disease was reported by Percivall Pott in the 
year 1779 (Sir D’Arcy Power, 1923). A case series of 102 patients with pyogenic spinal 
osteomyelitis was reported in the year 1936 (Kulowski, 1936). 

1.1.2 Anatomical distribution 
Spinal infections can affect several anatomical structures and are described as spondylitis, 
discitis, spondylodiscitis, pyogenic facet arthropathy, epidural infections, meningitis, 
polyradiculopathy, and myelitis (Tali, 2004). When the diagnosis is ascertained, often 
radiological inflammatory signs both in the vertebra and the disc can be observed. The point 
of origin of the bacterial inflammation in the spine cannot be determined. Therefore 
spondylitis and spondylodiscitis are often used synonymously. 

1.1.3 Epidemiology 
Spondylodiscitis remains rare, but an increasing incidence of vertebral infections has been 
observed due to increasingly susceptible populations as well as the availability of more 
effective diagnostic tools (Gouliouris et al., 2010). In addition, a number of causative factors 
are collaborating in this increase, including the HIV-epidemic, especially in Sub-Saharan 
Africa, the large number of intravenous drug abusers, the currently widely-used aspiration 
and catheter techniques, and the recurrence of tuberculosis in industrialized nations. In 
general, patients in an immunocompromised state have a higher risk of contracting 
spondylodiscitis. 

1.1.4 Clinical course 
Initially, the clinical course is characterized by nonspecific back pain. Therefore a delay in 
diagnosis by several months is commonly seen. The patients are often treated for 
degenerative diseases of the spine, and this misguided therapy interferes with early accurate 
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1. Introduction 
1.1 Spinal infections 
1.1.1 History 
Infection of the spine is a disease with a long, well-documented history. Excavations of 
human skeletons from an archaeological site from the Iron Age showed likely cases of 
individual spinal infection (Tayles & Buckley, 2004). Tuberculosis of the spine is often 
described as Pott’s disease; the pattern of the disease was reported by Percivall Pott in the 
year 1779 (Sir D’Arcy Power, 1923). A case series of 102 patients with pyogenic spinal 
osteomyelitis was reported in the year 1936 (Kulowski, 1936). 

1.1.2 Anatomical distribution 
Spinal infections can affect several anatomical structures and are described as spondylitis, 
discitis, spondylodiscitis, pyogenic facet arthropathy, epidural infections, meningitis, 
polyradiculopathy, and myelitis (Tali, 2004). When the diagnosis is ascertained, often 
radiological inflammatory signs both in the vertebra and the disc can be observed. The point 
of origin of the bacterial inflammation in the spine cannot be determined. Therefore 
spondylitis and spondylodiscitis are often used synonymously. 

1.1.3 Epidemiology 
Spondylodiscitis remains rare, but an increasing incidence of vertebral infections has been 
observed due to increasingly susceptible populations as well as the availability of more 
effective diagnostic tools (Gouliouris et al., 2010). In addition, a number of causative factors 
are collaborating in this increase, including the HIV-epidemic, especially in Sub-Saharan 
Africa, the large number of intravenous drug abusers, the currently widely-used aspiration 
and catheter techniques, and the recurrence of tuberculosis in industrialized nations. In 
general, patients in an immunocompromised state have a higher risk of contracting 
spondylodiscitis. 

1.1.4 Clinical course 
Initially, the clinical course is characterized by nonspecific back pain. Therefore a delay in 
diagnosis by several months is commonly seen. The patients are often treated for 
degenerative diseases of the spine, and this misguided therapy interferes with early accurate 
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diagnosis. Pain can occur at rest as well as during movement. Eventually, patients will show 
the systemic signs of fever and weight loss. (Frangen et al., 2006; Tali, 2004)  

1.2 Spinal infections and HIV 
HIV positive patients are more susceptible to other opportunistic infections (Nichols et al., 
1989) some of which may affect the musculoskeletal system. However, the occurrence of 
osteoarticular infections in patients with HIV appears comparatively low, although, the 
prevalence increases when patients with a history of intravenous drug abuse are included in 
the group. In that case, infections of the spine becomes more prevalent (Busch et al., 2007). 
Furthermore, in patients with HIV infection, the lethality of musculoskeletal infectious 
diseases has been reported at about 20% (Vassilopoulos et al., 1997). The incidence of spinal 
infections is significantly higher in patients with HIV infection than in HIV negative 
patients. This predilection persists even when intravenous drug users are eliminated from 
analysis (Weinstein et al., 2005). 

2. Diagnosis  
2.1 Infection pathway 
Generally for spinal infections, the aetiology must be differentiated into exogenous and 
endogenous sources. Pathogenic inoculation is usually endogenous. A focus of infection 
somewhere in the body results in haematogenous spread of the pathogen. Inoculation 
occurs within the bone marrow of the vertebral body, close to the endplates and near the 
anterior longitudinal ligament in particular. This pattern is based on the distinct 
vascularization of the subchondral bone and the paravertebral blood vessel supply (Müller 
et al., 2004; Wiley & Trueta, 1959). Frequently, the primary focus of infection is not 
detectable when the spinal infection is first identified. The exogenous pathway can be 
initiated iatrogenically or by injury. Infiltrations, spine surgery, as well as invasive 
diagnostic procedures can be causative agents (Frangen et al., 2006). In HIV positive 
patients, the endogenous pathway is of primary consideration (Sobottke et al., 2009). In 
addition, the treating physician should consider that involvement of the posterior spinal 
column is more common with tuberculous and fungal spondylitis (Gouliouris et al., 2010). 

2.2 Pathogens 
Generally, it is important to distinguish non-tuberculosis (non-specific) versus tuberculosis 
(specific) spondylodiscitis. Various pathogens have been associated with spondylodiscitis 
(bacterial, mycobacterial, fungal, and parasitic). Nevertheless, Staphylococcus aureus is the 
predominant agent causing the non-tuberculosis cases in 20-84% of cases. Tuberculosis is the 
most common cause of spinal infection worldwide, and accounts for 9%-46% of cases in 
developed countries. Skeletal system involvement occurs in 1%-3% of all tuberculosis 
infections. The spine is involved in approximately half of these cases (Gouliouris et al. 2010; 
Tuli, 2007). There is evidence suggesting that the frequency of vertebral tuberculosis in HIV 
positive patients is similar to the HIV-negative individuals. In a population of 2519 patients, 
only 1% of patients with vertebral osteomyelitis were HIV positive. Of these, vertebral 
tuberculosis developed in 31% (Grammatico et al., 2008). Other authors have reported spinal 
tuberculosis in about 35% of HIV positive patients with spondylodiscitis (Weinstein et al. 
2005). Our own results identified spinal tuberculosis in 30% of HIV positive patients. 
Declaredly, 25% of the pathogens in this study could not be detected (Sobottke et al. 2009). 
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However, the reported mortality rate associated with tuberculosis is higher in HIV positive 
patients (39/100,000) than in HIV negative individuals (26/100,000) (World Health 
Organization, 2009). 

2.3 Differential diagnosis 
Differential diagnoses include erosive intervertebral osteochondrosis, vertebral fractures, 
ankylosing spondyloarthritis, avascular necrosis, haemophilia, chronic recurrent multifocal 
osteomyelitis, and Scheuermann’s disease. Furthermore, the following conditions must also 
be considered as differential diagnosis: dialysis arthropathy, Charcot joint, rheumatoid 
arthritis, pseudarthrosis, and primary and secondary cancer lesions including vertebral 
lymphoma, multiple lymphoma, chordoma, and metastases (Tali et al. 2003). Pyelitis and 
pathologies of the kidney can also cause back pain. An accurate physical examination and 
detailed evaluation of the medical history is essential. 

2.4 Physical examination 
The inspection of the patient should focus on infected lesions (e.g. skin, intravenous drug 
abuse) as the origin of the spinal infection. Evaluation for neurological deficits is essential. 
Distinguishing symptoms of spinal infection include pain on heel strike or axial 
compression and percussion. If the patient is still able to stand, the relief posture might 
attract attention. Loading of the ventral column of the spine, inclination, and returning to a 
stand are often described as painful. 

2.5 Laboratory examinations 
Erythrocyte sedimentation rate (ESR) is a sensitive marker for infection, but lacks 
specificity. Over the course of this disease, the fall in ESR appears to be a good prognostic 
marker. However, an unchanged or rising ESR is more difficult to interpret, and it should 
be looked at in conjunction with other parameters such as C-reactive protein (CRP). In 
most reports, the ESR is elevated in over 90% of cases with a mean value ranging from 43 
mm/h to 87 mm/h (Gouliouris et al., 2010; Carragee et al.; 1997a). Similarly, C-reactive 
protein (CRP) levels are increased in the large majority of cases with spondylodiscitis. 
CRP has been suggested as the preferred marker for monitoring response to treatment 
(Gouliouris et al., 2010; Hsieh et al.; 2004). The leucocyte count appears to be the least 
useful of the inflammatory markers. It is high in only one third to one half of affected 
patients. Especially immunocompromised and older (>60 years) patients can show normal 
white cell counts (Gouliouris et al., 2010; Carragee et al. 1997b). In patients with with HIV, 
the CD4 blood count is crucial in determining the clinical course of spondylodiscitis. 
Discitis and/or osteomyelitis occur in HIV positive patients with a mild-to-moderate 
decrease (>200 cells/ µL) in the CD4-T-cell count, and the infection responds to 
appropriate antibiotics. Patients with a more severe decline in CD4 count (50-200 
cells/µL) are more prone to develop spinal tuberculosis, and patients with very low CD4 
counts  (<50 cells/µL) are more likely to develop epidural abscesses. The probability of 
mixed infections rises with a CD4 T-cell count less than 100 µL. A protocol for evaluating 
HIV positive patients who have a suspected spinal infection should be based on a CD4-T 
cell count, white blood cell count, erythrocyte sedimentation rate, and C-reactive protein 
level. In addition, blood cultures should be obtained in all patients (Sobottke et al., 2009; 
Weinstein & Eismont, 2005). 
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2.6 Radiology 
2.6.1 X-ray 
X-ray is the first procedure often recommended for people with back pain. For the diagnosis 
of vertebral osteomyelitis, plain radiographs have a sensitivity of 82%, a specificity of 57%, 
and an accuracy of 73% (Modic et al., 1985). In the early clinical stages of the disease, plain 
radiographs do not indicate spondylodiscitis and are non-specific. At this stage, only subtle 
changes such as endplate demineralization and/or irregularity may be noticed, or 
radiographs may be completely normal (Maiuri et al., 1997; Price et al., 1983, Sharif et al., 
1989). Radiographically, the progression of infection is characterized by further destruction 
of the vertebral body affecting the opposite end plate, and eventual extension of 
inflammation through the anterior, lateral, and posterior surfaces. Although paravertebral 
soft tissue mass with displacement of the surrounding structures may be seen, soft tissue 
contrast resolution is poor. Identification of destruction of two neighbouring vertebral 
bodies extending from a narrowed intervertebral disc leads to the correct diagnosis (Jevtic, 
2004; Sammak et al., 1999). However, even in later stages, signs of the disease on 
radiographs may be slight and may be difficult or impossible to distinguish from 
degenerative diseases.  

2.6.2 MRI (magnetic resonance imaging) 
Magnetic resonance imaging is the study of choice for the diagnosis of spinal infections. 
Common MRI findings in infectious spondylitis are hypointensity of the involved tissue on 
T1-weighted images, hyperintensity on T2-weighted images, destruction of two or more 
adjacent vertebral bodies with involvement of the intervening disc, and epidural and 
paraspinal extension and/or abscesses. In addition, MRI provides a diagnostic view of the 
paravertebral and spinal space (Chang et al., 2006; An et al., 1991; Modic et al. 1985). In HIV 
positive patients, the treating physician must deal with the specific type of infection (e.g. 
vertebral tuberculosis, Figure 1). The following parameters can help distinguish TB from 
pyogenic spondylitis. The most distinctive finding of TB spondylitis is a pattern of mainly 
bone destruction with relative preservation of the disc. The vertebral body shows focal and 
heterogeneous contrast enhancement. In addition, a well-defined paraspinal area of 
abnormal signal intensity is often detectable. On the sagittal views, an intraosseous rim 
enhancement of the vertebra may occur. In comparison, pyogenic spondylitis is 
characterized by a pattern of discitis (disc destruction) with mild to moderate peri-discal 
bone destruction. The vertebral body shows a relatively diffuse and homogenous contrast 
enhancement. Furthermore, an ill-defined paraspinal area of abnormal signal intensity with 
peri-discal rim enhancement provides a hint to the correct diagnosis (Chang et al., 2006). In 
any case, the use of contrast medium during the procedure is highly recommended. MRI is 
the gold standard diagnostic to detect spondylodiscitis. Nevertheless, in early stages it may 
show only subtle, non-specific subchondral changes to the endplate. This can lead to a 
misdiagnosis (e.g. Modic I, degenerative endplate change). If the clinical course raises 
suspicions of an infectious process of the spine, a second MRI after 2-3 weeks is highly 
recommended (Dunbar et al., 2010). 

2.6.3 CT (computed tomography) 
Generally, the radiologic diagnosis of spondylodiscitis is based on MRI findings. 
Nevertheless, valuable information may be provided by computed tomography. CT enables  
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Fig. 1. Spondylodiscitis (Mycobacterium Xenopi). Sagittal and axial T2-weighted MRI with 
contrast medium. 

accurate assessment of bone destruction (Figure 2). In addition, in combination with contrast 
medium, paravertebral abscesses with psoas involvement can be identified and treated by 
CT-guided aspiration or drainage (Maiuri et al., 1997; Golimbu et al., 1984). CT yields 
positive findings during the early stages of spondylitis, because the involved disc shows 
areas of hypodensity. Computed tomography also shows the disc flattening and the 
vertebral endplate destruction that are not visible on conventional radiographs in the early 
stages (Maiuri et al., 1997, as cited in Heithoff, 1982; La Berge et al., 1984; Price et al., 1983; 
Reininko et al., 1984)). CT scans provide slice imaging despite the presence of 
neurostimulators and cardiac pacemakers. A shorter imaging time (in comparison to MRI) is 
also more favourable for extremely ill or anxious patients. 

2.6.4 Multiple phase scintigraphies 
This procedure is not a first-line choice in the diagnostic pathway for spinal infections. 
Nevertheless, three-phase bone scintigraphy is sensitive for the diagnosis of osteomyelitis 
(Al-Sheikh et al., 1985). However, false-negative findings in haematogenous vertebral 
osteomyelitis have been reported (Schlaeffer et al., 1987). Even more limiting is the fact that 
multiple phase bone scintigraphy is unable to distinguish infectious processes from other 
causes of pathologic bone turnover (f.e. degenerative diseases or tumours). 
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2.6.5 Inflammation scintigraphy with labelled leukocytes or Tc-99m-labeled  
antibodies 
Leukocyte scintigraphy is a supplement to multiphase scintigraphy. In this procedure, 
radioactively labelled native blood cells or (now, preferably) Tc-99m-labeled anti-
granulocyte antibodies are used to detect inflammatory changes of the bone tissue. 
However, anti-granulocyte antibodies also label haematopoiesis occurring in the bone 
marrow, so that the spinal column exhibits physiological enrichment. Inflammation 
scintigraphy is therefore more suitable for the extremities. 
 

 
Fig. 2. Spondylodiscitis (Mycobacterium Xenopi). Sagittal computed tomography scan of the 
thoracic spine: the bony destruction can be accurately assessed. 

2.6.6 Positron emission tomography with fluorine-18 fluorodeoxyglucose (F-18 FDG 
PET) 
Imaging of the spine by F-18 FDG PET allows differentiation of degenerative processes of 
the vertebral endplates from spondylodiscitis (Figure 3). In addition, this technique 
implements a rapid imaging procedure with acceptable exposure to radiation (3.7 to 7.4 
mSv), as well as good spatial resolution. However, distinguishing from malignant processes 
is challenging. The glucose metabolism of the inflammatory cells absorbs the F-18-FDG. 
Uptake depends on the activity level of glucose metabolism. Spinal infections show up as a 
“hot spot,” because there is only marginal uptake of F-18-FDG in the healthy tissue of the 
bone marrow and spinal column (Schmitz et al., 2001; Stumpe et al., 2002). This diagnostic 
tool is generally not necessary. However, particularly when a definitive diagnosis cannot be 
established using standard procedures (e.g. MRI, laboratory), it can be very helpful in 
providing more information. 
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Fig. 3. Spondylodiscitis (Mycobacterium Xenopi). Positron Emission Tomography (PET) 
with 18-F-fluorodeoxyglucose as tracer (F18-FDG-PET) showing a pronounced increase in 
accumulation extending over several segments (approximately T9-T12) with a SUV (mean 
standard uptake value) maximum of 9.1. 

2.7 Pathogen identification 
Identification of the pathogen is crucial to the subsequent clinical course. One pillar of 
therapy is appropriate antibiotic treatment. This requires accurate diagnosis with 
identification of the pathogen as well as a spectrum of antibiotic resistance. Considering the 
diversity of potential pathogens in the HIV positive patients, this becomes even more vital. 
Furthermore, the increasing number of antibiotic-resistant pathogens necessitates precise 
determination of the causative agent. Empirical broad-spectrum antibiotic therapy is linked 
to increased rates of complications such as Clostridium difficile-associated diarrhoea as well 
as higher healthcare costs, and should be reserved for patients presenting with severe sepsis, 
once blood cultures have been taken (Gouliouris et al., 2010; Lilie et al., 2008). Identification 
of the pathogen is successful in up to 85% of patients with spondylodiscitis (Lucio et al., 
2000). In our own collective of 20 HIV positive patients, pathogen identification was 
successful in 75 % of the cases (Sobottke et al., 2009). The main cause for failure of pathogen 
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Fig. 3. Spondylodiscitis (Mycobacterium Xenopi). Positron Emission Tomography (PET) 
with 18-F-fluorodeoxyglucose as tracer (F18-FDG-PET) showing a pronounced increase in 
accumulation extending over several segments (approximately T9-T12) with a SUV (mean 
standard uptake value) maximum of 9.1. 
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therapy is appropriate antibiotic treatment. This requires accurate diagnosis with 
identification of the pathogen as well as a spectrum of antibiotic resistance. Considering the 
diversity of potential pathogens in the HIV positive patients, this becomes even more vital. 
Furthermore, the increasing number of antibiotic-resistant pathogens necessitates precise 
determination of the causative agent. Empirical broad-spectrum antibiotic therapy is linked 
to increased rates of complications such as Clostridium difficile-associated diarrhoea as well 
as higher healthcare costs, and should be reserved for patients presenting with severe sepsis, 
once blood cultures have been taken (Gouliouris et al., 2010; Lilie et al., 2008). Identification 
of the pathogen is successful in up to 85% of patients with spondylodiscitis (Lucio et al., 
2000). In our own collective of 20 HIV positive patients, pathogen identification was 
successful in 75 % of the cases (Sobottke et al., 2009). The main cause for failure of pathogen 
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identification is previous use of systemic antibiotic treatment. If possible, antibiotic therapy 
should be initiated only after sample materials are obtained. In cases where the patient is 
already receiving antibiotic treatment and the health status is stable, the medication should 
be discontinued for at least 3 days prior to culture. In such cases, we believe that attempts to 
identify the pathogens are more likely to be successful. 

2.7.1 Blood culture 
Infections of the spine are generally monomicrobial, and often have a haematogenous 
source. Therefore, blood cultures are a simple and cost effective method for identifying 
bacterial pathogens of spinal infections. A positive culture can be expected in 40%-60% of 
clinically defined cases of pyogenic spondylodiscitis (Gouliouris et al., 2010; Sapico, 1996). 
However, the previous administration of systemic antibiotic therapy severely handicaps the 
ability to identify the causative agent. In such cases, temporary interruption of antibiotic 
administration is necessary prior to performing the blood culture. It is recommended to 
repeat the blood culture up to 3 times for definite identification.. The pathogen is often 
successfully identified, not only in the acute phase of fever or the presence of sepsis, but also 
in clinically bland cases of afebrile patients (Nolla et al., 2002). Nevertheless, there is a high 
incidence of infective endocarditis (26%) reported during enterococcal and streptococcal 
spondylodiscitis. Routine echocardiography should be performed when these pathogens are 
suspected (Mulleman et al., 2006). 

2.7.2 Biopsy 
Other alternatives for identifying the pathogen are use of a percutaneous punch under 
anaesthesia, and CT-guided fine needle aspiration. The latter can be performed while 
concomitantly placing a drain to reduce pressure on the abscess. In obtaining a 
histological diagnosis for cases of malignant disease, a percutaneous spinal biopsy is 
accurate. In cases of spondylodiscitis, however, the reported accuracy is more variable. 
Identification of the pathogen is possible in 40%-73% of cases (Rankine et al., 2004; Shaltot 
et al., 1982, Borowski et al, 1998). Nonetheless, spinal biopsy leads to a direct change in 
management for 35% of patients, and is still worthwhile even if the patient has already 
started on antibiotics. However, success of the procedure for identification of the 
pathogen is much greater prior to starting antibiotics (Rankine et al., 2004). If antibiotics 
have already been initiated, the treating physician should consider stopping this 
treatment for 2-3 days prior to the biopsy. If the first attempt to identify the pathogen by 
percutaneous biopsy fails, a second procedure should be considered. Friedman et al. 
identified microbiological growth in 50% of cases after disc space biopsy in patients with 
spontaneous spondylodiscitis. Repeat biopsies brought this rate up to 79% (Friedman et 
al. 2002). Even more promising is open surgical biopsy, if the first set of cultures is 
negative (Lew & Waldvogel, 2004). 

2.7.3 Intraoperative sampling 
The highest probability for probe acquisition enabling identification of the pathogen is 
surgical sampling (Figure 4). Open bone biopsies can yield the microbial aetiology of 
spondylodiscitis in almost 100% of cases (Jimenz-Mejias et al., 1999). In this case, it is 
recommended to obtain at least 2 probes for histological and microbiological examination 
(Lucio et al., 2000). 
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Fig. 4. Spondylodiscitis (Mycobacterium Xenopi). Intraoperative findings after thoracotomy, 
after opening of the abscess cavity, and accomplished vertebrectomy of T10. 

2.7.4 Histology 
In addition to culture, histologic examination of the specimen is helpful. It allows 
discrimination between pyogenic or granulomatous origin of disease. Additional stains, 
such as Ziehl-Neelsen for mycobacteria as well as periodic acid Schiff for fungi should be 
considered. To rule out a potential malignant process in the spine, which imitates the 
radiological signs of infectious disease, histological examination is essential. Therefore, 
histological and microbiological examination of the tissue are both recommended 
(Gouliouris et al., 2010; Turunc et al. 2007; Rankine et al., 2004, Buchelt et al., 1993; Frazier et 
al., 2009). 

3. Treatment strategies 
3.1 Basic information 
At this time, no general treatment guidelines for spondylodiscitis are available. To date, no 
prospective, controlled, clinical trials have been published. Level of evidence for treatment 
recommendations does not exceed Level C (Grados et al., 2007; Sackett et al., 1996). With 
HIV, there is ambivalence among physicians, and often the decision to surgically treat HIV 
positive patients with spondylodiscitis is made based on the patients’ general condition, the 
stage of HIV disease, and life expectancy of the patient. Apart from this, many surgeons fear 
complications after spinal surgery such as wound infections or delayed wound healing. 
Statements within the literature concerning postoperative complication rates in HIV positive 
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patients are inconsistent. However, the aim of treatment is to eradicate the infection, restore 
and preserve the structure and function of the spine, and alleviate pain (Gouliouris et al. 
2010). Therefore, the affected segments must be immobilized, and appropriate antibiotic 
treatment is required. If necessary, surgical debridement and decompression of the spinal 
canal must also be considered. As previously mentioned, antibiotic treatment should be 
initiated after identification of the pathogen and according to the resistance profile. Bed rest 
is recommended if the pain level does not allow mobilisation of the patient, or if there is a 
high risk of spinal instability (Quinones-Hinojosa et al., 2004). Since the advent of 
antibiotics, mortality from this disease has dropped from up to 56% to less than 5% 
(Gouliouris et al., 2010; Bauman et al., 1923; Sapico et al.; 1979). Guidelines regarding the 
route of administration for and/or duration of antibiotic treatment do not exist for 
spondylodiscitis patients with or without HIV infection. Intravenous administration of 
antibiotics for at least 2-4 weeks is recommended (Lew & Waldvogel, 2004; Sobottke et al., 
2008) If antibiotic treatment without direct pathogen identification is required, the 
medication selected should be appropriate for the most common pathogens causing 
spondylodiscitis, i.e. Staphylococcus aureus and Escherichia coli, after blood cultures are 
taken. The intravenous phase can be shortened when the organism is highly susceptible to 
antimicrobials, and the patient has negative blood cultures, normal motor function, and no 
evidence of endocarditis (Grados et al., 2007). Furthermore, observation of the inflammatory 
parameters are recommended. The optimal duration for antibiotic administration remains 
unclear. Overall, treatment for more than 12 weeks appears to be associated with a lower 
recurrence rate when compared with that of 4-8 weeks (Grados et al., 2007). The following 
antibiotics diffuse extremely well to bone tissue: fluoroquinolones, clindamycin, rifampicin, 
fusidic acid, and metronidazole. Fair diffusion can be contributed by ß-lactams, 
glycopeptides, phosphomycin, and sulphonamides (Grados et al., 2007). In case of 
tuberculosis spondylodiscitis, anti-tubercular chemotherapy should be started after 
histological and microbiological evidence is obtained, and should be carried out for 18-24 
months. Spondylodiscitis caused by fungus should be treated with appropriate antimycotic 
medication. In advanced cases, antimycotic drug therapy is thought to be ineffective. An 
overriding indication for surgery is recommended, in particular when spinal structures 
show progressive destruction (van Ooij et al., 2000). 

3.2 Conservative treatment 
In addition to antibiotic treatment, immobilization of the affected region of the spinal 
column is required. Reclining ortheses distribute stress over the unaffected segments and 
their joints. Thereby, release of the affected ventral column can be obtained. Wearing the 
orthesis, patients can be fully mobilized. In our study of HIV positive patients, only half of 
the conservatively-treated patients were supplied with a reclination brace, which was worn 
for an average of about 51 days. In addition, 4 of the patients undergoing surgery were also 
treated with such a reclination brace. The condition of 2 patients worsened under initial 
conservative treatment and so surgery was required (Sobottke et al., 2009). Generally, if 
conservative treatment yields no radiologically evident fusion reaction, continued 
destruction occurs, and/or there is no clinical improvement, surgery should be considered 
(Hsieh et al., 2004; Quinones-Hinojosa et al., 2004). When major defects exist in the ventral 
column, the lower lumbar column, or at the lumbosacral border, necessary fusion through 
non-operative measures can only be achieved by at least six weeks bed rest. Mobilisation of 
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the patient is only recommended once osseous infiltration becomes visible (Sobottke et al., 
2008, as cited in Eysel & Peters, 1997 & Cramer et al., 2003).  

3.3 Surgical treatment 
3.3.1 Drainage of abscesses 
Large abscesses, particularly those persisting even after antibiotic treatment, must be 
eliminated. One alternative is drain placement (Figure 5), inserted during an open 
procedure or CT-guided. Especially when the general state of health of the patient is poor 
and precludes open surgery, drain placement should be considered. It has been shown as an 
adequate technique to treat abscesses outside of the spine e. g. ilio-psoas muscle or pleural 
cavity (Grados et al., 2007). 
 

 
Fig. 5. Spondylodiscitis (Mycobacterium Xenopi). Control X-ray after CT-guided draining of 
the paravertebral abscess. 
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3.3.2 Surgery 
Surgical intervention should be considered when there is no response to therapy and patient 
is experiencing persistent and high intensity pain. The surgical procedure is aimed to relieve 
compression of the spinal cord or to drain epidural or paravertebral abscesses and to 
improve spinal stability (Lew & Waldvogel, 2004). It includes excision of the infected spinal 
and paravertebral tissue, retrieval of the pathogen for identification, and stabilisation of the 
spine via fusion of the affected segments. Surgical alternatives include dorsal 
instrumentation with pedicle screw-based systems, either minimally invasive, if no spinal 
decompression is required, or using open technique in combination with spinal canal 
decompression. Ventral approaches can be performed combined with dorsal 
instrumentation or alone using a ventral stabilization system (Figure 6). This approach 
enables treatment of the frequently-involved ventral column. Extensive debridement must 
be carried out on both the affected intervertebral disc space and the vertebral endplates. 
Spinal fusion can be achieved using autologous bone interposition or with cage fusion 
(Figure 6). Treatment of the cervical spine may include ventral stabilization by plate, cage, 
or autologous bone interposition. Instrumentation via dorsal approach is usually 
unnecessary (Müller et al., 2004). Generally, no evidence-based guidelines regarding 
surgical treatments are available (Sobottke et al., 2008). Of course, the implantation of  
 

 
Fig. 6. Spondylodiscitis (Mycobacterium Xenopi). Control X-ray after debridement of the 
infected segment and ventral spondylodesis. It shows a properly inserted cage (titanium, 
Pyramesh, Medtronic) and an anterolateral monobar system (titanium, ART system, AMT). 
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fixation materials in an infected wound area can lead to microbial colonization of the metal 
surface and persistent infection. This risk is reduced by thorough debridement, with 
simultaneous application of an antibiotic carrier. Titanium implants do not appear to 
increase the rate of recurrence (Sobottke et al., 2008, as cited in Cramer et al., 2003 & Oga et 
al., 1993). 

4. Outcome  
Excluding the presence of HIV infection, the mortality of spondylodiscitis has been reported 
as less than 5%, ranging from 0-11%. Early mortality is related to uncontrolled sepsis 
(Gouliouris et al., 2010). Previous studies have suggested that the clinical presentation of 
spinal tuberculosis is similar in HIV positive and negative patients, and that good outcomes 
can be expected with regard to mycobacterial disease. However, in this study, all 7 patients 
responded to therapy and completed a 12-month course. One patient died 13 months after 
diagnosis, with cryptococceal meningitis and bacterial sepsis (Leibert et al., 1996). The 
mortality rate in our HIV- positive population is higher, with an inpatient mortality rate of 
5% and an outpatient mortality rate of 20% (Sobottke et al., 2009). Weinstein et al. reported 
an inpatient mortality rate of 17% (Weinstein et al. 2005). A cohort of 39 HIV infected 
patients with spinal tuberculosis showed a 15% mortality rate within two years of surgery 
(Govender et al., 2001). The problem of postoperative complications in HIV positive patients 
has been widely discussed. A significantly higher frequency of postoperative infection with 
associated symptoms has been reported in HIV patients (Hoekman et al., 1991). In contrast, 
Horberg et al. did not detect higher perioperative complication rates, except for that of 
pneumonia (Horberg et al., 2006). Similarly, Govender et al. did not identify a higher 
incidence of wound healing disturbance in their population than that found in HIV-negative 
subjects. However, the ultimate outcome of surgery for HIV-infected patients depends on a 
number of factors, including the nature of the procedure (emergent or elective), coexisting 
medical problems, nutritional status, and the stage of the disease (Govender et al., 2001). 

4.1 Surgery or conservative treatment for HIV-positive patients? 
The purpose of our study was to determine the relevant clinical presentation and outcomes 
for HIV positive patients with spondylodiscitis as a function of treatment. We performed a 
national, multicentre, retrospective case series of HIV positive patients with spondylodiscitis 
presenting between 1991 und 2007, comparing operative intervention versus conservative 
therapy. All patients fulfilled the following inclusion criteria: age ≥18 years; compatible 
clinical history and imaging; HIV; spondylodiscitis; follow-up >6 months; with imaging and 
records available (Table 1). Infection was considered cured if patients showed no signs or 
symptoms of localized infection on clinical examination, in laboratory markers of 
inflammation, and on imaging. Relapse of infection was presumed for patients with 
recurrence of symptoms in association with rising inflammatory markers (WBC, CRP) and 
deteriorating MRI findings. Twenty patients were included in the study. The average age of 
the patients at the time of admission was 43.0 years. The gender ratio m:f was 2.3:1. On 
admission, 50% of the patients were in CDC stage C3. The CD4 T-cell count averaged 
237.5/L. At the time of presentation with spondylodiscitis, HIV had been diagnosed for a 
mean 8.5 years. Radiologically, paravertebral abscesses were seen in 80.0%, epidural 
abscesses in 33.3%, and psoas abscesses in 13.3% of patients. The causative pathogen was 
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identified in 75% of the cases (see Table 1). In 3 cases, mixed infections were present. Half of 
the patients underwent surgery. Wound infections or delay to healing were not observed. 
One patient died during inpatient admission. Eleven of the 19 patients completed an 
average follow-up of 13 months after discharge. Over the follow-up period, a further 3 
patients died at an average of 45 months after discharge (Table 2). 
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Table 2. Inpatient and outpatient outcome and complications (conservatively versus 
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5. Conclusion 
An increasing incidence of spondylodiscitis has been observed. Factors implicated and 
collaborating in this increase include the HIV epidemic, particularly that in Sub-Saharan 
Africa, the large numbers of intravenous drug abusers, the currently widely-used aspiration 
and catheter techniques, as well as the recurrence of tuberculosis in industrialized nations. 
In principle, patients of all ages can contract spondylitis, but it appears that 50 to 70 year-old 
patients are most likely to fall ill from it. The peak age of disease in HIV positive patients 
lies substantially earlier: 10% are under 30 years of age when they first contract spondylitis. 
The estimated number of patients who are seropositive for human immunodeficiency virus 
is about 50 billion people worldwide, and continues to increase. Potential pathogens 
responsible for spondylitis include bacteria, fungi, and parasites (e. g. hydatidosus). As a 
general rule, the infection is of bacterial origin. However, especially in immune deficient 
patients, the possibility of infection stemming from fungi or atypical mycobacteria should be 
taken into account. The probability of an infection by MOTT (Mycobacteria Other Than 
Tuberculosis) strongly depends on the CD4 T-cell count. Highly Active Anti-Retroviral 
Therapy (HAART) has accomplished rapid increases of the CD4 T-cell count, and thus 
caused a so-called "immune reconstitution syndrome," which has resulted in atypical, 
creeping disease processes and at times even to spontaneous complete recovery. Several 
years may elapse between the inception of symptoms and the final diagnosis of 
spondylodiscitis. Primary factors resulting in successful treatment of spondylodiscitis are 
early diagnosis and rapid onset of treatment to prevent progressive stages with serious 
complications. Immobilisation of the affected spine segments, antibiotic therapy, and, 
depending on the extent of the disease, debridement, decompression, and stabilisation are 
basic requirements for successful treatment leading to a complete recovery from 
spondylodiscitis. Emergent surgical intervention is required for spondylodiscitis on the 
development of neurological deficits and/or sepsis. Further indications for surgery are 
instability, impending or already existing deformities, intraspinal space-occupying lesions, 
an unclear origin with the suspicion of malignancy, and lack of response to conservative 
therapy. Relative indications for surgical treatment include uncontrollable pain symptoms 
and lack of patient compliance with conservative therapy. The occurrence of 
spondylodiscitis in HIV positive patients is accompanied by high mortality. We recorded a 
hospital mortality of 5% and a total mortality of 20%. The occurrence of spondylodiscitis in 
HIV positive patients is associated with a low CD4 T-cell count. The probability of mixed 
infections rises with a CD4 T-cell counts below 100/L, but there is no correlation between a 
low CD4 T-cell count and probability of infection by MOTT. Because increased surgical 
morbidity is not evident among HIV positive patients, HIV infection or AIDS should not 
interfere with the decision to perform operative stabilisation of the affected spinal segments. 
The existence of HIV infection or AIDS in a patient with spondylodiscitis should not 
influence the decision for or against conservative or operative therapy. However, these 
patients should be treated in a specialized hospital by an experienced team of consultants. 

6. Further research 
To date, no global data has been collected or published regarding the aetiopathology, 
clinical course, and/or treatment strategies for spinal infections in patients also afflicted 
with HIV. This information, however, is a prerequisite for an understanding of the disease 
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and the development of a successful clinical pathway for treatment. We have developed and 
implemented an English-language registry, which can be accessed globally via internet at 
www.clinicalsurveys.net (Figure 7). With an individual account, any physician can 
document patients online. Participants will be remunerated for their effort. This registry was 
submitted as a project of the German Surgical Trial network (CHIR–NET), funded by the 
German Federal Ministry of Education and Research. Patient documentation in the registry 
is divided into the following sections: 1. Centre identification, 2. Identifier, 3. Opportunistic 
infection, 4. Antiviral therapy, 5. CDC Stage, 6. Diagnosis, 7. Radiology, 8. Symptoms, 9. 
Laboratory, 10. Microbiology, 11. Treatment , 12. Complications, 13. Outcome, 14. Remarks. 
In the “Treatment” section, antibiotic and surgical therapy is surveyed in depth. With the 
global, web-based registry spondHIVreg, we have introduced an instrument to survey HIV-
positive patients with spondylodiscitis. All physicians involved in the treatment of these 
patients are invited to participate, thereby contributing to a better understanding of the 
disease and an improvement of its treatment. 
 

 
Fig. 7. Full page of the survey list of the global web-based registry SpondHIVreg. 
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1. Introduction 
Abdominal pain in the HIV-infected patient is a common complaint which constitutes a 
complicated diagnostic and therapeutic problem. Even though the need for surgical 
intervention in the HIV/AIDS patient with abdominal complaints is low, the general 
surgeon will often be called upon to evaluate HIV-infected patients, as a result of the 
complexity in the interpretation of clinical findings. Once consulted, the surgeon’s dilemma 
is in distinguishing conditions which do not require surgery from surgically treatable 
pathology and, above all, the true surgical emergencies.  
Emergent abdominal operation by itself predisposes the AIDS patient to an increased 
mortality risk 1,2,3,4. On the other hand, delayed diagnosis and late surgical exploration result 
in increased morbidity and mortality 5. Although profound immunodeficiency is associated 
with poor prognosis, asymptomatic HIV-infected patients recover well from surgery and do 
not appear to suffer delayed healing 6,7. Yet, with new antiviral therapy the operative 
mortality has dropped as much as necessary for emergency abdominal surgery and the risk-
benefit analysis is now more in favour of laparotomy 5,8,9.  

2. Clinical assessment 
A careful medical history is the key component in the evaluation of the HIV/AIDS patient’s 

symptoms. Attention should be directed towards identifying diarrhea, prior opportunistic 
infections or neoplasms.  
Most patients nowadays are aware of their HIV status. However, undiagnosed HIV-related 
illness may be identified during evaluation of an acute abdomen 1. A history of risk factors, 
including intravenous drug abuse and male homosexual practices may alert the physician 
for an increased possibility of HIV infection; still, the infection rate is elevated in 
heterosexual patients as well. Hepatitis B (HBV) and C (HCV) viruses are common 
coinfections 10. 
A complete history of medications may lead to possible diagnosis, given that certain 
antiviral drugs are recognized as causes of pancreatitis (didanosine) and kidney stones 
(indivar) 11,12. Patients well informed of their HIV status can relate CD4 counts, which help in 
the determination of the grade of immunosuppression. This is vital in estimating risks and 
benefits of surgery in addition to the possibility of opportunistic infections, which may not 
present until CD4 counts are less than 200 cells/mm3 13. In general, CD4 counts are currently 
recognized as the main prognostic indicator of outcome in HIV patients. 
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Repeated physical examination is invaluable for the assessment of the pathologic process. 
Signs of peritoneal inflammation may well be delayed or absent even in the face of a surgical 
emergency.  
Additionally, more than one disease may be present in the immunocompromised patient 14. 
Physical examination may as well reveal the occurrence of organomegaly and 
lymphadenopathy, oral candidiasis, generalized lymphadenopathy, and Kaposi skin lesions, 
evidence associated with the stage of disease and degree of immunosuppression.  
Full blood count and differential white cell count are rather unreliable, particularly in 
advanced HIV disease, since relative leukopaenia is usually noticed 15,16. CD4 counts and 
viral loads could also be helpful since rates of morbidity and mortality are directly related to 
the CD4 count 13,17. Yet, getting these results soon enough to help in establishing a 
management strategy is usually difficult. Thus a general rule may be remembered: The 
number of CD4 cells is roughly 10% of the lymphocyte count 18,19. 
Laboratory investigations should be methodical and incorporate besides full blood count, 
serum urea and electrolytes, amylase, liver function tests, urinalysis and radiography of the 
abdomen as well as the chest. Plain radiographs of the abdomen may reveal extraluminal 
gas, indicating perforated bowel, or dilated loops of bowel, related to bowel obstruction. 
However, the diagnostic yield of plain abdominal radiographs remains low. Thus, 
abdominal computed tomography (CT) scan is used almost routinely 20. Pneumatosis 
intestinalis, readily identified on CT scan, suggests bowel necrosis and impending 
perforation21. Intraperitoneal fluid collections characteristic of opportunistic infections may 
also be recognized only on CT scan. Fluid collections can be aspirated with ultrasound or CT 
scan guidance for microbiologic testing. If infected, they may be resolved with the aid of 
image-guided percutaneous drainage. Ultrasound is mainly useful for examination of 
suspected calculous disease, such as cholecystitis, cholangitis, pancreatitis, and 
nephrolithiasis.  

3. Differential diagnosis 
Before setting up a definite management plan, it should be reminded that non-specific 
abdominal pain and fever are frequent among patients with AIDS who do not suffer from a surgical 
illness 14,22. The surgeon must consider that the possible causes of abdominal pain include a 
variety of conditions, some of which are frequent amongst the immunocompetent 
population, while others are directly HIV related (Tables 1,2,3, and 4), before a decision is 
made that the acute abdomen in the HIV patient is actually a “surgical abdomen”. 
 

Appendicitis 
Peptic ulcer disease 

Diverticulitis 
Cholecystitis 

Hepatitis 
Alcohol-related 
Ischemic bowel 

Abdominal aortic aneurysm 

Table 1. Non–HIV-related causes of abdominal pain. 
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Opportunistic gastrointestinal (GI) infections 

a) (Mycobacterium avium complex [MAC] 
b) cytomegalovirus [CMV] 

c) microsporidia 
Cholecystitis (CMV) 

Abscesses 
Sexually transmitted disease-related 

Proctitis 

Table 2. HIV-related causes of abdominal pain. 

 
Lymphomas (GI) 

Kaposi's sarcoma (KS) 
Cancer-related obstructions 

Other cancers/metastatic disease 

Table 3. Immunosurveillance-related. 

 
Perforations secondary to procedures (upper/lower GI tract) 

GI upset/GI reflux/gastritis 
Kidney stones—indinavir 

Pancreatitis 

Table 4. Medication-related/iatrogenic. 

Finally there are non-specific causes of abdominal pain, i.e. no specific diagnosis is reached 
and the symptoms finally resolve 1,21,23. 
Differentiating surgically treatable conditions from atypical HIV-related diseases, a number 
of which do not require surgery, may prove rather difficult. In fact, HIV-AIDS patients 
undergo emergency abdominal procedures more often than the age-matched non-AIDS 
population, since they present the anticipated rates of operation for commonly observed 
indications, e.g. appendicitis but also have additional indications specific for AIDS 24,25.  

4. Therapy 
When a decision is made that the abdominal symptoms require emergency surgery, 
appropriate resuscitation is initiated, such as fluid replacement, antibiotic administration, 
nasogastric decompression, transfusion of blood products, and (if not already started) 

consultation for antiviral therapy.  
Early surgery should allow for rapid recovery, similar to immunocompetent surgical 
patients 1,26,27. Even patients with restricted lifespan may find some profit in palliative 
surgery, which may offer relief from severe problems and improve the quality of life 
considerably.  
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Appendicitis 
Peptic ulcer disease 

Diverticulitis 
Cholecystitis 

Hepatitis 
Alcohol-related 
Ischemic bowel 

Abdominal aortic aneurysm 

Table 1. Non–HIV-related causes of abdominal pain. 
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Opportunistic gastrointestinal (GI) infections 

a) (Mycobacterium avium complex [MAC] 
b) cytomegalovirus [CMV] 

c) microsporidia 
Cholecystitis (CMV) 

Abscesses 
Sexually transmitted disease-related 

Proctitis 

Table 2. HIV-related causes of abdominal pain. 

 
Lymphomas (GI) 

Kaposi's sarcoma (KS) 
Cancer-related obstructions 

Other cancers/metastatic disease 

Table 3. Immunosurveillance-related. 

 
Perforations secondary to procedures (upper/lower GI tract) 

GI upset/GI reflux/gastritis 
Kidney stones—indinavir 

Pancreatitis 

Table 4. Medication-related/iatrogenic. 

Finally there are non-specific causes of abdominal pain, i.e. no specific diagnosis is reached 
and the symptoms finally resolve 1,21,23. 
Differentiating surgically treatable conditions from atypical HIV-related diseases, a number 
of which do not require surgery, may prove rather difficult. In fact, HIV-AIDS patients 
undergo emergency abdominal procedures more often than the age-matched non-AIDS 
population, since they present the anticipated rates of operation for commonly observed 
indications, e.g. appendicitis but also have additional indications specific for AIDS 24,25.  

4. Therapy 
When a decision is made that the abdominal symptoms require emergency surgery, 
appropriate resuscitation is initiated, such as fluid replacement, antibiotic administration, 
nasogastric decompression, transfusion of blood products, and (if not already started) 

consultation for antiviral therapy.  
Early surgery should allow for rapid recovery, similar to immunocompetent surgical 
patients 1,26,27. Even patients with restricted lifespan may find some profit in palliative 
surgery, which may offer relief from severe problems and improve the quality of life 
considerably.  
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The current experience with abdominal surgery points out that patients with HIV infection 
tolerate surgical procedures well and do not have an extremely high frequency of 
postoperative complications.  

4.1 Most common indications for surgery 
4.1.1 Acute appendicitis 
Acute appendicitis in the AIDS patient may occur due to the conventional obstruction of the 
appendiceal orifice by a fecalith, a lymphoid hyperplasia, Kaposi’s sarcoma lesions, acute 
CMV infection, and mycobacterial infection 5,28,29,30,31,32. Reports of cases among AIDS 
patients reveal accumulated cases of appendicitis in aged patients, which indicates that it is 
caused by complications of AIDS-related conditions 14. The clinical presentation is with 
characteristic right lower quandrant pain, frequently associated with a low to normal white 
blood cell count 33. Most patients have fever, but non-specific abdominal pain and fever are 
frequent among patients with AIDS who do not suffer from a surgical illness. 
Patients with AIDS may have an opportunistic infection mimicking acute appendicitis. In 
that case, an operation may be carried out, leading to increased morbidity postoperatively 
17,33. For instance, typhlitis may well mimic appendicitis 34. This infection originates from 
normal gut flora, possibly as a result of immunosuppression or cytotoxic drugs during 

chemotherapy. Medical management with broad-spectrum intravenous antibiotics is the 
treatment of choice 34. Consequently, CT scan or even laparoscopy should be considered 
before surgical intervention 14,17. 
Nevertheless, there seems to be an increased rate of perforation, gangrenous appendicitis, 
and early appendiceal abscess among patients with AIDS 14. This observation may be the 
result of delay in patient presentation, as well as delay by the physician owing to a normal 
or low white blood cell count, which is in fact elevated over the chronically low white blood 
cell count, or to the erroneous assumption that the  cause of the abdominal pain is not 
surgical 35. 

4.1.2 Bowel perforation 
The previously high incidence of perforation of the gastrointestinal tract resulting from 
CMV infections and Kaposi sarcoma has been reduced with new retroviral drug therapy 
1,2,36. Currently, perforations are usually the result of lymphomas or disseminated 
mycobacterial disease 25,37. Still, in case of acute bowel perforation, a high suspicion for 

underlying opportunistic infections is necessary 38. Biopsies of the perforation site are 
required in order to ascertain the cause 39.  
Management of the perforation site includes suture plication of gastroduodenal 
perforations, resection and anastomosis of small-bowel perforations, and colostomy for 
colonic perforations. Cytomegalovirus infection involves the arterioles of long segments of 
bowel; thus, perforations are ischemic lesions 38. Consequently, healing of bowel 
anastomoses may be hindered, and performing a diverting stoma must be considered in 
selected patients. Antiviral chemotherapy should be initiated if not already established.  
Acute bowel perforation in general carries a grave prognosis because it indicates advanced 
HIV disease 4,5,14.  

4.1.3 Gastrointestinal obstruction 
Gastric outlet obstruction will take place due to lymphoma, small bowel obstruction 
secondary to mycobacterial disease, intussusception owing to Kaposi’s sarcoma, and an  
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Ogilvie-like syndrome progressing to toxic megacolon as a result of CMV infection. 
Differential diagnosis must include more usual causes of obstruction. Yet, in the typical 
young patients with AIDS, especially when there is not a history of prior abdominal 
operation and the risk of obstruction caused by adhesions is eliminated, most cases will be 
related to AIDS. 
Bowel obstruction and intussusception owing to Kaposi’s sarcoma, lymphoma, and 
opportunistic infections may possibly be the result of multifocal disease or widespread 
dissemination. Thus, the prognosis is unfortunate40,41,42. Surgery will offer no more than 
palliation of the acute problem with slight advantage in prognosis 4,8,14,42. Small-bowel 

resection can be carried out with primary anastomoses, whereas large bowel resection may 
call for fecal diversion 38. 

4.1.4 Toxic megacolon 
Toxic megacolon may be the result of CMV opportunistic infections, as already mentioned, 
or Clostridium difficile colitis. Clostridium difficile infection is predisposed by use of 
antibiotics and numerous hospitalizations or chemotherapeutic agents 43. Megacolon is a 
sign of advanced disease and unfortunate prognosis because of the possibility of peritonitis 
1,44. Medical management including colonoscopic decompression of the dilated colon 
appears to have a favourable short-term outcome 44. Nevertheless, emergent colectomies 
performed early, when peritoneal contamination is not extensive, may be successful in 
carefully selected patients who are able to sustain bowel resection 5. 

4.1.5 Cholecystitis 
Although occurrence of gallstone cholecystitis is the same in HIV patients and the general 
population, acute acalculous cholecystitis arises more often in HIV/AIDS patients 45. 
Cholecystectomy is usually warranted. The outcome is favourable even in 
immunosuppressed patients and the mean survival period is more than 2 years 46. 

4.1.6 Splenomegaly 
Emergent splenectomy is usually necessary in the HIV-AIDS population on account of 
spontaneous rupture of an enlarged spleen (splenomegaly is common in patients with 

AIDS), traumatic rupture, or hemorrhagic rupture from splenic abscess 37,47,48. 

5. Occupational risk of infection 
A main surgical concern has been the possibility of accidental exposure and infection 
occupationally acquired while providing care for HIV-infected patients. Knowledge about 
the risk of transmission has reduced hesitation but should not decrease carefulness in the 
operating room.  
The risk of occupational transmission of HIV disease is low, but not zero. Blood or bloody 
body fluids are the source of infection. The risk of HIV infection after percutaneous 
exposure is 0.3% 49,50., Major percutaneous needle-stick injury with a hollow-bore needle is 
the major cause of occupational HIV infection. The possibility of transmission depends on 
the volume of the inoculum, the quantity of virus, the depth of penetration, and the type of 
needle; a hollow-bore needle, a device evidently contaminated with blood, a needle placed 
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directly in a vein or artery, or a deep injury is associated with a higher risk than that of 
suture, solid needle 51.  
The risk of transmission is higher if the patient suffers from terminal disease. Minor viral 
load is a sign of a lower titer exposure, but it does not eliminate the risk of transmission 
completely 51.  Although transmission by mucocutaneous exposure has been reported, it 
seems to be too low to calculate accurately (approximately 0.09%) 49,50. Transmission after 
nonintact skin exposure has been documented. This risk is estimated to be less than the risk 
after mucous membrane exposure 52,53. 
The risk after exposure to fluids or tissues other than blood has not been calculated but is 
most likely significantly lower than after  blood exposure 54. 
Transmission by usual contact or aerosols has not been documented. 
Consequently, surgeons should feel secure in providing care for HIV-infected patients but 
all surgical team members must routinely practice standardized techniques to avoid blood-
borne viral infection.  

6. Role of laparoscopic surgery 
Emergency laparoscopy for acute abdomen in patients infected with HIV has not been 
advocated widely. It appears that the rate of conversion to laparotomy is high (40%-60%) 
(55,56).  Nenertheless a laparoscopic approach, when feasible, may be applicated as an 
initial step in the diagnosis and treatment of AIDS patients with acute abdominal 
complaints.  

7. Conclusion 
Acute abdomen in the HIV-AIDS patients involves abnormal presentation of common 
diseases as well as problems unique to this population, which are results of the 
immunosuppression. There is an increased probability of emergent abdominal operations in 
addition to a considerable possibility of non-surgical causes of abdominal pain, demanding 
a judicious differentiating assessment. Operative results are now favourable, reaching 
mortality and morbidity rates similar to patients without HIV infection. Care of these 
patients is best provided by surgeons with experience and interest in AIDS, together with 
infectious diseases physicians. 
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1. Introduction 
Human immunodeficiency virus (HIV) results in acquired immune deficiency syndrome 
(AIDS) and is characterized by a serious disorder of the immune system in which the 
protective defenses against infection cannot function leaving the individual vulnerable to 
severe infections and conditions. This results in opportunistic infections causing an 
unfavourable outcome. Since its discovery in 1981 when the first cases were described, 
HIV/AIDS continues to affect people globally. According to the UNAIDS (Joint United 
Nations Programme on HIV/AIDS) and WHO (World Health Organization) 2009 AIDS 
epidemic update report, the estimated number of people living with HIV worldwide in 2008 
was 33.4 million (UNAIDS 2009). Ultimately there is a high prevalence of HIV infection 
among patients admitted to hospitals as well as a high prevalence of AIDS patients as a 
result of opportunistic infections related to their HIV status or advanced AIDS (Mbanya, 
Ateudjieu et al. 2010).  

2. Bacterial colonization 
A major risk factor for bacterial colonization is immunosuppression subsequently making 
HIV-infected individuals ideal candidates (Craven, Steger et al. 1996). Bacterial colonization 
refers to the presence of bacteria in a host but does not cause a specific immune response or 
infection. However, if the relationship between the host and bacterial agent is changed - such 
as immunosuppression of the host, this episode can result in infections (Mandell, Bennett et al. 
2005). Colonization therefore seems to contribute significantly to the development of 
nosocomial infections in HIV-positive patients (Petrosillo, Pagani et al. 2003).  
Colonization is the first step of microbial infection. It is the establishment of the pathogen at 
the suitable portal of entry for example, host tissues that are in contact with the external 
environment. Sites of entry include the conjunctiva, the digestive tract, the respiratory tract 
and the urogenital tract. Organisms such as Staphylococcus aureus have been found to have 
high rates of nasal colonization in HIV-infected patients (Raviglione, Mariuz et al. 1990; 
Weinke, Schiller et al. 1992). Additionally other body cavities may also provide productive 
environments for bacterial colonization. The oral cavity is proximal and contiguous with the 
trachea and is therefore a portal for respiratory pathogen colonization. The teeth and other 
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oral mucosal surfaces particularly in ICU patients operate as reservoirs for respiratory 
pathogen colonization (Raghavendran, Mylotte et al. 2007). 

3. HIV and nosocomial infections 
A nosocomial (hospital-acquired) infection is one in which there is no evidence that the 
infection was present or in an incubation period at the time of hospital admission except 48 
hours after admission. The condition is classified as an infection when it is manifested as a 
clinical disease and not a colonization where microorganisms are present but have no harmful 
effects on the patient’s health. However, asymptomatic patients are considered infected if the 
body fluid or body site that is normally sterile (e.g. blood or cerebrospinal fluid) contains 
pathogenic microorganisms (Emori and Gaynes 1993). Nosocomial infections constitute a 
significant public health concern. They contribute to long hospital-stays and additional health 
care costs and are a significant cause of morbidity and mortality in hospital environments 
(Petrosillo, Pagani et al. 2003; Singh, Goering et al. 2006). Nosocomial infections are common 
and not always avoidable because of the large turnover of patients with underlying conditions. 
Furthermore their immune systems are often in a weakened state. Horizontal transmission 
from one patient to another creates an opportunity for the spread of hospital pathogens. 
Various invasive surgical procedures such as indwelling catheters and medical devices bypass 
the natural body-protective barriers. Prior antimicrobial therapy and inappropriate use of 
antimicrobial agents resulting in the emergence of resistant strains are traditional risk factors 
for acquiring infections in the hospitals. Nosocomial infections are therefore a major challenge 
to the patients’ safety in the hospital setting and HIV as an additional factor has lead to an 
increase in morbidity and mortality. This can be explained by the ability of opportunistic 
pathogens and microorganisms that are normally non-pathogenic to cause disease in 
immunocompromised individuals (Emori and Gaynes 1993; Craven, Steger et al. 1996; 
Vandenesch, Naimi et al. 2003; Singh, Goering et al. 2006; Panis, Matsuo et al. 2009). There are 
several pathogenic processes that are involved in the progression to AIDS in HIV-infected 
individuals such as: depletion in CD4 lymphocytes, defects in B lymphocytes, neutrophil 
dysfunction and the breakdown of the integument as a result of AIDS-related dermatological 
conditions for example bacterial and fungal dermatoses and Kaposi's sarcoma. These 
individual factors have significant implications regarding host susceptibility to nosocomial 
infections (Duse 1999). Noscomial infections appear to be more common in HIV-positive 
individuals with AIDS as opposed to HIV-negative individuals (Angus and Wax 2001). 
Studies have suggested that HIV-infected or AIDS patients are at high risk of acquiring 
nosocomial infections particularly sepsis and bacteraemia due to the implantation of invasive 
intravascular medical devices (Gobbi, Maggi et al. 1998; Tumbarello, Tacconelli et al. 1998; 
Laing 1999; Petrosillo, Pagani et al. 2003; Japiassú, Amâncio et al. 2010). Nosocomial urinary 
tract and respiratory tract infections are also common in HIV-infected AIDS patients following 
bacterial colonization (Petrosillo, Nicastri et al. 2005).  

3.1 Bacteraemia  
Bacteraemia or bloodstream infections are among the most severe of hospital-acquired 
infections and have been shown to cause significant mortality and prolonged hospital-stays 
in patients with HIV (Tumbarello, Tacconelli et al. 1998). Previous studies have shown that 
an increase in these bloodstream infections is associated with HIV infections (Beuheza, 
Beckelman et al. 1989; Fife, Crane et al. 1990).  
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3.1.1 Etiological agents 
Coagulase-negative staphylococci have been implicated as important causes of nosocomial 
bloodstream infections particularly in patients that are immunocompromised (Tumbarello, 
Tacconelli et al. 1995; Pagano, Tacconelli et al. 1997) and in those infected with HIV (Weinke, 
Schiller et al. 1992; Tumbarello, Tacconelli et al. 1996; Tumbarello, Tacconelli et al. 1998). 
Globally, Staphylococcus aureus is the second most common pathogen that is responsible for 
causing bloodstream infections (Fluit, Jones et al. 2000; Luzzaro, Vigano et al. 2002) and in 
European countries it is the leading cause of nosocomial bloodstream infections (Luzzaro, 
Vigano et al. 2002). S. aureus is also the most common pathogen isolated from all 
bloodstream infections in the US (Shorr, Tabak et al. 2006). Bloodstream infections caused by 
these organisms are associated with a high frequency of life-threatening complications such 
as metastatic infections and infective endocarditis (del Rio, Cervera et al. 2009). S. aureus has 
also shown to be responsible for a significant number of in-hospital deaths in patients with 
long-term catheters, cardiovascular, orthopaedic and other medical devices (Chu, Crosslin et 
al. 2005). Methicillin-resistant strains of S. aureus also pose a major problem in nosocomial 
bloodstream infections (del Rio, Cervera et al. 2009).  
Other studies have suggested an increased risk of nosocomial bloodstream infections due to 
aerobic gram-negative bacilli such as Pseudomonas aeruginosa, Klebsiella pneumoniae and 
Escherichia coli in patients that were HIV-infected particularly in those having invasive 
devices (Hickey and Shanson 1993; Sanford 1995; Zurlo and Lane 1997; Tumbarello, 
Tacconelli et al. 1998). Nontyphoidal Salmonella species is an infrequent cause of hospital 
infections (Jaspan 2008). 

3.1.2 Clinical manifestations 
Bloodstream infections may be defined as the presence of viable bacteria in the blood 
(bacteraemia) with a documented positive blood culture result and the presence of clinical 
symptoms of systemic infection (Garner, Jarvis et al. 1988). Primary bloodstream infection is 
a bloodstream infection without a documented primary source of infection (portal of entry 
or site of infection) and can be distinguished from a secondary bloodstream infection which 
is a bloodstream infection secondary to a localised site of infection – wound infection, skin 
and soft-tissue infection, biliary tract infection and pneumonia (Seifert 2009). Infections 
usually associated with secondary bloodstream infections include deep-seated abscesses, 
osteomyelitis and endocarditis (Fowler, Olsen et al. 2003). It has been reported that 
approximately one third of patients with S. aureus bloodstream infections develop local 
complications or distant septic metastases and affect the epidural space and intervertebral 
discs, bone and joints particularly when prosthetic material and native and prosthetic 
cardiac valves are being used (Ringberg, Thoren et al. 2000; Fowler, Olsen et al. 2003). 
Visceral abscesses in the spleen and kidney may also develop (del Rio, Cervera et al. 2009). 
Risk factors associated with complicated S. aureus bloodstream infections include the 
presence of persistent bacteraemia which is defined as the presence of positive blood 
cultures after 72-96 hours of appropriate treatment, the presence of skin lesions suggesting 
distant metastases, persistent fever and community acquisition (Fowler, Olsen et al. 2003).  
Bloodstream infections are a major cause of illness in patients infected with HIV. A high 
percentage of bloodstream infections, ranging from 10% to 63% were observed in 
hospitalised HIV-infected individuals presenting with fever in a number of studies 
conducted in Sub-Saharan Africa (Archibald, den Dulk et al. 1998; Ssali, Kamya et al. 1998; 
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McDonald, Archibald et al. 1999; Peters, Zijlstra et al. 2004). Another study showed that 
bloodstream infection was associated with recent HIV diagnosis. Almost half the patients 
with bloodstream infections presented with a temperature of greater than 38oC. Lower T 
CD4+ counts were also strongly associated with those patients having bloodstream 
infections. Symptoms of abdominal illness such as nausea, vomiting and loss of appetite 
were also associated with bloodstream infections caused by pathogens (Varma, McCarthy et 
al. 2010). HIV-infected patients may be predisposed to bloodstream infections due to several 
conditions such as defective cell-mediated immunity, altered B-cell function with a 
consequent lack of serum opsonins against some encapsulated bacteria and qualitative and 
quantitative deficits of neutrophils leading to an increase in the susceptibility of the patient 
to bacterial and fungal infections (Mertins, Ortona et al. 1990; Zurlo and Lane 1997).  

3.1.3 Management 
The clinical microbiology laboratory plays an important part in the management of patients 
with bloodstream infections. A highly specific indicator of bloodstream infections is the 
culturing of pathogenic microorganisms from blood. In addition antimicrobial susceptibility 
testing (AST) may assist in the choice of antimicrobial therapy to be administered (Bohte, van 
Furth et al. 1995; Chalasani, Valdecanas et al. 1995; Fine, Smith et al. 1996). The early and rapid 
administration of antimicrobial treatment to infected patients has initially shown to decrease 
mortality (Leibovici, Konisberger et al. 1992). However, due to the emergence of antibiotic 
resistance there is a need to develop new antimicrobial agents (Ibrahim, Sherman et al. 2000). 
It is recommended that for those patients that are infected with coagulase-negative 
staphylococci due to the presence of catheters, the catheter should be removed and a short 
course (5-7 days) of antibiotics administered. If the patient has endovascular hardware 
present, persistent fever or bacteraemia may be experienced after the catheter has been 
removed, then a long course of antibiotics may be required (O'Grady and Chertow 2011).  
The choice of antibiotics for enterococcal bloodstream infections depends on the 
susceptibility of the infecting isolate due to antibiotic resistance. Ampicillin is the preferred 
choice of drug for the treatment of ampicillin-susceptible enterococci. If the pathogen is 
resistant to ampiciliin, vancomycin should be used if the isolate is vancomycin-susceptible. 
Enterococci resistant to both ampicillin and vancomycin can be treated with new 
oxazolidinones, linezolid or lipopeptides, daptomycin. However, this depends on 
susceptibility testing (O'Grady and Chertow 2011). Some studies have shown that 
combination therapy may be more effective than monotherapy. This was seen in a number 
of patients with enterococcal bloodstream infections in which the catheter was not removed 
and a combination of ampicillin and gentamicin was used (Sandoe, Witherden et al. 2002). 
For gram-negative bacilli removal of short-term catheters followed by 5-7 days of systemic 
antibiotic therapy is suggested based on antimicrobial susceptibility test results. Usually 
fourth generation cephalosporins, carbapenems or a combination of β-lactam and β-
lactamase inhibitor may be used (O'Grady and Chertow 2011). However, extended-
spectrum beta-lactamase-producing Escherichia coli and Klebsiella pneumoniae should not be 
treated with cephalosporins or piperacilin-tazobactam even if they may be susceptible as 
treatment with these drugs has been associated with poor clinical outcome (Paterson, Ko et 
al. 2001; Jacoby and Munoz-Price 2005). 
Fluconazole may be used to treat individuals with bloodstream infections as a result of 
Candida species. Alternative therapy includes echinocandins as first-line therapy and lipid 
formulations of amphotericin B (Mora-Duarte, Betts et al. 2002; Reboli, Roststein et al. 2007). 
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A confirmed catheter-related bloodstream infection for gram-positive organisms requires at 
least two positive results drawn from different sites. These infections are difficult to treat 
unless the infected catheter is removed (Cotton, Gill et al. 1987; Peces, Gago et al. 1997). 

3.2 Urinary tract infections 
Other common nosocomial infections are associated with the urinary tract. Nosocomial 
urinary tract infection is a major infection acquired in both hospitals and nursing homes. In 
most cases these infections are commonly related to catheterization. Bacteriuria is a term 
referring to bacteria in the urine (Mandell, Bennett et al. 2005). Insertion of a catheter may 
predispose the bladder to the introduction of organisms that may colonize the site of 
insertion. Any disconnection of the catheter from the collection tube or breakage of the 
closed system may result in bacteriuria. The collection bag is drained regularly and if the 
lumen of the drainage tube is contaminated with bacteria, this provides a portal of entry for 
bacteria to the drainage bag, collection tube and catheter. A biofilm which secures the 
bacteria against the catheter or mucosal surface protects the bacteria from the mechanical 
flow of urine, host defences and antibiotics (Warren 2001). The rate of urinary tract 
infections particularly related to the use of urinary catheters plays a significant role in 
nosocomial infection in HIV patients (Gobbi, Maggi et al. 1998).  

3.2.1 Etiological agents 
Common organisms isolated from urinary tract infections include Escherichia coli, 
Pseudomonas aeruginosa, Klebsiella pneumoniae, Proteus mirabilis, Staphylococcus epidermis, 
enterococci and Candida species (Warren 2001). Uropathic E. coli are responsible for most 
urinary tract infections. The E. coli serogroups most often implicated as the cause of high 
proportion of infection are O1, O2, O4, O6, O7, O8, O75, O150 and O18ab (Roberts and 
Phillips 1979; Rosen, Hooton et al. 2007). Hospital environments are a significant 
determinant of the type of organisms causing urinary tract infections. Staphylococci, 
enterococci, Proteus, Klebsiella, Enterobacter and Pseudomonas species are most often 
isolated from inpatients whereas E. coli infection predominate in the outpatient 
population (Bronsema, Adams et al. 1993). Corynebacterium urealyticum (Corynebacterium 
group D2) has been identified as an important nosocomial pathogen (Soriano, Aguado et 
al. 1990).  

3.2.2 Pathogenesis  
Urinary tract infections are as a result of the interaction between bacterial virulence and the 
biologic and behavioural factors in the host. Bacteria may invade and spread within the 
urinary tract via three possible routes. These are the ascending, haematogenous and 
lymphatic pathways. The ascending pathway involves colonization of the urethra with 
bacteria. Microorganisms in the urine can enter the bladder. Once in the bladder, bacteria 
can multiply and pass up the ureters to the renal pelvis and parenchyma. The 
haematogenous pathway involves infection of the renal parenchyma by blood-borne 
organisms. The organisms most often implicated here are S. aureus and Candida species. In 
humans, infection of the kidney via the haematogenous route rarely involves gram-negative 
bacilli. Lymphatic pathway infection occurs when increased pressure in the bladder can 
cause lymphatic flow to be directed to the kidneys taking with it microorganisms (Mandell, 
Bennett et al. 2005).  
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susceptibility of the infecting isolate due to antibiotic resistance. Ampicillin is the preferred 
choice of drug for the treatment of ampicillin-susceptible enterococci. If the pathogen is 
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susceptibility testing (O'Grady and Chertow 2011). Some studies have shown that 
combination therapy may be more effective than monotherapy. This was seen in a number 
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fourth generation cephalosporins, carbapenems or a combination of β-lactam and β-
lactamase inhibitor may be used (O'Grady and Chertow 2011). However, extended-
spectrum beta-lactamase-producing Escherichia coli and Klebsiella pneumoniae should not be 
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3.2.3 Clinical manifestations 
Urinary tract infection may involve the lower urinary tract or both the upper and lower 
urinary tracts. Lower urinary tract symptoms as a result from bacteria-producing irritation 
of the urethral and vesicle mucosa. This may cause frequent and painful urination of small 
amounts of urine that is turbid, suprapubic heaviness or pain and in some cases blood in the 
urine. Upper urinary tract infection includes fever, flank pain as well as symptoms such as 
increased frequency of urine, dysuria and the urgency to urinate. However these symptoms 
may vary greatly (Mandell, Bennett et al. 2005). Urinary tract infections in HIV-infected 
individuals include HIV-associated nephropathy, as well as skin and soft tissue infections 
(Eulalia Valencia, Enriquez et al. 1997).  

3.2.4 Management 
All symptomatic urinary tract infections should be treated whereas asymptomatic infection 
should be treated if at least two cultures of clean-voided, midstream urine grow the same 
organism in significant cell counts.  
A high fluid intake is recommended resulting in a dilution of the bacteria in the urine. 
Rapid hydration may reduce bacterial counts but this usually returns to normal once 
hydration is stopped. Decreasing the urinary pH results in antibacterial activity e.g. 
ingesting large volumes of cranberry juice contributes to low pH as high concentrations of 
hippuric acid (derived from the precursors in the berry) penetrates into the bacterial cell 
preventing optimal functioning. Hippuric acid is a weakly ionisable organic acid and is 
therefore able to better penetrate bacterial cells. Analgesics may be administered to 
patients exhibiting pain. 
Antimicrobial therapy is effective and guidelines are based on local antibiotic susceptibility 
patterns. However, antimicrobial drugs may either cure the infection or may cause bacterial 
persistence, relapse or re-infection. Bacterial cell counts should be reduced within 48 hours 
after the initiation of treatment with the antimicrobial drug that the microorganism is 
sensitive to in vitro. Bacteriologic cure is expected when the urine cultures are negative after 
48 hours of initial treatment and during the follow-up period of 1-2 weeks. Bacteriologic 
persistence occurs when bacterial counts are not reduced after 48 hours of treatment 
initiation or if the infecting organism persists in low numbers in the urine after 48 hours. 
Bacteriologic relapse occurs within 1-2 weeks after treatment has ended. Re-infection occurs 
during the administration of the drug or anytime thereafter. This is referred to as 
superinfection and may be identified by a change in bacterial species.  
Individuals that are severely ill with pyelonephritis should be hospitalised and parenteral 
therapy is required.  
For hospitalised immunocompromised patients with infections caused by gram-negative 
bacteria, third generation cephalosporins, aminopenicillin inhibitor combinations and 
carbapenems may be used with or without aminoglycosides and fluoroquinolones are 
recommended.  

3.3 Respiratory tract infections  
Nosocomial pulmonary infections are more common in patients with AIDS and are related 
to the extent of immunosuppression, prior use of antibiotics, and the exposure to invasive 
procedures. Nosocomial Mycobacterium tuberculosis and bacterial pneumonia are common in 
HIV-positive individuals and are associated with significant morbidity and mortality 
(Petrosillo, Nicastri et al. 2005). The majority of tuberculosis cases and deaths occur in low 
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resource areas; however nosocomial transmission to the patients with HIV occurs in both 
developed and developing countries mainly including multiple-drug resistant tuberculosis. 

3.3.1 Pneumonia 
Nosocomial pneumonia is the second leading cause of nosocomial infection and the leading 
cause of infection-related deaths in hospitalised patients (Mandell, Bennett et al. 2005). The 
morbidity associated with nosocomial pneumonia includes longer hospitalised stays and 
higher costs for health care (Wenzel 1989). Risk factors associated with nosocomial pneumonia 
are related to the patient’s immune status, infection-control practices and introduction of 
invasive procedures or other intervention (American Thoracic Society 1996). Patient-related 
risk factors are: age greater than 70 years, malnutrition, coma, metabolic acidosis, severe 
underlying disease and the presence of any of a number of co-morbid illnesses such as 
alcoholism, central nervous system dysfunction, and azotemia. Infection-control-related risk 
factors are a lack of hand hygiene, a lack of glove-use practices and the use of contaminated 
respiratory equipment. Intervention-related risk factors include procedures and treatment that 
may challenge normal host defenses or allow exposure of the host to large inocula of bacteria. 
Sedatives and narcotics may be aspirated, cytotoxic agents and corticosteroids may inhibit the 
hosts normal responses to infection and prolonged use of antimicrobials may lead to the 
development of drug resistance. Surgical procedures associated with the chest and abdomen 
may predispose the patient to pneumonia as these are associated with changes in host defense. 
Ventilation is also a major risk factor for the development of pneumonia in intensive care units 
(Craven and Steger 1995; George 1995). Pneumonia often affects individuals with impaired 
host defense systems such as defects in antibody production, phagocytosis, ciliary function or 
decreased CD4+ T-lymphocyte counts as seen in AIDS (Braunwald, Fauci et al. 2004). 
3.3.1.1 Etiological agents 
Reports of an increased risk of nosocomial respiratory tract infections due to aerobic gram-
positive and negative bacteria such as Staphylococcus aureus, Streptococcus pneumoniae, 
Pseudomonas aeruginosa, Haemophilus influenzae and members of the enterobacteriaceae such 
as Klebsiella pneumoniae, Escherichia coli, Serratia marcescens, Enterobacter species in patients 
with HIV have been observed most frequently. Mortality rates are especially high in patients 
that have pneumonia caused by Pseudomonas aeruginosa or Acinetobacter species (Kollef, Bock 
et al. 1995; Tumbarello, Tacconelli et al. 1998; Mandell, Bennett et al. 2005). Anaerobic 
bacteria have been isolated from a number of patients with nosocomial pneumonia but only 
a small percentage of these cases are thought to be caused by these organisms (A'Court and 
Garrard 1992). Legionella species have also occasionally found to be the cause of nosocomial 
pneumonia and majority of these cases have been in immunocompromised individuals 
(Mandell, Bennett et al. 2005).  
3.3.1.2 Clinical manifestations 
Symptoms may vary and may be non-specific. Initial symptoms include fever, chills and 
malaise. Progressive anorexia and weight loss is usually indicative of chronic illness. 
Pulmonary symptoms may initially occur but as the illness progresses, this may become more 
frequent. Patients presenting with prolonged illness and nonspecific complaints together with 
pulmonary symptoms including shortness of breath, increased respiratory rate, sputum 
production, new or persistent cough, hemoptysis, chest pain or dyspnea should be evaluated. 
Extrapulmonary symptoms may also occur. Chronic pneumonia may present with skin and 
mucous membrane lesions suggesting histoplasmosis, coccidioidomycosis, blastomycosis and 
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resource areas; however nosocomial transmission to the patients with HIV occurs in both 
developed and developing countries mainly including multiple-drug resistant tuberculosis. 
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bacteria have been isolated from a number of patients with nosocomial pneumonia but only 
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Garrard 1992). Legionella species have also occasionally found to be the cause of nosocomial 
pneumonia and majority of these cases have been in immunocompromised individuals 
(Mandell, Bennett et al. 2005).  
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Symptoms may vary and may be non-specific. Initial symptoms include fever, chills and 
malaise. Progressive anorexia and weight loss is usually indicative of chronic illness. 
Pulmonary symptoms may initially occur but as the illness progresses, this may become more 
frequent. Patients presenting with prolonged illness and nonspecific complaints together with 
pulmonary symptoms including shortness of breath, increased respiratory rate, sputum 
production, new or persistent cough, hemoptysis, chest pain or dyspnea should be evaluated. 
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in some epidemiologic settings paracoccidioidomycosis and may be differential in nosocomial 
settings. Cryptococcosis, nocardiosis and Karposi’s sarcoma are important considerations in 
AIDS patients (Mandell, Bennett et al. 2005; Raghavendran, Mylotte et al. 2007). 
3.3.1.3 Management 
Important considerations for the treatment of nosocomial pneumonia include early 
administration of the appropriate antibiotic (Iregui, Ward et al. 2002). Delay or 
inappropriate antibiotic treatment results in increased morbidity and mortality. Timely, 
accurate and appropriate therapy is therefore of vital importance as overuse or the 
unnecessary use of broad-spectrum antibiotics may result in drug resistance, superinfection 
and increased drug toxicity rates resulting in an increase in morbidity and mortality 
(Raghavendran, Mylotte et al. 2007). Ventilator-associated pneumonia is common. The 
antibiotic therapy that is employed depends on the use of prior antibiotic treatment at the 
time of onset of ventilator-associated pneumonia. If there is no prior history of antibiotic 
usage for early onset ventilator-associated pneumonia, third and fourth generation 
cephalosporins such as ceftriaxone or cefotaxime are the preferred choices or alternatively 
fluoroquinolones and or macrolides as part of combination treatment. An antipseudomonad 
cephalosporin such as ceftazadime or cefipime, an antipseudomonad penicillin such as 
piperacillin, carbepenem such as imipenem or meropenem or aztreonam combined with an 
aminoglycoside either in the presence or absence of methicillin-resistant S. aureus coverage 
with vancomycin or linezolid particularly if gram-positive cocci have been identified in the 
sputum Gram-stain, may be an effective combined regimen for the treatment of late-onset 
ventiliator-associated pneumonia (Ost, Hall et al. 2003).  

4. Intensive Care Unit (ICU) – Nosocomial infections in HIV-infected patients 
Nosocomial infection rates are highest in patients from intensive care units (ICU) and 
infection rates in adult and paediatric ICUs are about three fold higher than elsewhere in the 
hospital. The sites of infection and pathogens involved vary depending on the type of ICU 
treatment (Fridkin, Welbel et al. 1997; Weinstein 1998). Since the beginning of the AIDS 
epidemic, admissions in the ICU of hospitals have markedly increased with HIV-infected 
patients being admitted with concomitant infections such as pneumocystis pneumonia, 
bacterial pneumonia and tuberculosis – all of which are important infectious causes of 
respiratory failure resulting in pulmonary disease.  
Pseudomonas aeruginosa and Staphylococcus aureus as noted previously, are particularly 
significant causes of nosocomial bacterial pneumonias in ICU in both HIV-infected and HIV-
uninfected patients. Therefore the management of hospital-acquired and ventilator-associated 
pneumonia is similar for both group of patients (American Thoracic Society 2005). However, 
the presence of methicillin-resistant S. aureus is an independent risk factor for death in HIV-
infected patients and this should be considered in the initial treatment regimens (Franzetti, 
Grassini et al. 2006). Urinary tract infections in the ICU are as a result of fungal infections. 
Candida species including Candida albicans are the main cause of urinary tract infections in the 
ICU (Fridkin, Welbel et al. 1997). Another major cause of ICU admissions in HIV-infected 
patients is sepsis (Huang, Quartin et al. 2006; Japiassu, Amancio et al. 2010). Patients with 
invasive catheters and monitoring devices are predisposed to bloodstream infections caused 
by coagulase-negative staphylococci. Reports from one study demonstrated a 50% mortality 
rate in HIV-infected sepsis patients in ICU. The lung was the most common site of infection in 
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this study followed by primary bloodstream infections, venous catheter-related bacteraemia 
and urinary tract infections. Nosocomial infections were source of the sepsis and accounted for 
90% of cases in this cohort and were composed mostly of gram-negative rods such as 
Pseudomonas aeruginosa, Klebsiella pneumoniae, Enterobacter species, Escherichia coli, Acinetobacter 
species, Serratia marcescens, Staphylococcus species, Stenotrophomonas maltophilia, Clostridium 
difficile, Citrobacter freundii, Burkholderia cepacia and Candida species. Mycobaterium tuberculosis 
was the etiologic agent in some cases. The CD4 count of the patients in this cohort was very 
low. This could be associated with greater use of antibiotics for opportunistic infections or 
bacterial infections resulting in antibiotic resistance and consequently contributing to the 
development of nosocomial infections (Japiassú, Amâncio et al. 2010). It is challenging for 
clinicians practicing in the ICU setting to balance the need for providing adequate 
antimicrobial treatment to potentially infected individuals with the risks of overuse or 
unnecessary use of antibiotics. Most intensive care units have adopted the following strategy – 
to initiate broad-spectrum antibiotics followed by the appropriate antibiotic for the specific 
organism once identified and antimicrobial susceptibility testing is released (Ibrahim, Sherman 
et al. 2000). Comparison in characteristics of nososcomial infections between HIV positive 
verses. HIV negative patients is presented in Table 1.  
 
Nosocomial 
Infections  

HIV positive patients HIV negative patients 
Rate Common organisms Rate Common organisms 

Bacteraemia Increased in 
patients with 
central venous 
catheter and a 
high proportion 
of resistant K. 
pneumoniae

Coagulase-negative 
staphylococci 
Staphylococcus aureus, 
Klebsiella pneumoniae, 
Candida species, Salmonella 
species 

Lower mortality in 
HIV negative 
patients 

Staphylococcus aureus, 
Escherichia coli, 
Klebsiella pneumoniae 

Urinary 
tract 
infections  

Higher in 
catheterized 
patients and 
associated with 
nephropathy  

Staphylococci, enterococci, 
Proteus, Klebsiella, 
Enterobacter, Pseudomonas 
species and Candida 
species 

High in 
catheterized 
patients  

Staphylococci, 
enterococci, Proteus, 
Klebsiella, Enterobacter 
and Pseudomonas 
species 

Pneumonia The highest rate 
among all 
nosocomial 
infections and 
mostly 
increased in 
patients with 
CD4 
lymphocyte T 
count < 200 
cell/m3 

Mycobacterium tuberculosis, 
Pneumocystis jiroveci, 
Staphylococcus aureus, 
Streptococcus pneumoniae, 
Pseudomonas aeruginosa, 
Haemophilus influenzae and 
members of the 
enterobacteriaceae such as 
Klebsiella pneumoniae, 
Escherichia coli, Serratia 
marcescens, Enterobacter 
species 

Higher in the 
patients with risk 
factors such as: 
age >65, 
malnutrition, 
severe underlying 
diseases and 
patients with 
alcohol abuse  

Staphylococcus aureus, 
Streptococcus 
pneumoniae, 
Pseudomonas aeruginosa, 
Haemophilus influenzae 
and members of the 
enterobacteriaceae 
such as Klebsiella 
pneumoniae, Escherichia 
coli, Serratia marcescens, 
Enterobacter species 

Intensive 
Care Units 
(ICUs) 

More severe and 
increased in 
HIV/AIDS 
patients 

As above Higher in patients 
with risk factors 
and prolonged 
duration of stay 

As above 

Table 1. Characteristics of nosocomial infections between HIV positive and negative patients. 
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cephalosporin such as ceftazadime or cefipime, an antipseudomonad penicillin such as 
piperacillin, carbepenem such as imipenem or meropenem or aztreonam combined with an 
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Nosocomial infection rates are highest in patients from intensive care units (ICU) and 
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treatment (Fridkin, Welbel et al. 1997; Weinstein 1998). Since the beginning of the AIDS 
epidemic, admissions in the ICU of hospitals have markedly increased with HIV-infected 
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bacterial pneumonia and tuberculosis – all of which are important infectious causes of 
respiratory failure resulting in pulmonary disease.  
Pseudomonas aeruginosa and Staphylococcus aureus as noted previously, are particularly 
significant causes of nosocomial bacterial pneumonias in ICU in both HIV-infected and HIV-
uninfected patients. Therefore the management of hospital-acquired and ventilator-associated 
pneumonia is similar for both group of patients (American Thoracic Society 2005). However, 
the presence of methicillin-resistant S. aureus is an independent risk factor for death in HIV-
infected patients and this should be considered in the initial treatment regimens (Franzetti, 
Grassini et al. 2006). Urinary tract infections in the ICU are as a result of fungal infections. 
Candida species including Candida albicans are the main cause of urinary tract infections in the 
ICU (Fridkin, Welbel et al. 1997). Another major cause of ICU admissions in HIV-infected 
patients is sepsis (Huang, Quartin et al. 2006; Japiassu, Amancio et al. 2010). Patients with 
invasive catheters and monitoring devices are predisposed to bloodstream infections caused 
by coagulase-negative staphylococci. Reports from one study demonstrated a 50% mortality 
rate in HIV-infected sepsis patients in ICU. The lung was the most common site of infection in 
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5. Hospital infection control 
In any society, health is a priority and infections particularly infections acquired in the 
hospital setting are a significant cause of disease worldwide. It is therefore imperative that 
the correct measures to control such infections are structured accordingly. These include an 
individual commitment by healthcare workers ensuring careful hand washing, appropriate 
isolation and use of gloves and the proper and sterile use of medical devices. System issues 
also need to be addressed – soap and water need to be available and placed at convenient 
locations easily accessible to healthcare workers. Surgical patients need to be administered 
pre-operative antibiotics 1-2 hours prior to incision and patients with communicable 
diseases need to be isolated. In addition, a good starting point for an infection control 
programme is basic surveillance thereby allowing for the calculation of the rates of 
infections. The role of such a programme is to provide local data and can be very effective in 
tracking the spread of nosocomial infections (Wenzel, Bearman et al. 2008). This would 
allow infection control personnel to rationally identify potential sources of pathogens and 
aid infectious disease physicians in the development of treatment regimens to manage 
patients affected by the related organisms (Singh, Goering et al. 2006). 

6. Conclusion 
Nosocomial infections are a serious problem that are continually increasing and expanding 
creating a severe public health threat and exhaust the health budget. In 
immunocompromised HIV-infected patients this threat is further amplified. However there 
are publications readily available indicating increased rates of nosocomial infections in HIV-
infected patients. There is a enormous array of factors that need to be taken into 
consideration when confronted with such infections. The importance of knowing the risk 
factors, etiological agents and antimicrobial susceptibility are essential and should not be 
underestimated. The lifesaving role of antiretroviral therapy has improved and prolonged 
the survival outcome but some dilemmas around chronic HIV infections persist. It may be 
related to the lack of case control studies that directly indicate relationship amongst 
nosocomial infections and HIV/AIDS. Importantly, in nosocomial settings ongoing infection 
control measures warrant prompt attention.  
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1. Introduction 
Immune defects in children have been shown to have profound effects on oral tissues. (Joint 
United Nations Program on HIV/AIDS [UNAIDS], 2002, 2005).  
Oral lesions are among the earliest and most common clinical sign of infection with the 
Human Immunodeficiency Virus (HIV), are important indicators and can predict 
progression of HIV infection. A number of studies have shown that oral lesions are common 
in HIV infected patients. Knowledge and awareness of the signs and symptoms, of oral 
lesions that may be indicative of the patients’ HIV status will assist in instituting the 
appropriate careful steps of management at an early stage for better prognosis. (Chadwick & 
Yogev, 1995; Eldridge & Gallagher, 2000; Fowler et al., 2000; Gray & McIntyre, 1999; Ramos-
Gomez, 1997; Sullivan, 2003; Working Group on Mother To Child Transmission of HIV, 
1995). A thorough understanding of these lesions has implications for all health care 
professionals.  
HIV progression is faster and more severe in children, due to the immaturity of the immune 
system. Most children born with HIV infection are symptomatic at birth, however time 
between birth and initial symptoms and signs varies considerably. The median age of 
paediatric patients at the time of an AIDS diagnosis is 12 months with oral manifestations 
often the first sign of infection in approximately half of all infected children. (Magalhaes et 
al, 2001; Ramos-Gomez, 1997, Ramos-Gomez et al., 2000; Rosemberg & Faucias 1994).  
Most children will develop one or more oral manifestation of HIV infection during the 
course of the disease, similar to that seen in adults. (Leao et al., 2009; UNAIDS 2002, 2004). 
AIDS has emerged as the seventh leading cause of death among infants and children in the 
United States of America (USA), and a leading cause of death among minority groups and 
in low income countries (LINCs). (Centres for Disease Control and Prevention [CDC] 1993; 
Ramos-Gomez et al., 2000; UNAIDS, 2009) 
Majority of paediatric HIV infections are the result of Mother To Child Transmission 
(MTCT). The increasing proportion of infected children achieving adulthood highlights the 
need for multidisciplinary approach to management and thus facilitates transition to adult 
care while maintaining strategies specific for mother to child acquired infections. (Giaquinto 
et al, 2010; Massarente et al 2011; Swendeman et al, 2009).  
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Immune defects in children have been shown to have profound effects on oral tissues. (Joint 
United Nations Program on HIV/AIDS [UNAIDS], 2002, 2005).  
Oral lesions are among the earliest and most common clinical sign of infection with the 
Human Immunodeficiency Virus (HIV), are important indicators and can predict 
progression of HIV infection. A number of studies have shown that oral lesions are common 
in HIV infected patients. Knowledge and awareness of the signs and symptoms, of oral 
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1995). A thorough understanding of these lesions has implications for all health care 
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HIV progression is faster and more severe in children, due to the immaturity of the immune 
system. Most children born with HIV infection are symptomatic at birth, however time 
between birth and initial symptoms and signs varies considerably. The median age of 
paediatric patients at the time of an AIDS diagnosis is 12 months with oral manifestations 
often the first sign of infection in approximately half of all infected children. (Magalhaes et 
al, 2001; Ramos-Gomez, 1997, Ramos-Gomez et al., 2000; Rosemberg & Faucias 1994).  
Most children will develop one or more oral manifestation of HIV infection during the 
course of the disease, similar to that seen in adults. (Leao et al., 2009; UNAIDS 2002, 2004). 
AIDS has emerged as the seventh leading cause of death among infants and children in the 
United States of America (USA), and a leading cause of death among minority groups and 
in low income countries (LINCs). (Centres for Disease Control and Prevention [CDC] 1993; 
Ramos-Gomez et al., 2000; UNAIDS, 2009) 
Majority of paediatric HIV infections are the result of Mother To Child Transmission 
(MTCT). The increasing proportion of infected children achieving adulthood highlights the 
need for multidisciplinary approach to management and thus facilitates transition to adult 
care while maintaining strategies specific for mother to child acquired infections. (Giaquinto 
et al, 2010; Massarente et al 2011; Swendeman et al, 2009).  
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Evidence of HIV disease progression in both adult and paediatric patients is marked by oral 
manifestations and general periodontal status, and oral symptoms and signs may have 
prognostic value that is independent of CD4 status or other commonly used markers. 
(Greenspan & Greenspan, 1999; Ramos-Gomez et al., 2000). Oral lesions commonly 
associated with paediatric HIV infection include oral candidiasis, herpes simplex virus 
infection, linear gingival erythema and recurrent aphthous ulcers. Oral candidiasis is the 
commonest oral manifestation in children and may be associated with burning sensation in 
the mouth, problems with nutrition and changes in taste. (Orne-Glieman et al., 2008) Oral 
candidiasis has also been associated with HIV disease progression and immune system 
deterioration as evidenced by low CD4 counts in both adults and children with the 
infection. However, parotid gland enlargement is indicative of a better prognosis, with 
slower disease progression or long term survival. (Katz et al., 1993; Magalhaes et al., 2001; 
Ramos-Gomez et al., 1999) 
Recognition of these early oral signs during routine examinations and in surgical procedures 
is important for diagnosis and treatment, which allows for early intervention, clinical 
staging of the infection leading to better prognosis, reduced morbidity and improved 
quality of life in this population. The early diagnosis of these lesions will help in assessing 
disease progression especially in LINCs where limited resources hamper disease specific 
interventions. 

2. Literature review 
2.1 Epidemiology 
HIV is a global pandemic, which continues to escalate throughout developing countries 
compared to a notable stabilization in new cases and fatalities in some developed countries. 
The number of people living with HIV worldwide continued to grow in 2008, reaching an 
estimated 33. 4 million. The total number of people living with the virus in 2008 was more 
than 20% higher than the number in 2000, and the prevalence reported to be roughly 
threefold higher than in 1990. (UNAIDS, 2009). The continuing rise in the population of 
people living with HIV reflects the combined effects of continued high rates of new HIV 
infections and the beneficial impact of antiretroviral therapy. As of December 2008, 
approximately 4 million people in low- and middle-income countries were receiving 
antiretroviral therapy. An estimated 430,000 new HIV infections occurred among children 
under the age of 15 in 2008. Most of these new infections are believed to stem from 
transmission in-utero, during delivery or post-partum as a result of breastfeeding. The 
number of children newly infected with HIV in 2008 was roughly 18% lower than in 2001. 
To date, UNAIDS estimates that 40 million are living with HIV/AIDS, with more than 95% 
in developing countries, including 28. 5% in sub-Saharan Africa, and out which at least 2. 1 
million are children under the age of 15years. (Barnett & Whiteside, 2006; Greene, 2007; 
Nigeria, 1992; UNAIDS, 2002, 2004, 2005, 2006, 2009).  
Studies on oral manifestations of HIV infection have reported that these lesions are 
common, with a wide variation in the prevalence of lesions; 41% to 99. 5% prevalence 
reported in studies carried out on populations of intravenous drug abusers and other risk 
groups. (Arendorf et al., 1998; Barone et al., 1990; Ceballos-Salobrena et al., 1996; Onunu & 
Obuekwe, 2002; Sauer et al.,1995; Schimdt-Westhausen et al 1997., Ukpebor & Braimoh, 
2006; Wright, 2003). The wide variations in the prevalence of oral lesions in the literature 
have been attributed to a number of factors, and include sample randomization, sample size, 
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clinical stage at presentation, risk group, education, race, socioeconomic status and access to 
health care. Most studies have reported a high prevalence of at least one oral lesion in 
children with HIV infection, with oral candidiasis being the most prevalent oral condition. 
(Barasch et al., 2000; Glick, 2005; Katz et al., 1993; Lamster et al., 1994; Ramos-Gomez et al., 
1996; Yengopal et al., 2011).  

2.2 Pathogenesis 
The acquired immunodeficiency syndrome (AIDS) was first observed in 1981 in young male 
homosexuals in the United States of America (USA); though there are evidences that 
sporadic cases may have been in existence before then. (Olumide, 2002; Scully, 1997) The 
causative organism was identified and named as the Human Immunodeficiency Virus 
(HIV). It is a member of the lentevirus subfamily. Two strains HIV-1 and HIV-2 the primary 
aetiological viruses for AIDS were described in 1983 and 1986 respectively. However, HIV 
infection in children was first described in 1983. (Oleske et al., 1983). HIV disease in infants 
and children, as in adults, is a progressive disease with a clinical spectrum ranging from 
asymptomatic infection to profound and eventual fatal immunosuppression. AIDS is the 
point on this spectrum where significant immunodeficiency causes emergence of conditions 
that meet the criteria for the Centres for Disease Control (CDC) definition of AIDS 
diagnosis. (Ammann, 1999). The hallmark of immunodeficiency caused by HIV infection is 
the depletion of cells of the immune system: CD4+ T lymphocytes, macrophages, monocytes 
and dendritic cells that express the CD4 receptors. The gradual decrease in the number of 
cells of the immune system and the functional decline of these cells lead to the breakdown of 
the immune system, exposing infected individuals to a wide variety of viral, bacterial, 
fungal and parasitic infections as well as the development of malignancies that result in full 
blown AIDS. These conditions when occurring in the mouth constitute the oral 
manifestations of HIV/AIDS and may be indicators of HIV infection. (Agbelusi & Wright 
2005; Zijenah & Katzenstein, 2002).  

2.2.1 Transmission 
The epidemic in children has risen globally due to the worldwide increase in HIV 
prevalence in women of childbearing age. Majority of paediatric HIV/AIDS cases are as a 
result of transmission from mother to child. Though the source and route of transmission is 
multifactorial, mother to child transmission (MTCT) is the commonest mode of transmission 
of HIV in children. In the absence of any intervention, the risk of MTCT is 15–30% in non-
breastfeeding populations and 20–45% among populations who practice prolonged 
breastfeeding. It is estimated that 50% of HIV-infected infants will die before the age of two. 
(De Cock et al., 2000; Newell et al., 2004). 
Effective prevention of mother-to-child transmission involves simultaneous support for 
several strategies that work synergistically to reduce the odds that an infant will become 
infected as a result of exposure to the mother’s virus. Through the reduction in overall HIV 
among reproductive-age women and men, the reduction of unwanted pregnancies among 
HIV-positive women, the provision of antiretroviral drugs to reduce the chance of infection 
during pregnancy and delivery and appropriate treatment, care and support to mothers 
living with HIV (including infant feeding), programmes are able to reduce the chance that 
infants will become infected. In ideal conditions, the provision of antiretroviral prophylaxis 
and replacement feeding can reduce transmission from an estimated 30% to 35% with no 
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clinical stage at presentation, risk group, education, race, socioeconomic status and access to 
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1996; Yengopal et al., 2011).  
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causative organism was identified and named as the Human Immunodeficiency Virus 
(HIV). It is a member of the lentevirus subfamily. Two strains HIV-1 and HIV-2 the primary 
aetiological viruses for AIDS were described in 1983 and 1986 respectively. However, HIV 
infection in children was first described in 1983. (Oleske et al., 1983). HIV disease in infants 
and children, as in adults, is a progressive disease with a clinical spectrum ranging from 
asymptomatic infection to profound and eventual fatal immunosuppression. AIDS is the 
point on this spectrum where significant immunodeficiency causes emergence of conditions 
that meet the criteria for the Centres for Disease Control (CDC) definition of AIDS 
diagnosis. (Ammann, 1999). The hallmark of immunodeficiency caused by HIV infection is 
the depletion of cells of the immune system: CD4+ T lymphocytes, macrophages, monocytes 
and dendritic cells that express the CD4 receptors. The gradual decrease in the number of 
cells of the immune system and the functional decline of these cells lead to the breakdown of 
the immune system, exposing infected individuals to a wide variety of viral, bacterial, 
fungal and parasitic infections as well as the development of malignancies that result in full 
blown AIDS. These conditions when occurring in the mouth constitute the oral 
manifestations of HIV/AIDS and may be indicators of HIV infection. (Agbelusi & Wright 
2005; Zijenah & Katzenstein, 2002).  

2.2.1 Transmission 
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prevalence in women of childbearing age. Majority of paediatric HIV/AIDS cases are as a 
result of transmission from mother to child. Though the source and route of transmission is 
multifactorial, mother to child transmission (MTCT) is the commonest mode of transmission 
of HIV in children. In the absence of any intervention, the risk of MTCT is 15–30% in non-
breastfeeding populations and 20–45% among populations who practice prolonged 
breastfeeding. It is estimated that 50% of HIV-infected infants will die before the age of two. 
(De Cock et al., 2000; Newell et al., 2004). 
Effective prevention of mother-to-child transmission involves simultaneous support for 
several strategies that work synergistically to reduce the odds that an infant will become 
infected as a result of exposure to the mother’s virus. Through the reduction in overall HIV 
among reproductive-age women and men, the reduction of unwanted pregnancies among 
HIV-positive women, the provision of antiretroviral drugs to reduce the chance of infection 
during pregnancy and delivery and appropriate treatment, care and support to mothers 
living with HIV (including infant feeding), programmes are able to reduce the chance that 
infants will become infected. In ideal conditions, the provision of antiretroviral prophylaxis 
and replacement feeding can reduce transmission from an estimated 30% to 35% with no 
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intervention to around 1% to 2%. Most countries have not yet reached all pregnant women 
with these services, let alone significantly reduced HIV prevalence among reproductive-age 
individuals or unwanted pregnancies among HIV-positive women. (Ammann 2006; 
UNAIDS 2009).  

2.3 Clinical aspect of HIV disease in children 
2.3.1 Orofacial manifestations 
The development of HIV infection in children has different characteristics to those noted in 
adults, due mainly to the earlier acquisition of the virus, combined with the immaturity of 
the immunologic system and other body structures. The clinical features of pediatric HIV 
infection includes the appearance of various oral lesions, some of which are considered 
AIDS diagnosis markers, such as recurrent oral candidiasis and chronic enlargement of the 
parotid. The most frequently associated oral lesions are: candidiasis, herpes simplex 
infection, linear gingival erythema (LGE), parotid enlargement and recurrent aphthous 
stomatitis. Other viral and bacterial infections, including periodontal infections are less 
commonly associated, while hairy leukoplakia and Kaposi's sarcoma are rarely seen in HIV-
infected children. (Greenspan D, 1998; Soares et al., 2004). The oral manifestations of HIV 
disease in adults and children were classified before the advent of anti-retroviral drugs 
(ART). Patients who do not receive ART are likely still to have the common oral features of 
HIV disease: candidiasis (typically pseudomembranous candidiasis), hairy leukoplakia, 
Kaposi's sarcoma, non-Hodgkin’s lymphoma and, perhaps periodontal disease. (Frezzini et 
al., 2006). Dry mouth as a result of decreased salivary ow rate may not only increase the 
risk of dental caries but further impact negatively on quality of life because of difficulty in 
chewing, swallowing and tasting food. According to the World Oral Health Report 2003 
priority is given to effective prevention of oral manifestations of HIV/AIDS through 
additional actions. These actions are integral components of WHO and joint United Nations 
global programs for control of HIV/AIDS. These collaborative programs include but are not 
limited to the identification of the most indicative oral manifestations of HIV/AIDS, training 
of other health professional and dissemination of information on disease prevention and 
recognition. (Petersen, 2003; 2004; UNAIDS 2004; WHO, 2003). 

2.3.2 Overview of treatment 
Anti retroviral drugs (ARDs) used in the management of HIV-infection now principally 
comprise four classes of retroviral agents: 
Nucleoside analog reverse transcriptase inhibitors (NRTIs); 
Non-nucleoside analog reverse transcriptase inhibitors (NNRTIs); 
Protease inhibitors (Pis) and Entry inhibitors.  
However, effective anti-retroviral therapies are rarely available to HIV-infected people in 
LINCs and the developing world, particularly areas of Africa. Moreover, only a handful of 
ARDs in the current WHO guidelines have solid formulations in doses appropriate for 
pediatric use and pediatric fixed-dose drug combinations are scarce.  

3. Oral manifestations in paediatric HIV infection 
3.1 Classification of oral lesions in HIV infection 
Oral lesions seen in HIV disease have been classified by the EC Clearing house on oral 
problems related to HIV infection and WHO collaborating centre on Oral manifestations of 
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the immunodeficiency virus into three main groups. (Coogan et al 2005; Greenspan JS & D, 
1995; Leao et al., 2009). These are: 
Group 1: Lesions strongly associated with HIV infection  
Group 2: Lesions less commonly associated with HIV infection 
Group 3: Lesions seen in HIV infection 
These lesions have also been grouped according to their aetiology as: 
 Neoplastic conditions 
 Bacterial infections 
 Fungal infections 
 Viral infections 
 Autoimmune disorders 
 Neurological disturbances 
 Other conditions.  
The spectrum of oral diseases in HIV infected children differs significantly from that of 
adults. These differences have been attributed to differences in the viral induced 
immunopathologic changes in these two different age groups as well as to being the result 
of decreased exposure at a young age to certain viruses, which reduces the risk for diseases 
such as oral hairy leukoplakia, oral warts, Kaposi’s sarcoma and lymphoma. Despite this 
limited range of diseases, most children will develop one or more oral manifestation of HIV 
infection during the course of the disease, similar to that seen in adults Orofacial 
manifestations of paediatric HIV infection have been divided into four groups. (Flaitz 
&Hicks, 2003; Fonseca et al., 2000). 

3.1.1 Oral lesions commonly associated with paediatric HIV infection 
 Candidiasis- 

Pseudomembranous 
Erythematous 
Angular cheilitis 

 Herpes simplex viral infection 
 Linear gingival erythema 
 Major salivary gland enlargement 
 Recurrent aphthous ulcers- 
Minor, major, and herpetiform 

3.1.2 Oral lesions less commonly associated with paediatric HIV infection 
 Bacterial infections 
 Periodontal diseases 
 Necrotizing ulcerative gingivitis (NUG) 
 Necrotizing ulcerative periodontitis (NUP) 
 Necrotizing stomatitis (NS) 
 Viral infections (cytomegalovirus, human papilloma virus, varicella zoster virus, 

molluscum contagiosum) 
 Xerostomia 

3.1.3 Oral lesions strongly associated with HIV infection but rare in children 
 Kaposi’s sarcoma 
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 Non-Hodgkin’s lymphoma 
 Oral hairy leukoplakia 
 Tuberculosis-related ulcers 

3.1.4 Oral conditions with increased severity in paediatric HIV infection 
 Gingivitis and periodontitis (increased gingival and plaque indices) 
 Over-retained primary teeth 
 Delayed eruption of primary and permanent teeth 
 Primary dentition caries 

4. Oral lesions commonly associated with paediatric HIV infection  
4.1 Oral candidiasis 
This is the most common oral soft tissue manifestation of paediatric HIV infection. (Barasch 
et al., 2000; Fonseca et al 2000; Kline 1996; Ramos-Gomez et al., 1999). Candidiasis is often 
the first clinically observable manifestation of HIV infection, with up to 72% of these 
children developing the disease. (Flaitz & Hicks 2003).  
Candidiasis has been reported as the commonest oral lesion in several studies and has been 
used as a clinical marker of the disease as the frequency of oral candidiasis usually 
correlates with a falling CD4+ T lymphocyte count and a rising HIV viral load 

Pseudomembranous candidiasis remains the commonest variant, followed by erythymatous 
candidiasis and angular cheilitis. Studies indicate that oral candidiasis is prevalent in 
HIV/AIDS and has been reported in up to 72% of all pediatric HIV infection. (Flaitz & Hicks 
2003; Kline 1996; Naidoo & Chikte 2004; Obileye 2006; Olaniyi & Sunday 2005; Ramos-
Gomez et al 1999; Sowole et al., 2009). However, oral pseudo-membranous candidiasis is not 
uncommon in healthy infants in the first six months of life. However, in immuno-competent 
children, Candida lesions are often mild, readily amenable to treatment, or regress 
spontaneously and are rarely seen beyond infancy in the absence of predisposing factors. In 
addition, concurrent oral infection is the most common clinical presentation of oesophageal 
candidiasis, a very debilitating and symptomatic AIDS-defining condition in children. 
(Chiou et al., 2000) Candida albicans was the primary aetiological agent but recently other 
species including C. tropicalis, C. krusei, C. glabrata, C. parasilosis, C. pseudotropicalis, C. 
gulliermondi, have been identified. C. dubliniensis, a newly emerging pathogen. isolated 
almost exclusively in HIV infected and oncology patients has been identified. (Brown et al 
2000).  
Clinical features of candidiasis are variable depending on the form of the disease. The 
different forms associated with HIV  
infection are: 

4.1.1 Pseudomembraneous candidiasis or thrush 
This presents as non-adherent multifocal, creamy white to yellow papules or plaques 
overlying the oral mucosa. Removal of this material often leaves an erythematous mucosal 
surface, which occasionally bleeds. It typically occurs on the buccal mucosa, mucobuccal 
folds, dorsolateral tongue and the oropharynx, but may occur throughout the 
oropharyngeal region. (Flaitz & Hicks 1999, 2003; Ramos-Gomez et al 1999). (Figures 1, 2 & 
3). 
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Fig. 1. Pseudomembranous candidiasis.  

 

 
Fig. 2. Pseudomembranous candidiasis.  

 

 
Fig. 3. Pseudomembranous candidiasis.  

4.1.2 Erythematous (atrophic) candidiasis 
This varies from diffuse to patchy redness throughout the oral mucosa. Multiple flat red 
patches of varying intensity occur. It sometimes presents as pinpoint to macular erythema, 
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Fig. 3. Pseudomembranous candidiasis.  
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which mimics a bleeding diathesis or submucosal trauma. They are most commonly located 
on the palate and the dorsum of the tongue. Non adherent filmy white to creamy plaques 
may be seen concurrently with this lesion. When the tongue is involved, there is selective 
loss of filiform papillae, resulting in a red, smooth to beaded mucosal surface.  
Median Rhomboid Glossitis is a specific type of erythematous candidiasis that presents as 
red, smooth, depapillated, persistent oral patch in the middle of the dorsum of the tongue. 
Tenderness or a burning sensation may be experienced. (Flaitz & Hicks 2003; Ramos-Gomez 
et al 1999). (Figures 4, 5 & 6) 
 

 
Fig. 4. Erythematous candidiasis.  
 

 
Fig. 5. Erythematous candidiasis.  

4.1.3 Angular cheilitis 
This presents as linear red or ulcerated fissures radiating from the corners of the mouth. 
They are typically bilateral, and multiple red papules may be found when the adjacent peri-
oral skin is involved. (Figure 7) It commonly occurs in conjunction with either of the other 
intraoral forms. (Flaitz & Hicks, 2003; Ramos-Gomez et al 1999) 

Diagnosis 
Definitive diagnosis of oral candidiasis is made from exfoliative cytological smears using 
PAS stain or potassium hydroxide or Gomori’s methenamine silver stain. Detection of  
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Fig. 6. Erythematous candidiasis (interdental papilla).  

fungal hyphae and/or pseudohyphae is necessary for microscopic diagnosis. Biopsy of the 
oral lesion can also be carried out. Fungal cultures are not usually necessary but are helpful 
in species identification when lesions are refractory to antifungal therapy. (Flaitz & Hicks 
1999, 2003).  
Treatment 
Candidiasis should be treated promptly and thoroughly with topical antifungal agents such 
as nystatin or clotrimazole. prognosis depends on disease severity, oesophageal 
involvement, recurrence rate, drug compliance, the child’s age and previous history and 
response to antifungal therapy. (Abrams 2000; Flaitz & Hicks 1999). Both oral and 
esophageal candidiasis have a high propensity to recur unless antifungal therapy is 
continued. Therapy is indicated to prevent the symptoms of pain, burning sensation, 
soreness and dysphagia that may occur. (Ramos-Gomez et al.,1999) 
Topical Antifungal Agents  
These include Nystatin, Ketoconazole, Clotrimazole, Amphotericin B and Miconazole.  
 Nystatin suspension (100,000U/ml) 100,000-500,000 U 6 hourly for 14days 

Oral pastille (200,000U)   6 hourly for 14 days 
 Clotrimazole troche (10mg)   10mg 4-5 times daily for 14days 
 Amphotericin B oral suspension (100mg/ml)  100mg 6 hourly for 14days 
 Miconazole oral gel (25mg/ml) 2. 5-5ml   6 hourly for 14 days 
 

 
Fig. 7. Angular cheilitis.  
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The long term use of these preparations may lead to increased incidence of caries because of 
their high dextrose or sucrose content. Topical fluoride should thus be prescribed. 
Alternatively, antifungal preparations designed for vagina use such as pessaries which 
contain less dextrose and sucrose may be used. (Greenspan 1994).  
Topical creams and ointments containing Nystatin, ketoconazole or Clotrimazole are used in 
the treatment of angular cheilitis and peri-oral skin or lip involvement. These are applied 3 
times daily. Angular cheilitis frequently occurs as a mixed infection with staphylococcus 
aureus, therefore an antibacterial ointment such as mupirocin may be indicated. A 
combination of a low potency steroid ointment and an antifungal is valuable when deep 
fissures and cracks on the lips are present. (the middle of the dorsum of the tongue. 
Tenderness or a burning sensation may be experienced. (Abrams 2000; Flaitz & Hicks 1999, 
2003; Greenspan 1993, 1994). Generally, antifungal therapy should be continued 1 to 2 weeks 
after clinical resolution of the lesions.  
Systemic Antifungal Agents  
These include Ketoconazole, Fluconazole and Itraconazole.  
 Ketoconazole tablets (200mg/tablets) 5-10mg/kg in 1 or 2 doses for 14days 
 Fluconazole suspension (50 or 200mg/5ml) 3-6mg/kg once daily to a maximum of 

100mg for 14 days 
 Fluconazole tablets (50 or 150mg/tab)    - as above-  
 Itraconazole caps (100mg/cap)  2-5mg/kg once daily for 14days  
 Itraconazole oral liquid (10mg/ml)   - as above- 
In cases of drug resistant candidiasis, microbiologic culturing may be important but 
Fluconazole and Itraconazole have been found to be more effective empirically for treating 
lesions resistant to other polyenes and azoles and are associated with longer disease free 
periods. Suppressive maintenance antifungal therapy is indicated when frequent episodes 
are encountered. (Flaitz & Hicks 1999, 2000)Disinfection and/or replacement of 
contaminated oral pacifiers, toothbrushes and orthodontic appliances should be done as 
these contribute to disease recurrence in children. Restoration of carious teeth and 
continuous caries prevention is important, as it has been shown microscopically that deep 
dental caries may act as a reservoir for Candida species in HIV infected individuals.  
(Jacob et al 1998) 
Recommended Prophylaxis Regimen (Flaitz & Hicks 1999) 
Nystatin oral suspension     100,000 to 400,000 units twice daily 
Clotrimazole     10mg twice daily 
Fluconazole    6mg/kg, once daily or weekly 
Chlorhexidine mouth rinse   twice daily 

4.2 Herpes simplex virus infection 
This is the most common viral muco-cutaneous disease affecting HIV-positive children. The 
majority of oral lesions are caused by herpes simplex virus type1 (HSV-1). Prevalence ranges 
from 2% - 24% in Paediatric HIV studies. HIV positive children who have two or more 
herpetic infection episodes within 1year are classified as having moderately symptomatic 
HIV disease. (Caldwell et al., 1994). There are 2 clinical forms: 

4.2.1 Primary herpetic gingivostomatitis  
This is a systemic viral infection which presents with sudden onset of fever, swollen and 
tender cervical lymph nodes, irritability and malaise. Classically, there is widespread 
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mucosal erythema, vesicles and painful coalescing ulcers. The gingiva, palate, dorsum of 
tongue, lip and the peri-oral skin are the commonest sites (Figures 8 &9). Excessive drooling 
of saliva and pharyngitis often accompanies this infection. Resolution usually occurs within 
14days but the disease may linger for several more weeks in immuno-compromised 
children. (William1993). 
 

 
Fig. 8. Primary herpetic gingivostomatitis.  

4.2.2 Recurrent herpes simplex virus infection 
This occurs when the Herpes simplex virus is reactivated within the trigeminal ganglion by 
factors such as excessive exposure to sunlight, physical injury, febrile systemic illness, 
immunosuppression, emotional stress and hormonal alterations. It is characterized by 
sudden onset of focal erythema, clustered vesicles and painful coalescing ulcers. The ulcers 
usually involve the vermilion border of the lip, peri-oral skin, and nasal mucosa and may 
form crusts extraorally. Intraorally, the gingivae and palatal mucosa are usually involved. 
Lesions typically heal within 7 – 10days.  
In immuno-suppressed children, lesions may be multifocal in distribution and occur on non-
keratinized mucosa. The infection may run a chronic course, lasting 4 - 6weeks and 
producing large crater form lesions with irregular serpentine to scalloped margins. Extraoral 
vesicular to crusted lesions that bleed on manipulation are characteristic. Deep persistent 
lesions may result in significant scarring. Cytomegalovirus co-infection has been observed 
in these persistent ulcers. (Flaitz et al., 1996). 
Some HIV and other immuno-compromised children develop an unusual disease pattern on 
the dorsum of the tongue called the geometric herpetic glossitis. This variant appears as 
multiple painful ulcerated fissures that radiate from the middle of the dorsum of the tongue. 
Herpetic lesions recur frequently in severe immunosuppression.  
Diagnosis of herpes simplex viral infection is usually clinical but can be confirmed in 
atypical lesions by exfoliative cytology, incisional biopsy or tissue culture with viral 
isolation or presence of viral giant cell. Immuno-cytochemical and fluorescent monoclonal 
antibody typing can be performed on direct smears, biopsy samples, or infected cells grown 
in tissue culture for more accurate diagnosis. (Flaitz & Hicks 1999). 

4.2.3 Treatment 
Most herpetic lesions in HIV infected children are reported to be self-limiting. Antiviral 
therapy is recommended in moderately to severely immuno-compromised children and in 
cases with frequent recurrences. Oral acyclovir is most frequently used. Lesions resistant to 
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mucosal erythema, vesicles and painful coalescing ulcers. The gingiva, palate, dorsum of 
tongue, lip and the peri-oral skin are the commonest sites (Figures 8 &9). Excessive drooling 
of saliva and pharyngitis often accompanies this infection. Resolution usually occurs within 
14days but the disease may linger for several more weeks in immuno-compromised 
children. (William1993). 
 

 
Fig. 8. Primary herpetic gingivostomatitis.  
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acyclovir have been effectively managed with Foscarnet (Trisodium phosphonoformate 
hexahydrate).  
Acyclovir 200 – 400mg tabs  6 hourly for 10-14days 
Foscarnet 24 – 40mg/kg   8 hourly (very severe cases only) for 14-21days.  
Suppressive maintenance therapy may be indicated for children who develop multiple 
episodes. (Ramos-Gomez et al., 1999) 
 

 
Fig. 9. Primary herpetic gingivostomatitis.  

4.3 Linear gingival erythema (LGE) 
LGE is the most common form of HIV associated periodontal disease in HIV infected 
children. (Kline 1996, Ramos-Gomez et al 1999). The prevalence of LGE varies widely in 
different studies, ranging from 0-38%2. However, it appears to be more common in cohorts 
of adolescents aged 13-18 years than in younger children. (Barasch et al 2000; Howell et al 
1996).  
LGE presents as a fiery red, linear band 2 – 3mm wide on the marginal gingival 
accompanied by petechiae-like or diffuse red lesions on the attached gingival and oral 
mucosa. (Figure 10) The erythema may be accompanied by bleeding during brushing and in 
severe cases by spontaneous bleeding. It is most notable on the buccal surfaces from cuspid 
to cuspid. Pain is rarely an associated finding in most of these cases. (Ramos-Gomez et al 
1999). The degree of erythema is disproportionally intense compared with the amount of 
plaque that is present on the teeth. (Flaitz & Hicks 1999). 
Treatment 
Appropriate antifungal treatment is recommended because LGE represents an 
erythematous form of candidiasis. It is important to exclude neutropenia, 
thrombocytopenia, and plasma cell gingivitis in children with this condition. (Velegraki et al 
1999).  
There are no known criteria for definitive diagnosis of LGE but it resists conventional 
plaque removal therapies and oral hygiene measures and this distinguishes it from acute 
marginal gingivitis. LGE is now described as a candidal infection. Though the microbiology 
of LGE has not been fully described, C. albicans and C. dubliniensis have been isolated from 
LGE lesions in both children and adults. (Flaitz & Hicks 2003; Ramos-Gomez et al 1999; 
Velegraki et al 1999). 
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Fig. 10. Linear gingival erythema.  

4.4 Major salivary gland enlargement 
Salivary gland disease in HIV infected children presents as either xerostomia or major 
salivary gland enlargement. Major salivary gland enlargement refers to lymphocyte 
mediated salivary gland disease in cases of HIV infection. It may affect the parotid and/or 
submandibular glands. It was first seen in paediatric HIV infection. It is also called Diffuse 
Infiltrative Lymphocytosis syndrome or Sjogren syndrome-like disease. (Flaitz & Hicks 
2003). (Figure 11). 
Major salivary gland enlargement is more common in children than in adults with HIV 
infection and the prevalence in HIV infected children varies widely in different studies with 
up to 58% of them being affected. The aetiology of major salivary gland enlargement is 
unknown but infection with EBV or HIV or the interaction between these two viruses is 
suspected to be responsible. (Flaitz & Hicks 2003; Fonseca et al., 2000; Katz et al., 1993; 
Valdez et al., 1994).  
 

 
Fig. 11. Parotid gland enlargement.  

The parotid gland is most commonly affected with parotid swelling in 10 – 30% of HIV 
infected children. There is unilateral or bilateral diffuse soft tissue swelling resulting in 
facial disfigurement. It is sometimes painful, and may be associated with lymphoid 
interstitial pneumonitis and diffuse lymphadenopathy. There may be concurrent 
enlargement of the palatine tonsils, resulting in partial airway obstruction, difficulty with 
swallowing and sleep apnoea. Parotid swelling has been associated with slower progression 
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to AIDS: having a median time to death of 5. 4years as against 3. 4years among patients with 
oral candidiasis. (Chetty et al., 1999; Flaitz & Hicks 2003; Katz et al., 1993; Ramos-Gomez et 
al 1999). 
There are no established criteria for the definitive diagnosis of salivary gland enlargement 
(SGE) and the exact pathophysiology remains uncertain. Theories concerning the origin of 
SGE include lymphoepithelial lesions, cysts involving salivary parenchyma, interglandular 
lymph nodes, and an inflammatory infiltrate similar to Sjogren’s syndrome. Greenspan 
described the possible relationship between SGE and T-lymphocyte CD8+ cell infiltration in 
the gland. In addition, genetic loci have been linked to SGE in children, specifically 
HLADR5 and HLA-DR11, suggesting a genetic predisposition to this condition. (Greenspan 
& Greenspan 1996; Pinto& De Rossi 2004)  
Treatment 
Salivary gland swelling is usually left untreated because it is usually asymptomatic. 
However, there are a number of dental management concerns and serious complications in 
children related to infections of the salivary glands becoming life threatening at a faster rate 
than in adults. The paediatric dentist should be aware of the possible complications in the 
paediatric HIV/AIDS population. Often the salivary gland disorders or their potential 
sequelae can be a predictor of HIV disease progression. Consultation with the child's 
infectious disease provider, including ordering complete blood counts, should give an 
indication of the child's immune status. Assessment of salivary function should be 
performed at the initial dental exam. Subjective complaints of dryness in children are often 
equivocal, so the clinician should be familiar with examination of the Stensen’s and 
Wharton's ducts to verify flow. Palpation of the major glands and milking of the major 
glands should be a standard part of the comprehensive head and neck examination of the 
HIV Positive paediatric patient.  
Salivary gland disease can present as benign enlargement with or without xerostomia, 
xerostomia alone, or parotitis or more ominous conditions such as malignancy. In children, 
serious complications related to salivary gland infections can become life-threatening at a 
faster rate than in adults. The clinician should be aware of the etiologic agents that can cause 
parotitis (bacterial/viral). Knowledge of the child's immune status will often serve as a 
guide towards diagnosis (i. e., cytomegalovirus or paramyxovirus in immune-compromised 
children). Thorough examination of salivary ducts can provide valuable information on 
aetiology-(purulence in saliva, thick mucous saliva) and guide the clinician to adequate 
treatment. The antibiotic of choice is clindamycin, in a dosage of 8-25mg/kg/day. A 
therapeutic alternative antibiotic is penicillin, considering the gastrointestinal effects of 
clindamycin. (Pinto& De Rossi 2004).  

4.5 Recurrent aphtous ulcers (RAU) 
The prevalence of RAU in HIV infected children ranges from 0-7% similar to HIV infected 
adults. In general RAU tend to recur more frequently in the HIV infected child; and with 
immunosuppression, major aphthous ulcers are also more likely to develop. (Flaitz & Hicks 
2003).  
RAU presents as painful ulcers of rapid onset with marked predilection for non keratinised 
mucosa especially the labial and buccal mucosa, ventral tongue and soft palate. The 
pharyngeal and oesophageal mucosa may be involved in the most extensive cases. Three 
clinical varieties have been described based on size, number and duration of lesions present.  
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4.5.1 Minor recurrent aphthous ulcers 
This presents as 1-3 shallow, oval or round small ulcers less than 5mm in diameter covered 
with a pseudo membrane surrounded by an erythematous halo. (Figure 12). They are self 
limiting and typically heal within 2weeks without scarring. (Flaitz & Hicks 2003; Ramos-
Gomez et al 1999).  
 

 
Fig. 12. Minor Aphthous Ulcer.  

4.5.2 Major recurrent aphthous ulcers 
These are oval or round, similar to minor recurrent aphthous ulcers but much larger 1– 2cm 
in diameter, are fewer in number, and may persist for weeks at a time. They are painful and 
may interfere with mastication and swallowing. They tend to occur on the soft palate, buccal 
mucosa, tonsillar area, and tongue. They have well delineated to irregular borders and 
depressed bases and are often covered by a thick, tenacious, fibrinous exudate. Scaring is a 
common finding in this condition.  

4.5.3 Herpetiform recurrent aphthous ulcers 
These appear as clusters or crops of tiny recurrent aphthous ulcers, 1 to 2mm in diameter, 
which may coalesce. They tend to occur in the soft palate, buccal mucosa, tonsillar area, and 
tongue. Diagnosis is usually clinical, based on the size, site, appearance and duration of the 
ulcers.  
A definitive criterion for all three types of RAU is the response to treatment with steroid 
agents. Tissue cultures for viral, fungal and mycobacterial organisms and incisional biopsy 
are necessary for persistent lesions to rule out other causes of ulcers. (Flaitz & Hicks 2003; 
Ramos-Gomez et al 1999).  

4.5.4 Treatment 
A definitive criterion for all the three types is the response to treatment with steroid agents. 
Tissue cultures for viral, fungal and mycobacterial organisms and incisional biopsy are 
necessary for persistent lesions to rule out other causes of ulcers. Topical steroid therapy is 
the first choice. In severe cases, a short course of prednisolone is indicated. Antifungal 
agents to prevent oropharyngeal candidiasis are added when steroids are used. These 
steroids include fluocinomide, clobetasol propionate and dexamethasone elixir. (Ramos-
Gomez et al 1999).  
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5. Oral lesions less commonly associated with paediatric HIV infection 
5.1 HIV associated periodontal diseases  
These include: 
 Necrotising ulcerative gingivitis (NUG) 
 Necrotising ulcerative periodontitis (NUP) 
 Necrotising stomatitis (NS) 
In children, HIV associated periodontal diseases appear to be associated with both 
immunodeficiency and malnutrition4. HIV infected children from developing countries 
appear to be more susceptible to necrotising periodontal diseases. A declining immune 
system with CD4 + cell counts below 200 cells/mm is associated with necrotising ulcerative 
periodontitis and necrotising stomatitis. (Flaitz & Hicks 2003; Greenspan 1994; Ramos-
Gomez et al 1999).  
 

 
Fig. 13. Necrotising Ulcerative Periodontitis (NUP).  

5.1.1 Necrotising ulcerative gingivitis (NUG) 
This is uncommon in HIV infected children. It is reported to present with the destruction of 
one or more interdental papillae accompanied by necrosis, ulceration and/or sloughing. 
Destruction is limited to the marginal gingival tissues. In the acute stage, the gingival tissues 
appear fiery red and swollen, and is accompanied by yellowish grey necrotic tissue that bleeds 
easily. Patients are reported to experience bleeding on brushing, pain and a characteristic 
halitosis. Symptoms subside gradually over 3 – 4 weeks but recurrences are common.  
There may be lymphadenopathy, fever and malaise. Permanent gingival scarring with 
interdental papillary crater contributes to an increased risk of recurrence. (Flaitz & Hicks 2003).  
Diagnosis is based on clinical features described above.  

5.1.2 Necrotising ulcerative periodontitis (NUP)  
NUP has been reported in 0-4% of children. It presents as severe soft tissue necrosis along 
with destruction of the periodontal attachment and bone over a short period of time. 
Patients often experience spontaneous gingival bleeding or bleeding when brushing and 
severe, deep, aching pain in the jawbone. The jawbone may be exposed in the most severe 
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cases. The final stage of NUP is marked by severe gingival recession resulting from rapid 
bone loss and soft tissue necrosis. (Figures 13 &14) Pocketing may be minimal and tissue 
destruction may extend across the mucogingival junction. The more extensive disease may 
contribute to premature exfoliation of primary teeth and aborted development or early loss 
of primary teeth. (Flaitz & Hicks 2003; Ramos-Gomez et al 1999). Diagnosis of NUP is based 
on clinical presentations.  
 

 
Fig. 14. Necrotising Ulcerative Periodontitis (NUP) 

5.1.3 Necrotising stomatitis (NS) 
This presents as an acute and painful ulceronecrotic lesion on the oral mucosa. The lesion 
starts from the oral mucosa and may extend to alveolar bone and contiguous soft tissues. 
The underlying bone may be exposed. Histologic examination reveals the features of non-
specific ulceration. No specific microbial organism has been identified as the cause of NS. 
(Flaitz & Hicks 2003; Ramos-Gomez et al 1999).  

5.1.4 Treatment for NUG, NUP and NS 
Local treatment 

 Gentle debridement of affected areas to minimize bleeding and pain 
 Irrigation with 10%Betadine providone -iodine or 1:4 hydrogen peroxide or 

Chlorhexidine gluconate (Peridex), 0. 12% to aid debridement.  
 Oral hygiene instruction  
Systemic Treatment  
 Metronidazole (Flagyl) 125 mg tablets 8hourly for 7days 
 Amoxicillin (Amoxil) 250 mg 8hrly for 7days  
If the patient is allergic to penicillin: 
 Erythromycin enteric coated 250mg tablet 8hourly for 7 days  
The patient should be re-evaluated after one week of treatment and the medication should 
be repeated if response is not satisfactory.  
Supportive therapy: Multivitamins 

5.2 Viral infections 
5.2.1 Human Papilloma Virus 
Human Papilloma Virus (HPV) induced oral lesions associated with HIV infection include 
Verucca vulgaris, condyloma acuminatum, focal epithelial hyperplasia, and koilocytic 
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Gomez et al 1999).  
 

 
Fig. 13. Necrotising Ulcerative Periodontitis (NUP).  

5.1.1 Necrotising ulcerative gingivitis (NUG) 
This is uncommon in HIV infected children. It is reported to present with the destruction of 
one or more interdental papillae accompanied by necrosis, ulceration and/or sloughing. 
Destruction is limited to the marginal gingival tissues. In the acute stage, the gingival tissues 
appear fiery red and swollen, and is accompanied by yellowish grey necrotic tissue that bleeds 
easily. Patients are reported to experience bleeding on brushing, pain and a characteristic 
halitosis. Symptoms subside gradually over 3 – 4 weeks but recurrences are common.  
There may be lymphadenopathy, fever and malaise. Permanent gingival scarring with 
interdental papillary crater contributes to an increased risk of recurrence. (Flaitz & Hicks 2003).  
Diagnosis is based on clinical features described above.  

5.1.2 Necrotising ulcerative periodontitis (NUP)  
NUP has been reported in 0-4% of children. It presents as severe soft tissue necrosis along 
with destruction of the periodontal attachment and bone over a short period of time. 
Patients often experience spontaneous gingival bleeding or bleeding when brushing and 
severe, deep, aching pain in the jawbone. The jawbone may be exposed in the most severe 
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cases. The final stage of NUP is marked by severe gingival recession resulting from rapid 
bone loss and soft tissue necrosis. (Figures 13 &14) Pocketing may be minimal and tissue 
destruction may extend across the mucogingival junction. The more extensive disease may 
contribute to premature exfoliation of primary teeth and aborted development or early loss 
of primary teeth. (Flaitz & Hicks 2003; Ramos-Gomez et al 1999). Diagnosis of NUP is based 
on clinical presentations.  
 

 
Fig. 14. Necrotising Ulcerative Periodontitis (NUP) 

5.1.3 Necrotising stomatitis (NS) 
This presents as an acute and painful ulceronecrotic lesion on the oral mucosa. The lesion 
starts from the oral mucosa and may extend to alveolar bone and contiguous soft tissues. 
The underlying bone may be exposed. Histologic examination reveals the features of non-
specific ulceration. No specific microbial organism has been identified as the cause of NS. 
(Flaitz & Hicks 2003; Ramos-Gomez et al 1999).  

5.1.4 Treatment for NUG, NUP and NS 
Local treatment 

 Gentle debridement of affected areas to minimize bleeding and pain 
 Irrigation with 10%Betadine providone -iodine or 1:4 hydrogen peroxide or 

Chlorhexidine gluconate (Peridex), 0. 12% to aid debridement.  
 Oral hygiene instruction  
Systemic Treatment  
 Metronidazole (Flagyl) 125 mg tablets 8hourly for 7days 
 Amoxicillin (Amoxil) 250 mg 8hrly for 7days  
If the patient is allergic to penicillin: 
 Erythromycin enteric coated 250mg tablet 8hourly for 7 days  
The patient should be re-evaluated after one week of treatment and the medication should 
be repeated if response is not satisfactory.  
Supportive therapy: Multivitamins 

5.2 Viral infections 
5.2.1 Human Papilloma Virus 
Human Papilloma Virus (HPV) induced oral lesions associated with HIV infection include 
Verucca vulgaris, condyloma acuminatum, focal epithelial hyperplasia, and koilocytic 
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dysplasia which are referred to as oral warts. Oral HPV infections are rare in children. Oral 
warts present as raised, irregular, flesh coloured lesions.  

5.2.2 Focal epithelial hyperplasia (Heck’s disease) 
This is a benign condition associated with HPV types 13 and 32 and is usually seen in 
children. The lesions appear as multiple, non-tender papules, plaques or nodules with 
grainy pink mucosal surfaces. The labial, buccal and lateral tongue, mucosa are most often 
involved, with occasional lesions on the palatal and gingival mucosa. (Figure 15). 
Treatment 
In most cases, conservative excision is treatment of choice. Other methods of treatment 
include laser ablation, topical podophyllin resin, systemic interferon, and cimetidin. Despite 
aggressive therapy and multiple treatment modalities, recurrences are common when oral 
warts are widespread. (Flaitz & Hicks 2003; Howell et al 1996; Ramos-Gomez et al., 1999).  
 

 
Fig. 15. Focal Epithelial hyperplasia (Heck's disease).  

5.2.3 Verruca vulgaris 
This typically affects the skin, especially the hands and perioral skin. Oral mucosal 
involvement due to inoculation from these extraoral sites. Intraoral involvement is 
uncommon and is usually limited to isolated areas of the lip vermillion, labial mucosa and 
anterior tongue. They present as white, rough, conical or papillary papules or nodules. 
Treatment is as for Focal Epithelial Hyperplasia above.  

5.2.4 Condyloma acuminatum 
It typically presents as a large sessile, pink nodule with short, blunt surface projections. 
Multiple lesions may be found that tend to coalesce, forming a discrete, well-delineated 
enlargement. Diagnosis is usually clinical. Definitive diagnosis can be made by excisional 
biopsy.  
Treatment is as for Focal Epithelial Hyperplasia and oral warts.  
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5.2.5 Cytomegalovirus (CMV) 
This presents as a persistent oral ulcer, which may mimic aphthous ulcers, recurrent herpes 
simplex virus infection, necrotising stomatitis and ulceration not otherwise specified. 
Occasionally it may present as a brightly erythematous gingivitis. CMV ulcers in the oral 
cavity usually occur with disseminated CMV disease; therefore the patient should be 
examined for the systemic disease or other organ involvement including CMV retinitis, 
colitis, pneumonitis and progressive neurologic disease. Definitive diagnosis can be made 
through culture and biopsy. (Flaitz et al., 1996; Ramos-Gomez et al., 1999).  

5.2.6 Varicella Zoster Virus (VZV) 
VZV infection can present as Herpes Zoster or Varicella (chicken pox). HIV infected children 
are at risk for persistent, recurrent, chronic infections with VZV. Children with advanced 
immunosuppression seem to be at increased risk for recurrent disease and more severe 
manifestations of VZV. Chronic VZV infection has been described in HIV-infected children 
and adults with low CD4+ counts. (Gershon et al., 1997; Morris et al., 1996; Ramos-Gomez et 
al., 1999).  

5.2.7 Herpes Zoster 
The Center for Disease Control and Prevention has classified an HIV-infected child with 
herpes zoster involving at least 2 distinctive episodes or more than one dermatome as being 
moderately symptomatic. Herpes Zoster infection results from a reactivation of latent varicella 
– zoster virus. Fevers, complaints of sensitive teeth, earache or headache as well as pain or 
paresthesia are prodromal symptoms. A well-delineated unilateral maculo-papular rash that 
becomes pustular ulcerated follows. Involvement of the second and third branches of the 
trigeminal nerve produces oral lesions on both keratinised and non keratinsed oral mucosa 
that extend to the midline. Frequently concurrent vesicles and crusted skin lesions overlie the 
affected dental quadrant. Most cases heal without complications in children except for facial 
skin scarring. Definitive diagnosis is by virus antigen typing with laboratory immunologic 
tests. (Caldwell et al., 1994; Flaitz & Hicks 2003; Ramos-Gomez et al 1999).  

5.2.8 Molluscum contagiosum 
This is a virally induced lesion of the skin, vagina, and rarely, the oral cavity. Lesions are 
small, discrete, and dome shaped. Their colour ranges from pearly white to skin colour. The 
lesions may number in the hundreds. Definitive diagnosis is made when molluscum bodies, 
which are virally transformed epithelial cells are seen, when the core of the lesion is 
expressed and stained.  
(Ramos-Gomez et al 1999).  

5.3 Xerostomia 
Xerostomia is a common symptom of HIV-infected individuals and has many potential 
causes.  
It is more common in HIV infected children than HIV-infected adults. The causes of 
xerostomia include HIV infection itself, therapeutic antiviral and antimicrobial drugs, 
prophylactic medications, antiretrovirals (such as didanosine), gamma globulin, or 
lymphocytic infiltration of the major salivary glands. Clinical features include dry mouth 
(Figure 16) and severely reduced salivary flow rates. Reduced salivary flow results in a 
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dysplasia which are referred to as oral warts. Oral HPV infections are rare in children. Oral 
warts present as raised, irregular, flesh coloured lesions.  
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This is a benign condition associated with HPV types 13 and 32 and is usually seen in 
children. The lesions appear as multiple, non-tender papules, plaques or nodules with 
grainy pink mucosal surfaces. The labial, buccal and lateral tongue, mucosa are most often 
involved, with occasional lesions on the palatal and gingival mucosa. (Figure 15). 
Treatment 
In most cases, conservative excision is treatment of choice. Other methods of treatment 
include laser ablation, topical podophyllin resin, systemic interferon, and cimetidin. Despite 
aggressive therapy and multiple treatment modalities, recurrences are common when oral 
warts are widespread. (Flaitz & Hicks 2003; Howell et al 1996; Ramos-Gomez et al., 1999).  
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involvement due to inoculation from these extraoral sites. Intraoral involvement is 
uncommon and is usually limited to isolated areas of the lip vermillion, labial mucosa and 
anterior tongue. They present as white, rough, conical or papillary papules or nodules. 
Treatment is as for Focal Epithelial Hyperplasia above.  

5.2.4 Condyloma acuminatum 
It typically presents as a large sessile, pink nodule with short, blunt surface projections. 
Multiple lesions may be found that tend to coalesce, forming a discrete, well-delineated 
enlargement. Diagnosis is usually clinical. Definitive diagnosis can be made by excisional 
biopsy.  
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5.2.5 Cytomegalovirus (CMV) 
This presents as a persistent oral ulcer, which may mimic aphthous ulcers, recurrent herpes 
simplex virus infection, necrotising stomatitis and ulceration not otherwise specified. 
Occasionally it may present as a brightly erythematous gingivitis. CMV ulcers in the oral 
cavity usually occur with disseminated CMV disease; therefore the patient should be 
examined for the systemic disease or other organ involvement including CMV retinitis, 
colitis, pneumonitis and progressive neurologic disease. Definitive diagnosis can be made 
through culture and biopsy. (Flaitz et al., 1996; Ramos-Gomez et al., 1999).  

5.2.6 Varicella Zoster Virus (VZV) 
VZV infection can present as Herpes Zoster or Varicella (chicken pox). HIV infected children 
are at risk for persistent, recurrent, chronic infections with VZV. Children with advanced 
immunosuppression seem to be at increased risk for recurrent disease and more severe 
manifestations of VZV. Chronic VZV infection has been described in HIV-infected children 
and adults with low CD4+ counts. (Gershon et al., 1997; Morris et al., 1996; Ramos-Gomez et 
al., 1999).  

5.2.7 Herpes Zoster 
The Center for Disease Control and Prevention has classified an HIV-infected child with 
herpes zoster involving at least 2 distinctive episodes or more than one dermatome as being 
moderately symptomatic. Herpes Zoster infection results from a reactivation of latent varicella 
– zoster virus. Fevers, complaints of sensitive teeth, earache or headache as well as pain or 
paresthesia are prodromal symptoms. A well-delineated unilateral maculo-papular rash that 
becomes pustular ulcerated follows. Involvement of the second and third branches of the 
trigeminal nerve produces oral lesions on both keratinised and non keratinsed oral mucosa 
that extend to the midline. Frequently concurrent vesicles and crusted skin lesions overlie the 
affected dental quadrant. Most cases heal without complications in children except for facial 
skin scarring. Definitive diagnosis is by virus antigen typing with laboratory immunologic 
tests. (Caldwell et al., 1994; Flaitz & Hicks 2003; Ramos-Gomez et al 1999).  

5.2.8 Molluscum contagiosum 
This is a virally induced lesion of the skin, vagina, and rarely, the oral cavity. Lesions are 
small, discrete, and dome shaped. Their colour ranges from pearly white to skin colour. The 
lesions may number in the hundreds. Definitive diagnosis is made when molluscum bodies, 
which are virally transformed epithelial cells are seen, when the core of the lesion is 
expressed and stained.  
(Ramos-Gomez et al 1999).  

5.3 Xerostomia 
Xerostomia is a common symptom of HIV-infected individuals and has many potential 
causes.  
It is more common in HIV infected children than HIV-infected adults. The causes of 
xerostomia include HIV infection itself, therapeutic antiviral and antimicrobial drugs, 
prophylactic medications, antiretrovirals (such as didanosine), gamma globulin, or 
lymphocytic infiltration of the major salivary glands. Clinical features include dry mouth 
(Figure 16) and severely reduced salivary flow rates. Reduced salivary flow results in a 
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mucosa that is desiccated and is at higher risk for opportunistic infections such as 
candidiasis and increased caries. Xerostomia may appear with or without parotid swelling. 
No definitive diagnostic criteria exist for xerostomia. (Flaitz & Hicks 2003; Frezzini et al., 
2006; Ramos-Gomez et al 1999).  
 

 
Fig. 16. Dry lips with crusting, resulting from xerostomia.  

6. Oral lesions strongly associated with HIV infection but rare in children 
6.1 Kaposi’s sarcoma 
This is much less common in HIV infected children than adults. The incidence of HIV 
associated cancers in symptomatic children is less than 2%. However, among HIV infected 
paediatric population, it is more common in Africa, Latin America and Eastern Europe, 
where endemic Kaposi's sarcoma is more prevalent in the non-HIV infected population. 
Human herpes virus – 8 has been identified in all forms of Kaposi's sarcoma. (Flaitz & Hicks 
2003; Ramos-Gomez et al 1999; Ranganathan & Hemalatha 2006). Kaposi’s sarcoma presents 
as one or more erythematous, slightly bluish or violaceous macules or swellings with or 
without ulceration. It is predominantly seen on the palate or gingiva. A definitive criterion is 
characteristic histologic appearance on biopsy. (William 1993).  

6.2 Non-Hodgkin’s lymphoma  
This is far less common in HIV infected children than adults. This presents as a firm, elastic 
often somewhat reddish or purplish swelling with or without ulceration. The gingiva, palatal 
mucosa and fauces are more commonly affected. A definitive criterion is the characteristic 
histological appearance on biopsy, supported by appropriate immuno-cytochemical or 
molecular biological investigations. (Ramos-Gomez et al 1999; William 1993).  

6.3 Oral Hairy Leukoplakia (OHL) 
This is an opportunistic infection caused by the Epstein-Barr virus (EBV) and is a marker for 
increasing immunodeficiency. It is a common oral manifestation of HIV infection in adults 
with a point presence of approximately 20% but it is documented in only 2% of children 
infected with HIV. It presents as white non-removable lesions with corrugated surface 
appearing bilaterally on the lateral border of the tongue. These lesions may appear on the 
ventral and dorsal surfaces of the tongue and more rarely, on the buccal mucosa. Definitive 
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criteria for oral hairy leukoplakia are the presence of Epstein –Barr virus (EBV) in the 
lesions, to be determined by laboratory histopathology and in-situ DNA hybridization. 
(Flaitz & Hicks 2003; Morris et al., 1996; Ramos-Gomez et al 1999).  

6.4 Tuberculosis related ulcers 
A combined infection with HIV and mycobacterium tuberculosis is common in LINCs and 
developing countries. However, secondary and primary tuberculosis lesions of the oral 
cavity are rare. The lesions present as painless, non-healing ulcerations on the buccal 
mucosa, hard palate, gingivae and/or tongue. Occasionally, tuberculosis may present with 
tongue involvement manifesting as macroglossia or a mass in the cheek. In most cases the 
mucosal lesions are difficult to recognize, but enlarged regional lymph nodes may call 
attention to the process.  
A chest radiograph and a Purified Protein Derivative test with appropriate controls should 
be obtained. Diagnosis is usually confirmed by identification of acid-fast bacilli in tissue 
sections or culture. The oral lesions respond to treatment with use of anti-tuberculosis 
drugs. (Ceballos-Selobrena et al., 1996; Grupta et al., 1997; Hathiram et al., 1997; Haller & 
Ginsberg 1997; Kolokotronis et al., 1996; Ramesh 1997; Phelan et al., 1997; Ramos-Gomez et 
al 1999).  

7. Oral conditions with increased severity in paediatric HIV infection 
7.1 Gingivitis and periodontitis (increased gingival and plaque indices) 
Gingival disease not specifically associated with HIV infection is called conventional 
gingivitis. Reported prevalence in HIV infected children is 7% and 40%. Clinically, it 
presents as gingival inflammation in the absence of attachment loss, necrosis or gingival 
erythematous banding.  
(Barasch et al., 2000; Gelbier et al., 2000). An association between the prevalence of gingivitis 
in HIV infected children and age has been reported. (As low as 6% in less than 1 year olds, 
55% in 1year olds, 85% in 2year olds, 87% in 3year olds and 66% in 4year olds). (Ramos et 
al., 2000).  

7.2 Over retained primary teeth and delayed eruption of primary and permanent teeth 
Delayed eruption of teeth has been reported among children with HIV-infection. Poor 
general health in some children may be an associated factor. Delayed tooth development has 
been reported in 31% of paediatric AIDS patients. (Valdez et al 1994). Delayed dental 
development in paediatric HIV patients has been linked to lower CD4 counts. In the report 
by Ramos-Gomez et al 2000; it was observed that at age 3, there was an average of two fewer 
teeth per child among children whose average CD4 count was 200/mm3 than children 
whose average CD4 count was 800/mm. A study on 173 HIV infected children, delayed 
eruption was reported in 43% males and 41% females. Accelerated eruption in 11% males 
and 13% females, while 46% of both males and females have normal eruption pattern. Over 
retained primary teeth was observed in 25% of the children. (Flaitz et al., 2000).  

7.3 Dental caries 
There is anecdotal evidence of vulnerability of HIV infected children to dental caries. 
However, some researchers have drawn attention to comparable caries prevalence in 
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mucosa that is desiccated and is at higher risk for opportunistic infections such as 
candidiasis and increased caries. Xerostomia may appear with or without parotid swelling. 
No definitive diagnostic criteria exist for xerostomia. (Flaitz & Hicks 2003; Frezzini et al., 
2006; Ramos-Gomez et al 1999).  
 

 
Fig. 16. Dry lips with crusting, resulting from xerostomia.  
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associated cancers in symptomatic children is less than 2%. However, among HIV infected 
paediatric population, it is more common in Africa, Latin America and Eastern Europe, 
where endemic Kaposi's sarcoma is more prevalent in the non-HIV infected population. 
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This is far less common in HIV infected children than adults. This presents as a firm, elastic 
often somewhat reddish or purplish swelling with or without ulceration. The gingiva, palatal 
mucosa and fauces are more commonly affected. A definitive criterion is the characteristic 
histological appearance on biopsy, supported by appropriate immuno-cytochemical or 
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criteria for oral hairy leukoplakia are the presence of Epstein –Barr virus (EBV) in the 
lesions, to be determined by laboratory histopathology and in-situ DNA hybridization. 
(Flaitz & Hicks 2003; Morris et al., 1996; Ramos-Gomez et al 1999).  

6.4 Tuberculosis related ulcers 
A combined infection with HIV and mycobacterium tuberculosis is common in LINCs and 
developing countries. However, secondary and primary tuberculosis lesions of the oral 
cavity are rare. The lesions present as painless, non-healing ulcerations on the buccal 
mucosa, hard palate, gingivae and/or tongue. Occasionally, tuberculosis may present with 
tongue involvement manifesting as macroglossia or a mass in the cheek. In most cases the 
mucosal lesions are difficult to recognize, but enlarged regional lymph nodes may call 
attention to the process.  
A chest radiograph and a Purified Protein Derivative test with appropriate controls should 
be obtained. Diagnosis is usually confirmed by identification of acid-fast bacilli in tissue 
sections or culture. The oral lesions respond to treatment with use of anti-tuberculosis 
drugs. (Ceballos-Selobrena et al., 1996; Grupta et al., 1997; Hathiram et al., 1997; Haller & 
Ginsberg 1997; Kolokotronis et al., 1996; Ramesh 1997; Phelan et al., 1997; Ramos-Gomez et 
al 1999).  

7. Oral conditions with increased severity in paediatric HIV infection 
7.1 Gingivitis and periodontitis (increased gingival and plaque indices) 
Gingival disease not specifically associated with HIV infection is called conventional 
gingivitis. Reported prevalence in HIV infected children is 7% and 40%. Clinically, it 
presents as gingival inflammation in the absence of attachment loss, necrosis or gingival 
erythematous banding.  
(Barasch et al., 2000; Gelbier et al., 2000). An association between the prevalence of gingivitis 
in HIV infected children and age has been reported. (As low as 6% in less than 1 year olds, 
55% in 1year olds, 85% in 2year olds, 87% in 3year olds and 66% in 4year olds). (Ramos et 
al., 2000).  

7.2 Over retained primary teeth and delayed eruption of primary and permanent teeth 
Delayed eruption of teeth has been reported among children with HIV-infection. Poor 
general health in some children may be an associated factor. Delayed tooth development has 
been reported in 31% of paediatric AIDS patients. (Valdez et al 1994). Delayed dental 
development in paediatric HIV patients has been linked to lower CD4 counts. In the report 
by Ramos-Gomez et al 2000; it was observed that at age 3, there was an average of two fewer 
teeth per child among children whose average CD4 count was 200/mm3 than children 
whose average CD4 count was 800/mm. A study on 173 HIV infected children, delayed 
eruption was reported in 43% males and 41% females. Accelerated eruption in 11% males 
and 13% females, while 46% of both males and females have normal eruption pattern. Over 
retained primary teeth was observed in 25% of the children. (Flaitz et al., 2000).  

7.3 Dental caries 
There is anecdotal evidence of vulnerability of HIV infected children to dental caries. 
However, some researchers have drawn attention to comparable caries prevalence in 
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infected and non-infected children. Other studies have shown slightly higher prevalence of 
dental caries in children with HIV. The suggestion that caries development could be directly 
linked to immunosuppression is yet to be substantiated, although the possibility does exist. 
Other factors may be responsible for the high caries level in these children, and these 
include infant feeding practices, the long term use of sugar containing medicines, high 
consumption of carbohydrate and sugar intake required to prevent or treat any failure to 
thrive.  
A number of studies have reported on the prevalence of dental caries among HIV infected 
children. (Elderidge & Gallagher 2000; Flaitz et al., 2000; Gelbier et al., 2000; Hicks et al 2000; 
Obileye et al., 2009, Sowole et al 2009; Tofsky et al 2000; Valdez et al 1994). In a study on 
dental caries prevalence and dental health behavior in HIV infected children, 63% of the 
children had past dental caries experience. (Elderidge & Gallagher 2000) This is similar to a 
previous report by Valdez et al; it was observed that 60% of paediatric AIDS patients had 
clinical evidence of current or past caries.  
In the primary dentition of HIV infected children, the anterior caries (early childhood caries, 
nursing bottle or baby bottle tooth decay) pattern is common. The pattern of caries observed 
in this group of children may be as a result of poor oral hygiene practices, inappropriate use 
of a nursing bottle containing high sucrose liquids at bed time, medications containing high 
sucrose content, xerostomia induced by medication or HIV infection, the need for high 
caloric and carbohydrate/sucrose diets, and alterations in saliva viscosity, cytokines, 
protease inhibitors and immunoglobulin. (Flaitz & Hicks 2003). (Figures 17 & 18) 
 

 
Fig. 17. Dental caries on mandibular primary molars.  
 

 
Fig. 18. Dental caries on maxillary primary canines and molars.  
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Dental caries status in primary dentition of HIV infected children has been reported to be 
considerably greater than that for the United States paediatric population. (Hicks et al., 2000.) 
During the 30 month period longitudinal study, there was an almost two fold increase in 
primary tooth surface caries for the 2-9 year olds. Caries free status in the primary dentition 
declined from 60% at baseline to 37% at the 30months period. Among 5 to 11 year olds, dmfs 
and dmft remained relatively stable while the proportion of caries free individuals declined 
from 72% at baseline to 50% at 18 months. Caries free status decreased with age, lower CD4 
percentage and from moderate to severe immunosuppression. (Hicks et al., 2000). A high 
prevalence of Candida colonization in HIV positive /AIDS children with untreated dental 
caries has been reported. (Domaneschi et al., 2010). This further reinforces the importance of 
oral health care in interdisciplinary health unit that manage these patients.  
Caries and periodontal disease are among the most common infections known to humans. 
Both are initiated by oral bacteria and are modulated by the host response. Disease occurs as 
a result of an imbalance between the provoking bacteria and host response. It is logical to 
expect, therefore, that alterations of either the associated aetiological factors or the host 
response to these factors and or agents should result in a change in the clinical presentation 
of disease. (Fine et al., 2003). 

8. Conclusions 
Oral manifestations are common and prevalent in paediatric HIV infection and have been 
found to be the earliest indicators of HIV infection. Early intervention in HIV disease is 
crucial for each individual according to his/her risk and seroconversion status. 
Comprehensive oral examination should be done at regular intervals especially in LINCs 
and developing countries where techniques to diagnose, and the drugs to treat HIV 
infection are not uniformly distributed. The use of oral lesions as predictors of disease 
progression could be of immense importance. Primary oral health care for HIV infected 
children should include a careful oral examination at regular intervals to ensure early 
detection and intervention for pseudomembranous candidiasis and other infections and to 
prevent more deterioration of the immune system and further opportunistic infections. 
Preventive oral health care especially where treatment is progression unavailable, can 
improve a child's overall health. Though these measures cannot stop HIV disease 
progression, in the absence of medications, improved diagnosis of the oral manifestations 
can enhance case management, ensure better oral health outcomes, reduce morbidity and 
improve quality of life of HIV-infected children.  
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protease inhibitors and immunoglobulin. (Flaitz & Hicks 2003). (Figures 17 & 18) 
 

 
Fig. 17. Dental caries on mandibular primary molars.  
 

 
Fig. 18. Dental caries on maxillary primary canines and molars.  
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Dental caries status in primary dentition of HIV infected children has been reported to be 
considerably greater than that for the United States paediatric population. (Hicks et al., 2000.) 
During the 30 month period longitudinal study, there was an almost two fold increase in 
primary tooth surface caries for the 2-9 year olds. Caries free status in the primary dentition 
declined from 60% at baseline to 37% at the 30months period. Among 5 to 11 year olds, dmfs 
and dmft remained relatively stable while the proportion of caries free individuals declined 
from 72% at baseline to 50% at 18 months. Caries free status decreased with age, lower CD4 
percentage and from moderate to severe immunosuppression. (Hicks et al., 2000). A high 
prevalence of Candida colonization in HIV positive /AIDS children with untreated dental 
caries has been reported. (Domaneschi et al., 2010). This further reinforces the importance of 
oral health care in interdisciplinary health unit that manage these patients.  
Caries and periodontal disease are among the most common infections known to humans. 
Both are initiated by oral bacteria and are modulated by the host response. Disease occurs as 
a result of an imbalance between the provoking bacteria and host response. It is logical to 
expect, therefore, that alterations of either the associated aetiological factors or the host 
response to these factors and or agents should result in a change in the clinical presentation 
of disease. (Fine et al., 2003). 

8. Conclusions 
Oral manifestations are common and prevalent in paediatric HIV infection and have been 
found to be the earliest indicators of HIV infection. Early intervention in HIV disease is 
crucial for each individual according to his/her risk and seroconversion status. 
Comprehensive oral examination should be done at regular intervals especially in LINCs 
and developing countries where techniques to diagnose, and the drugs to treat HIV 
infection are not uniformly distributed. The use of oral lesions as predictors of disease 
progression could be of immense importance. Primary oral health care for HIV infected 
children should include a careful oral examination at regular intervals to ensure early 
detection and intervention for pseudomembranous candidiasis and other infections and to 
prevent more deterioration of the immune system and further opportunistic infections. 
Preventive oral health care especially where treatment is progression unavailable, can 
improve a child's overall health. Though these measures cannot stop HIV disease 
progression, in the absence of medications, improved diagnosis of the oral manifestations 
can enhance case management, ensure better oral health outcomes, reduce morbidity and 
improve quality of life of HIV-infected children.  
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1. Introduction 
NK cells are a key component of the innate immune system, which can act early in defences 
against virally infected and tumor cells (Robertson and Ritz 1990; Bottino, Moretta, and 
Moretta 2006; Bancroft 1993). They have the capacity to secrete proinflammatory cytokines 
and lyse their targets without prior antigen sensitization (Cooper, Fehniger, and Caligiuri 
2001). They are also involved in regulation of the adaptive immune response through their 
interaction with dendritic cells (DCs)(Sanabria et al. 2008; Smyth et al. 2005). 
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Activation of NK cells is regulated through the integration of signals from a number of 
activating and inhibitory receptors(Lanier 2005). Many of the inhibitory receptors use major 
histocompatibility complex (MHC) class I or class I-like proteins as their ligands(Lanier 
2005). The interaction between inhibitory NK receptors and their ligands during NK cell 
development is important in educating these cells for subsequent function and for avoiding 
reactivity to normal cells expressing self MHC class I (Kim et al. 1969; Anfossi et al. 2006). In 
humans one large family of NK receptors are encoded by the Killer Immunoglobulin-like 
Receptors (KIR) region that maps to chromosome 19q13.4 (Lanier 2005). The most 
polymorphic locus among the KIR region genes is KIR3DL1, which encodes both inhibitory 
KIR3DL1 (3DL1) and activating KIR3DS1 (3DS1) alleles (Norman et al. 2007). 3DL1 alleles 
can be further classified according to their expression levels on the cell surface into high (*h), 
low/intermediate (*l) and null (*004) (not cell surface expressed) alleles (Yawata et al. 2006; 
Norman et al. 2007; Gardiner et al. 2001; Pando et al. 2003). Genotypes homozygous for 
3DL1 can be divided into 2 groups: *h/*y, where *y can be either another *h allele or *004 
with no *l alleles, and *l/*x, where *x can be an *l, *x or *004 allele (Martin et al. 2007). 3DL1 
receptors recognize a subset of MHC class I HLA-B molecules known as Bw4. HLA-Bw4 
differ from the remaining HLA-Bw6 antigens encoded at this locus, which do not interact 
with 3DL1, in the amino acids present between positions 77 and 83 of the HLA heavy chain 
(Wan et al. 1986). Bw4 allotypes with isoleucine at position 80 (Bw4*80I) have been reported 
to be better ligands for many of the 3DL1 alleles (Cella et al. 1994). However, there is 
evidence that Bw4 antigens with threonine at position 80 (Bw4*80T), particularly HLA-
B*2705, interact strongly with certain 3DL1 receptors (Luque et al. 1996). 
Epidemiological studies have reported that several KIR/HLA combinations are associated 
with slower progression to AIDS and suppression of viral load (VL) (Martin et al. 2007). 
Compared to Bw6 homozygotes (hmz) the 3DL1/HLA-B combination having the most potent 
influence on slowing time to AIDS and VL control is 3DL1*h/*y with HLA-B*57 
(*h/*y+B*57)(Martin et al. 2007). Previous work from our group showed that NK cells from 
individuals carrying this genotype combination demonstrated higher functional potential 
than those from carriers of either the NK receptor genotype or HLA-B*57 alone or from Bw6 
hmz (Boulet et al. 2010). In these studies functional potential was defined as the percent 
contribution of NK cells secreting interferon-γ (IFNγ) and tumor necrosis factor-α (TNF-α) 
and expressing CD107a, a marker of degranulation to the total response to stimulation with 
the HLA devoid K562 cell line. Furthermore, NK cells from carriers of *h/*y+B*57 had higher 
functional potential than carriers of 3DL1*h/*y with other Bw4 alleles(Boulet et al. 2010). 
HLA-B*57 is an HLA antigen considered to be protective in the context of HIV 
infection(Kaslow, Dorak, and Tang 2005; Altfeld et al. 2003; Leslie et al. 2004; Carrington, 
Martin, and van Bergen 2008). While the protective effect conferred by HLA-B*57 is 
mediated at least in part through CD8+ T cell recognition of HIV epitopes restricted by this 
antigen, epidemiological studies and our results support the possibility that HLA-B*57’s 
protective effect may also be mediated through its ability to educate NK cells for superior 
functional potential (Martin et al. 2002; Martin et al. 2007; Leslie et al. 2004; Miura et al. 2009; 
Leslie et al. 2005). 
Murine models have shown using single MHC class I transgenic mice that MHC class I 
molecules can differ from each other in the potency of their NK education signals, which 
directly translates into activation potency upon encountering cells lacking that MHC ligand 
(Brodin, Karre, and Hoglund 2009). Since NK cells from *h/*y+B*57 carriers had higher 
functional potential than carriers of 3DL1*h/*y with other Bw4 alleles, HLA-B*57 may be an 
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example in humans of an MHC class I antigen with an NK education potency that is 
superior to that of most other HLA-Bw4 molecules. HLA-B*27 is another allele considered to 
be protective in the context of HIV infection (Kaslow et al. 1996; Carrington and Bontrop 
2002; Goulder, Edwards et al. 1997; Trachtenberg et al. 2003). Like HLA-B*57, its protective 
effect is mediated at least in part through immune pressure exerted by CD8+ T cells 
(Schneidewind et al. 2009; Goulder, Phillips et al. 1997; den Uyl, van der Horst-Bruinsma, 
and van Agtmael 2004; Goulder et al. 2001). In this report we questioned whether HLA-
B*27, like HLA-B*57, could also act as a ligand for 3DL1 NK receptors that was superior to 
other HLA-Bw4 alleles in terms of its ability to educate NK cells for functional potential. 
HLA-B*27 is found at a higher frequency among the approximately 5% of HIV infected 
individuals that we have classified as Slow Progressors (SP) compared with HIV infected 
individuals exhibiting a typical rate of disease progression or uninfected subjects 
(Carrington, Martin, and van Bergen 2008; Kaslow, Dorak, and Tang 2005). SP are defined 
by either exhibiting spontaneous control of viremia or maintaining CD4 counts >400 
cells/mm3 for at least 7 years post-infection (Madec et al. 2005; Deeks and Walker 2007). In 
order to determine whether HLA-B*27, like HLA-B*57, could educate NK cells from 3DL1 
hmz individuals for superior functional potential we compared the functional potential of 
NK cells from 3DL1 hmz+B*27 (3DL1+B*27) carriers with that from 3DL1 hmz who were Bw6 
hmz (3DL1+Bw6) or who expressed at least 1 Bw4 alleles other than B*57 or B*27 
(3DL1+Bw4). NK cells from 3DL1+B*27 carriers had a significantly higher functional 
potential than those from 3DL1+Bw6. When the functional potential of NK cells from 
carriers of the 3DL1 NK receptor /HLA-B ligand pairs *h/*y+B*57, 3DL1+B*27 and 
3DL1+Bw4 were compared we observed decreasing levels in the functional potential where 
NK cells responded to missing self with a h/*y+B*57 > 3DL1+B*27 > 3DL1+Bw4 hierarchy.  

2. Materials and methods 
2.1 Study population 
A total of 51 HIV-infected SP were studied. Forty four were from the Canadian Cohort of 
HIV Infected Slow Progressors and 7 were from a cohort followed at the National Institutes 
of Allergy and Infectious Diseases (NIAID) (Migueles et al. 2008). The term SP was used 
here to define treatment naïve HIV infected subjects who maintained absolute CD4 counts 
above 400 cells/mm3 for more than 7 years or who were followed for at least 1 year with VL 
<3000 copies/ml of plasma. Information on CD4, CD8 T cell counts, VL and duration of 
infection at time of testing, 3DL1 genotype and HLA-B allotype of the study population is 
provided in Table 1. All individuals in the study populations are 3DL1 hmz to eliminate the 
possible confounding effect on NK function of expressing the activating 3DS1 receptor, 
which is an allele at this locus (Martin et al. 2007; Boulet et al. 2008; Yawata et al. 2006). The 
study population is classified into 4 groups: group 1 (n=12) carry the 3DL1+B*27 genotype, 
group 2 (n=13) are 3DL1+Bw4, group 3 (n=14) are 3DL1+Bw6 and group 4 (n=12) are 
*h/*y+B*57. Informed consent was obtained from all study subjects and research conformed 
to the ethical guidelines of the authors’ institutions. 

2.2 MHC and KIR typing 
All subjects were typed for MHC class I alleles by sequence-based typing using kits from 
Atria Genetics (South San Francisco, CA) and Assign software to interpret sequence 
information for allele typing (Conexio Genetics, Perth, Australia) as previously described 
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other HLA-Bw4 alleles in terms of its ability to educate NK cells for functional potential. 
HLA-B*27 is found at a higher frequency among the approximately 5% of HIV infected 
individuals that we have classified as Slow Progressors (SP) compared with HIV infected 
individuals exhibiting a typical rate of disease progression or uninfected subjects 
(Carrington, Martin, and van Bergen 2008; Kaslow, Dorak, and Tang 2005). SP are defined 
by either exhibiting spontaneous control of viremia or maintaining CD4 counts >400 
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to the ethical guidelines of the authors’ institutions. 

2.2 MHC and KIR typing 
All subjects were typed for MHC class I alleles by sequence-based typing using kits from 
Atria Genetics (South San Francisco, CA) and Assign software to interpret sequence 
information for allele typing (Conexio Genetics, Perth, Australia) as previously described 
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(Boulet et al. 2010). HLA-Bw6 hmz subjects lacked any HLA-Bw4 alleles at the HLA-A or B 
locus. 3DL1/S1 genotyping was performed using two sets of primers specific for the 3DL1 
and 3DS1 alleles at the 3DL1 locus as previously described (Boulet et al. 2008). Subjects were 
subsequently 3DL1 allotyped by identifying single nucleotide polymorphisms (SNP) 
corresponding to high frequency 3DL1 alleles as previously described (Boulet et al. 2010). In 
our study we categorized 3DL1*005, *006, *007, *053, *054 as *l alleles, 3DL1*001, *002, *008, 
*009, *015, *020 as *h alleles and *004 as a null allele.  
 
Subjects 

ID gender1 Age2 Time 
infected2 Group3 HLA-B1 HLA-B2 KIR 

genotype4 CD45 CD85 VL6 

1001 M 59 2.9 1 B15:01 B27:05 *h/*y 760 900 1.7 
1002 M 59 14.6 1 B15:01 B27:05 *h/*y 788 2498 4.12 
1003 M 61 23.5 1 B27:02 B67:01 *h/*y 670 1050 4.7 
1004 M 49 20.2 1a B27:05 B57:01 *h/*y 830 1700 3.91 
1005 M 37 2.5 1 B27:05 B40:02 *h/*y 1040 1090 1.7 
1006 M 40 3.7 1 B14:02 B27:05 *h/*y 820 570 1.7 
1007 M 71 5.2 1 B27:03 B51:01 *l/*x 590 114 1.7 
1008 F 31 1.2 1a B27:05 B57:01 *l/*x 489 672 1.7 
1009 F 59 13.2 1 B27:03 B49:01 *l/*x 692 627 1.7 
1010 M 38 2.3 1 B15:01 B27:05 *l/*x 396 936 1.7 
1011 M 63 25.0 1 B27:05 B51:01 *h/*y 340 748 1.7 
1012 M 41 6.4 1 B07:02 B27:05 *l/*x 710 970 3.25 
2001 M 35 6.5 2 B15:02 B51:02 *l/*x 500 NA 3.24 
2002 F 39 15.9 2 B49:01 B58:02 *h/*y 400 510 3.54 
2003 M 15 8.0 2 B38:01 B51:01 *h/*y 596 1614 2.08 
2004 M 45 16.2 2 B07:02 B51:01 *h/*y 440 350 3.54 
2005 F 46 14.7 2 B07:02 B38:01 *l/*x 720 720 1.7 
2006 M 47 17.0 2 B39:01 B35:01 *h/*y 546 572 5.21 
2007 M 46 1 2 B53:01 B58:01 *l/*x 870 550 1.7 
2008 M 49 7.3 2 B44:03 B53:01 *l/*x 360 1610 2.8 
2009 F 40 2.8 2 B07:02 B13:01 *h/*y 1487 712 3.76 
2010 F 50 6.9 2 B15:03 B44:02 *h/*y 590 1650 3.73 
2011 F 44 22.2 2 B44:02 B52:02 *h/*y 420 1180 3.15 
2012 F 32 5.1 2 B14:02 B44:03 *l/*x 715 384 1.7 
2013 F 36 6.3 2 B49:01 B53:01 *h/*y 535 793 2.43 
3001 M 34 3.0 3 B07:02 B14:02 *l/*x 680 890 2.85 
3002 M 40 14.4 3 B14:02 B15:01 *h/*y 343 804 1.7 
3003 M 40 4.7 3 B14:02 B14:02 *h/*y 350 730 3.41 
3004 M 40 3.4 3 B07:02 B07:02 *h/*y 985 605 3.3 
3005 M 46 5.6 3 B15:10 B41:01 *l/*x 530 390 1.7 
3006 F 42 4.0 3 B07:05 B35:01 *l/*x 919 1557 1.7 
3007 F 57 3.1 3 B07:02 B42:01 *l/*x 636 663 1.7 
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Subjects 
ID gender1 Age2 Time 

infected2 Group3 HLA-B1 HLA-B2 KIR 
genotype4 CD45 CD85 VL6 

3008 M 53 4.1 3 B07:02 B14:02 *h/*y 447 455 3.3 
3009 M 29 4.2 3 B07:02 B14:02 3DL1 hmz 516 788 2.89 
3010 F 61 14.3 3 B07:02 B18:01 *l/*x 810 1050 1.7 
3011 F 39 6.6 3 B42:01 B45:01 *h/*y 620 408 2.69 
3012 M 39 9.9 3 B14:02 B40:06 *h/*y 720 1820 2.59 
3013 M 46 7.0 3 B07:02 B07:05 *h/*y 970 1210 1.94 
3014 M 62 17.5 3 B14:01 B81:01 *h/*y 650 2110 4.46 
4001 F 39 3.0 4 B57 B7 *h/*y 1443 895 1.7 
4002 F 55 23.8 4 B57 B57 *h/*y 277 385 1.7 
4003 M 58 20.5 4 B57 B15 *h/*y 883 590 1.7 
4004 M 41 11.2 4 B40:01 B57:01 *h/*y 1200 860 1.7 
4005 M 61 11.0 4 B40:02 B57:01 *h/*y 770 990 3.9 
4006 M 45 14.9 4 B07:02 B57:01 *h/*y 650 1460 4.21 
4007 F 39 2.6 4 B35:01 B57:01 *h/*y 530 NA 1.7 
4008 M 24 2.0 4 B07:02 B57:01 *h/*y 680 880 3.1 
4009 M 49 10.0 4 B57 B13 *h/*y 955 881 1.7 
4010 M 58 18.0 4 B57 B44 *h/*y 1329 1243 1.7 
4011 M 46 21.0 4 B57 B81 *h/*y 1362 1055 1.7 
4012 M 36 7.0 4 B57 B52 *h/*y 780 739 1.7 

Table 1. Study population characteristics. 1 M=male/ F=female, 2 in years, 3 1= 3DL1+B*27; 
2=3DL1+Bw4; 3=3DL1+Bw4; 4=*h/*y+B*57. The 2 subjects with the 1a designation carry 
both a B*27 and B*57 allele, 4 the individual classified as 3DL1 hmz has not been allotyped 
for KIR3DL1 alleles, 5 cells/mm3, 6 VL= log10 viral load copies/ml plasma. 

2.3 Cells  
Peripheral blood mononuclear cells (PBMC) were isolated by density gradient 
centrifugation (Ficoll-Paque Pharmacia Upsala, Sweden) from whole blood obtained by 
venipuncture into tubes containing EDTA anti-coagulant or by leukaphersis as previously 
described (Boulassel et al. 2003). Cells were cryopreserved in 10% DMSO (Sigma-Aldrich, St. 
Louis, MO) with 90% fetal bovine serum (FBS, Wisent, St. Bruno, Quebec, Canada). 

2.4 NK cell functional potential 
Cryopreserved PBMC were thawed and resuspended at 106 cells/ml in RPMI 1640 (Wisent) 
that contained 10% FBS (Wisent), 2mM L-glutamine and 50 IU penicillin and 50µg/ml 
streptomycin (Wisent). Brefeldin A (at 5µg/ml, Sigma-Aldrich), Monensin (at 6µg/ml, 
Golgi-Stop; BD Biosciences, Mississauga, Ontario, Canada) and anti-CD107a–FITC mAb (BD 
Biosciences) were added to the cells. One million PBMCs were stimulated with media alone 
or HLA devoid K562 cells (American Type Culture Collection Manassas, VA) at a PBMC to 
K562 cell ratio of 5:1 or with 1.25µg/ml phorbol 12-myristate 13-acetate (PMA); 0.25µg/ml 
ionomycin, (Sigma-Aldrich) as a positive control for 6 hours at 37oC in a humidified 5% CO2 
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(Boulet et al. 2010). HLA-Bw6 hmz subjects lacked any HLA-Bw4 alleles at the HLA-A or B 
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2=3DL1+Bw4; 3=3DL1+Bw4; 4=*h/*y+B*57. The 2 subjects with the 1a designation carry 
both a B*27 and B*57 allele, 4 the individual classified as 3DL1 hmz has not been allotyped 
for KIR3DL1 alleles, 5 cells/mm3, 6 VL= log10 viral load copies/ml plasma. 

2.3 Cells  
Peripheral blood mononuclear cells (PBMC) were isolated by density gradient 
centrifugation (Ficoll-Paque Pharmacia Upsala, Sweden) from whole blood obtained by 
venipuncture into tubes containing EDTA anti-coagulant or by leukaphersis as previously 
described (Boulassel et al. 2003). Cells were cryopreserved in 10% DMSO (Sigma-Aldrich, St. 
Louis, MO) with 90% fetal bovine serum (FBS, Wisent, St. Bruno, Quebec, Canada). 

2.4 NK cell functional potential 
Cryopreserved PBMC were thawed and resuspended at 106 cells/ml in RPMI 1640 (Wisent) 
that contained 10% FBS (Wisent), 2mM L-glutamine and 50 IU penicillin and 50µg/ml 
streptomycin (Wisent). Brefeldin A (at 5µg/ml, Sigma-Aldrich), Monensin (at 6µg/ml, 
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K562 cell ratio of 5:1 or with 1.25µg/ml phorbol 12-myristate 13-acetate (PMA); 0.25µg/ml 
ionomycin, (Sigma-Aldrich) as a positive control for 6 hours at 37oC in a humidified 5% CO2 
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incubator. All stimulation data shown is from cells that generated a positive result in the 
PMA and ionomycin stimulation condition.  
Cells were stained for viability using the Aqua LIVE/DEAD® fixable dead cell stain kit 
(Invitrogen, Burlington, Ontario, Canada) following manufacturer’s instructions. Cells 
were then stained for cell surface markers with anti-CD56-APC, anti-CD16-Pacific Blue (BD 
Biosciences), anti-CD3-ECD and CD158e-PE (ie: Z27-PE, Beckman Coulter, Mississauga, 
Ontario, Canada) for 30 min. After washing with phosphate buffered saline (PBS) 
containing 1% FBS (Wisent), cells were fixed and permeabilized using the Fix and Perm Kit 
(Invitrogen) and stained for intracellular cytokines using anti-IFN--Alexa 700 and anti-
TNF--PE-Cy7 (BD Biosciences). Cells were washed and fixed with 1% paraformaldehyde 
solution (Fisher Scientific, Ottawa Ontario, Canada) and kept in the dark at 4oC until 
acquisition. 

2.5 Flow cytometry analysis 
Between 400,000 and 500,000 events were acquired per sample using an LSRII flow 
cytometer (BD Biosciences). Analysis for NK cell activation was performed using FlowJo 
software version 9.1 (Tree Star, San Carlos, CA). The functional profiles of stimulated NK 
cells were determined using a gating strategy where NK cells were defined as CD3-CD56+/-

CD16+/-. Boolean gating was used to identify seven NK cell functional profiles, i.e. tri-
functional NK cells (CD107a+ IFN-+ TNF-+), bi-functional NK cells (any combination of 
two of these functions) and mono-functional NK cells (any single one of these functions). All 
results for the frequency of individual functional subsets were background corrected by 
subtracting the frequency of positive NK cells in the unstimulated subset. Corrected results 
were used to generate the percent contribution of each functional subset to the total NK cells 
response to K562. Results reported as subset frequency or percent contribution of a subset to 
the total K562 response showed a high level of correlation with each other (Boulet et al. 
2010).  

2.6 Statistical analysis 
GraphPad Instat 3.05 and GraphPad Prism 5.04 were used for statistical analyses and 
graphical presentations. A Kruskal-Wallis test was used to assess the significance of 
between group differences in age, duration of infection at the time point tested, CD4 counts, 
CD8 counts and VL. Mann-Whitney U tests were used to test the significance of between 
group differences in the percent contribution of an NK cell functional subset to the total NK 
cell response. A Spearman correlation test was used to test the significance of the trend 
towards declining tri-functional potential with 3DL1/HLA-B genotype combinations. A p 
value of <0.05 was considered significant.  

3. Results 
3.1 Study population 
Table 2 provides information on the average and standard deviation for age, duration of 
infection, CD4 count, CD8 count and log10VL at the time point tested for NK functional 
potential for SP classified as 3DL1+B*27, 3DL1+Bw4, 3DL1+Bw6 and *h/*y+B*57 described in 
Table 1. No between-group differences were seen for any of these parameters (Krukal-Wallis 
test). 
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 3DL1+B*27 
(n=12) 

3DL1+Bw4 
(n=13) 

3DL1+Bw6 
(n=14) 

*h/*y+B*57 
(n=12) 

Age1 50.7 ± 12.83 40.1 ± 9.5 44.9 ± 10.0 45.9 ± 11.0 

Duration of infection1 10.1 ± 8.9 10.0 ± 6.5 7.2 ± 4.8 12.1 ± 7.6 

CD42 677 ± 198 619 ± 306 655 ± 211 904 ± 363 

CD82 989 ± 606 887 ± 494 963 ± 533 907 ± 292 

Log10 VL 2.53 ± 1.2 2.95 ± 1.0 2.57 ± 0.86 2.21 ± 0.95 

Table 2. Summary of study population characteristics. I In years, 2 Cells/mm3, 3 Means ± 
standard deviation. 

3.2 NK cells from 3DL1+B*27 carriers have a higher functional potential than those 
from 3DL1+Bw6 
To investigate whether NK cells from HIV-infected SPs carrying the 3DL1+B*27 genotype 
for an NK receptor/HLA-B ligand pair differ in their NK cell functional potential compared 
to Bw6 hmz with no ligand for 3DL1 receptors, we measured the frequency of NK cells 
expressing CD107a and secreting IFN- and TNF- from K562-stimulated NK cells using 
eight colour multi-parametric flow cytometry. In this analysis CD107a expressing NK cells 
were the sum of the mono-, bi- and tri-functional functional subsets expressing CD107a. 
This was also the case for IFN-γ and TNF-α secreting NK cells. As shown in Figure 1A the 
median (range) frequency of NK cells from 3DL1+B*27 versus 3DL1+Bw6 carriers expressing 
CD107a was 6.92% (3.01%, 17.15%) versus 4.27% (0.74%, 13.32%), secreting IFN-γ was 8.91% 
(4.25%, 21.52%) versus 5.17% (0.55%, 25.92%) and secreting TNF-α was 0.92% (0.11%, 3.67%) 
versus 0.23% (0.01%, 3.06) (p<0.05 for all comparisons; Mann-Whitney test). Therefore, the 
frequency of NK cells with any of these functions was significantly greater when NK cells 
were from 3DL1+B*27 individuals than from 3DL1+Bw6. 
Since we simultaneously measured these three functions following K562 stimulation we 
were able to assess the frequency of seven possible NK cell functional profiles and their 
percent contribution to the total K562 response. Figure 1B shows the percent contribution of 
each NK cell functional profile in PBMC from 12 3DL1+B*27 and 14 3DL1+Bw6 subjects. Of 
the seven possible NK cell functional profiles, only the percent contribution of tri-functional 
NK cells to the total K562 response was significantly higher in the 3DL1+B*27 group versus 
3DL1+Bw6 SPs (2.99% [0.00%, 6.43%]) and (0.52% [0.00%, 7.36%]) for 3DL1+B*27 and 
3DL1+Bw6, respectively, p=0.019; Mann-Whitney U test). Based on these results we 
concentrated on the tri-functional NK subset in subsequent analyses. 
We next compared the K562 stimulated NK cells from 3DL1+B*27 individuals to that from 
carriers of 3DL1+Bw4. NK cells from *h/*y+B*57 carriers have previously been shown to 
have superior tri-functional potential compared to 3DL1+Bw6 and *h/*y+Bw4 subjects 
(Boulet et al. 2010; Kamya et al. 2011). Since HLA-B*57 is a Bw4 allele we excluded carriers of 
either HLA-B*57 or HLA-B*27 alleles from the 3DL1+Bw4 group. Although the tri-functional 
potential of NK cells from 13 3DL1+Bw4 subjects was lower (1.78% [0.00%, 5.71%]) than that 
from 3DL1+B*27 individuals the difference did not achieve statistical significance (p=0.2644; 
Mann-Whitney U test) (Figure 2A).  
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cell response. A Spearman correlation test was used to test the significance of the trend 
towards declining tri-functional potential with 3DL1/HLA-B genotype combinations. A p 
value of <0.05 was considered significant.  

3. Results 
3.1 Study population 
Table 2 provides information on the average and standard deviation for age, duration of 
infection, CD4 count, CD8 count and log10VL at the time point tested for NK functional 
potential for SP classified as 3DL1+B*27, 3DL1+Bw4, 3DL1+Bw6 and *h/*y+B*57 described in 
Table 1. No between-group differences were seen for any of these parameters (Krukal-Wallis 
test). 
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 3DL1+B*27 
(n=12) 

3DL1+Bw4 
(n=13) 

3DL1+Bw6 
(n=14) 

*h/*y+B*57 
(n=12) 

Age1 50.7 ± 12.83 40.1 ± 9.5 44.9 ± 10.0 45.9 ± 11.0 

Duration of infection1 10.1 ± 8.9 10.0 ± 6.5 7.2 ± 4.8 12.1 ± 7.6 

CD42 677 ± 198 619 ± 306 655 ± 211 904 ± 363 

CD82 989 ± 606 887 ± 494 963 ± 533 907 ± 292 

Log10 VL 2.53 ± 1.2 2.95 ± 1.0 2.57 ± 0.86 2.21 ± 0.95 

Table 2. Summary of study population characteristics. I In years, 2 Cells/mm3, 3 Means ± 
standard deviation. 

3.2 NK cells from 3DL1+B*27 carriers have a higher functional potential than those 
from 3DL1+Bw6 
To investigate whether NK cells from HIV-infected SPs carrying the 3DL1+B*27 genotype 
for an NK receptor/HLA-B ligand pair differ in their NK cell functional potential compared 
to Bw6 hmz with no ligand for 3DL1 receptors, we measured the frequency of NK cells 
expressing CD107a and secreting IFN- and TNF- from K562-stimulated NK cells using 
eight colour multi-parametric flow cytometry. In this analysis CD107a expressing NK cells 
were the sum of the mono-, bi- and tri-functional functional subsets expressing CD107a. 
This was also the case for IFN-γ and TNF-α secreting NK cells. As shown in Figure 1A the 
median (range) frequency of NK cells from 3DL1+B*27 versus 3DL1+Bw6 carriers expressing 
CD107a was 6.92% (3.01%, 17.15%) versus 4.27% (0.74%, 13.32%), secreting IFN-γ was 8.91% 
(4.25%, 21.52%) versus 5.17% (0.55%, 25.92%) and secreting TNF-α was 0.92% (0.11%, 3.67%) 
versus 0.23% (0.01%, 3.06) (p<0.05 for all comparisons; Mann-Whitney test). Therefore, the 
frequency of NK cells with any of these functions was significantly greater when NK cells 
were from 3DL1+B*27 individuals than from 3DL1+Bw6. 
Since we simultaneously measured these three functions following K562 stimulation we 
were able to assess the frequency of seven possible NK cell functional profiles and their 
percent contribution to the total K562 response. Figure 1B shows the percent contribution of 
each NK cell functional profile in PBMC from 12 3DL1+B*27 and 14 3DL1+Bw6 subjects. Of 
the seven possible NK cell functional profiles, only the percent contribution of tri-functional 
NK cells to the total K562 response was significantly higher in the 3DL1+B*27 group versus 
3DL1+Bw6 SPs (2.99% [0.00%, 6.43%]) and (0.52% [0.00%, 7.36%]) for 3DL1+B*27 and 
3DL1+Bw6, respectively, p=0.019; Mann-Whitney U test). Based on these results we 
concentrated on the tri-functional NK subset in subsequent analyses. 
We next compared the K562 stimulated NK cells from 3DL1+B*27 individuals to that from 
carriers of 3DL1+Bw4. NK cells from *h/*y+B*57 carriers have previously been shown to 
have superior tri-functional potential compared to 3DL1+Bw6 and *h/*y+Bw4 subjects 
(Boulet et al. 2010; Kamya et al. 2011). Since HLA-B*57 is a Bw4 allele we excluded carriers of 
either HLA-B*57 or HLA-B*27 alleles from the 3DL1+Bw4 group. Although the tri-functional 
potential of NK cells from 13 3DL1+Bw4 subjects was lower (1.78% [0.00%, 5.71%]) than that 
from 3DL1+B*27 individuals the difference did not achieve statistical significance (p=0.2644; 
Mann-Whitney U test) (Figure 2A).  
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Fig. 1. NK cells from individuals carrying the 3DL1+HLA B*27 NK receptor-ligand pair 
have an increased functional potential. The frequency of NK cells that secrete IFN-γ (left), 
express CD107a (middle) or secrete TNF-α (right) in 3DL1 hmz individuals who carry HLA-
B*27 or HLA-Bw6. Each data point represents a separate individual. The bar through each 
scatter plot indicates the median frequency for the group. A Mann-Whitney U test was used 
to assess the significance of between-group comparisons (A). The percent contribution of 
seven different functional profiles to the total NK cell response to K562 HLA-devoid cells 
from individuals carrying 3DL1+B*27 (n=12) and 3DL1+Bw6 (n=14). Below the x-axis, dots 
refer to the presence of each functional marker (CD107a, IFN-γ and TNF-α) in that profile. 
The height of each bar represents the median for the group and the height of the error bar 
the interquartile range for that group. An asterisk (*) over the line linking two bars indicates 
that the contribution of that functional subset of the NK cell response was significantly 
different in the two study populations. A Mann-Whitney U test was used to assess the 
significance of between-group comparisons and p<0.05 was considered significant (B). 
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Fig. 2. Comparisons of the tri-functional potential of NK cells from study subjects with 
defined KIR/HLA combinations. Scatter plots show percent contribution of tri-functional NK 
cells to the total K562 stimulated response in individuals who are 3DL1+B*27, 3DL1+Bw4 
and 3DL1+Bw6 carriers (A), and *h/*y+B*27 and *l/*x+B*27 carriers (B). Each data point 
represents results from a separate individual. The data point represented by an empty 
square and triangle refer to individuals that carry both B*27 and B*57. The bar through each 
scatter plot indicates the median frequency for the group. A Mann-Whitney U test was used 
to assess the significance of between-group differences.  
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3DL1 hmz genotypes can be classified as either *h/*y or *l/*x depending on the 3DL1 alleles 
expressed. Previous work showed that NK cells from *h/*y+B*57 subjects had a significantly 
higher tri-functional potential than those from *l/*x+B*57 subjects. We therefore questioned 
whether NK cells from the 7 *h/*y+B*27 and 5 *l/*x+B27 individuals differed from each other 
in their tri-functional potential. The median (range) NK tri-functional potential was 2.56% 
(0.00%, 6.18%) and 3.57% (0.47%, 6.43%) for NK cells from carriers of the *h/*y+B*27 and 
*l/*x+B*27 genotypes, respectively (p=0.53; Mann-Whitney test), a difference that was not 
statistically significant (Figure 2B). Therefore, HLA-B*27 appears to be able to interact with 
NK receptor alleles in either the 3DL1 *h/*y and *l/*x genotype categories to educate NK 
cells for equivalent NK functional potential.  

3.3 NK cells from 3DL1+B*27 and *h/*y+B*57 carriers have a similar tri-functional 
potential 
Next we questioned whether the level of tri-functional potential of NK cells from 3DL1+B*27 
carriers was of a similar magnitude to that seen in NK cells from *h/*y+B*57 carriers. For this 
analysis we excluded the 2 3DL1+B*27 individuals who also expressed a B*57 allele and 
compared NK tri-functional potential in this group to that in 12 *h/*y+B*57 carriers. As seen 
in Figure 3A, although the tri-functional potential of NK cells from *h/*y+B*57 carriers was 
higher than that from 3DL1+B*27 carriers this difference did not achieve statistical 
significance (p=0.09; Mann-Whitney test). 
Pair-wise comparisons of the tri-functional potential of NK cells from carriers of 
*h/*y+B*57, 3DL1+B*27 and 3DL1+Bw4 revealed that only the comparison of *h/*y+B*57 
and 3DL1+Bw4 was statistically significant. NK cells from each of these groups had higher 
tri-functional potential than those from the 3DL1+Bw6 group (not shown). Small group 
sizes and large variability within groups likely contributed to the lack of statistical 
significance in the tri-functional potential between the *h/*y+B*57 and 3DL1+B*27 and the 
3DL1+B*27 and 3DL1+Bw4 groups. We performed another analysis testing for the 
significance of a trend towards declining NK functional potential among subjects with 
these 3DL1/HLA-B genotypes. The rationale for this came from epidemiological studies 
showing that the effect of B*57 on time to AIDS and VL control was greater in the 
presence of *h/*y than *l/*x 3DL1 genotypes and greater than that of B*27 on these 
outcomes in the presence of either 3DL1 genotype (Martin et al. 2007). When the tri-
functional potential of NK cells from these 3 3DL1/HLA-B genotypes were assessed. Using 
a test of trend we observed that this measure decreased as follows: *h/*y+B*57 > 
3DL1+B*27 > 3DL1+Bw4 (r=-0.40, p=0.01; Spearman’s correlation test). Together these 
results suggest that there is a hierarchy in the impact on NK cell education of HLA-B 
variants where B*57 is the most potent in the context of *h/*y genotypes followed by B*27 
in the context of 3DL1 genotypes. Furthermore the impact of these alleles is superior to 
that of other Bw4 alleles co-expressed with 3DL1 genotypes.  

4. Discussion 
We have presented results showing that NK cells from carriers of the 3DL1+B*27 KIR/HLA 
genotype combination have tri-functional responses to missing self that are 1) significantly 
higher than those from 3DL1+Bw6 and 2) have a tri-functional potential that falls between 
that of carriers of *h/*y+B*57 and 3DL1+Bw4. 
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Fig. 3. Comparisons of the tri-functional potential of NK cells from individuals carrying 
3DL1+B*27, *h/*y+HLA-B*57 and 3DL1+Bw4. Scatter plots show percent contribution of tri-
functional NK cells to the total K562 stimulated response in individuals who are 3DL1+B*27 
and *h/*y+B*57 carriers (A) or *h/*y+B*57, 3DL1+B*27 and 3DL1+Bw4 carriers (B). Each data 
point represents results from a separate individual. The bar through each scatter plot 
indicates the median frequency for the group. A Mann-Whitney U test was used to assess 
the significance of between-group differences (A). A Spearman’s correlation test was used to 
assess the significance of a trend towards decreasing functional potential in carriers of these 
genotype combinations (B).  

We previously showed that B*57 is superior to most other Bw4 alleles in educating NK 
cells through its interaction with 3DL1 NK receptors for functional potential as measured 
by responses to missing self on K562 cells (Boulet et al 2010; Kamya et al. 2011). These 
results suggested that B*57, an allele associated with slow time to AIDS and VL control, 
may contribute to viral control not only through its interaction with HIV epitopes 
recognized by CD8+ T cell but also through its interaction with 3DL1 inhibitory receptors 
on NK cells. B*27 is another allele associated with slow time to AIDS and VL control. We 
therefore sought to determine whether B*27 was also able to educate NK cells for potent 
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responses to missing self. The rationale for investigating the role of B*27 in educating NK 
cells for NK functional potential in HIV infected SP is that this allele is over represented 
among SP compared to the uninfected or HIV susceptible subjects. Among 101 SPs 
enrolled in the Canadian Cohort of HIV Infected SP typed to date 18 (17.8%) were B*27 
positive whereas in HIV susceptible subject enrolled in a Primary HIV Infection cohort 26 
of 434 (6%) expressed this allele (p<0.001; Fisher’s Exact test), an allele frequency similar 
to that seen in uninfected Caucasian (www.allelefrequencies.net). The frequency of 
individuals expressing both a B*27 allele and a homozygous 3DL1 genotype would be 
expected to be even lower. This provided the rationale for investigating this phenomenon 
in SPs in whom the frequency of the KIR/HLA genotype under investigation was higher 
than in uninfected subjects. We also reasoned that SPs with either controlled viremia or 
long term non progression would constitute a population with limited NK dysfunction 
due to HIV infection.  
Others have reported that HIV infection dysregulates NK cell subset distribution such that 
there is a reduction in the frequency of the CD56+CD16+ NK subset with cytolytic activity 
with an associated increase the frequency of an anergic CD56-/CD16+ subset (Mavilio et al. 
2005; Tarazona et al. 2002). VL seems to play a key role in this redistribution of NK cell 
subsets. Even though a decrease of cytotoxic NK cells is observed in SPs compared to 
healthy controls it is not as pronounced as that observed in viremic HIV infected progressor 
subjects (O'Connor et al. 2007; Barker et al. 2007). NK function may be altered by direct 
contact with HIV. The gp120 Envelope glycoprotein has been shown to suppress the 
activity, proliferation and survival of NK cells (Kottilil et al. 2006). Perturbations in the NK 
cell receptor repertoire have been reported in HIV infection, affecting both inhibitory and 
activating receptors (Kottilil et al. 2004; Mavilio et al. 2003; De Maria et al. 2003; O'Connor et 
al. 2007). Furthermore, HIV can escape NK cell recognition by restricting upregulation of 
activating NK cell receptor ligands such as NKp44L (Fausther-Bovendo et al. 2009), MICA 
and ULBP1 and 2 (Cerboni et al. 2007) and by preventing downregulation of HLA-C/E 
(Bonaparte and Barker 2004). Results reported by Kamya et al. demonstrated a negative 
correlation between NK cell tri-functional potential and VL suggesting VL and HIV 
infection negatively impact NK function (Kamya et al. 2011). In summary, although NK 
function in SPs may be affected by HIV infection the effect would be expected to be limited 
in this population. Our results demonstrate that NK cells from 3DL1+B*27 SPs can produce 
IFN-γ and TNF-α and express CD107a following K562 stimulation to a greater extent than 
those from 3DL1+Bw6. This finding is unlikely to be due to difference of VL as these 2 
groups had a similar VL (Table 2).  
We have previously shown that NK cells from SP who carry *h/*y+B*57 have a level of tri-
functional potential that is significantly higher than those from individuals carrying either 
3DL1*h/*y or 3DL1*l/*x genotypes with Bw4 alleles other than B*27 or B*57. The elevated 
tri-functional potential of NK cells from *h/*y+B*57 carriers depends on the presence of 
both the 3DL1*h/*y receptor genotype and HLA-B*57 since carriers of 3DL1*l/*x with HLA-
B*57 also have significantly lower NK tri-functional potential (Kamya et al. 2011). In 
contrast, we observed no differences in tri-functional potential in NK cells from HLA-B*27 
positive SPs carrying either the 3DL1*h/*y or *l/*x receptor genotypes. It should be noted 
that a limitation in making this assertion is the small number of subject who were 
*h/*y+B*27 versus *l/*x+B*27 available to make this comparison. Epidemiological studies 
found that compared to Bw6 hmz the B*57 effect on time to AIDS and VL control was 
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enhanced in the presence of 3DL1*h/*y compared to 3DL1*l/*x. Overall, the effect of B*27 on 
these outcomes was more moderate than that of B*57 in the presence of 3DL1 *h/*y. 
Compared to Bw6 hmz the B*27-80T allele B*2705 was more protective in the presence of 
3DL1*l/*x than in the presence of 3DL1*h/*y (Martin et al. 2007). All but one of the 
3DL1+B*27 group of subjects in our study population expressed B*27-80T alleles 
(Carrington, Martin, and van Bergen 2008). Furthermore, there is also evidence that B*2705 
has a greater affinity for one or more of the KIR3DL1*l allotypes (Luque et al. 1996). Our 
findings that NK cells from *h/*y+B*27 and *l/*x+B*27 carriers have similar levels of tri-
functional potential that may be more modest than of *h/*y+B*57 carriers is in line with B*27 
being able to interact with receptors encoded by 3DL1*h/*y and *l/*x genotypes in 
3DL1+B*27 carriers and this more effectively that B*57 interacting with receptors encoded 
by 3DL1*l/*x genotypes (Kamya et al. 2011). There is also a trend towards NK cells from 
3DL1+B*27 carriers having higher function that those from 3DL1+Bw4 individuals. These 
results argue in favour of HLA-B*27 and B*57 being unique among HLA-Bw4 antigens in 
their impact on educating NK cells for subsequent activity, although the effect of B*27 is 
more modest than that of B*57.  
According to the rheostat model of NK education, the strength of the inhibitory input 
received by NK cells determines the threshold of activation that is set in each NK cell. The 
higher the inhibitory input, the more likely the NK cell will pass the threshold required to 
respond to stimuli with an increased frequency of effector cells and an increased number of 
effector functions (Brodin, Karre, and Hoglund 2009). During development, NK cells must 
acquire sufficient inhibitory signals to prevent autoreactivity through recognition of ligands 
for inhibitory NK receptors (Valiante et al. 1997; Hoglund et al. 1997). The larger the 
contribution of given receptor-ligand pairing to NK cell inhibition under homeostatic 
conditions the more potent a missing self response will be when the ligand is lost. This 
situation would be encountered in a setting of HIV infection where HIV encoded Nef 
downmodulates HLA-A and B molecules from the cells surface abrogating inhibitory 
signals mediated by 3DL1 receptors (Collins et al. 1998; Cohen et al. 1999). 
In this report we have focused on comparisons of the tri-functional subset of NK cells. This 
was done because the percent contribution of this subset to the entire K562 stimulated 
response was the only functional subset that differed between carriers 3DL1+B*27 and a 
KIR/HLA receptor-ligand combination unable to signal through 3DL1 NK receptors. NK 
cells able elicit 3 functions are more potent in terms of the intensity of each of their functions 
than corresponding mono-functional NK cells (Kamya et al. 2011). This is similar to what 
has been reported for poly- versus mono-functional CD8+ T cells (Darrah et al. 2007; Betts et 
al. 2006) Poly-functional HIV-specific CD8+ T cells in SPs may play a role in superior anti-
HIV activity (Betts et al. 2006; Makedonas and Betts 2011). This is still a controversial area as 
the low VL seen in SPs may preserve multi-functional HIV-specific immune response. 
Although the biological relevance of poly-functional antigen specific CD8+ T cells in HIV 
infection is not yet clear, they do serve as an indicator of an effective response to HIV. Our 
experiments did not directly test the anti-viral activity of NK cells since we did not use HIV 
infected cells as stimuli. The role of tri-functional NK cells in inhibition of viral replication 
warrants further investigation.  
If stimulation with HIV infected cells produces higher functionality in NK cells from 
3DL1+B*27 versus 3DL1+Bw6 carriers and tri-functional NK cells are endowed with a 
superior capacity to suppress viral replication it would be interesting to study the ability 
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responses to missing self. The rationale for investigating the role of B*27 in educating NK 
cells for NK functional potential in HIV infected SP is that this allele is over represented 
among SP compared to the uninfected or HIV susceptible subjects. Among 101 SPs 
enrolled in the Canadian Cohort of HIV Infected SP typed to date 18 (17.8%) were B*27 
positive whereas in HIV susceptible subject enrolled in a Primary HIV Infection cohort 26 
of 434 (6%) expressed this allele (p<0.001; Fisher’s Exact test), an allele frequency similar 
to that seen in uninfected Caucasian (www.allelefrequencies.net). The frequency of 
individuals expressing both a B*27 allele and a homozygous 3DL1 genotype would be 
expected to be even lower. This provided the rationale for investigating this phenomenon 
in SPs in whom the frequency of the KIR/HLA genotype under investigation was higher 
than in uninfected subjects. We also reasoned that SPs with either controlled viremia or 
long term non progression would constitute a population with limited NK dysfunction 
due to HIV infection.  
Others have reported that HIV infection dysregulates NK cell subset distribution such that 
there is a reduction in the frequency of the CD56+CD16+ NK subset with cytolytic activity 
with an associated increase the frequency of an anergic CD56-/CD16+ subset (Mavilio et al. 
2005; Tarazona et al. 2002). VL seems to play a key role in this redistribution of NK cell 
subsets. Even though a decrease of cytotoxic NK cells is observed in SPs compared to 
healthy controls it is not as pronounced as that observed in viremic HIV infected progressor 
subjects (O'Connor et al. 2007; Barker et al. 2007). NK function may be altered by direct 
contact with HIV. The gp120 Envelope glycoprotein has been shown to suppress the 
activity, proliferation and survival of NK cells (Kottilil et al. 2006). Perturbations in the NK 
cell receptor repertoire have been reported in HIV infection, affecting both inhibitory and 
activating receptors (Kottilil et al. 2004; Mavilio et al. 2003; De Maria et al. 2003; O'Connor et 
al. 2007). Furthermore, HIV can escape NK cell recognition by restricting upregulation of 
activating NK cell receptor ligands such as NKp44L (Fausther-Bovendo et al. 2009), MICA 
and ULBP1 and 2 (Cerboni et al. 2007) and by preventing downregulation of HLA-C/E 
(Bonaparte and Barker 2004). Results reported by Kamya et al. demonstrated a negative 
correlation between NK cell tri-functional potential and VL suggesting VL and HIV 
infection negatively impact NK function (Kamya et al. 2011). In summary, although NK 
function in SPs may be affected by HIV infection the effect would be expected to be limited 
in this population. Our results demonstrate that NK cells from 3DL1+B*27 SPs can produce 
IFN-γ and TNF-α and express CD107a following K562 stimulation to a greater extent than 
those from 3DL1+Bw6. This finding is unlikely to be due to difference of VL as these 2 
groups had a similar VL (Table 2).  
We have previously shown that NK cells from SP who carry *h/*y+B*57 have a level of tri-
functional potential that is significantly higher than those from individuals carrying either 
3DL1*h/*y or 3DL1*l/*x genotypes with Bw4 alleles other than B*27 or B*57. The elevated 
tri-functional potential of NK cells from *h/*y+B*57 carriers depends on the presence of 
both the 3DL1*h/*y receptor genotype and HLA-B*57 since carriers of 3DL1*l/*x with HLA-
B*57 also have significantly lower NK tri-functional potential (Kamya et al. 2011). In 
contrast, we observed no differences in tri-functional potential in NK cells from HLA-B*27 
positive SPs carrying either the 3DL1*h/*y or *l/*x receptor genotypes. It should be noted 
that a limitation in making this assertion is the small number of subject who were 
*h/*y+B*27 versus *l/*x+B*27 available to make this comparison. Epidemiological studies 
found that compared to Bw6 hmz the B*57 effect on time to AIDS and VL control was 
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enhanced in the presence of 3DL1*h/*y compared to 3DL1*l/*x. Overall, the effect of B*27 on 
these outcomes was more moderate than that of B*57 in the presence of 3DL1 *h/*y. 
Compared to Bw6 hmz the B*27-80T allele B*2705 was more protective in the presence of 
3DL1*l/*x than in the presence of 3DL1*h/*y (Martin et al. 2007). All but one of the 
3DL1+B*27 group of subjects in our study population expressed B*27-80T alleles 
(Carrington, Martin, and van Bergen 2008). Furthermore, there is also evidence that B*2705 
has a greater affinity for one or more of the KIR3DL1*l allotypes (Luque et al. 1996). Our 
findings that NK cells from *h/*y+B*27 and *l/*x+B*27 carriers have similar levels of tri-
functional potential that may be more modest than of *h/*y+B*57 carriers is in line with B*27 
being able to interact with receptors encoded by 3DL1*h/*y and *l/*x genotypes in 
3DL1+B*27 carriers and this more effectively that B*57 interacting with receptors encoded 
by 3DL1*l/*x genotypes (Kamya et al. 2011). There is also a trend towards NK cells from 
3DL1+B*27 carriers having higher function that those from 3DL1+Bw4 individuals. These 
results argue in favour of HLA-B*27 and B*57 being unique among HLA-Bw4 antigens in 
their impact on educating NK cells for subsequent activity, although the effect of B*27 is 
more modest than that of B*57.  
According to the rheostat model of NK education, the strength of the inhibitory input 
received by NK cells determines the threshold of activation that is set in each NK cell. The 
higher the inhibitory input, the more likely the NK cell will pass the threshold required to 
respond to stimuli with an increased frequency of effector cells and an increased number of 
effector functions (Brodin, Karre, and Hoglund 2009). During development, NK cells must 
acquire sufficient inhibitory signals to prevent autoreactivity through recognition of ligands 
for inhibitory NK receptors (Valiante et al. 1997; Hoglund et al. 1997). The larger the 
contribution of given receptor-ligand pairing to NK cell inhibition under homeostatic 
conditions the more potent a missing self response will be when the ligand is lost. This 
situation would be encountered in a setting of HIV infection where HIV encoded Nef 
downmodulates HLA-A and B molecules from the cells surface abrogating inhibitory 
signals mediated by 3DL1 receptors (Collins et al. 1998; Cohen et al. 1999). 
In this report we have focused on comparisons of the tri-functional subset of NK cells. This 
was done because the percent contribution of this subset to the entire K562 stimulated 
response was the only functional subset that differed between carriers 3DL1+B*27 and a 
KIR/HLA receptor-ligand combination unable to signal through 3DL1 NK receptors. NK 
cells able elicit 3 functions are more potent in terms of the intensity of each of their functions 
than corresponding mono-functional NK cells (Kamya et al. 2011). This is similar to what 
has been reported for poly- versus mono-functional CD8+ T cells (Darrah et al. 2007; Betts et 
al. 2006) Poly-functional HIV-specific CD8+ T cells in SPs may play a role in superior anti-
HIV activity (Betts et al. 2006; Makedonas and Betts 2011). This is still a controversial area as 
the low VL seen in SPs may preserve multi-functional HIV-specific immune response. 
Although the biological relevance of poly-functional antigen specific CD8+ T cells in HIV 
infection is not yet clear, they do serve as an indicator of an effective response to HIV. Our 
experiments did not directly test the anti-viral activity of NK cells since we did not use HIV 
infected cells as stimuli. The role of tri-functional NK cells in inhibition of viral replication 
warrants further investigation.  
If stimulation with HIV infected cells produces higher functionality in NK cells from 
3DL1+B*27 versus 3DL1+Bw6 carriers and tri-functional NK cells are endowed with a 
superior capacity to suppress viral replication it would be interesting to study the ability 
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of NK cells from 3DL1+Bw6 for other NK cells functions. Our results demonstrate that 
these individuals have a limited NK cell tri-functional potential upon missing self 
stimulation. Since these SPs are able to control viral replication and/or maintain CD4 
counts above 400 for 7 or more years it is not unreasonable to assume that NK cells from 
these subjects possess other NK function. NK cells are known to mediated antibody-
dependent cell-mediated cytotoxicity which has been shown to play a role in controlling 
viral replication (Forthal, Landucci, and Daar 2001) and may play a role in preventing 
infection (Rerks-Ngarm et al. 2009). In addition, NK cells are also able to regulate antiviral 
immunity by modulating DC function (Gerosa et al. 2002; O'Leary et al. 2006). In the 
presence of HIV replication the cross talk between NK cells and DC is impaired (Mavilio 
et al. 2006; Melki et al. 2010; Alter et al. 2010). It would be interesting to assess whether 
the interaction between NK cells and DC is maintained in SPs, particularly in 3DL1+Bw6 
carriers. 

5. Conclusion 
We have demonstrated that NK cells from 3DL1+B*27 SPs have a higher tri-functional 
potential following K562 stimulation than those from 3DL1+Bw6. A test of trend found that 
NK tri-functional potential declines significantly in NK isolated from carriers of the 
following genotypes: *h/*y+B*57 > 3DL1+B*27 > 3DL1+Bw4. Our results suggest that 
although the protective effect on HIV infection conferred by HLA-B*27 is mediated in part 
by CD8+ T cells recognizing HIV epitopes restricted by this allele, the protective effect of 
this alleles may also be mediated by its interaction with inhibitory 3DL1 receptors. HLA-
B*27, like HLA-B*57, appears to have an impact on NK education that is superior to that of 
other Bw4 alleles. Although this remains to be demonstrated experimentally we 
hypothesize that in carriers of certain 3DL1 and HLA-B*27 or HLA-B*57 genotypes, virus-
infected cells that have down modulated the HLA ligand for their inhibitory 3DL1 NK 
receptors may be able to recruit a larger number NK cells with multiple functions, which 
can play a role in viral control. Such information is relevant to vaccine design by providing 
a rationale for modulating NK activity at the time of vaccination to favor developing 
protective immunity. 
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the interaction between NK cells and DC is maintained in SPs, particularly in 3DL1+Bw6 
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by CD8+ T cells recognizing HIV epitopes restricted by this allele, the protective effect of 
this alleles may also be mediated by its interaction with inhibitory 3DL1 receptors. HLA-
B*27, like HLA-B*57, appears to have an impact on NK education that is superior to that of 
other Bw4 alleles. Although this remains to be demonstrated experimentally we 
hypothesize that in carriers of certain 3DL1 and HLA-B*27 or HLA-B*57 genotypes, virus-
infected cells that have down modulated the HLA ligand for their inhibitory 3DL1 NK 
receptors may be able to recruit a larger number NK cells with multiple functions, which 
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a rationale for modulating NK activity at the time of vaccination to favor developing 
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