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1 CHAPTER ONE: EXECUTIVE SUMMARY 

Title: Relationship of HIV/HBV co-Infection with CD4 cell count and Alanine Transaminase 

Levels in Anti-Retroviral Therapy naïve Patients-A Cross-Sectional Study   
 
Kalo Musukuma

1
, Gershom Chongwe

1
, Rosalia Dambe

1
, and Michael Vinikoor

1, 

 
1
University of Zambia, School of Medicine 0979563780 

 

Hepatitis B virus (HBV) survives and replicates in the liver. In adults, it is mostly transmitted 

sexually. Because of this shared route with Human Immune Deficiency Virus (HIV), it is highly 

prevalent in HBV infected patients In sub-Saharan Africa, the prevalence of HBV is between 6-

20%. In Zambia, prevalence of HIV and HBV co-infection has been reported to be between 7.1% 

and 31.1%. Patients infected with HBV are at increased risk of experiencing elevated Alanine 

Transaminase enzyme (ALT) and HIV/HBV co-infection which may lead to reduced CD4 cell 

count before ART initiation. We investigated the relation of HBV with CD4 cell count and 

Alanine Transaminase enzyme in HIV positive Anti-Retroviral Therapy-naïve patients.  

This was a cross-sectional study conducted in 15 government clinics in Lusaka. There were 

5,436 patients who initiated antiretroviral therapy between 2011 and 2013. The data was 

captured using SMART CARE and Laboratory Information Management System at Centre for 

Infectious Disease Research in Zambia. Cases were described as HIV positive patients who 

tested HBsAg-positive and controls as HIV positive patients who tested HBsAg-negative. 

Prevalence of HIV/HBV co-infection was defined as the number of patients who tested HBsAg-

positive divided by the total tested (with 95% confidence interval). Laboratory measures of CD4 

and ALT were categorized in the analysis. Elevated ALT was defined as ALT ≥ 66 IU/ml. CD4 

cell count was dichotomized CD4 of > 200 Cells/µl.  

The median age was 35 years with the highest number (44.8%) in the age group 30-39 years. The 

median CD4 cell count was 202 Cells/µl with the median ALT being 20 IU/ml. HIV/HBV 

prevalence was 12.3% (95% CI 11.4-13.1) Elevated ALT was reported in 11.1% in cases and 

4.7% in controls. HIV/HBV patients had 2.4 times the odds (95% CI 1.8-3.2) of experiencing 

elevated ALT before ART initiation compared to their HIV mono-infected counterparts. Of the 

cases, 53.5% had a CD4<200 while only 48.9% of controls had CD4<200 before ART initiation 

(p-value 0.026).  

HIV/HBV co-infection was highly prevalent in ART-naïve patients. CD4 cell count was lower in 

patients who were HBsAg positive and our results showed that there was an association between 

HBV and CD4 cell count. This association was that having HBV increases the risk for CD4<200 

at ART initiation. This is consistent with other studies that show that co-infections in HIV 

patients lead to further reduction of the CD4 count. Having HBV also increased the odds of one 

experiencing an elevated ALT before ART initiation, suggesting that the observed ALT 

elevation is due to damage to the hepatocytes by the body. 

In ART-naïve patients, the prevalence of HIV/HBV co-infection was high. HBV was associated 

with CD4 cell count <200 and elevated ALT at ART initiation.  

 

Hepatitis B virus (HBV), HIV, ALT, CD4 
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2 CHAPTER TWO: BACKGROUND  

 Prevalence of HIV and HBV  2.1

 

Worldwide, Human Immunodeficiency Virus (HIV) is a pandemic that has been around since the 

early 1980s with the highest prevalence in sub - Saharan Africa. Approximately 35.3 million 

people globally are currently living with HIV. Almost 64% (~25 million people) of this 

population is in sub - Saharan Africa (HIV/AIDS, 2012, Merson, 2006). With HIV having a 

deteriorating effect on the lives of people especially in those living in low and middle income 

countries (LMIC), people living in these regions have not been spared of other infectious and 

chronic diseases such as the hepatitis B virus (HBV). 

Globally, Hepatitis B virus (HBV) affects about a third of the world’s population and 

approximately 350 million people have chronic infection (Lacombe et al., 2005, Hwang and 

Cheung, 2011). In Africa 50 million people are chronic HBV carriers. In sub-Saharan Africa, the 

prevalence of HBV is   6-20 % with a mortality rate of 25% (Martin-Carbonero and Soriano, 

2010). In Zambia, this population is not clearly described due to poor diagnostic capacity, 

particularly in rural areas where access to testing kits, traditional sample processing, storage and 

transportation to testing facilities are major challenges.  

Zambia, being part of sub-Saharan region, has not been spared of HIV or HBV. According to the 

2013/2014 Zambia Demographic Health Survey (ZDHS), approximately 13% of Zambians are 

currently living with HIV (Central statistics office, 2015). The prevalence of HBV in Zambia, 

however, has not been clearly described in either adults or infants. This can be attributed to fewer 

studies done and also less survey studies done on HBV. The prevalence of HIV and HBV co-

infection in Zambia has been described by four different studies conducted within Lusaka. It 

should be noted that three of these studies have been done at either a single hospital or clinic. 

The prevalences have been reported as 7.1% by Oshitani et al (1996), 31.1% by Kapembwa et al 

(2011), 14.3% by Harmers et al (2013) and 12.2% by Vinikoor et al (2015).   

Yves Benhamou, a French physician, reported a global estimate of HBV infection in persons 

infected with HIV to be approximately 5-10%. Most infections that occur in adults are due to 
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sexual contact and injection drug use (IDU) in most developing countries and chronic infection is 

between 6-14% in the United States of America (USA) and Western Europe (Benhamou, 2007).  

 Effect of HBV on HIV 2.2

 

There are different reports on the effect of HBV on HIV (Benhamou, 2007).  Some studies have 

reported that HBV does not affect HIV-related mortality. Other studies suggest that the HBV 

protein (HBx) increases the rate of HIV replications, thereby making progression faster. 

However, this evidence was disputed by a EUROSIDA cohort study that found that HBsAg 

positivity does not affect progression of HIV (Konopnicki et al., 2005). Co-infection with 

hepatitis B virus is common because of the shared routes of transmission (den Brinker et al., 

2000). In adults, the main route of transmission is sexual transmission (Eng-Kiong and Anna, 

2013).  

HBV is a deoxyribonucleic acid (DNA) virus that affects and replicates in the hepatocytes of the 

liver. Because of the compromised immune system in HIV-infected individuals, co-infection 

with HBV can lead to the development of symptomatic acute HBV infection, which can easily 

progress into chronic infections. It has been reported that HIV-infected individuals tend to lose 

their developed protective anti-Hepatitis B virus surface antigen (anti-HBsAg) (Biggar et al., 

1987). Because of the compromised immune system, the body fails to fight off the infection and 

it progresses from acute infection to chronic infection.  

The CD4 and CD8 cells play an important role in HIV infected patients by controlling viral 

replication. Some researchers suggest that the earlier treatment is initiated in HBV co-infected 

patients, the better the response to viral suppression both for HBV and HIV. Some researchers 

have reported that immune reconstitution during cART is achieved but the HIV-specific CD4 T 

cell responses are rarely recovered (Olawumi et al., 2014). With the wide distribution of ARVs, 

it is now evident that more people are accessing combined antiretroviral therapy (cART) and as a 

result, HIV-related morbidity and mortality has greatly declined (Thio, 2009, Sulkowski et al., 

2002).  

Another effect that HBV has is directly on the function of the liver. One of the tests used to 

estimate liver function is Alanine transferase (ALT). This is an enzyme that is normally found 
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inside the liver cells. When it is found in high quantities in the blood, it  means that this enzyme 

has been released from the liver by destruction of hepatocytes (Pratt and Kaplan, 2000). 

However, there are certain factors known to increase the enzyme levels in the serum and these 

include: alcohol, lipid lowering drugs, antibiotics, co-infection with HBV, hepatic damage 

caused by HIV and type of regimen.  In co-infected patients, progression of liver damage to 

cirrhosis can be accelerated. In HIV positive patients, high ALT levels can be due to a number of 

factors including high or uncontrolled HIV RNA levels, high body mass index (BMI), and 

increase in age and prolonged use of ARVs. In HIV/HBV co-infected patients, high levels of 

ALT can be associated with acute infection of HBV. According to the 2010 Ministry of Health 

treatment guidelines, elevated ALT was described as greater than times two upper limit of 

normal (Ministry of Health., 2010). A high ALT level at initiation of ART is usually an 

indication of possible future ALT elevations  (Crane et al., 2010). ALT levels can also be 

elevated when HBV replication is not controlled as the hepatocytes infected with HBV can be 

destroyed by the cell mediated immune system. As the body tries to kill or eliminate the virus, 

the liver cells are also destroyed in the process.   

ALT estimate is an inexpensive routine test that is non-invasive but a reliable means of assessing 

liver disease in patients suffering from hepatic viral diseases. This is because in most instances, it 

reflects the activity of the hepatotoxic viruses and the state of the liver. ALT is usually measured 

before initiation of ART in order to estimate how well the liver is functioning. When it is 

elevated at this stage, it gives an indication that the liver is compromised. In such instances, 

drugs that are hepatotoxic are by all means avoided so that further damage to the liver that can 

compromise its functions is avoided. 

A number of studies have shown that HBV can infect the hepatocytes.  In a study done in Italy it 

is suggested that hepatotoxicity occurs significantly more in co-infected patients than in those 

who are mono-infected (Aceti et al., 2002). Another study done in South Africa reported that 

there was an increase of ALT levels in 33.3% of the 21 HIV/HBV co-infected patients at the 

onset of treatment (Ayuk et al., 2013). A cohort study conducted at the University of Amsterdam 

which studied patients mono-infected with HIV, co-infected with HIV/HBV or co-infected with 

HIV/HCV, observed that patients co-infected with chronic viral hepatitis were more likely to 
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have elevated liver enzymes. The incidence of elevated liver enzyme was 33% in co-infected 

patients and 12% in mono-infected patients (den Brinker et al., 2000).  

 Risk factors for elevated ALT 2.3

 

In 2010, a study was done by Kovari et al based on a national cohort program in HIV mono-

infected patients on the association of metabolic parameters of chronic elevated ALT. In this 

study it was observed that a high BMI was significantly associated with chronic elevated ALT. 

There was also association of severe alcohol use and incidence of elevated ALT levels.  In this 

study, it was discovered that the main cause of chronic liver disease in HIV mono-infected 

individuals was alcohol consumption, non-alcoholic fatty liver disease (NAFLD) and ART 

(Kovari et al., 2010) 
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3 CHAPTER THREE: RESEARCH FOCUS 

      Statement of the problem 3.1

Zambia has been shown to have a high prevalence of HIV/HBV co-infection (12.2%) (Vinikoor 

et al., 2015). More studies on the impact of HIV/HBV on the liver and CD4 cells are needed in 

order to have a better understanding of these two infections in patients. Some studies have shown 

that patients infected with HBV are at increased risk of hepatotoxicity and that co-infection may 

lead to reduced CD4 cell count before cART (Aceti et al., 2002).  Due to the fact that the 

hepatitis virus survives and replicates in the liver, the immune system targets these liver cells in 

trying to fight the HBV infection. As a result, ALT is released from these cells as they are being 

released and as such, an infected person will have higher ALT than normal even before cART is 

commenced. Some ART drugs have been implicated in hepatotoxicity. If patients with HBV 

infection that already have elevating the ALT, the increase in ALT is even more. Infection with 

HIV is associated with decreasing CD4 cells as the virus continues to replicate in the body. In 

some cases HIV infected patients are also infected with HBV which can be chronic if ones 

immune system is already compromised. This may lead to even further decrease of CD4 cells in 

such patients. 

It would be important to carry out studies in Zambia in order to evaluate the relationship of 

HIV/HBV co-infection with CD4 cell count and ALT levels before cART in adult patients. 

Research on ALT levels in HIV/HBV co-infected patients is very cardinal as this is one enzyme 

released by the liver when the hepatocytes are being destroyed in trying to fight infection by the 

immune system. This enzyme is an indicator of liver damage in the body. Most studies carried 

out in Zambia have focused on prevalence of HIV/HBV co-infection and not specifically on 

HIV/HBV being related to CD4 cell count and ALT levels in ART naive patients. 

 Justification 3.2

There is need to study the relationship of HIV/HBV with CD4 cell count and ALT levels in ART 

naive patients in Zambia. The Ministry of Health has identified viral hepatitis as a significant 

public health condition to be addressed in Zambia. This study will show the importance of 

screening HIV positive patients for viral hepatitis B as it has implications on how the patients 

respond to anti-retroviral therapy. 
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There is little or no published data on the relationship of HIV/HBV with CD4 cell count and 

ALT levels in ART naïve patients in Zambia. This study will include patients that were to be 

initiated on cART based on the 2010 Ministry of Health treatment guidelines from selected 

clinics in Lusaka.  

 Research question 3.3

Is HIV/HBV co-infection related to CD4 cell count   and ALT levels in anti-retroviral therapy 

naïve patients? 

 General objective 3.4

To determine the prevalence of HIV/HBV co-infection and its relationship with CD4 cell 

count and ALT levels in ART naive patients.  

 Specific objectives 3.5

1. To determine the prevalence of HIV/HBV co-infection among ART naive patients.   

2. To compare ALT levels in HIV infected and HIV/HBV co-infected ART naïve patients.  

3. To compare CD4 cell counts in HIV infected and HIV/HBV co-infected ART naive 

patients.  
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4 CHAPTER FOUR: METHODOLOGY 

 Study design 4.1

The study was a cross-sectional study nested within the public sector HIV treatment program in 

Lusaka. We included data from patients at the time of cART initiation and captured in SMART 

CARE database and Laboratory Information Management System (LIMS) from 2011 to 2013. 

Two populations were used in this study. The first population consisted of patients that are 

infected with HIV but had negative HBV tests to act as controls while the second population 

consisted of patients who are infected with both HIV and HBV. The chosen time period was as a 

result of the HIV treatment guidelines that were implemented by Ministry of Health in 2010 and 

changed in 2014. This was for the purposes of uniformity in how patients were managed in this 

study.  The analysis considered data from the date of ART initiation where the CD4 cell count 

and ALT levels were checked.   

 Study setting 4.2

This study was conducted in Lusaka the capital city of Zambia. The study included 15 

government clinics from Lusaka that are also CIDRZ clinic sites. These included Bauleni, 

Chawama, Chelstone, Chilenje, Chipata, George, Kabwata, Kalingalinga, Kamwala, Kanyama, 

Makeni, Matero Main, Matero reference, Mtendere and N’gombe clinics. Non-CIDRZ site 

clinics were not used in this study because they did not have the HBsAg screening test result that 

was captured using LIMS after sample testing at the CIDRZ lab. 
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Figure1. Flow chart of patients included in the study 

 Data sources  4.3

4.3.1 SMART CARE 

Patient information in this study was captured using SMART CARE which is a large database 

and the Laboratory Information Systems (LIMS). The data used in this study was from 

SMARTCARE database and Laboratory Information Systems (LIMS). The data in SMART 

CARE was captured as patients attended antiretroviral therapy clinic. 

4.3.2 LIMS 

 The LIMS data was from the Centre for Infectious Diseases Research in Zambia (CIDRZ) 

where samples from different clinics were sent for HBsAg testing by an enzyme-linked 

HBsAg negative 

patients n=4,769 

HBsAg positive patients 

n=667 

Patients with HBsAg result n=5,436 

Patients with no screening 

results, baseline CD4 and 

ALT n=2,286 

Patients screened for HBsAg 

n=7,722 

Patients not screened for 

HBsAg n=19,053 

Patients in ART program between Jan 

2011- Dec 2013 n=26,775 
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immunosorbent assay (ELISA) and CD4 cell count and ALT levels. However, the patients 

targeted should have been enrolled between 2011 and 2013. From this database, the patients CD4 

count including other demographic information were captured. The patients captured from the 

SMART CARE were enrolled at one of the selected clinics that had their patient samples sent to 

CIDRZ laboratory for CD4 count and HBsAg testing. The SMART CARE data was merged with 

the LIMS data using STATA in order to have the HBsAg status for the patients.  

 Study population 4.4

The study included patients from 15 clinics in Lusaka that use SMART CARE and LIMS for 

data capturing. From these clinics, patients that were to be initiated on cART between the years 

2011 and 2013 were selected if they met the inclusion criteria. The patients in the study included 

those infected with HIV and those co-infected with both HIV and HBV, were 18 years and 

above, had their data entered into SMARTCARE under the ART program, had baseline CD4 cell 

count results, had ALT results and their HBsAg status recorded. Patients that had missing 

HBsAg, CD4 cell count and ALT results, and were not enrolled between 2011 and 2013 were all 

excluded from the study. 

 Predictor and outcome variables 4.5

 

Predictor variables included HIV, HBsAg status (reactive or non-reactive), sex, age (in years), 

WHO staging, height (in meters), weight (in kilograms), creatinine (µmol/L), haemoglobin 

(g/dL), and active TB. HIV/HBV was a categorical variable that was coded as zero if the 

screening result for HIV was positive and HBsAg negative. HIV/HBV was coded as one if the 

screening result for HIV was positive and HBsAg was positive. 

The outcome variables in this study were CD4 cell count and ALT levels. CD4 cell count and 

ALT level were used as categorical outcome variables.  

 Data management and analysis 4.6

 

Data management and analysis were performed using Stata software, version 12.1 (Stata). Some 

graphs were constructed using Microsoft Excel. In this cross-sectional study, controls were 
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considered to be those patients that had HIV but tested negative for HBsAg and cases were those 

that had HIV and tested positive for HBsAg. 

The data that was used in this study did not contain any personal unique identifier such as names, 

patient identity numbers (PID), addresses and phone numbers that are used at the ART clinic but 

numerical numbers from one were instead used as a replacement. The data obtained was kept 

confidential and was not shared with anyone else. It was not transferred through internet for any 

purpose. Data was also be coded for the purpose of data analysis.  

Proportions were used to describe the overall prevalence of HIV/HBV co-infection as well as the 

prevalence by clinic. The prevalence of HBV was defined as the number of those who are 

HBsAg-positive divided by the total tested (with 95% confidence interval). The Chi-Square test 

was used to test for associations of categorical variables. For normally distributed continuous 

variables, associations were tested using t-test and the Ranksum-test was used for non-normal 

continuous variables. 

To answer objectives two and three, associations that were significant from the above tests were 

included in the uni-variate and multi-variate analysis of the logistic regression models. Using 

logistic regression models, I assessed the bivariate and multivariate relative risk of the outcome 

of interest (CD4 and ALT) for potential co-factors. ALT was analysed as a categorical outcome 

variable for objective two. It was categorised into either elevated or not elevated. Elevated ALT 

was defined as 2×ULN (66). This was adopted from the MOH 2010 HIV treatment guidelines. 

CD4 was also categorized as either less than 200 or greater than or equal to 200. 

For multivariate analyses, variables that were not significant after being adjusted for all the other 

variable in the model were dropped one by one from the full model and were not included in the 

final nested model. The nested model was tested against the full model using the likelihood ratio 

test. The variability between the two populations will be explained using the standard deviation 

(SD) and p-values. 

It should be noted that the multivariate analysis did not include all the 5,436 patients due to 

missing data of some variables. All P-values were 2 sided at P value <0.05.  
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 Missing Data 4.7

Between 2011 and 2013, about 26,775 patients were enrolled into ART care in the 15 clinics that 

were sampled. Of these, about 19,053 were not screened for HBsAg. Of the 7,722 that were 

screened for HBsAg, 5,436 had their results recorded as either negative or positive and had a 

baseline CD4 cell count and ALT result. The other 2,286 had either results recorded as unknown 

or were missing either missing ALT or CD4 result. Missing other exploratory variables was not 

ground for exclusion from the study. This was because the sample size would have drastically 

reduced if all these variables were put into consideration taking into account the small number of 

co-infected cases included in the study (n=667).  
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5 CHAPTER FIVE: RESULTS 

 Baseline patient characteristics 5.1

 

In our study population, 12.3% were HBsAg positive. In the overall study population, only about 

26% (n=1328) of the study population had indicated as having attained at least a minimum of 

grade 12 level of education. The median (IQR) age of the entire population was 35 (29-41) years. 

When age was categorized into four categories, 18-29, 30-39, 40-60, and >60, most of the study 

population was in the category of 30-39 (n=2,346). There were more females (53.4) in the study 

population than males. The median CD4 cell count and median ALT with their inter-quatile 

range were 202 (102) and 20 (14-30) respectively. 

 

Table1. Characteristics of participants 

 

 

  

# Median (Interquartile range) 

 

Variable Study Population n (%) 

 

Age  

 

Overall  

18-29 

30-39 

40-60 

>60 
 

 

35 (29-41)
# 

1,421 (26.1)
 

2,436 (44.8) 

1,471 (27.1) 

108 (2) 

 

Sex  

Female  

Male  

 

2,904 (53.4) 

2,532 (46.6) 

 

HBsAg   

 

 

Positive  

Negative 

 

 

667 (12.3) 

4,769 (87.7) 

 

CD4 cell count
 

ALT
 

 

202 (102-305)
# 

20 (14-30)
# 

TB co-infection 426 (7.84)  

 

Grade 12 level 

 

1,328 ( 26.23) 
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 HIV/HBV Co-infection by clinic 5.2

 

A total of 5,436 patients were included in the study. Of these, 667 patients were co-infected with 

HIV and HBV while 4,679 were mono-infected with HIV. In this study, 15 clinics were 

included: Bauleni, Chawama, Chelstone, Chilenje, Chipata, George, Kabwata, Kalingalinga, 

Kamwala, Kanyama, Makeni, Matero Main, Matero Reference, Mtendere, and Ngombe. The 

number of patients that were screened in the stipulated study period varied from clinic to clinic.  

The number of patients at the clinics were as low as 1 and as high as 1,191. The lowest 

prevalence of co-infection was 0%. This was from Makeni clinic which only had one patient, and 

that patient was mono-infected. The highest prevalence of co-infection was 33.33% and this was 

from Kabwata clinic which had 3 patients. The 33.33% observed at Kabwata clinic was the 

highest from the 15 clinics in the study. The rest of the clinics had co-infection prevalences of 

less than 15%, as indicated in table 2.  

 

Table 2. HIV/HBV Co-infection by clinic 

Clinic Name  HIV Mono-Infected 

% (n) 

HIV/HBV Co-Infected 

% (n) 

Total  

n 

Bauleni 90.00 (9) 10.00 (n=1) 10 

Chawama 89.58 (86) 10.42 (10) 96 

Chelstone 89.66 (659) 10.34(76) 735 

Chilenje 88.33 (371) 11.67 (49) 420 

Chipata 88.92 (1,059) 11.08 (132) 1,191 

George 87.95 (518) 12.05 (71) 589 

Kabwata 66.67 (2) 33.33 (1) 3 

Kalingalinga 86.02 (886) 13.98 (144) 1,030 

Kamwala 86.87 (172) 13.13 (26) 198 

Kanyama 85.63 (149) 14.37 (25) 174 

Makeni 100.00(1) 0.00 (0) 1 

Matero Main 90.91 (10) 9.09 (1) 11 

Matero Reference 88.00% (352) 12.00 (48) 400 

Mtendere 85.05 (438) 14.95 (77) 515 

Ngombe 88.89 (40) 11.11 (5) 45 

Total  87.70(4,769) 12.30 (667) 5,436 
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 Difference in patient characteristics by HBsAg status 5.3

Table 3. Differences between mono-infected patients and co-infected patients 

Variable  HIV mono-infected  

 % (n) 

HIV/HBV co-infected  

 % (n) 

Total  

n 

 p-value 

 

Active TB 

 

 

Yes  

 

 

(7.5) 359 

 

 

 (10.0) 67 

 

 

426 

 

0.023 

No   (92.5) 4,410  (90.0) 600 5,010 

ALT  

≥66  

 

(4.8) 228 

 

(11.1) 74 

 

302 

<0.001 

<66   (95.2) 4,541 (88.9) 593 5,134 

Sex  

female 

 

 (54.8) 2,615 

 

(43.3) 289 

 

2,904 

<0.001 

Male   (45.2) 2,154 (56.7) 378 2,532 

CD4  

<200 

 

 (48.9) 2,333 

 

(53.5) 357 

 

2,690 

0.026 

>200  (51.1) 2,436 (46.5) 310 2,746 

WHO 

staging 

 

1&2 

 

 (61.6) 2,939 

 

 (56.5) 377 

 

3,316 

0.011 

3&4  (38.4) 1,830 (43.5) 290 2,120 

 

CD4 cells/µl (IQR) 

 

207 (105-309) 

 

184 (92-303) 

 

5,436 

 

0.021
a 

ALT IU/mL 20 (14-29) 24 (16-41) 5,436 <0.0001
a 

BMI Kg/m
2
  20.1 (18.2-22.7)  19.6 (17.7-21.9) 5,072 <0.001

a 

Haemoglobin (g/dL)
 

11.557 (2.32) 11.4 (2.51) 5,417 0.077
# 

Creatinine (µmol/L) 79 (69-92) 79 (69-93) 5,425 0.732
a 

Age (87.7) 4769  (12.3) 667 5,436 0.056
a 

 *
a
Median (Interquartile range) P-value calculated using Ranksum test                                                                                                              

#Mean (Standard Deviation) P-value calculated using t test                                                                                     

The median CD4 cell counts were significantly different in the two groups p-value=0.019. 

Patients who were mono-infected had a higher median CD4 cell count (median CD4 cell 

count=204cells/µl) compared to the patients who were co-infected (median CD4 cell 

count=181cells/µl). About 53.3% (n=357) of co-infected patients had a CD4 cell count of less 

than 200 at the time of enrollment. The population of those mono-infected with HIV had 48.9% 

(n=2,333) with a CD4 cell count of less than 200 cells/µl at enrollment.  
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There was a statistically significant difference in the median ALT levels in the two study 

populations with a p-value <0.0001. The median ALT level in the co-infected population was 

higher (24 IU/ml) with a wider interquartile range (16-41 IU/ml) than the group of those with 

HIV mono-infection who had a median ALT of 20 IU/ml and a narrower interquartile range (14-

29 IU/ml).  

The mean haemoglobin in the population of those mono-infected was almost the same as that of 

the co-infected (11.55 g/dL and 11.42 g/dL respectively). The difference in the two populations 

was not statistically significant p-value=0.077.The median creatinine levels in the two 

populations were the same (79 µmol/L). This difference in the two populations was not 

significant p-value=0.7321.  

The difference in the number of the patients who were in the WHO staging of 3and 4 in the two 

populations was statistically significant p-value=0.011. About 1,830 (49%) Patients were in 

stage 3 and 4 in the mono-infected group compared to (290) 33.3% in the co-infected group. 

There was no statistically significant difference in the median age in the two groups p-

value=0.0563. The highest prevalence of co-infection was in the age category of 30-39 (n=319) 

and was the age category with most patients (48%).  

There was a statistically significant difference (p-value=0.023) in the prevalence of active TB in 

the two populations. Those co-infected had a higher proportion of patients with active TB n=67 

(10.0%) compared to those that were mono-infected n=359 (7.5%). 

In the chi-square test (Table 3), it was observed that age, haemoglobin, and creatinine were not 

associated with HBsAg (p-values 0.0563, 0.0768, and 0.7321 respectively).However, sex, CD4, 

ALT, BMI, WHO staging, and having active TB were strongly associated with HBsAg, p-values 

<0.001, 0.026, <0.001, 0.0002, 0.011, and 0.023 respectively.  
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 Variables associated with CD4<200 5.4

 

Table 4: Differences between patients with CD4<200 and those with CD4≥200 

Variable CD4<200  CD4>200 Total P-value 

Variable  CD4<200 

% (n) 

CD4>200 

% (n) 

Total p-value 

  

 

 

 (13.27) 357  

 

 

 

(11.3) 310 

 

 

 

667 

 

0.026 HBsAg  

Positive 

Negative  (86.7) 2,333  (88.7) 2,436 4,769 

Active TB  

Yes  

 

(9.59) 258 

 

(6.12) 168 

 

426 

<0.001 

No  (90.4) 2,432  (93.9) 2,578 5,010 

ALT  

≥66 

 

(6.13) 165 

 

(5.00) 137 

 

302 

0.065 

<66  (93.9) 2,525  (95.0) 2,609 5,134 

Sex  

Male 

 

 (50.6) 1,361 

 

 (42.6) 1,171 

 

2,532 

<0.001 

Female  (49.4) 1,329  (57.4) 1,575 2,904 

WHO staging  

1&2 

 

 (52.0) 1,400 

 

 (69.8) 1,916 

 

3,316 

<0.001 

3&4  (48.0) 1,290 (30.2) 830 2,120 

Age 35 (30-41)
 

34 (29-40) 5,436 <0.0001
# 

BMI 19 (18-22) 21 (19-23) 5072 <0.0001
# 

Creatinine (µmol/L) 79 (69-94) 79 (69-90) 5425 0.0405
# 

Haemoglobin (g/dL) 11 (2.32) 12 (2.21) 5,417 <0.0001
b 

b percentage(n) p-value calculated using  ttest if parametric 
#n(Interquartile range) p-value calculated using Ranksum test 

 

 

Elevated ALT was not associated with CD4<200. As it can be seen in table 4, there was no 

difference in elevated ALT in the two groups that had a CD4<200 and those that had a 

CD4≥200. The proportions of those that had elevated ALT were 6% (n=165) in those with a 

CD4<200 compared to 5% (n=137) in those with a CD4≥200 was not statistically different (p-

value=0.065). Because of this, the variable of categorized ALT was left out of the logistic 

regression.  
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The variables that were found to be associated with CD4<200 were HBsAg, having active TB, 

sex, WHO staging, age, BMI, creatinine and haemoglobin (p-values 0.026, <0.001, <0.0001, 

<0.001, <0.0001, <0.0001, 0.041 and <0.0001 respectively). 

 

 Variables associated with elevated ALT 5.5

 

Table 5:  Differences between patients with normal ALT and those with elevated ALT 

Variable  Not Elevated ALT 

 % (n) 

Elevated ALT 

% (n) 

Total P-value 

 

 

HBsAg 

 

 

Positive  

 

 

(88.9) 593 

 

 

(11.1) 74 

 

 

667 

 

 

<0.001 

Negative   (95.2) 4,541 (4.8) 228 4,769 

Active TB  

Yes  

 

(93.4) 398 

 

(6.6) 28 

 

426 

 

0.340 

No   (94.5) 4,736 (5.5) 274 5,010 

CD4  

<200  

 

 (93.9) 2,525 

 

(6.1) 165 

 

2,690 

 

0.065 

≥200  (95.0) 2,609 (5.0) 137 2,746 

Sex  

Female  

 

 (96.5) 2,803 

 

(3.48) 101 

 

2,904 

 

<0.001 

Male   (92.1) 2,331 (7.94) 201 2,532 

WHO staging  

1&2  

 

 (95.0) 3,149 

 

(5.04) 167 

 

3,316 

 

0.037 

3&4  (93.6) 1,985 (6.37) 135 2,120 

 

Age (Years) 

  

35 (29-41) 

 

34 (30-39) 

 

5,436 

 

0.573
# 

Creatinine (µmol/L)   79 (69-91)  82 (71-97) 5425 <0.001
# 

Haemoglobin (g/dL)   11.5 (2.33)  12.2(2.54) 5417 <0.0001
C 

BMI  20 (18-23)  20 (18-22) 5072 0.4725
# 

#
Median (Interquartile range) P-value calculated using Ranksum test 

C
Mean (Standard deviation) P-value calculated using t test 

 

In the test of association used to investigate which variables are associated with one having an 

ALT≥66 before ART initiation, it was observed that HBsAg, sex, WHO staging, ceatinine, and 

haemoglobin were associated with elevated ALT before ART initiation. Having active TB, CD4, 

creatinine and BMI were not associated with an elevated ALT before ART initiation. 
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 Variables in the univariate and multivariate analysis for CD4  5.6

 

In the univariate analysis, increasing age (modeled as a continuous variable) was associated with 

decreased risk of having a CD4<200 before ART initiation. After adjusting for sex, BMI, 

creatinine, haemoglobin, and WHO staging, in the multivariate analysis, age was still inversely 

associated with CD4<200 before ART initiation.  

Being female was associated with a 37% odds of having a CD4<200 at baseline compared to 

being males. After adjusting for age, BMI, creatinine, haemoglobin, WHO staging, and HBsAg 

status, this odds increased by 50%.  With every unit increase in BMI, the odds of a patient 

having CD4<200 increased by 12% (unadjusted estimate). When adjusted for sex, HBsAg, age, 

creatinine, haemoglobin and WHO staging, the odds of CD4<200 was 6% higher (for every unit 

increase). Creatinine was less likely to be associated with a CD4<200 before ART initiation. 

After adjusting for age, sex, BMI, haemoglobin, HBsAg, and WHO staging. With every unit 

increase of haemoglobin, there is a 27% change in odds of having a CD4<200 at enrolment. This 

association was still the same even after adjusting for sex, BMI, creatinine, HBsAg, and WHO 

staging.  

In univariate analysis, Active TB was positively associated with risk of CD4<200, but this 

association did not remain significant after being adjustment for. Because of this it was removed 

from the final model used in analyzing risk factors for CD4<200. HBsAg was not significantly 

associated with having a CD4<200 before ART initiation in the multivariate model but because it 

was the main exposure of interest, it was included in the final model. Having a WHO staging (3 

or 4) was less likely to be a risk for having a CD4<200 before ART initiation.  
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Table 6. Univariate and Multivariate Logistic Regression of CD4<200  

Variable Unadjusted  

OR  

95% CI Adjusted 

OR 

95% CI  

 

Sex 

 

 

Male  

 

 

1 

 

 

 

1.238, 1.533 

 

 

1 

 

 

 

1.304,1.714  female 1.377 1.495 

Active TB  

No 

 

1 

 

 

0.502, 0.752 

 

1 

 

 

0.839, 1.329 Yes 0.614 1.056   

WHO 

stage  

 

1&2 

 

1 

 

 

0.421, 0.525 

 

1 

 

 

0.627, 0.808 (3 or 4) 0.4701 0.712 

HBsAg  

Negative 

 

1 

 

 

0.707, 0.978 

 

1 

 

 

0.747, 1.072 Positive 0.83 0.895 

 

BMI, per 1 unit 

 

1.119 

 

1.101, 1.137 

 

1.064 

 

1.046, 1.083 

 

Creatinine (µmol/L) 

 

0.9955 

 

0.994,  0.997 

 

0.997 

 

0.996, 0.999 

 

Haemoglobin (g/dL) 

 

1.2686 

 

1.237, 1.301 

 

1.262 

 

1.225, 1.299 

 

Age, per 1 year 0.9839 0.978, 0.990 0.985 0.979, 0.992 

   *Sample size for multivariate analysis was 4072       
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 Variables associated with elevated ALT 5.7

 

Table 7: Univariate and Multivariate Logistic Regression of elevated ALT  

Variable Unadjusted  

OR  

CI Adjusted 

OR 

CI 

 

HBsAg 

 

 

Negative 

 

 

1 

 

 

 

1.886, 3.275 

 

 

1 

 

 

 

1.807, 3.165 Positive 2.485 2.391   

Sex  

Male  

 

1 

 

 

0.327, 0.534 

 

1 

 

 

0.406, 0.687  female 0.417 0.529  

WHO 

stage  

 

1&2 

 

1 

 

 

1.015, 1.620 

 

1 

 

 

0.962, 1.585 (3 or 4) 1.282 1.235 

 

Creatinine (µmol/L) 

 

1.0038 

 

1.002, 1.006 

 

1.004   

 

1.002, 1.005 

 

Haemoglobin (g/dL) 

 

1.127 

 

1.072, 1.186 

 

1.092   

 

1.038, 1.150 

 

Female sex was associated with significantly lower odds of elevated ALT, after adjustment for 

creatinine, haemoglobin, WHO staging and HBsAg status aOR(95%CI): 0.529(0.406, 0.687).  

Creatinine was positively associated with increased odds of ALT, after adjustment, 

aOR(95%CI): 1.004(1.002, 1.005). Haemoglobin was positively associated with increased odds 

of ALT, after adjustment, aOR(95%CI): 1.092(1.038, 1.050). Both creatinine and haemoglobin 

were adjusted for with the other variables in the model. 

Having a WHO staging of either 3 or 4 was not a risk factor for elevated ALT when adjusted for 

but was a risk factor when it was not adjusted for. HBsAg remained a risk factor for elevated 

ALT in both the univariate and the multivariate analysis. Compared to those who were HBsAG 

negative, HBsAg positive patients had 2.49(1.89, 3.28) and 2.39(1.81, 3.17) times the odds of 

elevated ALT in crude and adjusted analysis, respectively. 

 

 

 



31 
 

6 CHAPTER SIX: DISCUSSION 

 

In this large cross-sectional assessment of HIV-HBV co-infection at public sector facilities in 

Lusaka, the prevalence of co-infection was found to be 12.3% in the 15 clinics that were 

included in the study. Further, we observed a significant association of co-infection with both 

liver and immune markers suggesting that HBV may have systemic effects on the body and 

highlighting the need for future longitudinal research in this field. HIV/HBV prevalence in our 

study is close to what was reported in a much more recent study conducted in Zambia by 

Vinikoor et al. Even though this was a cohort study design, it can be seen that their results are 

very close to what we found in our cross-sectional study. We have also observed that the 

prevalence of co-infection is still high in Zambia when we compare our reported co-infection 

prevalence with earlier reported studies. This suggests that not much is being done to address the 

issue of HIV/HBV co-infection even though the prevalence is quite high in our population. Some 

studies conducted in Zambia even before the study conducted by Vinikoor et al  reported higher 

HIV/HBV co-infection prevalence (Michael J. Vinikoor, 2015). Kapembwa et al reported in 

2011 a co-infection prevalence of 31.1% from a study conducted in Lusaka at the University 

Teaching Hospital, whereas Harmers et al in 2013 reported a co-infection prevalence of 14.3% 

in two health facilities in Lusaka. A study done by Oshitani et al in 1996 reported a much lower 

prevalence of HBV in a study that had included both HIV positive and HIV negative women. 

Our reported co-infection prevalence falls within the reported prevalence ranges in sub-Saharan 

Africa of 6-20% (Martin-Carbonero and Soriano, 2010). Some studies in southern Africa have 

reported both similar and varying prevalences. However, some of the differences in prevalence 

can be explained by the difference in study design as well as study settings. It was observed that 

this co-infection differed greatly from clinic to clinic, ranging from 0% to 33.3 %. This 

difference can be explained by the fact that some clinics included in the study had only a few 

patients tested for HBsAg that were included.  

HBsAg was found to be related to ALT in the sense that when one is HBsAg positive, the odds 

of having an elevated ALT before ART initiation was 2.4 times the odds of having an elevated 

ALT at baseline when one is HBsAg negative. Males were more likely to be co-infected (56.7%) 

compared to females (43.3%). These findings are similar to what Gupta and Singh found in 2010 

when they looked at occult HBV in ART-naïve patients (Swati Gupta, 2010). Our results are 
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comparable to those reported from other studies showed that patients who were co-infected were 

more at risk of hepatotoxicity than patients who only had HIV. This study showed that about 11 

% of patients who were co-infected had elevated ALT compared to mono-infected patients 

(4.8%) and this difference was statistically significant (p-value <0.001). Similar studies have 

shown similar results. For example, a study done by John Idoko et al in 2009 found that the 

percentage of those with elevated ALT was 16%, which was higher than what we found (John 

Idoko, 2009). Some studies suggest that elevated ALT usually occurs in patients who are HBeAg 

positive, “a serology test that was not available in this study”. They mention that some patients 

still experience elevated ALT even when they are HBsAg negative but the frequency is much 

lower (27% vs 10%). 

Our findings can be explained by the fact that the hepatitis B virus survives and reproduces in the 

liver cells (hepatocytes). When one is infected with this virus the body fights the infection, either 

removing the free-moving virus in the blood or by eliminating the hepatocytes that are infected. 

In the process, the enzyme ALT is released from the cells and into the blood. This implies that 

the elevated ALT observed in our study was due to the hepatitis and not the HIV. In our study, 

we found that WHO staging of 3 or 4 was not a significant risk factor for elevated ALT. One 

simple explanation could be that the elevated ALT observed was not due to the poor health of 

patients.  

In our study, we found evidence that being co-infected with HIV/HBV was associated with a 

lower CD4 count. A recent study reported no significant difference in the CD4 cell count at 

baseline in the two groups (Yang et al, 2014). We observed that being HBsAg positive was more 

likely to be associated with one having a CD4 cell count of less than 200. This observation 

suggests that co-infection will lead to further compromise of the immune system and this would 

be indicated in the CD4 cell count. This is because the body fights two viruses compared to 

mono-infected patients who only try to manage one virus. However, it would have been 

important to have conducted a prospective study that would have allowed for further 

investigation.  

There were a number of limitations to this study, including some inherent in the design itself. As 

this was a retrospective study, there was a high percentage of missing data. Further cross-

sectional studies cannot determine causality between the exposure and the outcome; therefore, 
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similar analysis should be undertaken in a longitudinal analysis. Apart from that, the HBsAg 

status was missing for many patients who were screened in the study period in which we 

conducted our study. A large number of possible participants dropped from the study. For 

example, although all the facilities in Lusaka analyzed are large, the number of participants with 

known HBV status varied widely suggesting uneven uptake of the MoH HBV-screening 

recommendation. Despite these limitations, we believe that the study has provided some reliable 

evidence on the association between HIV/HBV co-infection and the levels of CD4 and ALT in 

HAART naïve patients at baseline. These findings did not appreciably differ from other authors 

from within the country and elsewhere. This suggests that the study was still epidemiologically 

sound in its design. 

Conclusion  

Our study has found that HIV/HBV co-infection is associated with much lower CD4 cell counts 

and higher ALT than patients who are not co-infected. In patients who were HBsAg positive, 

CD4 cell count was much lower than in patients who were HBsAg negative. The risk of 

experiencing elevated ALT was higher in the presence of HBsAg than in its absence, suggesting 

that HBsAg is related to ALT levels in HIV positive patients. HIV/HBV co-infection can 

therefore not be ignored. 

Recommendations  

These findings suggest that HIV/HBV co-infection leads to reduced liver function and possibly 

compromised immune system and practitioners should take care when such patients are put on 

ART treatment to avoid drugs that are associated with hepatotoxicity. These data support 

Zambian Ministry of Health recommendations that all HIV-infected individuals be screened for 

HBV and that HBV co-infected patients with liver disease be initiated on ART regardless of 

CD4 count. Increased efforts should be made in the fight against HBV and in how patients 

affected are managed.  
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