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ABSTRACT

THE EPIDEMIOLOGY OF HEPATITIS B AND C CO-INFECTION AMONG HIV
INFECTED INDIVIDUALS IN MICHIGAN

By

Zahid Ahmad Butt

Background: AIDS (Acquired immune deficiency syndrome) is a global public health issue
affecting millions of individuals. HIV (Human immunodeficiency virus) infected individuals
commonly acquire hepatitis B and C viral infections through shared transmission routes. In order
to evaluate the effect of hepatitis co-infection on HIV infected individual, the objectives of our
study were ; 1) to investigate the geographic distribution of HIV-hepatitis co-infection, 2) to
estimate the prevalence of hepatitis co-infection and associated factors, and 3) to estimate the
mortality and identify factors associated with mortality; among HIV-hepatitis co-infected

individuals residing in Michigan during the years 2006 to 2009.

Methods : We conducted a retrospective cohort study from January 1, 2006 to December 31,
2009 using data from the Michigan Department of Community Health. HIV infected individuals
were matched to hepatitis B and C cases for the same time period by establishing a record
linkage. Spatial, logistic and survival regression analyses were performed on the data to evaluate

the objectives of the study.

Results : The Bernoulli cluster analysis of HIV-hepatitis B or C co-infection identified a most

likely cluster with a significant relative risk (RR = 1.75) in the northeast Lower and Upper



peninsulas. Poisson cluster analysis identified a most likely cluster with a significant RR of 2.93
in the northwest Lower Peninsula. Multivariable logistic regression analysis revealed a
significant association between co-infection and being male and of Black race (Odds Ratio (OR)
=2.0, 95% Confidence Interval (CI): 1.2-3.6) and male and of Other race (OR=3.5, 95% CI: 1.7-
7.0) as compared to White race. Co-infection was associated with risk categories of blood
products, IDU (Injecting drug user) and MSM/IDU (Males having sex with males) and two
interactions; sex and current HIV status and current HIV status and age at HIV diagnosis. The
final Cox regression model indicated a decreased survival; among individuals of Other (Hazards
Ratio (HR) =2.2, 95% CI: 1.4-3.2) and Black (HR=1.3, 95% CI: 1.1-1.6) races compared to
White race, and IDU, MSM/IDU, individuals with undetermined risk, heterosexual practices, and
older age at HIV diagnosis in addition to an interaction between current HIV status and co-

infection status.

Conclusions: This study identified localized clusters of HIV-hepatitis co-infection in counties
outside of Michigan’s urban areas where HIV is more prevalent. Overlapping counties indicate
‘hotspots’ for co-infection in the Upper Peninsula and upper portion of the Lower Peninsula. The
relatively high prevalence of co-infections and mortality suggests the existence of a continuing
public health problem. Our study aimed to address the changing epidemiology of HIV-hepatitis
co-infections in order to implement preventive measures and interventions to reduce prevalence

and mortality among the HIV infected individuals.
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CHAPTER 1.

BACKGROUND AND OBJECTIVES

1.1 Background

Acquired immune deficiency syndrome (AIDS) is a continuing global public health problem
affecting millions of individuals. Globally, by the end of 2009; 33.3 million people were living
with (Human immunodeficiency virus (HIV) infection, of these, 30.8 million were adults
including 15.9 million women and 14.9 million men. Two and a half million were children under
the age of 15 years. In, 2009, 2.6 million individuals were newly infected with AIDS (1). Among
these, 2.2 million were adults whereas 370,000 were children under the age of 15 years. About
1.8 million deaths were reported in 2009; 1.6 million among adults and 260,000 in children

under 15 years of age (1).

In the United States (US) during 2006, 35,314 new cases of HIV/AIDS in adults,
adolescents, and children were diagnosed in the 33 states with long-term, confidential name-
based HIV reporting (2). In another study in 2008, serum specimens from newly diagnosed HIV
patients during 2006 residing in 22 states in the US were tested with the BED HIV-1 capture
enzyme immunoassay to categorize infections as recent or long-standing. According to
extrapolations from the data, the estimated number of new infections in the US during 2006, was
56,300 while the estimated incidence rate was 22.8 per 100,000 population (3). By the end of
2009, an estimated 1.2 million people were living with AIDS in the US while approximately
17,000 AIDS related deaths were reported in the same year (4). An estimated 54,000 adults and
children were newly diagnosed with HIV in 2009 (1). According to the Michigan Department of

1



Community Health (MDCH), there are an estimated 19,500 people currently living with

HIV/AIDS in Michigan, of these, 14,895 were reported by January 2011 (5).

Viral hepatitis is caused by an infection with any of the five distinct hepatitis viruses (6).
The three most commonly identified in the US are hepatitis A, hepatitis B and hepatitis C
viruses. However, in terms of morbidity and mortality, hepatitis B and hepatitis C viruses are the
most important. Around 2 billion people worldwide have been infected with the hepatitis B virus
whereas about 350 million currently have chronic infection. About 600,000 persons die each
year from acute or chronic sequelae of hepatitis B. Hepatitis B virus (HBV) is endemic in China
and other parts of Asia. The majority of infections with HBV occur during childhood. In these
areas, 8% to 10% of the adults suffer from chronic infection with HBV. Chronic infection rates
are also high in the Amazon region and the southern parts of eastern and central Europe.
Approximately 2% to 5% of the general population is chronically infected in the Middle East and
Indian sub-continent. In comparison, less than 1% of the population in Western Europe and

North America suffers from chronic infection with HBV (7).

According to the World Health Organization (WHO), there are about 180 million people
infected with hepatitis C virus (HCV) amounting to 3% of the world's population. Among these,
130 million are chronic HCV carriers at risk of developing liver cirrhosis and or liver cancer.
Approximately, 3 to 4 million individuals are newly infected each year, 70% of whom will
develop chronic hepatitis. HCV is implicated in 50-76% of all liver cancer cases, and two thirds
of all liver transplants in the developed world. HCV prevalence is low (< 1%) in Australia,

Canada and northern Europe. It is about 1% in countries such as the US and most of Europe, and



high (>2%) in many countries in Africa, Latin America and Central and South-Eastern Asia. The

prevalence in these countries ranges from 5% to 10% (8).

The Centers for Disease Control (CDC) reported 4,519 cases of acute hepatitis B in the
US in 2007. The overall incidence of reported acute hepatitis B was 1.5 per 100,000 population.
As many HBV infections are either asymptomatic or never reported, the actual number of new
infections is estimated to be nearly tenfold higher or approximately 43,000 persons in the US in
2007. The incidence is highest among adults; particularly males aged 25 to 44 years (9). In the
US, there are an estimated 800,000 to 1.4 million persons suffering from chronic HBV infection.
In Michigan, there were 142 cases of acute HBV in 2008 while the number of confirmed cases of

chronic hepatitis B was 1,340 in the same year (10, 11).

During 2007, 849 cases of confirmed acute hepatitis C were reported in the US.
However, the CDC estimates that approximately 17,000 new HCV infections occurred that year,
taking into account asymptomatic infection and underreporting. As individuals newly infected
with HCV are usually asymptomatic, so acute hepatitis C is rarely identified or reported. There
are approximately 3.2 million persons in the US with chronic HCV infection (12). In 2008, there
were 125 cases of acute hepatitis C and 7,167 confirmed cases of chronic hepatitis C in the state

of Michigan (13, 14).

Hepatitis B Virus (HBV) and Hepatitis C Virus (HCV) co-infections are commonly
acquired by individuals infected with HIV/AIDS because of shared transmission routes. In sub-

Saharan Africa, a review of 60 studies on HIV-hepatitis co-infection reported prevalence rates of



15% for mean HBsAg and 7% for mean anti-HCV (15). The reported prevalence for HIV-HCV
co-infection was 4.4% in Brazil (16), 7.8% in Thailand (17), 16% in Denmark (18), and 24.3% in
France (19). For HIV-HBV co-infection, the reported prevalence was 6% in Denmark (20), 7%
in France (19) and, 8.7% in Thailand (17). The reported prevalence for HIV-HBV-HCV co-
infection was 1.6% in France (19) whereas for Brazil, it was 4.4% (21). A study on IDUs
(Injecting Drug Users) along the China-Myanmar border region reported a HIV-HBV co-
infection prevalence of 20.1% among Chinese IDU’s and 11.3% among Burmese IDUs (22). In
the same study, the prevalence of HIV-HCV co-infection was 31.8% among Chinese IDUs and
23.9% among Burmese IDUs whereas HIV-HBV-HCV co-infection prevalence was 19.1%

among Chinese IDUs and 10.4% among Burmese IDUs.

In Michigan, the Adult and Adolescent Spectrum of Disease (ASD) surveillance project
collected data from the medical records of HIV patients at two major medical centers in Detroit,
between 1990 and 2004. Based on this surveillance project, hepatitis C was the most common
hepatitis co-infection among HIV-infected individuals. Out of the 1,790 individuals in care and
in ASD in 2001-2003, 353 (20 %) were diagnosed with HCV infection at some time during ASD

follow-up, while 207 (12 %) were diagnosed with hepatitis B (HBV) infection (23).

Immunologically, it has been observed that after HIV seroconversion, there is an increase
in HCV RNA load which remains at a higher level as compared to HCV only infected
individuals during the course of chronic infection. A study on hemophiliacs reported a 58 fold
increase of HCV RNA load in HIV and HCV co-infected patients as compared to a 3 fold

increase in HIV negative patients (24). A Dutch study on IDUs observed that HCV RNA levels



increased significantly immediately after HIV seroconversion (25). In addition, the study found
an inverse association between CD4 cell counts and HCV RNA levels. In another study, each 10
fold increase in HCV viral load was found to be associated with an increased risk of clinical
progression to AIDS and AIDS related mortality (26). HIV infection also modifies the natural
history of HBV infection in HIV and hepatitis B co-infected individuals by increasing the
proportion of HBsAg carriers (27). Furthermore, HIV and hepatitis B co-infected individuals
have elevated HBV DNA polymerase activity, lower alanine aminotransferase levels, lower rate
of loss of serum HbeAg, and lower serum albumin levels. The lower rate of loss of serum HbeAg
indicates that HIV-HBV co-infection may lengthen the period of infectivity (27). Another
important finding in co-infected patients is a higher rate of HBV replication due to HIV mediated
immune impairment concomitant with less severe liver damage and less effective immune
response to HBV (28). Additionally, the quality of the HBV specific T cell response is

compromised in the HIV and hepatitis B co-infected individuals (29).

With the recent decline in opportunistic infections due to advances in anti-retroviral
therapy (30), HBV and HCV co-infections have emerged as major contributors to morbidity and
mortality among HIV/AIDS patients. There is also evidence to suggest that HCV infection may
negatively affect the course of HIV infection leading to a rapid progression to AIDS and death
(31). However, the association between HBV or HCV co-infection and increased mortality has
not been consistently identified. Several studies in different settings have shown no association
between hepatitis co-infection and mortality. Studies conducted in the US (32) and South Africa

(33) did not show an association between co-infection and mortality. However, other studies



which did not identify an association between HIV-HCV infection and mortality did report an

association between AIDS and mortality (34, 35).

Although these studies did not identify an association between HIV-hepatitis co-infection
and mortality, other studies have observed an increased liver related mortality with co-infection.
HCV associated end-stage liver disease is now a predominant cause of death among people
living with HIV/AIDS (36, 37, 38). Additionally, HIV-HBV co-infected patients are at increased
risk for developing chronic infection which can lead to an elevated risk for liver-related
morbidity and mortality (39). Prospective cohort studies conducted on HIV and hepatitis (HBV
or HCV) co-infection have identified a significant association between co-infection and liver
related mortality (40-43). However, among these, two studies also reported an increased risk for

all-cause mortality and co-infection (40, 42).

Several studies focusing upon hepatitis B and C co- infections have identified an
association between co-infection and mortality which is not liver related. A clinic- based study
on HIV infected patients reported a decreased survival in AIDS patients co-infected with HBV or
HCV (44). The Swiss HIV cohort study reported an increased progression to new AIDS defining
event and death among HIV-1 infected patients with HCV co-infection (45). Another prospective
cohort study identified HIV-HCV co-infection among IDUs as a significant contributor to
mortality in the HAART era (46). HIV and chronic hepatitis B co-infected patients were also
found to have an increased risk of death after initiation of Highly Active Anti-retroviral Therapy
HAART (47). Another cohort study on HIV infected patients reported decreased durations of

survival from time to diagnosis of HIV infection and AIDS among HIV-HCV co-infected



patients (48). A cohort study on HIV-HCV co-infected veterans observed an increased risk of
death due to co-infection even after controlling for exposure to HAART and response to HAART
(49). The Danish cohort study, found a significantly increased overall mortality in addition to
mortality from liver related and AIDS related causes in HIV-HCV co-infected (18) and HIV-
HBYV co-infected patients on HAART (20). A study on mortality related to chronic hepatitis B
and C in France also observed an increased frequency of deaths among HIV/HBV and HIV/HCV
co-infected individuals (50). HIV and chronic hepatitis B co-infected patients in a multicenter
cohort study showed an increased mortality which was mainly due to liver disease in spite of
being on HAART, in addition to an increased risk of AIDS related death (51). A meta-analysis of
11 studies on HIV-HBV co-infection reported a significant effect of co-infection on overall
mortality. This increased rate of death among HBV co-infected individuals was present in studies
conducted before and after starting HAART (52). Another meta-analysis of studies on HIV-HCV
co-infection found an increased risk for overall mortality among HIV-HCV co-infected

individuals during the HAART era (53).

The majority of studies on HIV infection focus on either the prevalence or mortality
experience of infected individuals and often do not take into consideration the spatial variation in
disease or risk factors for HIV/AIDS to identify high-risk areas for public health prevention and
health care intervention programs. Studies of hepatitis, HIV and other sexually transmitted
diseases have looked either at the spatial clustering of HIV infection by applying scan statistics
such as the Bernoulli (54) and Poisson (55) methods or sexually transmitted infections by
applying the Bernoulli (56) method in SaTScan™ (57). Other studies have looked at the spatial

clustering of gonorrhea cases using k-function techniques and SaTScan’s Poisson model (58, 59)



and hepatitis C using spatial filtering and SaTScan’s Poisson models (60) in urban and rural
settings. One of the challenges of cluster analytical techniques for relatively rare diseases such as
HIV and hepatitis are that large geographic areas with low population density can overshadow
the geographical heterogeneity of the disease(s), which might lead to misinterpretation of the
underlying geographic distribution (54). In this respect, the spatial scan statistic used in
SaTScan™ (57) has been widely applied to identify disease clusters in a variety of geographic
settings, scales and for rare events (54, 61-66). The spatial scan statistic also has good power to
detect localized clusters and can also account for multiple testing in the data (67). Therefore in
addition to the study of prevalence and mortality among HIV-hepatitis co-infected individuals,
spatial analysis of HIV data can serve as an important tool to identify areas with high prevalence

of HIV-hepatitis co-infection.

1.2 Rationale

As co-infection with HBV and HCV are associated with an increased morbidity and mortality
among HIV/AIDS patients, it is essential that the magnitude of the co-infection and its
concomitant risk factors are studied among the HIV/AIDS population in the state of Michigan.
This would enable better prevention and control of these infections among the HIV/AIDS

infected individuals.

However, it is also important to study the impact of this co-infection on HIV infected
individuals in this population which can be measured by the mortality among these individuals.
Previous studies conducted on mortality among HIV infected individuals have been inconsistent

in identifying hepatitis co-infection as a major contributor to mortality with most studies having



smaller sample sizes (33, 34, 35, 37,47, 48, 51), shorter duration of follow-up (33) and focusing
mainly on hospital or clinic based populations (32, 34, 48). Therefore, keeping this in view,
another aim of our study was to estimate the mortality and identify the factors associated with
mortality among HIV-hepatitis co-infected individuals in Michigan. The findings from this
aspect of the study can be used for planning and implementing interventions to reduce mortality
among the vulnerable population of HIV infected individuals. In addition, it is also important to
know the geography of HIV-hepatitis co-infection which would provide valuable knowledge for
public health epidemiologists, programmatic and policymakers and health managers of where to

plan and implement interventions and allocate resources.

Therefore, our study is an effort to look at different aspects of the influence of HBV and
HCV viruses on HIV infected individuals with emphasis on the geographic distribution,
prevalence and mortality among the HIV-hepatitis co-infected individuals. In an attempt to
encompass these three different aspects of HIV-hepatitis co-infection, we planned and conducted
a retrospective cohort study in Michigan from January 1, 2006 to December 31, 2009 utilizing
data from the Michigan Department of Community Health (MDCH). For this purpose,
HIV/AIDS infected individuals of all age groups residing in the state of Michigan were matched
to hepatitis B and hepatitis C cases from the same time period. The HIV/AIDS data were
obtained from the enhanced HIV/AIDS Reporting System (eHARS) maintained by the
HIV/STD/VH/TB Epidemiology Section whereas the hepatitis B and C data were obtained from
the Michigan Disease Surveillance System (MDSS) maintained by the Surveillance and
Infectious Disease Epidemiology Section of the MDCH for the study period (68). These datasets

were linked together to enable matching of hepatitis B and C and HIV/AIDS cases to the same



individual. To enable the different analyses, the data were edited according to the specifications
required for each analysis.
The primary objectives of our study, therefore, were threefold focusing on the geographic

distribution, prevalence and survival of the HIV-hepatitis co-infected individuals.

1.3 Objectives
GIS (Spatial) study
1. To investigate the geographic distribution of HIV-hepatitis co-infection among HIV

infected individuals residing in the state of Michigan during the years 2006 to 2009.

Prevalence study
1. To estimate the prevalence of hepatitis co-infection among HIV infected individuals

residing in the state of Michigan during the years 2006 to 2009.

2. To identify the factors associated with hepatitis co-infection among HIV infected

individuals residing in the state of Michigan during the same time period.

Survival study
1. To estimate mortality and identify the factors associated with mortality among HIV-

hepatitis co-infected individuals in the state of Michigan during the years 2006 to 2009.
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CHAPTER 2.
SPATIAL EPIDEMIOLOGY OF HIV-HEPATITIS CO-INFECTION IN THE STATE OF
MICHIGAN
2.1 Abstract
Background
Acquired immunodeficiency syndrome (AIDS) is a continuing global public health threat
affecting millions of individuals. In 2009, 33.3 million people worldwide were living with HIV
infection. HIV infected individuals are at an increased risk of acquiring hepatitis B and hepatitis
C viral infections because of shared transmission routes. The purpose of this study is to

investigate the geography of HIV and HIV-hepatitis co-infection in Michigan.

Methods

Retrospective data on HIV infected individuals were matched to all hepatitis B and C cases in
Michigan’s counties during the period of January 1, 2006 through December 31, 2009. A
prevalence rate map of HIV infection was created and spatial clusters of HIV-hepatitis B or C

co-infection were detected using SaTScan’s Bernoulli and discrete Poisson models.

Results

The Bernoulli cluster analysis of HIV-hepatitis B or C co-infection identified a most likely
cluster with a significant relative risk (RR) = 1.75 in the northeast lower and upper peninsulas.
The Poisson cluster analysis identified a most likely cluster with a significant RR of 2.93

controlling for sex, age and HIV vs. AIDS status in the northwest lower peninsula of the state.
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Conclusions

This study identified localized clusters of HIV-hepatitis B or C co-infection in counties outside
of Michigan’s urban areas where HIV is more highly prevalent. Overlapping counties identified
by both methods indicate ‘hotspots’ for HIV-hepatitis co-infection in counties of the Upper
Peninsula and upper portion of the Lower Peninsula. The findings from this study may be used

to guide future public health policy and health care interventions in these areas.
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2.2 Introduction

In 2009, 33.3 million people worldwide were living with HIV (Human immunodeficiency virus)
(1). Of these, approximately 2.6 million (7.8%) individuals had newly acquired HIV infections
(1). In 2009, an estimated 1.2 million people were living with AIDS in the United States with
about 17,000 AIDS-related deaths (4). According to the Michigan Department of Community
Health (MDCH), there are an estimated 19,500 people currently living with HIV/AIDS in the
state, and of these, 14,895 were reported in the surveillance system through January 2011 (5).
These figures demonstrate the continued need to monitor and implement HIV/AIDS public

health prevention and health care intervention strategies in Michigan and the United States.

Individuals infected with HIV are at an increased risk of developing opportunistic
infections, because of their immunodeficiency. In addition to opportunistic infections, hepatitis B
virus (HBV) and hepatitis C virus (HCV) infections are common in individuals infected with
HIV/AIDS because of the shared infectious disease transmission routes. In sub-Saharan Africa, a
review of 60 studies on HIV and hepatitis co-infection reported prevalence rates of 15.0% for
mean HBsAg and 7.0% for mean anti-HCV in HIV positive populations (15). In Brazil, studies
from 2000 to 2007 on HIV and hepatitis co-infection reported a prevalence of 4.4% for HIV and
HCV+ HBV co-infection (21) and 4.4% for HIV and HCV co-infection (16). Prospective cohort
studies conducted in Denmark estimated a prevalence of 6.0% for HIV and chronic HBV co-
infection (20) and 16.0% for HIV and HCV co-infection (18). Two studies conducted in the
United States on HIV and hepatitis co-infection reported a prevalence of 7.6% during 1998 to

2001 (69) and 11.0% for HIV and chronic HBV from 1998 to 2008 (70).
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The majority of HIV studies focus on the prevalence or mortality experience of infected
individuals and often do not take into account the spatial variation in disease or risk factors for
HIV/AIDS to identify high-risk areas for public health prevention and health care intervention
programs. Studies of hepatitis, HIV and other sexually transmitted diseases s have looked either
at the spatial clustering of HIV infection by applying scan statistics such as the Bernoulli (54)
and Poisson (55) methods or sexually transmitted infections by applying the Bernoulli (56)
method in SaTScan™ (57). Other studies have looked at the spatial clustering of gonorrhea cases
using k-function techniques and SaTScan’s Poisson model (58, 59) and hepatitis C using spatial
filtering and SaTScan’s Poisson models (60) in urban and rural settings. One of the challenges of
cluster analytical techniques for relatively rare diseases such as HIV and hepatitis are that large
geographic areas with low population density can overshadow the geographical heterogeneity of
the disease(s), which might lead to misinterpretation of the underlying geographic distribution
(54). In this respect, the spatial scan statistic used in SaTScan™ (57) has been widely applied to
identify disease clusters in a variety of geographic settings, scales and for rare events (54, 61-66).
The spatial scan statistic also has good power to detect localized clusters and can also account for

multiple testing in the data (67).

The Adult and Adolescent Spectrum of Disease (ASD) surveillance project focusing on
HIV and hepatitis co-infection in Michigan reported that 20.0% of HIV infected individuals were
also diagnosed with HCV infection, whereas 12.0% of HIV infected persons were diagnosed
with HBV infection (23). However, no study has looked at the spatial structure of hepatitis B and
C co-infection among HIV infected individuals using spatial scan statistics. Therefore, the

purpose of this study is to evaluate the likelihood of hepatitis clusters among HIV-infected
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individuals in Michigan. Identification of the spatial patterns of HIV and hepatitis co-infection in
Michigan would provide valuable knowledge for public health epidemiologists, programmatic
and policymakers and health managers of where to plan and implement interventions and
allocate resources. To the best of our knowledge, this is the first study to investigate the
geographic distribution of HIV and hepatitis co-infection among HIV/AIDS infected individuals

in the state of Michigan using data from a statewide population based surveillance system.

2.3 Methods

Study Area

The study was conducted in the state of Michigan at the county level (n=83). Michigan is the 11"

largest state of the 50 states with an area of 96,810 square miles (miz). Out of this area, 56,809

mi” are land areas whereas 40,001 mi2 are covered by water (71). Michigan is 490 miles long

and 240 miles wide and comprises of two separate peninsulas into the Great Lakes. The Upper
Peninsula is bounded on the north by Lake Superior, on the south by Lake Michigan and Lake
Huron, and on the west by Wisconsin. The Lower Peninsula is bounded on the west by Lake
Michigan, on the east by Lake Huron and Lake Erie, and on the south by Indiana and Ohio. The
state has a population of 9,883,640 residents according to the 2010 census (72) most of which

reside in urban areas in the lower half of Michigan’s Lower Peninsula.

Data
For this study, HIV/AIDS infected individuals of all ages residing in Michigan’s counties
were included and matched with all hepatitis B virus (HBV) and hepatitis C virus (HCV) cases in

the period of January 1, 2006 through December 31, 2009 using a common identifier. Data were
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retrospectively obtained for the study period from the enhanced HIV/AIDS Reporting System
(eHARS) maintained by the HIV/STD/VH/TB Epidemiology Section and the Michigan Disease
Surveillance System (MDSS), which is the statewide communicable disease reporting system

maintained by the Surveillance and Infectious Disease Epidemiology Section of MDCH.

Ethical approval was obtained from the Institutional Review Board (IRB) at Michigan
State University and MDCH. An employee of the HIV/STD/VH/TB Epidemiology Section
performed the record linkage to ensure confidentiality and privacy of the participants. De-
identification of the study participant data was done according to HIPAA guidelines on public
health information. In addition, no participants were interviewed or contacted. For this study,
HIV/AIDS cases were defined using the Center for Disease Control’s (CDC) 1993 revised
classification system of HIV (73). The outcome variable was ‘Co-infection’ which was recoded
into ‘co-infected’ = 1 and ‘not co-infected” = 0. An HIV/AIDS individual was categorized as co-
infected if he or she had been concomitantly infected with confirmed Hepatitis B or Hepatitis C
virus (acute and chronic) based on the CDC case definition (74-78) and residing in the state of
Michigan during the period 2006 through 2009. Any HIV/AIDS infected individuals who had a
diagnosis of acute or chronic hepatitis B or C before 2006 were not included in this study.
Additionally, HIV/AIDS positive individuals infected with both hepatitis B and C were excluded
from the analysis, as they constituted a very small proportion (< 1%) of the cohort. The
characteristics of HIV infected and co-infected individuals utilized in this research included sex,
race and current HIV status (status through December 2009). The variable sex was categorized

as dichotomous, male = 1 and female = 2; race was classified into White = 1, Black = 2,
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Hispanic = 3 and Other = 4; and current HIV status was dichotomized into HIV without AIDS =
1 and AIDS = 2.
Methodology

A map of HIV prevalence by county was created for the state by using information on
HIV cases from 2006 to 2009 based upon the administrative boundaries of MDCH using
information from MDCH (5). Descriptive analysis of the HIV and hepatitis B or C data were
performed in SAS version 9.2 (SAS Institute, Inc., Cary, North Carolina). The co-infected and
not co-infected individuals were compared using the Pearson chi-square statistic or t-test
depending on the type of variable analyzed. Spatial cluster analyses were performed using
SaTScan version 9.0 (57) and Bernoulli and discrete Poisson methods (79, 80) were
implemented. Scan statistics are used for the detection and evaluation of clusters by applying a
scanning window across the study area (i.e., the centroids of each county across Michigan).
Within the window at each location, the number of observed and expected cases of HIV co-
infected individuals is calculated and a likelihood function is estimated depending on the method
used (81). The window with the maximum likelihood is the most likely cluster, that is, the cluster
that is least likely to have occurred by chance. Secondary clusters are also identified and ordered
by the program according to the likelihood ratio test statistic. The Bernoulli model uses cases
(HIV-HCV or HIV-HBYV co-infection) and controls (HIV only) at each location to determine if
there is significant clustering of HIV-co-infection as compared to HIV only in relation to
location (81). The discrete Poisson model assumes that the number of cases in each location is
Poisson distributed. The null hypothesis for the model is that the expected number of cases in
each scanning window is proportional to its population size (81). For both models, the

significance of the likelihood ratio was tested using 999 Monte Carlo simulations. In this study, a
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circular window was used and the maximum circle size included up to 50% of the population
being analyzed. A significant p-value was considered to be less than 0.05. In addition, for each

probability model, a purely spatial analysis was performed.

The data for both the Bernoulli and Poisson methods were aggregated at the county level
using SAS version 9.2. For the Bernoulli model the files were then exported to an excel file and
the case (n=578) and control (n=13,358) files were created for each county location. Counties
that had missing data for cases or controls were removed from the input dataset. In the situation
where both cases and controls were missing, no changes were made to the dataset (81). If there
were very few cases as compared to controls (< 10%) a discrete Poisson model was used because
it was a very good approximation for the Bernoulli model (81). In this study, there were fewer
cases as compared to controls (< 5%), therefore, a Poisson discrete analysis was performed in
addition to the Bernoulli analysis. For Poisson discrete analysis, a case and a population file for
each location was created with the addition of the covariates sex, race, and current HIV status.
For both Bernoulli and discrete Poisson models a coordinates file containing the latitude and

longitude at the centroid of each county was used to define the locations for analysis.

2.3 Results

Table 2.1 shows that a total of 13,936 individuals were reported to be infected with HIV/AIDS
during the study period. The prevalence of HIV-hepatitis B or C co-infection among these
individuals was 4.2% (n=578). The majority of HIV infected individuals had AIDS (68.0%),
were males (80.6%), and Black (66.0%). There was a significant difference between co-infected

and not co-infected individuals in regards to the sex (p-value = 0.007), race (p-value < 0.0001)
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and current HIV status (p-value < 0.0001) of individuals. The HIV prevalence in Michigan by
county of residence at time of diagnosis is provided in Figure 2.1 (5). This map shows a higher
prevalence of HIV infection in the urban areas of Lower Michigan, particularly in southeastern
Michigan and the city of Detroit. In addition, a higher HIV prevalence was also observed in the

counties of Luce, Alger, Mackinac and Schoolcraft.

The Bernoulli cluster analysis of HIV-hepatitis co-infection identified two spatial
clusters; the first most likely cluster with a significant relative risk (RR) = 1.75 (p-value = 0.005)
and the second cluster was non-significant, RR = 0.73 (Table 2.2). The most likely cluster
consisted of 46 counties in the northeast Lower and Upper Peninsulas namely Presque Isle,
Montmorency, Alpena, Cheboygan, Otsego, Oscoda, Alcona, Emmet, Crawford, Charlevoix,
Antrim, losco, Ogemaw, Chippewa, Kalkaska, Mackinac, Roscommon, Arenac, Missuake,
Grand Traverse, Gladwin, Leelanau, Clare, Wexford, Luce, Bay, Huron, Benzie, Osceola,
Midland, Schoolcraft, Manistee, Isabella, Lake, Tuscola, Mecosta, Saginaw, Sanilac, Gratiot,
Mason, Alger, Delta, Montcalm, Newaygo, Lapeer and Genesee (Figure 2.2.a). The secondary
cluster consisted of 12 counties in Lower Michigan, specifically Hillsdale, Branch, Jackson,
Lenawee, Calhoun, Washtenaw, St. Joseph, Ingham, Eaton, Kalamazoo, Monroe, and Livingston

(Figure 2.2.a).

The Poisson cluster analysis also identified two spatial clusters (Table 2.3). The first most
likely cluster had a significant RR of 2.93 (p-value = 0.05) after adjusting for sex, race and
current HIV status. The secondary cluster was non-significant (RR: 1.76, p-value = 0.13) after

adjustment. The most likely cluster was located along the northwest side of the state, including
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the 5 counties Leelanau, Lake, Newaygo, Allegan, and Benzie. The secondary cluster included

only Genesee County located in the middle of the state in Lower Michigan (Figure 2.2.b).

2.4 Discussion

This study identified localized clusters of HIV-hepatitis B or C co-infection in counties of the
Upper Peninsula, north, west and northwestern Michigan and adjacent counties in addition to a
few non-significant counties in the southern portion of the state. Although HIV, HBV and HCV
share common transmission routes, which include parenteral, perinatal and sexual transmission
(82), the elevated clusters identified in the Bernoulli and Poisson models were not in counties in
Southeast Michigan where elevated HIV prevalence rates were identified (Figure 1). It is
conceivable that the geography of HIV-hepatitis co-infection is different from the geography of
HIV prevalence as shown in the unadjusted HIV prevalence map because of other factors not
explained in the HIV prevalence map. Additionally, there could be some unobserved factors that
might influence the transmission of hepatitis infection among HIV infected individuals that are
different from the transmission of HIV infection among the normal population. It is also possible
that the transmission dynamics of hepatitis infection among HIV infected individuals are
different from the transmission dynamics of HIV infection in the normal population. The Poisson
clusters were found in certain counties that had significant clustering of HIV-hepatitis co-
infection after adjustment for sex, race and current HIV status. There is also a non-significant
cluster in Genesee County that had a high prevalence of HIV infection. It is important to note
that geographic analyses of incidence or prevalence should take into account characteristics that

are significantly associated with prevalence to delineate the underlying spatial structure.
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Comparison of the Bernoulli and Poisson methods revealed significant overlapping
counties. The overlapping counties (Allegan, Newaygo Lake, Benzie, Leelanau) indicated that
these areas may be ‘hotspots’ for HIV-hepatitis co-infection that require further investigation. It
is likely that the counties that showed significant clustering of HIV-hepatitis co-infection by both
methods have certain characteristics that complement the HIV infected population. There may
also be a lack of available or accessible health services in the counties with significant HIV and
hepatitis co-infection clustering. In this regard, enumeration of the health facilities revealed that
most of these counties had a limited number of hospitals as compared to other more densely
populated counties (83). According to the health facility atlas (83), Leelanau, Lake, Newaygo,
and Benzie counties had one hospital each whereas Allegan County had two hospitals. Future
research should investigate the relationship between HIV co-infection and the number of
hospitals or other health services, which could affect access to health care and early treatment
and diagnosis. Another reason could be that these counties are areas where injection drug use is
common. Data from MDCH indicates that 29.0% of all injecting drug users living with HIV in
Michigan reside in counties with significant co-infection clustering (23). Additionally, Traverse
City, which borders Leelanau County, has a Traverse City Michigan syringe exchange program.
Existence of syringe exchange programs in a locality have been shown to be a proxy indicator
for substantial injection drug use in a study conducted on Hepatitis C (60). Furthermore, Allegan
County has been designated as a High Intensity Drug Trafficking area (HIDTA) in Michigan by
the Office of the National Drug Control Policy (ONDCP) (84). HIDTAs are areas which are
deemed as centers of drug production, manufacturing, importation, or distribution or where; state
and local law enforcement agencies have committed resources to respond to the drug trafficking

problem or drug related activities are harmful to the rest of the country and substantial Federal

21



resources are required to respond to drug related activities (85). It is therefore conceivable that
IDU as well as other high risk behaviors are much more common in this county as a result of
drug related activities which may lead to a high prevalence of HIV and hepatitis co-infection.
Limitations

One of the limitations of the study is that there is a possibility of under-reporting and under
detection of HBV and HCV cases as the MDSS is based on a passive surveillance system.
Additionally, the HIV surveillance system in Michigan is based on data for those persons who
have been confidentially reported by name. Data for infected individuals who have not been
tested, have been tested only anonymously, or have been tested by name but not reported, are not
included which could lead to under reporting of HIV cases (23). However, in spite of the
limitations, the strength of our study is that it is population based including all the statewide data
detected by the surveillance system on almost all HIV/AIDS infected individuals as well as
persons having hepatitis B and C co-infection residing in the state of Michigan

Conclusions

This study identified significant clusters of HIV-hepatitis B and C co-infection in counties that
would not be considered high risk because of low population density and low HIV prevalence. In
this respect, spatial cluster analysis serves as an important tool to delineate infectious disease
clusters, which could be missed by other analytic methods that do not consider geography. The
results from this study can guide policy makers and health managers to target interventions and
disease control measures towards these areas. In addition, efficient allocation of resources to
these areas can be considered as a means to obtain maximum benefit from any measures
undertaken to prevent spread of hepatitis infection among the high risk population of HIV

infected individuals. Future research should focus upon identifying risk factors that are
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associated with clustering of HIV-hepatitis co-infection in these counties as well as modifiable

factors that tend to prevent these infections.
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Table 2.1. Comparative analysis of HIV-hepatitis B or C co-infected and not co-infected
individuals by sex, race and current HIV status in Michigan, through January 2011.

*

Variable Co-infected Not co-infected P-value
(578), n(%) (13358), n(%)
Sex
Female 112 (19.4) 3235 (24.2) 0.007
Male 466 (80.6) 10123 (75.8)
Race
White (non-Hispanic) 161 (27.9) 4797 (35.9) <0.0001
Black (non-Hispanic) 381 (66.0) 7710 (57.7)
Hispanic 13 (2.3) 557 (4.2)
Other 23 (3.9) 294 (2.2)
Current HIV status
HIV (not AIDS) 185 (32.0) 6040 (45.2) <0.0001
AIDS 393 (68.0) 7318 (54.8)

*
Chi-square test

T

Other= Multiracial, Asian, Hawaiian & Pacific Islander, Alaskan Native, American Indian
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Table 2.2. HIV-hepatitis B or C co-infection spatial clusters with high and low rates
identified by SaTScan Bernoulli method, Michigan 2006-2009.

HIV Observed Expected Relative Log-
Cluster Population Cases Cases Risk* Likelihood P-value
No. No. No. Ratio
Most Likely 1,052 74 44.83 1.75 9.19 0.005
cluster
Secondary 1,642I 53 69.98 0.73 2.63 0.88
Cluster

*
Relative Risk = observed/expected
TCluster includes 46 counties

ICluster includes 12 counties
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Table 2.3. HIV-hepatitis B or C co-infection spatial clusters with high or low rates
identified by SaTScan discrete Poisson method, Michigan 2006-2009.

Cluster HIV/AIDS Observed Expected Relative Log- P-value
Population Cases Cases RiskT Likelihood
No. No. No. Ratio
Most Likely 125% 14 4.85 2.93 5.75 0.05
cluster
Secondary 538" 38 2222 176 4.83 0.13
clusters

%
Controlling for sex, race and current HIV status

TRela‘[ive Risk = observed/expected

e

Cluster includes 5 counties

§

Cluster includes 1 county
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Figure 2.1. Map of Michigan showing HIV prevalence and hepatitis co-infection cases per
county, 2006 to 2009 (Numbers inside counties denote hepatitis B or C cases).
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Note: To mitigate the effect of small numbers of cases, reported HIV prevalence in multi-county
health departments are listed for the health department as a whole and not the individual
counties.

For interpretation of the references to color in this and all other figures, the reader is referred to
the electronic version of this dissertation.
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Figure 2.2. Michigan with counties showing clustering of HIV and hepatitis co-infection

identified with Bernoulli (2.2.a) and Poisson (2.2.b) methods
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CHAPTER 3.

HEPATITIS B AND HEPATITIS C CO-INFECTION IN HIV/AIDS POPULATION IN
THE STATE OF MICHIGAN

Abstract

Background

Hepatitis B and C virus infections are commonly acquired by HIV infected individuals due to
shared transmission routes. Therefore, the purpose of this study was to estimate the prevalence of
hepatitis co-infection and associated factors among HIV infected individuals in the state of
Michigan.

Methods
. . t t
A retrospective cohort study was carried out from January ls, 2006 through December 318,

2009 in Michigan utilizing data from the Michigan department of community health. All HIV
infected individuals were matched with all hepatitis B and C cases during the study period.
Logistic regression analysis was used to assess factors associated with the outcome of co-
infection.

Results

The prevalence of HIV and hepatitis co-infection among HIV infected individuals was 4.1%.
Multivariable analysis revealed a significant association between co-infection and being male
and of Black race (Odds Ratio (OR) =2.0, 95% Confidence Interval (CI): 1.2-3.6) and male and
of Other race (OR=3.5, 95% CI: 1.7-7.0) compared to Hispanic race. A significant association
was found between co-infection and risk categories of blood products (OR=11.1, 95% CI: 6.2-

20.2), IDU (OR=3.6, 95% CI: 2.7-4.8) and MSM/IDU (OR=3.4, 95% CI: 2.4-4.9) in addition to
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two interactions; one between sex and current HIV status and the other between current HIV
status and age at HIV diagnosis.

Conclusions

The relatively high prevalence of HIV and hepatitis co-infections in Michigan identifies a
continuing public health problem. This study is an effort to document the changing epidemiology
of HIV-hepatitis co-infections in order to implement preventive measures and interventions to

reduce the prevalence of hepatitis co-infections.
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3.1. Introduction

AIDS (Acquired immune deficiency syndrome) reached a pandemic level by the end of 2009;
33.3 million people were living worldwide, with HIV (Human immunodeficiency virus), of
these, 30.8 million were adults including 15.9 million women and 14.9 million men. Two and a
half million were children under the age of 15 years. There were 2.6 million individuals newly
infected with AIDS in 2009 (1). Among these, 2.2 million were adults whereas 370,000 were
children under the age of 15 years. About 1.8 million deaths were reported in 2009; 1.6 million

among adults and 260,000 in children under 15 years of age (1).

In the United States (US) in 2006, 35,314 new cases of HIV/AIDS in adults, adolescents,
and children were diagnosed in the 33 states with long-term, confidential name-based HIV
reporting (2). In another study in 2008, serum specimens from newly diagnosed HIV patients
during 2006 residing in 22 states in the US were tested with the BED HIV-1 capture enzyme
immunoassay to categorize infections as recent or long-standing. According to extrapolations
from the data, the estimated number of new infections for the US in 2006 was 56,300 while the
estimated incidence rate was 22.8 per 100,000 population (3). By the end of 2009, an estimated
1.2 million people were living with AIDS in the US while approximately 17,000 AIDS related
deaths were reported in the same year (4). An estimated 54,000 adults and children were newly

diagnosed with HIV in 2009 (1).

The Michigan Department of Community Health (MDCH) estimates that there are 18,200

people currently living with HIV/AIDS in Michigan, of these, 14,871 were reported by October
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2010 (86). According to a recent review of HIV trends in Michigan from 2004 to 2008, the rate
of new HIV diagnosis decreased from 9.0 per 100,000 in 2004 to 8.5 per 100,000 in 2008 with

an average decrease of 2% per year (87).

Viral hepatitis is caused by an infection with any of the five distinct hepatitis viruses. The
three most commonly identified in the US are hepatitis A, hepatitis B and hepatitis C viruses.
However, in terms of morbidity and mortality, hepatitis B and hepatitis C viruses are the most
important. Around 2 billion people globally have been infected with the hepatitis B virus while
about 350 million live with chronic infection. Approximately 600,000 persons die each year
from acute or chronic sequelae of hepatitis B. Hepatitis B virus (HBV) is endemic in China and
other parts of Asia. The majority of infections with HBV occur during childhood. In these areas,
8% to 10% of the adults suffer from chronic infection with HBV. Chronic infection rates are also
high in the Amazon region and the southern parts of eastern and central Europe. Approximately
2% to 5% of the general population is chronically infected in the Middle East and Indian sub-
continent. In comparison, less than 1% of the population in Western Europe and North America

suffers from chronic infection with HBV (7).

According to the World Health Organization (WHO), there are about 180 million people
infected with hepatitis C virus (HCV) amounting to 3% of the world's population. Among these,
130 million are chronic HCV carriers at risk of developing liver cirrhosis and or liver cancer.
Approximately, 3 to 4 million individuals are newly infected each year, 70% of whom will
develop chronic hepatitis. HCV is implicated in 50-76% of all liver cancer cases, and two thirds
of all liver transplants in the developed world. HCV prevalence is low (< 1%) in Australia,

Canada and northern Europe. It is about 1% in countries such as the US and most of Europe, and
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high (>2%) in many countries in Africa, Latin America and Central and South-Eastern Asia. The
prevalence in these countries ranges from 5% to 10%. Currently, there are 3.9 million individuals
in the US with chronic HCV, with prevalence as high as 8 to10% in Blacks. Nearly 90% of new
HCYV infections are due to injection drug use, which remains the main route of transmission

globally (8).

According to the CDC, there were 4,519 cases of acute hepatitis B in the US in 2007. The
overall incidence of reported acute hepatitis B was 1.5 per 100,000 population. As many HBV
infections are either asymptomatic or never reported, the actual number of new infections is
estimated to be nearly tenfold higher or approximately 43,000 persons in the US in 2007. The
incidence is highest among adults; particularly males aged 25 to 44 years (9). In the US, there are
an estimated 800,000—1.4 million persons suffering from chronic HBV infection. In Michigan,
there were 142 cases of acute HBV in 2008 while the number of confirmed cases of chronic

hepatitis B was 1,340 in the same year (10, 11).

In 2007, 849 cases of confirmed acute hepatitis C were reported in the US. However, the
CDC estimates that approximately 17,000 new HCV infections occurred that year, taking into
account asymptomatic infection and underreporting. As individuals newly infected with HCV are
usually asymptomatic, so acute hepatitis C is rarely identified or reported. There are
approximately 3.2 million persons in the US with chronic HCV infection (12). In 2008, there
were 125 cases of acute hepatitis C and 7,167 confirmed cases of chronic hepatitis C in the state

of Michigan (13, 14).
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In the US, the estimated prevalence of HCV ranges from 15 to 30% among people living
with HIV/AIDS and as high as 50 to 90% among people living with HIV/AIDS who acquired
HIV infection through injecting drug use (IDU). HCV associated end-stage liver disease is
currently a major cause of death among people living with HIV/AIDS (36-38). It is also one of
the most important causes of chronic liver disease in the US and HCV infection progresses more
rapidly to cause liver damage in HIV-infected persons. HCV infection may also influence the
course and management of HIV infection. Furthermore, HIV infected persons who become
infected with HBV are at increased risk for developing chronic HBV infection. This co-infection
can have serious medical complications, including an increased risk for liver-related morbidity
and mortality (39).

Rationale

With the recent decrease in many common opportunistic infections in HIV/AIDS patients, other
infections have become very important from the public health viewpoint. Among these
infections, HBV and HCV co-infection among HIV/AIDS patients have emerged as major
contributors to morbidity and mortality. HIV-HCV co-infection leads to an accelerated
progression to symptomatic liver disease and cirrhosis. Additionally, highly active anti-retroviral
therapy (HAART) may be limited by either HCV- related liver disease or hepatotoxicity of the
medications used in viral liver disease (88, 89). There is also evidence to suggest that HCV

infection may negatively affect the course of HIV infection by accelerated progression to both

AIDS and death (31).

HIV infection may also modify the natural history of HBV infection among HIV-

hepatitis co-infected individuals. Individuals with HIV are found to have higher rates of HBV
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chronicity, higher HBV replication, lower ALT levels and lower rates of seroconversion to anti-
HBe and anti-HBs (90). HIV- infected adults progress to chronic hepatitis B at a rate
approximately five times higher than HIV-uninfected adults (chronic hepatitis B developed
among seven of 31 HIV-infected adults versus two of 46 HIV-uninfected adults following acute
infection, p=0.026) (91, 92). In HIV/HBV co-infected individuals, both HBV DNA and HBe
antigenaemia are increased, which may be the reason for the 18-fold increased risk of mortality
from liver disease in HIV/HBV co-infected men compared with only HBV infected men in a US

study (40).

In Michigan, the Adult and Adolescent Spectrum of Disease (ASD) surveillance project
collected data from the medical records of HIV patients at two major medical centers in Detroit,
between 1990 and 2004. Based on this surveillance project, hepatitis C was the most common
hepatitis co-infection among HIV-infected individuals. Out of the 1,790 individuals in care and
in ASD in 2001-2003, 353 (20 %) were diagnosed with HCV infection at some time during ASD

follow-up, while 207 (12 %) were diagnosed with hepatitis B (HBV) infection (23).

As co-infection with HBV and HCV are associated with an increased morbidity and
mortality among HIV/AIDS patients, it is imperative that the magnitude of the co-infection is
estimated among the HIV/AIDS population in the state of Michigan along with the concomitant
risk factors for co-infection. This would allow for better prevention and control of these

infections among the HIV/AIDS population.
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Objectives
1. To estimate the prevalence of hepatitis co-infection among HIV infected individuals

residing in the state of Michigan in the years 2006 to 2009.

2. To identify the factors associated with hepatitis co-infection among HIV infected

individuals residing in the state of Michigan during the above mentioned period.

3.2. Methods

Michigan is the IOth largest state in the US with a population of 9,938,444 according to the 2000

census (93). The state of Michigan has 83 counties, served by 45 local health departments
(LHDs). In most cases, each county has a LHD but in the less populated areas of the state, LHDs

may include more than one county (68). A retrospective cohort study was carried out from

January ISt, 2006 through December 3 ISt, 2009 in the state of Michigan to meet the objectives of

the study. Information on the participants was obtained from the enhanced HIV/AIDS Reporting
System (eHARS) maintained by the HIV/STD/VH/TB Epidemiology Section and the Michigan
Disease Surveillance System (MDSS) which is the statewide communicable disease reporting
system maintained by the Surveillance and Infectious Disease Epidemiology Section of the
Michigan Department of Community Health (MDCH) (68). The information on HIV infected
individuals was obtained from eHARS while information on HBV and HCV infections was
gathered from the Michigan Disease Surveillance System. To enable analysis of HBV and HCV
infections among HIV/AIDS individuals, a record linkage was established between the

HIV/AIDS surveillance database and the MDSS. For our study individuals of all ages, infected
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with HIV/AIDS, from all the counties of Michigan, were included in the dataset and matched
with all HBV and HCV cases during the study period to obtain a prevalence estimate, and the
factors associated with HBV/HCV/HIV/AIDS co-infections were identified. As information on

all hepatitis cases in this HIV/AIDS population was obtained, no sampling was performed.

Ethical approval was sought from the Institutional Review Board (IRB) at Michigan State
University and MDCH. To ensure confidentiality and privacy of the participants, an employee of
the HIV/STD/VH/TB Epidemiology Section performed the record linkage. The resulting
database was de-identified according to HIPAA guidelines on public health information (there
were no interviews or contact with the participants). Information on a number of characteristics
of the individuals was collected from eHARS and MDSS. For this study, variables included were
sex, race, age at HIV diagnosis, current HIV status (status through December 2009) and risk for
transmission of HIV. The outcome variable was a binary indicator for ‘Coinfection’. An
HIV/AIDS individual was categorized as co-infected if he or she had been concurrently infected
with confirmed hepatitis B or hepatitis C virus (acute and chronic) based on the CDC case
definition (74-78) and residing in the state of Michigan during the period 2006 through 2009.
The rationale for creating the co-infection variable was based on the fact that the three diseases
share similar routes of transmission (94, 21). Any HIV/AIDS case which had a diagnosis of
acute or chronic hepatitis B or C before 2006 was excluded from the study. In addition, doubly
co-infected HIV/AIDS (Hepatitis B & C together) cases were excluded from the analysis as they
constituted a very small proportion (<1%) of the cohort. The HIV/AIDS case definition was
based on the CDC’s 1993 revised classification system of HIV (73). Statistical analysis was

performed in SAS software version 9.2 (SAS Institute, Inc., Cary, North Carolina). Descriptive
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statistics were generated to examine the distribution of characteristics. Logistic regression was
used to assess factors associated with the outcome of co-infection. Univariable analyses provided
the unadjusted association of factors with co-infection and the corresponding odds ratios (ORs)
and 95% confidence intervals (Cls) were calculated. Multivariable analysis was conducted to
evaluate the association of factors with co-infection while adjusting for confounding effects of
other variables. All possible interactions were checked and entered into the final model based on
statistical significance and or biological plausibility. For interpretation, adjusted ORs (,;OR) and

their respective 95% Cls were utilized.

3.3. Results

A total of 13,936 individuals were found to be infected with HIV/AIDS during the study period.
Approximately 76% were male. The race/ethnicity distribution was Black (58.1%), White
(35.5%), Hispanic (4.1%), multiracial (1.5%), Asian/Hawaiian/Pacific islander (0.5%), and
American Indian/Alaskan Native (0.3%). The prevalence of HIV-hepatitis co-infection among
these individuals was 4.1% (n=578) (Table 3.1). The majority of co-infected cases were either
chronic hepatitis B (n=250, 1.8%) or chronic hepatitis C (n=307, 2.2%). For HIV transmission
risk categories, the majority of HIV/AIDS infected individuals were Men who have sex with
men (MSM) (48.9%) followed by high risk heterosexual (HRH) (12.9%), injecting drug user
(IDU) (9.8%), heterosexual male (8.6%), unknown risk (8.5%), heterosexual female (5.7%),
MSM/IDU (3.9%), perinatal (1.1%) and blood products (0.6%). With respect to age at HIV

diagnosis, most HIV/AIDS infected individuals were in the age groups of 30-39 (34.7%)
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followed by 40-49 (21.3%), 25-29 (16.2%), and 20-24 (12.6%). With respect to current HIV
status, there were more individuals with AIDS (55.3%) compared to only HIV (44.7%).

For univariable analysis, the variable HIV transmission risk was reclassified into blood
products, heterosexual, IDU, MSM/IDU, MSM, perinatal and undetermined (86) (Table 3.2).
The variable race was categorized into Black, White, Hispanic and Other whereas age at HIV
diagnosis (years) was reclassified into < 20, 20-29, 30-39, 40-49, and 50 and over (23). Those
individuals who were co-infected were more likely to be male, of other race followed by black
and white race and predominantly having AIDS (Table 3.2). They were also more likely to have
had a transmission risk through blood products, MSM/IDU and IDU. Furthermore, HIV
diagnosis at an older age showed a significant association with hepatitis co-infection (Table 3.2).
The multivariable analysis was based upon statistical significance and biological plausibility of
the variables. After adjusting for all other variables in the model, there was a significant
association between co-infection and being male and of Black race (OR=2.0, 95% CI: 1.2-3.6)
and male and of Other race (OR=3.5, 95% CI: 1.7-7.0) compared to Hispanic race. In addition, a
significant association was found between co-infection and transmission risk categories of blood
products (OR=11.1, 95% CI: 6.2-20.2), IDU (OR=3.6, 95% CI: 2.7-4.8) and MSM/IDU
(OR=3.4, 95% CI: 2.4-4.9) after adjustment. The final model also included two interactions; one
between sex and current HIV status and the other between current HIV status and age at HIV
diagnosis (Table 3.2). The first interaction shows that the effect of gender differs if the
individual’s current HIV status is AIDS (OR: 1.9) or HIV positive (OR: 1.0) in relation to co-
infection. The second interaction indicates that the effect of current HIV status among males as
compared to females differs across different age groups at HIV diagnosis in relation to co-

infection (Table 3.2).
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3.4. Discussion

In this study, about 4% of HIV/AIDS infected individuals were co-infected with hepatitis
viruses. Although this prevalence estimate consists of both hepatitis B and C cases, it is lower
than the estimate reported in other studies on chronic hepatitis B in the US (69, 70). However,
these studies were focused upon hospital (prevalence 7%) (37) or military (prevalence 11%)
populations (70). A cross-sectional analysis of the US Adult AIDS clinical trials group data
estimated a prevalence of 16.1% for HIV-HCV co-infection (36) whereas another study reported
a prevalence of 31.6% for this co-infection (48). Although these studies reported a higher
prevalence than our study, it should be noted that one study was clinic based (48) while the other

was conducted on a relatively small sample from a cohort (36).

A systematic review of HIV-hepatitis co-infection in sub-Saharan Africa reported a
prevalence of 15% for HBV and 7% for HCV (15). A study conducted in Brazil on HIV, HCV
and HBV co-infection reported a prevalence of 4.4% which is comparable to our study (21). The
majority of HIV/AIDS-hepatitis co-infected individuals were male (69, 95) and of Black or
Other race groups which is consistent with findings of other studies (69, 94). In our study, Other
race which included multiracial groups, Asian, Hawaiian and Pacific Islanders along with
Alaskan native and American Indians had a stronger association with co-infection than the Black
and White populations. This association needs to be explored further to identify racial subgroups

which might be at a higher risk for hepatitis co-infections.
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Co-infected individuals were more likely to be associated with a HIV transmission risk
of blood products followed by IDU and MSM/IDU. These findings are similar to others reported
in a study in Georgia which identified blood transfusion as a significant contributor to HIV-
hepatitis co-infection (96). It is important to note that in spite of improved testing of viral
pathogens in blood, transmission through blood products still remains a major source of infection
(97). A study conducted in Brazil identified heterosexual transmission as a major risk factor (16)
whereas other studies have identified IDU as a significant factor (94, 19, 98, 99). Our study also
identified IDU and MSM/IDU as significant factors contributing to co-infection (100). Older age
at HIV diagnosis showed a significant association with co-infection which is consistent with
other studies conducted in the US (70, 101). It is quite likely that these individuals had HIV
infection earlier on but were diagnosed later and additionally, had more chances of acquiring
hepatitis infection through similar transmission routes because the duration of exposure to viral
hepatitis is more likely to be higher in older individuals (21). Another explanation could be that
they are more immunologically compromised when they are infected with HIV at an older age as

compared to a younger age making them more likely to develop chronic hepatitis infection.

Individuals currently having AIDS were more likely to be associated with co-infection
which could mean that infection with hepatitis could have led to rapid progression from HIV to
AIDS status (102). Additionally, there may be other factors specific to AIDS which could lead
these individuals to acquire hepatitis B or C infections. It is also possible that AIDS status
contributed to development of chronic hepatitis infections (103). To our knowledge, interactions
between sex and current HIV status and sex, current HIV status and age at HIV diagnosis in

relation to co-infection are documented for the first time in this study. Based on these results,
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males currently having AIDS were more likely to be co-infected with hepatitis B or C than
females. It is possible that there could be some risk factors more prevalent in males having AIDS
as compared to females which could result in them acquiring hepatitis infection more commonly
than females. A survey on adolescent males reported that bisexually active adolescent males
were more likely to engage in AIDS related risk behaviors such as having multiple sex partners,
unprotected intercourse, sexually transmitted disease, and injection drug use (104). Conversely,
it is also quite likely that females practice more protective behaviors like needle exchange use
and carrying clean syringes compared to males as reported by a study on female IDUs (105)
which might lead to them having a lower prevalence of HIV/AIDS and or co-infection.
Additionally, when this relationship was stratified by age at HIV diagnosis, males currently
having AIDS were more likely to be co-infected at age of 39 years or below and age of 50 or
above. This association indicates that co-infection is more likely among males having AIDS at a
younger age than females of comparable groups. It is conceivable that certain high risk behaviors
or practices associated with the younger age groups could lead to a higher prevalence of co-
infection compared to older age groups. However, males currently having AIDS who were 50
years or older at HIV diagnosis were also found to be associated with co-infection. It is quite
likely that some of the high risk behaviors or practices at a younger age that are identified with
these men make them more likely to acquire hepatitis co-infections that persists with the group at
an older age. Additionally, as the duration of exposure to viral hepatitis is more likely to be
higher in older individuals and persons with AIDS as compared to younger individuals with HIV
infection only, these factors could interact with high risk behaviors or practices specific to male

gender leading to a significant association with co-infection as observed in this study.
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Limitations

One of the limitations of conducting a retrospective cohort study is the dependence on the
available information. We were not able to obtain complete information on anti-retroviral
therapy among HIV/AIDS infected individuals. Additionally, tests for CD4 counts were not
routinely done on most HIV cases which limited our analysis. However, a study conducted in US
did not identify either CD4 counts or HIV RNA level as a significant predictor of HIV-HCV co-

infection (101).

As the reporting of HBV and HCV infection through the MDSS is based on a passive
surveillance system, there is a high likelihood of under reporting and under detection of cases.
However, the issues with the current hepatitis surveillance system are not limited to Michigan
but have been identified nationwide. According to a report from the Institute of Medicine in
2010, the current hepatitis surveillance systems do not provide accurate estimates of current
disease burden and are not contributing enough to program planning and evaluation (106). In
addition, the HIV surveillance system in Michigan is based on data for those persons who have
been confidentially reported by name. Data for infected individuals who have not been tested,
have been tested only anonymously, or have been tested by name but not reported, are not
included which could lead to under reporting of cases (23). However, the strength of our study
lies in the fact that it is a population based study encompassing most if not all HIV/AIDS
infected individuals as well as persons having hepatitis B and C co-infection residing in the state

of Michigan.
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Conclusion

Although the prevalence of HIV/AIDS- hepatitis co-infections in Michigan are not higher than
the national average, it does represent a public health problem especially when considering the
vulnerability of the immunocompromised HIV/AIDS infected population. Furthermore, this
study identified males of different races as well as of Black race to be at a higher risk of hepatitis
co-infections. The majority of studies indicated that individuals of Black race are at a higher risk
of HIV/AIDS as well as for hepatitis co-infection, however, our results indicate that other races
might be at a higher risk for hepatitis co-infections. Currently having AIDS and being of older
age at diagnosis were found to be important predictors of hepatitis co-infection. An important
finding was the correlation of transmission through blood products with co-infection which
indicates that additional measures should be taken to address this issue. Other high risk
populations identified in this study were IDUs and MSM/IDU. The study also demonstrated
interactions between current HIV status, sex and age at HIV diagnosis. The importance of these
findings needs to be explored further in order to implement preventive measures and
interventions to reduce the prevalence of hepatitis co-infections. Finally, future studies should be
conducted keeping in mind the changing epidemiology of HIV-hepatitis co-infections and the
urgent need to prevent co-morbidities in an already high risk immune-compromised population

of HIV/AIDS infected individuals.

44



Table 3.1. Distribution of basic characteristics of the HIV/AIDS infected individuals in

Michigan (n=13,936)

Variable Frequency (%)
Coinfection X
Coinfected 578 (4.1)
Not coinfected 13358 (95.8)
Sex
Male 10589 (76.0)
Female 3347 (24.0)
Race

White (non-hispanic) 4958 (35.5)

Black (non-hispanic) 8091 (58.1)

Hispanic 570 (4.1)

Asian/HIPI | 72 (0.5)

American Indian/Alaskan native (non-hispanic) 42 (0.3)

Multi Race/Unknown/ Other (non-Hispanic) 203 (1.5)

HIV transmission Risk :

Blood products 85 (0.6)

High risk heterosexual 1796 (12.9)

Presumed Heterosexual (PH)-male 1203 (8.6)

Presumed Heterosexual (PH)- female 793 (5.7)

IDU 1363 (9.8)

MSM 6810 (48.9)

MSM/IDU 539 (3.9)

Perinatal 156 (1.1)

Unknown 1191 (8.5)

Age at HIV diagnosis (years)

0-12 178 (1.3)
13-19 638 (4.6)
20 -24 1753 (12.6)
25-29 2260 (16.2)
30-39 4836 (34.7)
40 - 49 2976 (21.3)
50-59 1044 (7.5)
60 and over 248 (1.8)
Missing 3 (0.0)

Current HIV status
AIDS 7711 (55.3)
HIV-NA (not AIDS) 6225 (44.7)

E3
Coinfection=Any HIV infected individual that is infected by hepatitis B and C virus (acute and

chronic),TAsian/Hawaiian, Pacific Islander, non-Hispanic, iHeterosexual female=Female who
denies IDU and has had sex with a man, MSM= Male-male sex, IDU=Injecting drug user
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Table 3.2. Multivariable analysis of different factors associated with co-infection among
HIV infected individuals in the state of Michigan

Variable Co-infected Not co- Crude 95% CI  Adjusted 95% CI
(578) infected OR for OR OR for ,4jOR
N (%) (13358)
N (%)
Sex
Female 112 (19.4) 3235 (24.2)
Male 466 (80.6) 10123 (75.8) 1.3 1.1-1.6
Race
White (non- 161 (27.9) 4797 (35.9) 1.4 0.8-2.6 1.3 0.7-2.4
hispanic)
Black (non- 381 (65.9) 7710 (57.7) 2.1 1.2-3.7 2.0 1.2-3.6
hispanic)
Hispanic* 13 (2.3) 557 (42) 1 1
OtherT 23 (3.9 294 (2.2) 34 1.7-6.7 3.5 1.7-7.0
Age at HIV diagnosis , years
<20 22 (3.9) 794 (5.9) 1
20-29 134 (23.2) 3879 (29.0) 1.3 0.8-2.0
30-39 215 (37.2) 4621 (34.6) 1.7 1.1-2.6
40 - 49 130 (22.5) 2846 (21.3) 1.7 1.0-2.6
50 and over 77 (13.3) 1215 (9.1) 2.3 1.4-3.7
Current HIV status
HIV-NA (not 185 (32.0) 6040 (45.2) 1
AIDS)
AIDS 393 (68.0) 7318 (54.8) 1.8 1.5-2.1
HIV transmission Risk
Blood products 20 (3.5) 65 (0.5) 9.1 5.3-15.8 11.1 6.2-20.2
Heterosexuali 58 (10.0) 2531 (18.9) 0.7 0.5-1.0 0.8 0.6-1.2
IDU 144 (24.9) 1219 (9.1) 3.5 2.6-47 3.6 2.7-4.8
MSM 218 (37.7) 6592 (49.4) 0.9 0.8-1.3 1.0 0.8-1.3
MSM/IDU 59 (10.2) 480 (3.6) 3.7 2.6-5.2 3.4 2.4-4.9
Perinatal 1 (0.2) 155 (1.2) 0.2 0.03-14 03 0.03-2.3
Undetermined® 78 (13.5)  2316(17.3) 1 1
Interactions
Male vs Female
AIDS 1.9 1.3-2.6
HIV-NA 1.0 0.7-1.5
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Table 3.2. (cont’d).

Variable Co-infected Not co- Crude 95% CI  Adjusted 95% CI
(578) infected OR for OR OR for ,4jOR
N (%) (13358)N (%)
AIDS vs HIV-NA for Female
<20 yrs 1.6 0.6-4.2
20 - 29 yrs 1.3 0.8-2.2
30 -39 yrs 1.2 0.7-1.9
40 - 49 yrs 0.5 0.3-0.9
50 and over 0.9 0.5-1.7
AIDS vs HIV-NA for Male
<20 yrs 2.9 1.2-7.1
20 - 29 yrs 24 1.6-3.5
30 -39 yrs 2.1 1.5-2.9
40 - 49 yrs 1.0 0.7-1.4
50 and over 1.7 1.0-2.8

*
Based on lowest risk (Kellerman et al. J Infect Dis. 2003;188(4):571-577.)

.{.

Other= Multiracial, Asian, Hawaiian & Pacific Islander, Alaskan Native, American Indian

]:Heterosexualz Presumed Heterosexual (PH)- female and HRH, §UndeterminedzUnknown

(Males and Females with no identified risk) and Presumed Heterosexual (PH)- male
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CHAPTER 4.

MORTALITY AMONG HIV-HEPATITIS CO-INFECTED INDIVIDUALS IN THE
STATE OF MICHIGAN

Abstract

Background

AIDS is one of the most devastating diseases the world is currently facing in terms of morbidity
and mortality. In 2009, there were 1.8 million deaths due to HIV/AIDS globally. HIV infected
individuals are commonly infected by hepatitis B and C virus because of shared transmission
routes. The purpose of this study was to estimate mortality and associated factors among HIV-
hepatitis co-infected individuals in Michigan.

Methods

A retrospective cohort study was conducted in Michigan during the period of January 1, 2006 to
December 31, 2009 in which HIV infected individuals were matched to all hepatitis B and C
cases. The mortality was ascertained from vital records and Cox proportional hazards regression
analysis was conducted to assess the association of variables with mortality.

Results

A total of 727 HIV/AIDS infected individuals died during the follow-up period of four years. In
the final model, individuals of Other (Hazards Ratio (HR)=2.2, 95% Confidence Interval (CI):
1.4-3.2) and Black (HR=1.3, 95% CI:1.1-1.6 ) race had decreased survival as compared to White
race. Age at HIV diagnosis showed an increased mortality with increasing age. Similarly, IDU
(HR=2.1, 95% CI: 1.6-2.6), MSM/IDU (HR=1.5, 95% CI: 1.1-2.2), individuals with

undetermined risk (HR=1.5, 95% CI: 1.2-1.9) and, heterosexual (HR=1.4, 95% CI: 1.1-1.8)
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practices had decreased survival as compared to MSM. Additionally, an interaction was found
between current HIV status and co-infection status.

Conclusions

Mortality among HIV infected individuals with hepatitis co-infection remains a continuing
problem in the HAART era. The associations identified by this study can be used for planning
and implementing interventions to reduce mortality among the vulnerable population of HIV

infected individuals.

49



4.1. Introduction

AIDS (Acquired immune deficiency syndrome) is one of the most devastating diseases the world
is currently facing in terms of morbidity and mortality. By the end of 2009, 33.3 million people
were living with HIV (Human immunodeficiency virus) infection globally with an estimated 2.6
million individuals newly infected with HIV (1). There were 1.8 million deaths due to
HIV/AIDS in 2009; 1.6 million among adults and 260,000 in children under 15 years of age (1).
In 2009, an estimated 1.2 million people were living with AIDS in the US (United States) while
about 17,000 AIDS related deaths were reported in the same year (4). According to the Michigan
Department of Community Health (MDCH), there are an estimated 19,500 people currently

living with HIV/AIDS in Michigan, of these, 14,895 were reported by January 2011 (5).

Hepatitis B Virus (HBV) and Hepatitis C Virus (HCV) co-infections are relatively
common in individuals infected with HIV/AIDS because of shared transmission routes. In sub-
Saharan Africa, a review of 60 studies on HIV-hepatitis co-infection reported prevalence rates of
15% for mean HBsAg and 7% for mean anti-HCV (15). The reported prevalence for HIV-HCV
co-infection was 4.4% in Brazil (16), 7.8% in Thailand (17), 16% in Denmark (18), and 24.3% in
France (19). For HIV-HBV co-infection, the reported prevalence was 6% in Denmark (18), 7%
in France (19) and, 8.7% in Thailand (17). The reported prevalence for HIV-HBV-HCV co-

infection was 1.6% in France (19) whereas for Brazil, it was 4.4% (21).

Studies conducted on chronic hepatitis B in the US report a prevalence of 7.6% (69) and

11% (70) in two different populations with HIV. Hepatitis C was the most common hepatitis co-
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infection among HIV-infected individuals reported by the Adult and Adolescent Spectrum of
Disease surveillance project conducted in Michigan. This project was based upon data from the
medical records of HIV patients at two major medical centers in Detroit, Michigan between 1990
and 2004. Out of the 1,790 individuals in care and in ASD in 2001-2003, 20% were diagnosed

with HCV infection, while 12% were diagnosed with HBV infection (23).

Hepatitis B and hepatitis C virus co-infections have emerged as major contributors to
morbidity and mortality among HIV/AIDS patients. There is also evidence to suggest that HCV
infection may negatively affect the course of HIV infection leading to a rapid progression to
AIDS and death (31). However, the association between HBV or HCV co-infection and
increased mortality has not been consistently identified. Several studies in different settings have
shown no association between hepatitis co-infection and mortality. Studies conducted in the US
(32) and South Africa (33) did not show an association between co-infection and mortality.
However, other studies which did not identify an association between HIV-HCV infection and

mortality did report an association between AIDS and mortality (34, 35).

Although these studies did not identify an association between HIV-hepatitis co-infection
and mortality, other studies have observed an increased liver related mortality with co-infection.
HCV associated end-stage liver disease is now a predominant cause of death among people
living with HIV/AIDS (36-38). Additionally, HIV-HBV co-infected patients are at increased risk
for developing chronic infection which can lead to an elevated risk for liver-related morbidity
and mortality (39). Prospective cohort studies conducted on HIV and hepatitis (HBV or HCV)

co-infection have identified a significant association between co-infection and liver related
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mortality (40-43). However, among these, two studies also reported an increased risk for all-

cause mortality and co-infection (40, 42).

Other studies focusing upon hepatitis B and C co-infection identified an association
between co-infection and mortality which is not liver related. A clinic based study on HIV
infected patients reported a decreased survival in AIDS patients co-infected with HBV or HCV
(44). The Swiss HIV cohort study reported an increased progression to new AIDS defining event
and death among HIV-1 infected patients with HCV co-infection (45). Another prospective
cohort study identified HIV-HCV co-infection among injecting drug users (IDU) as a significant
contributor to mortality in the HAART era (46). HIV and chronic hepatitis B co-infected patients
were also found to have an increased risk of death after initiation of HAART (47). Another
cohort study on HIV infected patients reported decreased durations of survival from time to
diagnosis of HIV infection and AIDS among HIV-HCV co-infected patients (48). A cohort study
on HIV-HCV co-infected veterans observed an increased risk of death due to co-infection even
after controlling for exposure to HAART and response to HAART (49). The Danish cohort
study, found a significantly increased overall mortality in addition to mortality from liver related
and AIDS related causes in HIV-HCV co-infected (18) and HIV-HBV co-infected patients on
HAART (20). A study on mortality related to chronic hepatitis B and C in France also observed
an increased frequency of deaths among HIV/HBV and HIV/HCV co-infected individuals (50).
HIV and chronic hepatitis B co-infected patients in a multicenter cohort study showed an
increased mortality which was mainly due to liver disease in spite of being on HAART, in
addition to an increased risk of AIDS related death (51). A meta-analysis of 11 studies on HIV-

HBV co-infection reported a significant effect of co-infection on overall mortality. This
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increased rate of death among HBV co-infected individuals was present in studies conducted
before and after starting HAART (52). Another meta-analysis of studies on HIV-HCV co-
infection found an increased risk for overall mortality among HIV-HCV co-infected individuals

during the HAART era (53).

Although these studies reported an increased mortality among HIV-hepatitis co-infected
individuals as compared to only HIV infected individuals, other studies have noted no effect on
mortality with co-infection or have attributed mortality to mostly liver related causes. With the
exception of a few studies (18, 20, 45, 46, 49), most studies had smaller sample sizes (33-35, 44,
47, 48, 51), shorter duration of follow-up (33) and focused mainly on hospital or clinic based
populations (32, 44, 48). Therefore, the objectives of our study were to estimate the mortality
and identify the factors associated with mortality among HIV-hepatitis co-infected individuals in

the state of Michigan using a statewide population based surveillance system.

4.2. Methods

This study was conducted in the state of Michigan which is the 10" largest state of the United
States with a population of 9,938,444 individuals (93). A retrospective cohort design was utilized
to attain the objectives of the study. HIV/AIDS infected individuals of all age groups residing in
the state of Michigan during the period of January 1, 2006 to December 31, 2009 were matched
to hepatitis B and hepatitis C cases from the same period. The HIV/AIDS data were obtained
from the enhanced HIV/AIDS Reporting System (eHARS) maintained by the HIV/STD/VH/TB

Epidemiology Section whereas the hepatitis B and C data were obtained from the Michigan

53



Disease Surveillance System (MDSS) maintained by the Surveillance and Infectious Disease
Epidemiology Section of the Michigan Department of Community Health (MDCH) for the study
period (68). These datasets were linked together to enable matching of hepatitis B and C and

HIV/AIDS cases to the same individual.

Ethical approval for the study was obtained from the Institutional Review Board (IRB) at
the Michigan State University and MDCH. To safeguard the privacy and confidentiality of the
participants, an employee of the HIV/STD/VH/TB Epidemiology Section performed the record
linkage. HIPAA (Health Insurance Portability and Accountability Act) guidelines on public
health information were followed to de-identify subjects included in the study. Information on a
number of socio-demographic characteristics and laboratory tests of the HIV/AIDS infected
individuals was obtained. Independent variables included in the analysis were sex, race, age at
HIV diagnosis, current HIV status (status through December 2009), risk for transmission of HIV,
and a binary indicator for co-infection. An HIV/AIDS individual was categorized as co-infected
if he or she had been concurrently infected with confirmed HBV or HCV (acute and chronic)
based on the CDC case definition (73-78) and residing in the state of Michigan during the years
2006 through 2009. The rationale for creating the co-infection status variable was based on the
fact that the three diseases share similar routes of transmission (21, 94). Any HIV/AIDS infected
individual who had a diagnosis of acute or chronic hepatitis B or C before 2006 was not included
in the study. Additionally, HIV/AIDS individuals infected with both hepatitis B and C were
excluded from the analysis as they constituted a very small proportion (<1%) of the cohort. The
HIV/AIDS case definition was based on the CDC’s 1993 revised classification system of HIV

(73).
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The mortality was ascertained from vital records by using the entry date as January 1,
2006 when the study was started and December 31, 2010 the date used when the study was
concluded. Only HIV/AIDS-hepatitis co-infected individuals that were diagnosed during 2006 to
2009 and HIV/AIDS not co-infected individuals were included in the analysis. To allow for
additional time to follow-up, the study was concluded in 2010. The duration of survival of the
HIV/AIDS-hepatitis co-infected individuals as well as the HIV/AIDS not co-infected individuals
was calculated from the time (number of days) spent in the study till the date of death. Those

alive at the end of the study were considered censored.

The Kaplan-Meier method was utilized to construct survival curves for the co-infected
and not co-infected group. For comparison of survival curves the log rank test was used. The
Cox proportional hazards regression analysis was conducted to assess the association of variables
with mortality using hazard ratios (HRs) and the corresponding 95% confidence intervals (Cls).
All possible interactions were checked and entered into the final model based on statistical
significance and or biological plausibility. Statistical analyses were performed in SAS statistical

software version 9.2 (SAS Institute, Inc., Cary, North Carolina).

4.3. Results

The total number of individuals infected with HIV/AIDS during the study period was 13,930.
The prevalence of HIV-hepatitis co-infection among these individuals was 4.1% (Table 4.1) with
chronic hepatitis B in 1.8% and chronic hepatitis C in 2.2% (data not shown). There were

proportionately more males (76%) infected with HIV/AIDS as compared to females (24%). The
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race/ethnicity distribution was Black (58.1%), White (35.6%), Hispanic (4.1%), Multiracial
(1.4%), Asian/Hawaiian/Pacific islander (0.5%), and American Indian/Alaskan Native (0.3%).
Among HIV transmission risk categories, HIV/AIDS infected individuals were predominantly
males having sex with males (MSM) (48.9%) followed by High Risk Heterosexual (HRH)
(12.9%), Injecting Drug User (IDU) (9.8%), heterosexual male (8.6%), Unknown risk (8.5%),
heterosexual female (5.7%), MSM/IDU (3.9%), perinatal (1.1%) and blood products (0.6%).
With respect to age at HIV diagnosis, the distribution was: 30-39 (34.7%), 40-49 (21.3%), 25-29
(16.2%), and 20-24 (12.6%). There were more individuals with AIDS (55.3%) compared to HIV

only (44.7%).

A total of 727 HIV/AIDS infected individuals died during the follow-up period. The total
number of deaths was proportionately more among hepatitis co-infected individuals (10%) as
compared to not co-infected individuals (5%) (data not shown). Survival in the HIV-hepatitis co-
infected group was significantly lower as compared to the not co-infected group (log rank test p-
value < 0.0001, Figure 4.1). The variable HIV transmission risk was categorized as blood
products, heterosexual, IDU, MSM/IDU, MSM, perinatal and undetermined (86) (Table 4.2).
Race was categorized as Black, White, Hispanic and Other and age at HIV diagnosis was
reclassified into age groups < 20, 20-29, 30-39, 40-49, and 50 and over (23). From univariable
Cox regression analysis, co-infected individuals had a decreased survival (HR=2.4, 95% CI: 1.8-
3.2) as compared to not co-infected individuals. Females compared to males had an increased
mortality (HR=1.2, 95% CI: 1.0-1.4). Compared to White race the mortality risk was higher in
Blacks (HR=1.5, 95% CI: 1.3-1.8) and individuals belonging to the Other race category

(HR=2.3, 95% CI: 1.5-3.4) (Table 4.2). For age at HIV diagnosis, a gradual increase in mortality
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with increasing age was observed and individuals who were 50 years and over had the shortest
survival (HR=9.0, 95% CI: 5.0-16.1). Individuals currently having AIDS showed a decreased
survival as compared to only HIV infected individuals (Table 4.2). For HIV transmission risk
categories, injecting drug users (IDU) had a decreased survival (HR=2.8, 95% CI: 2.3-3.4)
followed by MSM/IDU (males having sex with males) (HR=1.8, 95% CI: 1.2-2.5), individuals
with undetermined risk (HR=1.7, 95% CI: 1.4-2.1) and, heterosexual practices (HR=1.4, 95%

CIL: 1.2-1.8).

Variable selection for the adjusted model was based upon statistical significance of the
variables from the univariable analysis and biological plausibility. In the final model, individuals
of Other and Black race had decreased survival as compared to White race adjusting for all other
variables in the model (Table 4.2). Age at HIV diagnosis showed an increased mortality with
increasing age after adjustment. Similarly, IDU, MSM/IDU, individuals with undetermined risk
and, heterosexual practices had decreased survival as compared to MSM after adjusting for all
other variables in the model (Table 4.2). The final model also included an interaction between
current HIV status and co-infection status which indicates that the effect of having AIDS as
compared to HIV only differs if the individual is co-infected (HR=2.4, 95% CI: 1.2-4.8) or not

co-infected (HR=5.9, 95% CI: 4.6-7.4) in relation to mortality (Table 4.2).

4.4. Discussion

In this study, mortality among HIV-hepatitis B and C co-infected individuals was nearly twice

that of HIV infected individuals. There were no liver related deaths recorded in the cohort during
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the follow-up period of four years. Being co-infected with either HCV or HBV resulted in an
increased risk for mortality, a finding which is consistent with several studies (17, 18, 44-53). It
is conceivable that there may be factors other than liver disease or treatment related
hepatotoxicity that might lead to this increased risk of mortality. Another factor could be that the
HIV-HCV co-infected patients were less likely to receive HAART than non-HCV infected
patients as identified by an earlier cohort study (48). This could be due to the fact that increased
mortality among HIV-HCV co-infected individuals is causing the decreased use of HAART. A
study on mortality among siblings of HIV-HCV co-infected patients reported a higher mortality
among HIV-HCV co-infected patients as compared to siblings of only HIV infected patients or
siblings of control subjects (107). The authors attributed this excess mortality to probable
differences in family background and socio-economic factors like shared socioeconomic
disadvantage or family history of IDU. Another study by the same authors focusing on causes of
death revealed an increased mortality among siblings of HIV/HCV co-infected patients to be
related to substance abuse mainly alcohol or drug abuse (108). It is quite likely that other factors
like lack of access to care, non-compliance with treatment, alcohol or drug related morbidity or
postponement of treatment for co-infection by physician’s due to underlying fears of
hepatotoxicity could also play an important role in the increased mortality observed among HIV-

hepatitis co-infected individuals.

A study in Brazil attributed the higher mortality in AIDS cases co-infected with HCV to
the receipt of less antiretroviral therapy among these patients (109). The authors speculated that
this discrepancy in treatment could be due to the knowledge of physician’s that HAART may be

hepatotoxic, inability of patients to tolerate antiretroviral treatment or physician’s belief’s that
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injecting drug users are non-compliant. Similarly, HIV-HCV co-infection might be a proxy for
some other types of high risk behaviors that lead to an increased mortality related to non AIDS

related causes among co-infected individuals (110).

Females were also found to have an increased mortality. A study focusing on gender
differences in HIV-HCV co-infected patients identified females as having a reduced survival as
compared to males while on HAART (111). However, the association did not remain significant
after adjustment in our study. An increased mortality was observed among individuals of Black
and Other race as compared to White race, a finding which might be related to the fact that a
lower interferon-alpha response resulting in a slower viral decline has been observed in HIV-
HCV co-infected Blacks (112). It is conceivable that a similar mechanism may be operating in
co-infected Blacks on HAART. However, an even higher mortality as compared to Blacks was
observed among individuals belonging to Other races which included multiracial groups, Asian,
Hawaiian and Pacific Islanders along with Alaskan native and American Indians. It is possible
that there might be certain high risk behaviors or practices that make these populations more
vulnerable to an increased risk for mortality, however, this relationship needs to be explored
further to identify such practices or behaviors. It is also likely that some of the populations in the
Other race group include individuals coming from countries which have decreased immunization
rates or unsafe injection practices; although this association cannot be fully addressed in this

study.

A gradual increase in mortality was observed with increasing age and individuals

diagnosed with HIV at 50 years or above had the highest predisposition for mortality. Other
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studies have reported similar findings (48, 49). Individuals currently having AIDS had a
decreased survival as compared to HIV only infected individuals, a finding which is consistent
with other studies (18, 35, 113). A higher propensity for mortality was also observed among
IDU’s followed by MSM/IDU’s, individuals with undetermined risk and heterosexuals. IDU has
been identified as a major contributor to mortality in other studies as well (45, 46). It is possible
that non-compliance to treatment among IDU’s could be factor as well as physician’s belief that
IDU’s are non-compliant. Other factors related to IDU or pharmacological interactions between
illicit drugs and antiretroviral therapy could have led to the decreased survival as well. It is also
important to note that the effect of IDU was apparent in the category of MSM who also have
history of IDU (MSM/IDU). This observation indicates that MSM’s who are already vulnerable
to developing HIV or AIDS have additional risk if they are in the practice of injecting drugs. Our
study also found a decreased survival among individuals with undetermined risk which includes
presumed heterosexual males as well as heterosexuals which indicate that as a group

heterosexual transmission does confer an additional risk for mortality.

The final model after adjustment showed a significantly increased mortality; among HIV-
infected individuals belonging to Black and other races, older age at HIV diagnosis, IDU’s,
MSM/IDU’s, individuals with undetermined risk and heterosexuals as well as a significant
interaction between current HIV status and co-infection. To our knowledge, this is the first study
that documents an interaction between current HIV status and co-infection. Based on these
results, individuals who currently have AIDS and are not co-infected are at a significantly
decreased survival as compared to individuals having AIDS who are co-infected. It is possible

that individuals who are diagnosed with AIDS and are not co-infected do not get the extra care

60



and treatment that may be given to AIDS patients who are co-infected with hepatitis viruses. It is
also likely that these individuals tend to die earlier before they get infected with hepatitis viruses.
Additionally, individuals with AIDS having hepatitis related morbidity may be diagnosed earlier
because of the co-morbidity and are then put on appropriate therapy for co-infection which
increases their duration of survival. Also, as identified in a study of mortality among HIV-HCV
infected individuals, HAART decreased the mortality rate among HIV-HCV co-infected
individuals (114) which could partially explain the relatively decreased, albeit significant, risk
observed among AIDS infected individuals with co-infection.

Limitations

We were not able to obtain complete information on anti-retroviral therapy among HIV/AIDS
infected individuals. However an analysis of the subset of HIV/AIDS infected individuals which
were on anti-retroviral therapy in our study yielded similar results as our multivariate analysis.
No significant difference in mortality was found among HIV infected individuals or HIV-
hepatitis co-infected individuals on antiretroviral therapy as compared to those not on
antiretroviral therapy. Additionally, tests for CD4 counts were not routinely done on all HIV
cases which restricted our analysis. However, limited analysis of data containing CD4 counts
among HIV infected as well as HIV-hepatitis co-infected individuals did not identify any
association between CD4 counts and mortality. As the reporting of HBV and HCV infection is
based on a passive surveillance system, there is a high likelithood of under reporting and under
detection of hepatitis cases. Additionally, the HIV surveillance system in Michigan includes data
only for persons who have been confidentially reported by name. Data for infected individuals
who have not been tested, have tested only anonymously, or have tested by name but were not

reported, are not included which could lead to under reporting of cases (23). However, in spite of
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the limitations, the strength of our study lies in the fact that it is a population based study which
includes all the statewide data detected by the surveillance system on almost all HIV/AIDS
infected individuals as well as persons having hepatitis B and C co-infection residing in the state
of Michigan all of which assists in reducing selection bias. Furthermore, our study had a
relatively sufficient follow-up period of four years, an adequate sample size, along with a
representative group of persons including minorities with HIV infection.

Conclusions

With the advent of HAART, there has been an increased survival among HIV/AIDS patients;
however, challenges for treatment still remain because of other co-morbidities like hepatitis B
and C infection. This population based study indicates that mortality among HIV/AIDS infected
individuals with hepatitis co-infection is a continuing problem even after the availability of
HAART. Our study identified certain high risk populations like individuals of Black and Other
race which were at a higher risk for mortality. It is particularly concerning that individuals
belonging to other races were also at a higher risk. Currently having AIDS conferred a higher
risk of mortality which highlights the importance of early diagnosis and treatment of AIDS. An
increased risk of death was observed with increasing age at HIV diagnosis which was more
apparent after 30 years of age whereas the highest risk was seen among individuals who were 50
years and older. For HIV transmission risk categories, IDU remains a major contributor to
mortality, a finding consistent with earlier studies, whereas additionally, MSM/IDU, and

heterosexual transmission were important predictors for mortality.

The study also demonstrated an interaction between current HIV status and co-infection,

a finding which underscores the importance of complex relationships between different factors
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which are associated with mortality. There is a need to further explore these associations in order
to plan and implement interventions to reduce mortality among this vulnerable population of
HIV infected individuals. Future research studies should focus upon the impact of early initiation
of antiretroviral therapy for HIV co-infected individuals and the advantages of early screening of
all HIV/AIDS infected individuals for co-morbidities like hepatitis along with identification of
additional high risk behaviors or practices that may be present specifically in HIV-hepatitis co-

infected individuals.
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Figure 4.1. Kaplan-Meier curves showing mortality among HIV/AIDS infected individuals,
stratified by co-infection status.

Product- Limit Survival Estimates
With Number of subjects at Risk

" R
0.8 1
£
< 06"
]
o
—
o
E
E 0.4
=
wn
0.2
572 527 376 159
13358 13075 12859 12700
0.0
I I I I I
0 500 1000 1500 2000

Time from diagnosis of hepatitis co-infection to death (days)

Comfection — Coinfected — Notcoinfected

64



Table 4.1. Distribution of basic characteristics of the HIV/AIDS infected individuals in

Michigan (n=13,930)

Variable Frequency (%)
Coinfection
Coinfected ™ 572 (4.1)
Not coinfected 13358 (95.9)
Sex
Male 10584 (76.0)
Female 3346 (24.0)
Race

White (non-Hispanic) 4956 (35.6)

Black (non-Hispanic) 8088 (58.1)

Hispanic 569 (4.1)

Asian/HUPI | 72 (0.5)

American Indian/Alaskan native (non-Hispanic) 42 (0.3)

Multi Race/Unknown/ Other (non-Hispanic) 203 (1.4)

HIV transmission Risk *

Blood products 85 (0.6)

High risk heterosexual 1796 (12.9)

Presumed Heterosexual (PH)-male 1201 (8.6)

Presumed Heterosexual (PH)- female 793 (5.7)

IDU 1362 (9.8)

MSM 6807 (48.9)

MSM/IDU 539 (3.9)

Perinatal 156 (1.1)

Unknown 1191 (8.5)

Age at HIV diagnosis (years)

0-12 178 (1.3)
13-19 638 (4.6)
20-24 1753 (12.6)
25-29 2260 (16.2)
30-39 4833 (34.7)
40 - 49 2974 (21.3)
50-59 1044 (7.5)
60 and over 247 (1.8)
Missing 3 (0.0)

Current HIV status
AIDS 7707 (55.3)
HIV-NA (not AIDS) 6223 (44.7)

E3
Coinfection=Any HIV infected individual that is infected by hepatitis B and C virus (acute and

chronic)TAsian/Hawaiian, Pacific Islander, non-Hispanic, iHeterosexual female=Female who
denies IDU and has had sex with a man, MSM= Male-male sex, IDU=Injecting drug user
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Table 4.2. Multivariable Cox regression analysis of factors associated with survival among
HIV/AIDS infected individuals in the state of Michigan

Variable Crude HR  95% CI for Adjusted HR 95% CI for
HR Adjusted HR
Coinfection
Not coinfected 1
Coinfected 24 1.8-3.2
Sex
Male 1 1
Female 1.2 1.0-1.4 09 0.8-1.2
Race
White (non-Hispanic) 1 1
Black (non-Hispanic) 15 1.3-1.8 1.3 1.1-1.6
Hispanic 1.1 0.7-1.7 1.0 0.6-1.5
Other 23 15-34 22 1432
Age at HIV diagnosis
(years)
<20 1 1
20-29 2.4 1.3-4.4 1.7 0.9-3.1
30 -39 3.1 1.8-5.6 1.8 1.0-3.3
40 - 49 4.6 2.6-8.2 2.5 1.4-4.5
50 and over 9.0 5.0-16.1 4.7 2.6-8.6
Current HIV status
HIV-NA (not AIDS) 1
AIDS 5.9 4.8-7.4
HIV transmission Risk
MSM 1 1
Blood products 1.3 0.5-3.5 1.4 0.5-3.7
Heterosexual 1.4 1.2-1.8 1.4 1.1-1.8
IDU 2.8 2.3-34 2.1 1.6-2.6
MSM/IDU 1.8 1.2-2.5 1.5 1.1-2.2
Perinatali - - - -
Undetermined® 1.7 1.4-2.1 1.5 1.2-1.9
Interaction
Current HIV status x
coinfection
AIDS vs HIV-NA
Coinfected 2.4 1.2-4.8
Not coinfected 59 4.6-7.4

E3
Other= Multiracial, Asian, Hawaiian & Pacific Islander, Alaskan Native, American Indian
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THeterosexual= Presumed Heterosexual (PH)- female and HRH (High risk heterosexual), .

Some cells have zero counts, §Undetermined=Unknown (Males and Females with no identified

risk) and Presumed Heterosexual (PH)-male
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CHAPTER 5.

SUMMARY AND CONCLUSIONS

Spatial study

This spatial study identified localized clusters of HIV-hepatitis B or C co-infection in counties of
the Upper Peninsula, north, west and northwestern Michigan and adjacent counties in addition to
a few non-significant counties in the southern portion of the state. However, the high risk
clusters identified in the Bernoulli and Poisson models were not in counties in Southeast
Michigan where there is high HIV prevalence and high population density. It is possible that the
geography of HIV-hepatitis co-infection prevalence is different from the geography of HIV
prevalence. This could be due to the presence of some unobserved factors that might influence
the transmission of hepatitis infection among HIV infected individuals that are different from the
transmission of HIV infection among the normal population. The Poisson clusters were found in
certain counties that had significant clustering of HIV-hepatitis co-infection after adjustment for
sex, race and current HIV status. Therefore, it is essential that the geographic analyses of
incidence or prevalence should take into account characteristics that are significantly associated
with prevalence to delineate the underlying spatial structure. In this respect, spatial cluster
analysis serves as an important tool to delineate infectious disease clusters, which could be

missed by other analytic methods that do not consider geography.

Comparison of the Bernoulli and Poisson methods revealed significant overlapping
counties. The overlapping counties namely Allegan, Newaygo Lake, Benzie, and Leelanau

indicated that these areas may be ‘hotspots’ for HIV-hepatitis co-infection that require further
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investigation. It is likely that the counties that showed significant clustering of HIV-hepatitis co-
infection by both methods have certain characteristics that complement the HIV infected
population. It is possible that there could also be a lack of available or accessible health services
in the counties with significant HIV and hepatitis co-infection clustering. Future research should
investigate the relationship between HIV co-infection and the number of hospitals or other health
services, which could affect access to health care and early treatment and diagnosis.

Additionally, these counties could be areas where injection drug use is common.

The results from this geographic study can guide policy makers and health managers to
target interventions and disease control measures towards these areas. In addition, efficient
allocation of resources to these areas can be considered as a means to obtain maximum benefit
from any measures undertaken to prevent spread of hepatitis infection among the high risk
population of HIV infected individuals. Future studies should focus upon identifying risk factors
that are associated with clustering of HIV-hepatitis co-infection in these counties as well as

modifiable factors that tend to prevent these infections.

Prevalence study

Although the prevalence of HIV- hepatitis co-infections in Michigan was not higher than the
other studies conducted in the US on the same topic, it does represent a public health problem
especially when considering the vulnerability of the immunocompromised HIV infected
population. An important finding in our study was the identification of males of different races as

well as of Black race to be at a higher risk of hepatitis co-infections. The majority of studies on
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HIV and hepatitis co-infection indicated that individuals of Black race are at a higher risk of
HIV/AIDS as well as for hepatitis co-infection, however, our results indicate that other races
might be at a higher risk for hepatitis co-infections. This association needs to be explored further
to identify racial subgroups which might be at a higher risk for hepatitis co-infections. Possible
reasons could be inadequate immunization coverage for hepatitis B, cultural practices, poor

access to health care, or risk factors specific to some racial subgroups.

Currently having AIDS and being of older age at diagnosis were found to be important
predictors of hepatitis co-infection. It is likely that being co-infected with hepatitis could have
led to rapid progression to AIDS or there may be other factors specific to AIDS which could lead
these individuals to acquire hepatitis B or C infections. It is conceivable that older individuals
had HIV infection earlier on but were diagnosed later. It is also likely that these individuals had
more chances of acquiring hepatitis infection through similar transmission routes because the
duration of exposure to viral hepatitis is more likely to be higher in older individuals. Another
possibility could be that they are more immunologically compromised when they are infected
with HIV at an older age as compared to a younger age making them more likely to develop

chronic hepatitis infection.

An important finding was the correlation of transmission through blood products with co-
infection which points to the continuing issue of screening blood, and blood products and
indicates that additional measures should be taken to address this issue. Other high risk
populations identified in this study were IDUs and MSM/IDU which is consistent with previous

studies. The study also demonstrated for the first time interactions between current HIV status,
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and sex and current HIV status, sex, and age at HIV diagnosis. According to the results, males
currently having AIDS were more likely to be co-infected with hepatitis B or C than females. It
is likely that there could be some risk factors more prevalent in males having AIDS as compared
to females which could result in them acquiring hepatitis infection more commonly than females.
Additionally, the interaction between current HIV status, sex, and age at HIV diagnosis indicated
that males currently having AIDS and at a younger age were more likely to be co-infected, in
addition to males who had AIDS and were above 50 years of age. The importance of these
findings needs to be explored further in order to implement preventive measures and
interventions to reduce the prevalence of hepatitis co-infections. Finally, future studies should be
conducted keeping in mind the changing epidemiology of HIV-hepatitis co-infections and the
urgent need to prevent co-morbidities in an already high risk immune-compromised population

of HIV/AIDS infected individuals.

Survival study

The initiation of HAART as an effective form of anti-retroviral therapy has resulted in an
increased survival among HIV/AIDS patients. However, challenges for treatment still prsist
because of other co-morbidities like hepatitis B and C infection. This study points to the fact that
mortality among HIV/AIDS infected individuals with hepatitis co-infection is a continuing
problem even after the availability of HAART. Our study identified certain high risk populations
like individuals of Black and Other race which were at an increased risk for mortality. It is
particularly concerning that individuals belonging to other races were at a higher risk for death

which could indicate a shift in the mortality profile of HIV and hepatitis co-infected individuals.
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Currently having AIDS was associated with a higher risk of mortality which underscores the
importance of early diagnosis and treatment of AIDS. An elevated risk of death was observed
with increasing age at HIV diagnosis which was more apparent after 30 years of age whereas the
highest risk was seen among individuals who were 50 years and older. For HIV transmission risk
categories, IDU remains a major predictor for mortality, a finding consistent with earlier studies.
Additionally, MSM/IDU, and heterosexual transmission were important contributors to

mortality.

Our study also demonstrated an interaction between current HIV status and co-infection.
It is important to note that individuals who currently have AIDS and are not co-infected are at a
significantly decreased survival as compared to individuals having AIDS who are co-infected.
Possible reasons could be an early mortality among AIDS patients before diagnosis of hepatitis
infections, extra care and treatment that may be given to AIDS and hepatitis co-infected patients

or early diagnosis and treatment of AIDS and hepatitis co-infected patients.

The findings from this study highlight the importance of complex relationships between
different factors which are associated with mortality. It is essential to further explore these
associations in order to plan and implement interventions to reduce mortality among HIV
infected individuals. Future research should emphasize upon the impact of early initiation of
antiretroviral therapy for HIV co-infected individuals and the benefits of early screening of all
HIV or AIDS infected individuals for co-morbidities like hepatitis. Furthermore, identification of

additional high risk behaviors or practices that may be present specifically in HIV-hepatitis co-
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infected individuals could also serve to be an important point for prevention and control of

hepatitis co-infections.
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