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Abstract

The end result of human immunodeficiency virus (HIV) is the depletion of the immune system that
leads to Ols like HCMV. Sero-prevalence of human cytomegalovirus (HCMV) infection in HIV-
infected patients is high, more than 95% in immune compromised people even in the era of highly
active antiretroviral therapy (HAART). The objective of this study was to assess the sero-prevalence
and associated risk factors for the reactivation of HCMV infection among HIV-1 patients on HAART
and to identify the common associated risk factors on these populations. A cross sectional study
design on the samples of HIV-1 patients on HAART was taken place. This study was carried out
using PCR abbot system (Abbot System) for the determination of HIVV-1/viral load (RNA copies/ml)
and chemiluminescent Micro particle immunoassay (CMIA) for the qualitative detection of 1gG and
IgM antibody to HCMV in human plasma. Out of the total 76 participants recruited for this study
46(60%) were female participants 30(40%) were male participants median age was 38.5, mean age
37.5, and the most frequent age was 40.The HCMV sero-prevalence (anti-HCMV IgG) was
76/76(100%) and 3/76(3.9%) for anti-HCMV IgM. Previous history of lower CD4 or recent CD4
decrease as well as higher HIV-1/viral load was not significantly related (p> 0.05) (p = 0.317 for
IgM) to HCMV positivity. Rather other previous immunologic and clinical profiles were correlated
(p< 0.05). The highest HCMV prevalence shows the endemicity of the virus and serological tests for
HCMV should be taken into account as a diagnostic tool. This study strongly recommends that
HCMV comprehensive study should be taken place in Ethiopia to note the actual figure of prevalence
of HCMV in HIV-1 patients on ART naive and taking ART as well as HCMV serological tests

should be taken into account.
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1. Introduction

1.1. Backgrounds

The human immunodeficiency virus (HIV) epidemic remains one of the greatest global health
challenges of the 21% century. In the absence of an effective vaccine or curative therapy,
According to the Joint United Nations Program on HIV/AIDS (UNAIDS, 2013), 35.3 million
people worldwide were estimated to be living with this deadly virus by end of 2012 of which
23.6 million (67%) were in sub-Saharan Africa. In 2014, 2.6 million children aged <15 years
worldwide were living with human immunodeficiency virus (HIV-1), of whose 88% lived in
sub-Saharan Africa. The same year, there were 220 000 new infections and 150 000 deaths
among children, of which the majority can be attributed to opportunistic infections (OlIs)
(UNICEF, 2016).

Antiretroviral therapy (ART) a Combination Therapy, Combined Antiretroviral Therapy
(CART), Highly Active Antiretroviral Therapy (HAART) to treat HIV infection has been
available since 1996 for individuals diagnosed with AIDS and has allowed long-term control of
the disease with increased survival, and decreased morbidity and mortality rates (AIDS Info Net
,2014). HAART has increased life-expectancy and quality of life dramatically, with persistent
suppression of HIV viraemia. Overall HIV-related mortality decreased from 29.4% per years in
1994 to 8.8% in 1997. However, even in the ART era, HIV-related Ols are still an important
cause of hospitalization and death, which may be the result of late diagnosis and low levels of
CDA4+ T cell counts (Pallela et al., 1998).

Human immunodeficiency virus/acquired immunodeficiency syndrome (HIV/AIDS) is a major
public health problem in sub-Saharan Africa. HCMV has been reported to enhance HIV

replication and accelerate the progression of HIV infection to AIDS (Adeola et al., 2015).

Recent studies suggest that co infections such as CMV can exacerbate HIV-related chronic
immune activation during ART, and might augment the size of the latent HIV reservoir
(Gianella et al., 2016). HIV infects cells bearing the CD4 antigen receptor, the most important
being T — helper lymphocyte (CD4 T = cells). These cells regulate cellular and humeral-
immunity by interacting with other T — lymphocytes, B — lymphocytes, macrophages and
natural killer cells. When CD+ 4 positive T — cells are depleted, immune defenses are weakened
(Cheesbrough, 2005).



It has been reported that decrease in CD4+ count is partially responsible for major
immunodeficiency’s that leads to most of the OIs among HIV infected individuals. The most
common Ols/co-infections in HIV infected individuals are tuberculosis, chronic diarrhea,
candidiasis, HSV-2, HCMV, HCV and HBV (Saha et al., 2011).

In a healthy human body, microbes live in a dynamic equilibrium with the host. Each new
invading microbe in particular, a virus (or viruses) resets this balance in an attempt to create
favorable conditions for its own existence, leading to beneficial or detrimental conditions for
other microbes. In response to some invading microbes, however, the host fails to reset this

equilibrium, and such microbes become pathogens (Andrea et al., 2009).

Human herpes viruses are the major targets of therapy in both settings. The herpes viruses,
particularly HCMV, herpes simplex virus (HSV) and varicella-zoster virus (VZV) act as

opportunistic pathogens as cell-mediated immunity declines (Wood et al., 1996).

HCMV is the largest and most complex of the eight human herpes viruses. The DNA sequence
of strain AD169 was the first complete HCMV genome to be published (Chee et al., 1990).
Revisions have since been made to the initial AD169 genome sequence, and in recent years full
genome sequences for several other HCMV strains from both laboratory-adapted viruses and
viruses derived from pathological specimens have been published. Currently, the strain Merlin
(GenBank Accession number AY446894.2), with a genome size of 235,646bp, is widely
regarded as the consensus HCMV reference genome. Wild type HCMV strain Merlin contains

at least 170 protein-coding genes (Gatherer et al., 2011).

Evidence from high income countries suggests that HCMV infection among HIV infected
individuals may cause end organ disease, which is an AIDS defining condition and HCMV may
alter the outcome of HIV infection, other than causing end organ diseases (Helene et al., 2016).
HCMV remains in a latent state in monocytes, in the immune-compromised host, infection with
HCMV strains from the donor organ or reactivation of recipient strains can occur leading to
increases in viral load in the blood and commensurate disease development (Soderberg et al.,
1997).

HCMV infection is the most frequently observed opportunistic ocular viral infection in patients
infected with human immunodeficiency virus (HIV). The incidence of HCMV retinitis in
patients with acquired immune deficiency syndrome (AIDS) is reported to be between 24% and

30% and is associated with a low CD4+ T-lymphocyte count (Kuperman et al., 1998).



A synergistic effect may worsen the immunologic profile and could potentially translate into a
more rapid disease progression as trans-activation of HIV-1 gene expression and release of rays
of different cytokines by HCMV infected-cells could activate the latent HIV pro-viral DNA
(Mujtaba et al., 2003).

Quantitative HCMV DNA detected in the plasma of HIV-infected patients with CD4 counts-
100 cells/ml is a predictor for HIV disease progression, HCMV disease and death. 43.5% of the
patients presented with positive viraemia, but only 7.4% had end organ HCMV disease but
recently, new quantitative PCR assays have been developed with increased sensitivity. The
threshold of detection has decreased from 400 - 20 copies/ml, in plasma samples (Casado et al.,
1999).

The risk for mother-to-infant transmission of HCMV may be higher among infants born to
women dually infected with HCMV and HIV in a study of 440 infants born to HIV infected
U.S. women, the overall rate of in utero infection was 4.5% higher than the <2% rate of in utero

infection in the general U.S. population (Thomas et al., 2009).

In contrast to other viral causes of hepatitis, patients with HCMV are an icteric, and their
aspartate transaminase and alanine transaminase levels rarely go above five times their normal
ranges. Other laboratory abnormalities found in association with acute HCMV infection include

anemia, thrombocytopenia, and positive cold agglutinins (Gregory H et al., 2003).

In Ethiopia, CD4 count less than 200/mm3 and advanced WHO clinical stages of the
disease were found to be predictors of Ols (Damte D et al., 2013). A study showed
low congenital Cytomegalovirus infection among newborns, although there was high sero-
prevalence of HCMYV infection among mothers at our center; and is likely to be a reflection of
the overall high prevalence among adult Ethiopians In Ethiopia, more effort is needed to screen
for congenital infectious viral disease as well as usage of advanced techniques should be taken

into consideration (Mamuye et al., 2016).

1.2. Statement of the problem

HCMYV is an AIDS-defining WHO stage 4 opportunistic infection for both adults and children,
seen when the CD4 T-cell count falls below 100 cells/ul and as an immune reconstitution
syndrome after starting highly active antiretroviral therapy (HAART). The HCMV is considered
the most important viral opportunistic pathogen in patients with acquired immune deficiency
syndrome (AIDS).



Epidemiological studies showed that infections caused by HCMV occur frequently across
countries in the world and CMV sero-prevalence in general population is estimated to range
between 60% and 90% in developed countries, even higher rates (>90%) in developing
countries. The primary problem here is that there is no diagnostic setup for human
cytomegalovirus (HCMV) in blood transfusion throughout the country taking into account that
thousands of blood units are given to the different patients there are also hospitals which started
an organ transplant in Ethiopia but none of them have this test for their recipients to prevent and
treat their patients. Moreover, for around 30 years HIV/AIDS followed by opportunistic
infection is major health concern in Ethiopia and there are no comprehensive studies concerning
this problem. The other major problems are no efforts nationwide to fill the gap of the problem.
Even there is no any clear figure showing this problem except pocket of study or some related
articles. Taking in to account these obstacles assessment of the distribution of HIV/AIDS
related opportunistic infection like HCMV in Ethiopia will improve prevention program. This
study is an attempt to fill the gap with the objective of assessment of the sero-prevalence, and
associated risk factors for the reactivation of HCMV among HIV- 1 positive individuals in
Addis Ababa Ethiopia.

1.3. Significance of the study

The magnitude of the problem in Ethiopia has not been adequately investigated and still
remains a major health problem. The prevalence of infection in a given population can only be
reliably estimated by laboratory testing as clinical symptoms are usually absent. HCMV sero-
positivity is considered as the best laboratory measure of past infection. Determination of local
HCMV sero-prevalence is important especially in regions where the infection is perceived to be
common. This will assist identifying risk factors for its acquisition and developing prevention
strategies. The first and most important input of this study is to show (figure out) for the first
time sero prevalence and of HIV-HCMV co-infection in HIV-1 patients. The second is, to
correlate this outcome with late and recent clinical and immunological profiles of HIV-1
patients in Ethiopia. Therefore this study is so much significant to provide information about the
distribution and correlation of HIV-1 opportunistic infections and may help to policy makers to
set the prevention program related to this problem besides to this the diagnosis and treatment of
HIV-1 opportunistic infections like HCMV will be considered as one of the top infections that

cause mortality.



2. Objectives of the research project

2.1. General objectives

e To assess the sero-prevalence and associated risk factors for reactivation of HCMV
among HIV-1 patients on HAART

2.2 . Specific objectives

e To evaluate the sero- prevalence of HCMYV infection in HIV-1 patient on HAART

e To identify associated risk factors of HCMV infection on HIV-1 patients on
HAART

e To establish the HCMV level of infection with CD4 count and viral load of HIV -1
on HAART



3. Literature review

3.1 Human immune deficiency virus (HIV)

Human retroviruses were unknown until the 1980's. First discovery of HIV-2 in West Africa
and its similarities with simian immunodeficiency viruses (SIVs), first identified in captive
macaques in North America, raised the possibility of a link between human and non-human
primate lenti-viruses (Daniel et al., 1985). The two known types of HIV—HIV-1 and HIV-2
belong to a family of primate lenti-viruses whose other members infect African green monkeys
(SIVagm), sooty mangabey monkeys (SIVsm), mandrills (SIVmnd), sykes monkeys (SIVsyk),
and chimpanzees (SIVcpz) (Hayami et al., 1994)

The subtypes and HIV are retroviruses and the etiologic agents of AIDS. HIV belongs to a large
family of ribonucleic acid (RNA) lent viruses. These viruses are characterized by association
with diseases of immune-suppression or central nervous system involvement and with long
incubation periods following infection before manifestations of illness become apparent
(Grabowski et al., 2017)

HIV prevalence is substantially higher among key populations. Compared to the general
population, for example, HIV prevalence is 22 times higher among people who inject drugs as
well as in low- and middle-income countries, MSM and Female sex workers (compared to all
women of reproductive age) are 19 and 13.5 times more likely to have HIV, respectively, than

the background population (Baral et al., 2012).

Heterosexual transmission remains the dominant mode of transmission and accounts for about
85% of all HIV-1 infections. Southern Africa remains the epicenter of the pandemic and
continues to have high rates of new HIV-1 infections (UNAIDS, 2006).

Although overall HIV-1prevalence remains low in the emerging epidemics in China and India,
the absolute numbers, which are fast approaching those seen in southern Africa, are of concern.
Outside of sub-Saharan Africa, a third of all HIV-1 infections are acquired through injecting
drug use, most (an estimated 8-8 million) of which are in Eastern Europe and central and
southeast Asia (Hayes and Weiss, 2006).

Data on HIV infection cases are more useful for determining the populations that need
prevention and treatment services, as well as forecasting ART needs. Therefore, surveillance
must move from reporting cases of AIDS to reporting cases HIV infection, which captures data
on any clinical stage of HIV infection (WHO, 2009).



ART is able to restore the patients” immunity, increasing the number of CD4+ T lymphocytes to
their normal values, and it is also able to reduce the HIV viral load In spite of the therapeutic
and preventive measures available for the control of infection, epidemiological data indicate that
a significant number of individuals are still infected by HIV, particularly youths (Zambarak et
al., 2001).

Antiviral drugs, other than those with anti-retroviral activity, are used in persons with human
immunodeficiency virus (HIV-1) infection for two purposes: treatment or prevention of viral
infections that cause disease in persons with immunodeficiency, and to suppress viruses that

might act as co-factors and promote replication of HIV-1 itself (Wood et al., 1996).

3.1.1 Human immune deficiency virus (HIV) pathogenesis
HIV RNA viruses containing reverse transcriptase, a polymerase that synthesizes pro-viral
DNA from RNA. This pro-viral DNA becomes integrated into the host's cellular genome,
leading to a persistent infection. There are 2 main classes of the AIDS virus: HIV-1 and HIV-2.
The most common virus found, particularly in the United States, is HIV-I. This is also the more
virulent form and is associated with a faster immunologic deterioration and clinical progression
(Hidalgo et al., 2000).

Human Immunodeficiency Virus (HIV) the causative agent of Acquired immunodeficiency
syndrome (AIDS) is deadly and which currently has no cure whose case fatality rate is well
above 95 % in the absence of treatment Since the outbreak of the HIV pandemic, it is estimated
that over 30 million people worldwide have died due to AIDS of which more than 70% were
from sub-Saharan Africa (Stain, 2008).

HIV was originally designated human T-lymph tropic virus (HTLV)-III, lymph-adenopathy-
associated virus (LAV), or AlDS-associated retrovirus (ARV) (Fauci, 1988). AIDS is induced
by the HIV virus. Therefore, it is specifically referred to as HIV/AIDS because other factors
such as corticosteroids, cancer chemotherapy, and alkylating agents can also produce AIDS-like

symptoms (Stine, 2000).

Many people living with HIV or at risk for HIV do not have access to prevention, care, and
treatment, and there is still no cure. HIV primarily affects those in their most productive years; a
third of new infections are among young people (ages 15-24). HIV not only affects the health of
individuals, it impacts households, communities, and the development and economic growth of

nations. Many of the countries hardest hit by HIV also suffer from other infectious diseases,
7



food insecurity, and other serious problems (The Global HIVV/AIDS Epidemic, 2017). Eastern
and Southern Africa is home to more than half (53%) of all people living with HIV, as well as
more than half of the children living with HIV (62%) (UNAIDS, 2014). Despite the significant
impact, new infections in the region have declined by 29% since 2010. Almost all of the
region’s nations have generalized HIV epidemics—that is, their national HIV prevalence is
greater than 1%. In eight countries, 10% or more of adults are estimated to be HIV-positive.
South Africa has the highest number of people living with HIV in the world (7.1 million).
Swaziland has the highest prevalence in the world (27.2%).

The HIV epidemic in Ethiopia is heterogeneous by sex, geographic areas and population
groups. Among women and men combined, HIV prevalence is seven times higher in urban
areas than in rural areas (2.9%versus 0.4%) (CSA, 2018). HIV prevalence is 3.6 percent among
women in urban areas compared with 0.6 percent among women in rural areas. Seven out of the
nine regional states and two city administrations have HIV prevalence above 1 percent. Looking
at HIV prevalence by region, it is highest in Gambella (4.8 %), followed by Addis Ababa
(3.4%), Dire Dawa (2.5%), and Harari (2.4%) (ICF, 2018).

3.1.2 Human cytomegalovirus (HCMV) prevalence

HCMV s a prevalent pathogen; with 50-100% of the general population showing prior
exposure by serology. In Patients with HIV the second most common context in which a family
physician will encounter the clinical sequelae (pathology) of HCMYV infection is in patients with
HIV who have a CD4 T-lymphocyte count of Less than 50 cells per mm3 in the era before
HAART (Gregory H et al., 2003). Immune status, reflected by CD4 (%CDA4+ or absolute count)
is usually more informative. This is reflected in the most up-to-date WHO recommendations on
ART for children and adults to decide the clinical stage (WHO stage) (WHO, 1987)

Sero-prevalence is lowest in Western Europe and in the United States, generally below 80%.
Studies from both Europe and the US have identified non-white ethnicity and low
socioeconomic status as risk factors for HCMV infection. HCMV sero-prevalence is highest in
South America, Africa and Asia, where generally more than 90% of the populations are
infected. Studies from non-HIV-1 infected individuals in Africa have found CMV sero-
prevalence between 78% and 100 % (Arne B et al., 2007).

Antiretroviral therapy (ART) is able to restore the patients’ immunity, increasing the number of
CD4+ T lymphocytes to their normal values, and it is also able to reduce the HIV viral load. In
spite of the therapeutic and preventive measures available for the control of infection,

epidemiological data indicate that a significant number of individuals are still infected by HIV-
8



1, particularly youths (Silva et al., 2015). Blood transfusion is the most important mode of
prenatal/post-natal spread of HCMV to neonates. In different parts of India, serological surveys
have shown 80.9% prevalence of HCMV IgG antibodies in women of childbearing age
(Chakravarti et al., 2009). A serological survey of over 20,000 women in London found 54.4%
of these women revealed that HCMV transmissions occur among people of all ages, races, and
socioeconomic classes, throughout both the modernized and developing parts of the world
(Gaytant MA et al., 2002).

HCMV is a ubiquitous with prevalence ranging from 40 -100%. This variation in sero-
prevalence of HCMV IgM observed in several studies may probably be due to epidemiological

and methodological differences (Notomi et al., 2000).

Some patients do not have a sustained response to antiretroviral agents for multiple reasons
including poor adherence, drug toxicities, drug interactions, or initial acquisition of a drug
resistant strain of HIV-1. Therefore Ols continue to cause substantial morbidity and mortality in
patients with HIV-1 infection despite use of ART (Miller et al., 1999; Dore et al., 2002).

Prevalence (%)
>95%

81% - 95%
66% - B0%
51% - 65%
35% - 50%
<35%

JOOOoeN

no data

Figure 1: | Worldwide HCMV sero-prevalence rates indults. Aged 16-50 years published between 2005
and 2015. Source: (Emily Adland et al., 2015)

Africa has been reported to have the highest IgG prevalence rate of HCMV. For instance Egypt
and Western Sudan recorded prevalence rate of 96.0% and 72.2% respectively (MJ Cannon et
al., 2010). And Nigeria reported 100% HCMV among HIV patients (Kida | M et al., 2014).
However there are also reports somehow lower HCMV prevalence inside the same country in



Africa, the above Nigerian 100% not consistent in other teaching Hospital in Lagos, Nigeria
which revealed 75% HCMYV prevalence (Olajumonk et al., 2014).

3.1.3 Common Diagnostic Methods for HIV and HCMV
HIV as well as HCMV can be present in a variety of body fluids; however blood and blood

components have the greatest concentration of viral components. There are multiple HIV

laboratory testing methods available.

Table: 1 Common Diagnostic Method for HIV and HCMV

Common diagnostic methods for HIV

Common diagnostic methods HCMV

(1)Serology: These serologic tests for HIV antibody
make use of the human immunologic response to HIV
infection in which antibodies, primarily directed against
HIV proteins and glycoprotein such as gp120 and
gp160, appear after acute HIV infection. The sensitivity
and specificity of EIA testing by standard methods
using serum exceeds 99%.the EIA is gold standard.

(1)Serology:_Serological diagnosis of CMV infection can
be accomplished by dosing the IgM and 1gG antibodies.
The firs antibody to appear is 1gM, which may be
present in the patient’s serum for a long period of time
after the infection.__Moreover, this antibody may
reappear after re infection, including infection by
different strains of the virus, demonstrating that IgM
positivity is not diagnostic of a primary or recent
infection with CMV. The IgG antibody appears in the
blood after 6 to 8 weeks of infection and can persist
indefinitely, although with fluctuation in its levels.

(I1) POCT: Point-of-care tests use of rapid serum EIA
methods, defined as any test that yields results in less
than 30 minutes, provides accuracy nearly as good as
routine EIAs. POCTs are typically based upon immune-
chromatography, and they usually detect HIV-1 and
HIV-2 antibodies using synthetic antigens, and less
often are engineered to detect p24 antigen.POCTs have
a sensitivity of >98%

(1)Antigenemia (pp65): The CMV antigenemia test is a
rapid method for the detection of CMV phagocytized
by neutrophils in the peripheral blood. In particular,
monoclonal antibodies to CMV pp65 protein are used
as an early and specific marker of active infection. The
blood sample should be collected with anticoagulant,
and the results are expressed as the number of poly-
merphonuclear cells infected in relation to the total
number of polymorphonuclear cells counted.

(11) PCR (polymerase chain reaction): is based upon the
amplification of HIV-1 RNA in plasma. It is possible
for this test to detect the presence of HIV-1 RNA up to
11 to 12 days prior to ELISA and 3 to 6 day before the
p24 antigen is detected. Thus, NAT has been utilized as
a means for reducing the "window" period to only 10 to
12 days from HIV infection to serologic positivity for
screening blood product donations. Such tests can
potentially detect levels of HIV-1 RNA as low as 5 to
40 copies/mL. NAT is useful for point-of-care (POC)
testing in low resource health care settings.

(M) QPCR: Viral load quantification in CMV by
quantitative PCR is the main alternative option for the
diagnosis of viral replication and for decision making
regarding preemptive treatment and monitoring the
response to treatment. This test is carried out using the
real-time PCR (RT-PCR) technique, which provides
better accuracy, a faster response time, higher
efficiency and a lower risk of contamination compared
with conventional PCR. Quantification of the viral load
can be conducted using plasma, whole blood or
cerebrospinal fluid. In addition to the test’s high
sensitivity, limited concordance has been observed
between broncho-alveolar lavage positivity by PCR
and systemic infection.

(IV) P24 ASSAY: The HIV-1 p24 assay detects the core
antigen p24 which is produced by the HIV-1 gag gene.
This test is essentially the reverse of the enzyme
immunoassay for HIV-1 antibody, because the
methodology makes use of an antibody to HIV. p24
coated on a solid phase that "captures" the p24 in a
patient specimen. An enzyme conjugated second
antibody to p24 is then added and a standard enzyme
immunoassay method used for detection. The p24
assay can be utilized on non-lipemic or non-hemolyzed
serum, on plasma, or on cerebrospinal fluid. The p24
antigen ian be detected in 12 to 17 days after initial
HIV-1 infection.

(IV)Histology: The analysis of a biopsy of the affected
tissue is useful in the diagnosis of invasive disease, both
based on the presence of intracellular viral inclusion and
based on the detection of CMV antigens by immune-
histo-chemistry or DNA hybridization, together with an
inflammatory response. Due to the impossibility of
histological analysis, involvement of the central nervous
system can be determined based on the presence of
CMV in the cerebrospinal fluid, as detected by RT-
PCR.

Adopted from: (Azevedo et al., 2015) and (WHO/AIDS case definition, 2006)
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3.1.4 WHO Clinical Staging, Major Symptoms and CD4 count of HIV
WHO clinical staging is WHO based clinical and immunological classification of HIV infected
individuals according to clinical as well as immunological manifestations taken from the
Cassese. Based on this they are classified as:

Table: 2 WHO clinical staging major symptoms and CD4 count of HIV

Clinical stage Clinical Symptoms CD4 count

| Asymptomatic >500
(Asymptomatic) Persistent generalized lymphadenopathy

1 -Unexplained moderate weight loss (<10% of presumed measured body | 350-499
(Mild) weight)

-Recurrent respiratory tract infections (sinusitis, tonsillitis, otitis media
and pharyngitis)

-Herpes zoster

-Angular cheilitis

-Recurrent oral ulceration

-Papular pruritic eruptions

-Seborrhoeic dermatitis

-Fungal nail infections

1l -Un explainedi severe weight loss (>10% of presumed or measured body | 200-349
(Advanced) weight)

-Unexplained chronic diarrhea for longer than one month

-Unexplained persistent fever (above 37.5°C intermittent or constant, for
longer than one month)

-Persistent oral candidiasis

-Oral hairy leukoplasia

-Pulmonary tuberculosis

-Severe bacterial infections (such as pneumonia, empyema,
pyomyositis,bone or joint infection, meningitis or bacteraemia)

-Acute necrotizing ulcerative stomatitis, gingivitis or ----Periodontitis
-Unexplained anemia (<8 g/dl), neutropaenia (<0.5 x 109 per litre)
and/or chronic thrombo-cytopaenia (<50 x 109 per litre

v -HIV wasting syndrome, Pneumocystis pneumonia, <200
(Sever) -Recurrent severe bacterial pneumonia, Chronic herpes simplex infection
(orolabial, genital or anorectal . of more than one month’s duration or
visceral at any site)

-Oesophageal candidiasis (or candidiasis of trachea, bronchi or lungs)
Extra pulmonary tuberculosis.

-Cytomegalovirus infection (retinitis or infection of other organs) Central
nervous system toxoplasmosis

-Extra pulmonary cryptococcosis including meningitis
-Disseminated non-tuberculous mycobacterial infection
-Progressive multifocal leukoencephalopathy

-Disseminated mycosis (extrapulmonary histoplasmosis
orcoccidiomycosis)
-Recurrent septicaemia (including non-typhoidal Salmonella)

Adopted from: - (Klatt C, 2018) and (WHO/AIDS case definition, 2006).
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3.2.1 Human Cytomegalovirus (HCMV) other strains and genome organization

HCMYV is a double-stranded DNA virus that has several close relatives in animals. HCMV was
first isolated in tissue e culture in 1956. Because the virus produced large, swollen, refractory
cells, it was named cytomegalovirus, and it is also the largest known human virus. HCMV is a
member of the herpes virus group (table 1) (Arne B et al., 2013).

Table 2: Human Herpes-virus (HHV) classification (Source: Daniel Cochrane 2009)

Name Description subfamily
HHV-1 Herpes simplex virus 1(HSV-1) Alpha
HHV-2 Herpes simplex virus 2( HSV-2) Alpha
HHV-3 Varicella zoster virus (VZV) Alpha
HHV-4 Epstein Bar virus (EBV) gamma
HHV-5 Human cytomegalovirus (HCMV) Beta
HHV-6 Human herpes virus 6 (HHV-6) Beta
HHV-7 Human herpes virus 7 (HHV-7) Beta
HHV-8 Kaposi’ sarcoma associated virus (KSHV) gamma

Herpes-viridae is a family of large and complex viruses ubiquitous in nature and infecting
diverse Animal species. The family is classified into a-, b-, and g-herpes-virus subfamilies on
the basis of shared biological properties (i.e., host range, replication Kinetics, and ability to
spread in culture) (chee et al., 1990) and genetic relatedness. Herpes-viruses genomes vary
considerably in size (125-245 kb), G revealed a set of common ‘‘core’” genes that are
conserved in the viral DNA sequence (Bu+ C content (32—-75%), and sequence organization, but
these characteristics are independent of subfamily classification. DNA sequence and genetic

analysis of viruses from each subfamily have tcher et al., 1998).

HCMV, the prototype member of the herpes-virus subfamily Beta-herpes-virinae has a
worldwide distribution and infections with this virus are extremely common. The double-
stranded DNA (dsDNA) genome of wild-type HCMV strains has a size of around 235 kb, which
is longer than all other human herpes-viruses and (Butcher et al., 1998) one of the longest
genomes of all human viruses in general. It has the characteristic herpes-virus class E genome
architecture, consisting of two unique regions (unique long UL and unique short US), both
flanked (figure 2) by a pair of inverted repeats (terminal/internal repeat long TRL/IRL and
internal/terminal repeat short IRS/TRS) (Andrew et al., 2003).

HCMV have a unique four-layered structure. A core containing the large, double-stranded

DNA genome, with an approximate size of 200-250 kbp, is enclosed by an icosapentahedral
12



capsid which is composed of capsomers. The capsid is surrounded by an amorphous protein
coat called the tegument (Khanna et al., 2009). It is encased in a glycoprotein-bearing lipid
bilayer envelope like other herpes viruses. Three classes of viral genes are expressed in a
permissive cultured cell infected by human cytomegalovirus; immediate early (IE), early, and
late. There are two IE proteins (IE1 & IE2) that have overlapping sequence. The immediate
early 72-kDa IE1 and 86-kDa IE2 proteins are the first proteins that are expressed at the start of
infection (Marjan et al., 2007).

HCMV (~235Kb)| _TRL UL | 1IrL | RS | us TRS
VZV (~125Kb)| uL [ m [ us JIrR]
HSV (~150Kb)| TRL | UL [irL | Irs| us | TRs |
EBV (~170Kb)|TR (U1 [IR1] U2 [IR2| u3 [ir3] U4 ra| us [TR|

Figure 2: Comparative schematic genome organizations of human herpes viruses. HCMV,VZV, varicella zoster
virus; HSV, human simplex virus; EBV,Epstein-Barr virus. The lettering within the individual regions of the
genome depicts the following features: terminal repeat long (TRL), unique long (UL), unique short (US), internal
repeat long (IRL), internal repeat short (IRS), terminal repeat short (TRS), and internal repeat (IR).

(Source: Tania Crough and Rajiv Khanna: 2009)

3.2.2 Human cytomegalovirus (HCMV) pathology and prevention
Defective cell- mediated immunity in HIV infected subjects makes them susceptible to
reactivation of latent micro organisms and even lead to reactivation of such an Ols which not
only impose a varying range of morbidities, but it also causes a high cost for affected

individuals and related society (Alireza et al., 2013).

Among HIV-positive children in Africa, the majorities are co infected with HCMV by their first
birthday (figure 1) and almost all are co infected by the time they reach their teens. The growing
epidemic of co infected adolescents may have significant clinical impact in these populations. In
comparison, a study from North America reports a lower rate of early co infections, finding that
40-50% of HIV/HCMV-co infected children had acquired HCMV before their first birthday
(Emily et al., 2015).

The presence of latent virus in monocytes forms a circulating reservoir that may sustain full
viral replication when differentiation into macrophages occurs, whatever the site(s) of latency,
reactivation of latent virus is the critical step in the pathogenesis of CMV infection (Grefte et al
,1994)

The persistence of HCMV s related to equilibrium between the host immune response and the
evasion mechanisms developed by the virus thus HCMV interferes with the initiation of
adaptive immune responses, as well as with immune effectors HCMV has developed several
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evasion strategies to interfere with selected functions of dendrite cells (DCs). Monocyte
infection by HCMV inhibits their differentiation into macro-phages and into CDla-positive

DCs; a phenomenon that does not require viral replication (Wivin et al., 2004).

Prevention strategies include universal antiviral prophylaxis or pre-emptive therapy that is
based on sequential viral load monitoring in blood. Both approaches prevent CMV disease in at-
risk patients, but they are limited by the toxicities of available anti-CMV drugs but early
treatment of viremia (i.e., pre-emptive therapy) may allow some reconstitution of protective
immunity (Kimberly and Sankar, 2015)

Optimal prevention, diagnosis and treatment of active CMV infection enhance immunologic
outcome. Methods to prevent CMV include universal prophylaxis and preemptive therapy; each
has its merits, and will be compared and contrasted (Kotton, 2013)

The incidence of CMV disease in different patient groups is not uniform and in most groups has
declined as more aggressive management strategies have been usedfor example, early treatment
of active infection or prophylactic treatment with anti-virals. The predominant disease in
patients with AIDS has been retinitis (Pillay et al., 1995).

3.2.3 Human cytomegalovirus (HCMV) co infection with human immunodeficiency
Virus (HIV-1)
HCMV has been known to establish latency following primary subclinical infections in

immune-competent individuals. In these individuals reactivation may occur periodically without
any observed sequels. However, in deficiency of host-derived antiviral immune responses
reactivation often causes pathological changes that may results into invasive disease. Long-
lasting immunity in response to HCMV primary infection serves to control subsequent HCMV
reactivation in the host which is essential for preventing uncontrolled viral replication and
serious HCMV disease (Miriam et al., 2017).

The normal range of CD4+ T helper cells in healthy person is 500-1600 cells/ul of blood, which
gradually depletes with progression of HIV infection rendering the patient susceptible to Ols
(Akashdeep, 2013).

The CD4+ T helper cell count drops by approximately 50-100cells/ul of blood per year. With
gradual decline in CD4+ T cell count, symptomatic phase with opportunistic infections
manifesting thrush, weight loss and fatigue starts appearing. Once CD4+ T cell count reaches
below 200cells/ul, risk of Ols increases dramatically and patient is Said to have progressed to
AIDS (Amanpreet, 2013).
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HIV-induced disruption of the equilibrium between a human host and its virone leads to two
grave consequences: reactivation of ubiquitous symbiotic viruses, which start to replicate to
higher levels and infection by new viruses (Brainster et al., 2016). In this imbalanced system,
both symbiotic viruses and the new invaders cause different pathological conditions, including
some ‘“AIDS-defining’’ ones (Andrea et al., 2009)

HIV induces immune-suppression and facilitates all herpes viruses’ development, including
HCMV. On the other hand, HCMV promotes HIV Pathogen city, either by introducing into the
cell its trans-activation proteins, that activate also HIV pro-viral DNA, or by stimulating
production of inflammatory cytokines which activate HIV DNA. Thus, HCMV acts as a
cofactor for HIV, with higher viral production and a more rapid progression to acquired
Immune-deficiency Syndrome (AIDS) (Arne et al., 2012).

The strong HCMV association to inflammation and T-cell immune response skewing played a
significant role in HIV disease progression in the early days of HIV epidemic. Another report

indicates that a strong correlation between peak HIV viral load and peak HCMV viral load

(Fane et al., 2016).

Studies have shown that HCMV viral load is suspected to be the cause of death in most of
patients already diagnosed as AIDS and is a significant risk for morbidity and mortality in
HIV- HCMV co- infected patients however HAART plays in dramatic decline of HCMV

infection and a significant survival of HIV patients (Alireza et al., 2013).

CD4+T cells and CD3+ T cells, natural killer cells & antibodies that re-organize surface
antigens play a crucial role in the immune response to HCMV, preventing the development of
HCMV disease in the immune-competent host (Arne et al., 2012) A synergistic effect may
worsen the immunologic profile and could potentially translate into a more rapid disease
progression as trans-activation of HIV-1 gene expression and release of rays of different
cytokines by HCMV infected-cells could activate the latent HIV pro-viral DNA. The risk of
HCMV is highest when CD4 counts are below 50 cells/ul and is rare with more than 100 cells/
ul Upto 30% of people develop retinitis and in additional 5-10% develop disease in other
organs. Usually decrease in CD4+T cell counts leads to reactivation of these infections (Lalivati
etal., 2015).

Factors such as a drastic decrease of the CD4+ T lymphocyte count (<100 cells/fmm3), with a
consequent loss of immune resistance, as well as the long persistence of HCMYV in the organism
contribute to the high morbidity and mortality rates exhibited by patients with HIV/AIDS Under

such circumstances, the patient becomes more vulnerable to the opportunistic diseases caused
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by HCMV especially by reactivation of its latent form. When ART is not performed, infection

by HCMV can be associated with severe clinical manifestations (Silva et al., 2015).

HCMV replication was sometimes asymptomatic and self-limited that the positive predictive
value of finding HCMV DNA in plasma and white blood cells by PCR was 60% and 40%,
respectively with High titers of circulating HCMV DNA increased the risk of end-organ disease
(Kathryn et al., 2004).

HCMV disease is typically seen when HIV viral load is >100,000 copies/ml of plasma or when
p24 antigen is increased along with a low CD4 count. HCMYV disease in HIV patients most
often manifests as retinitis, esophagitis and enteritis (Ross et al., 2011). Other manifestations
include peripheral neuropathy, pneumonitis, gastritis or hepatitis and colitis. In HIV infected
children, the presence of HCMV infection was associated with more rapid progression into
AIDS and death (chakravarty et al., 2009).

HCMV disease occurs mainly as a reactivation of latent virus in patients who are sero-positive
for HCMV. Since 85%-95% of HIV-infected patients have antibodies to HCMV, other markers
are required to detect reactivation (Battes et al., 2016). It has been shown that the level of
immunodeficiency, as measured by the CD4+ lymphocyte count, is of prognostic significance
with respect to the occurrence of HCMV disease in HIV-infected patients. HCMV viremia is
both a marker of advanced immune-suppression related to HIV infection and independently
predictive of the development of HCMV disease. The risk of developing HCMV disease is
significantly higher for patients with CD4+ lymphocyte counts of < 100/mm3 (Gerard., et al
1997).
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Materials and methods

4.1. Study area and population
The study population was all registered HIV-1 infected patients on HAART in Addis Ababa
city referred EPHI for HIV-1 viral load determination. The study was conducted at Ethiopian
public health institute (EPHI) and international clinical laboratories (ICL). ICL is an advanced

private laboratory found in Addis Ababa capital of Ethiopia.

4.2. Study Source
All HIV-1patients coming to EPHI for routine HIV-1/viral load determination, samples were

selected by statistically random sampling since the collected samples within two months are
1500 and the key was approximately 20 using the 76 sample size.

4.3. Study design and period
Cross sectional study was conducted among the samples of HIV-1 Positive individuals who

have all the data needed for routine viral load at EPHI from November 2018- February 2019.

4.4. Study Variables
Socio demographic characteristics, HCMV-associated factors in and HIV-1 infected patients

were considered as explanatory variables; while opportunistic infection status of HIV-infected

patients was considered as outcome variables of this study.

4.5. Sample size and sampling techniques
Sample size was calculated using expected prevalence formula, N= Z4P(1-P)

D2

Where
N = sample size
P = prevalence of HCMV antibodies (in sub Sahara) =94.8%
Z = standard normal distribution at 95% confidence limit =1.96
D = allowable error = (5% = 0.05)

» Therefore, Since N=Z%P(1-P) was 1.962 x 0.948 x (1 — 0.948)

D’ (0.05)?
1.962 x 0.948 x (1 —0.948) then 3.8416 x 0.948 x 0.052
(0.05) 0.0025

3.8416 x 0.948 x 0.052 that is, 0.1893755

0.0025 0.0025 N = 76 samples.

Therefore, total of 76 HIV-1 infected patients using the 94.8 % prevalence of HCMV in HIV

infected individuals (Bates et al., 2016) in sub Saharan Africa. Individuals were included in the
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study considering 95% confidence interval and 5% non response rate. Study participants were
selected through systematic random sampling method among HIV-1linfected patient’s samples
on HAART during the study period.

4.6. Inclusion and exclusion criteria
Inclusion criteria
All the HIV-1 positive selected samples receiving HAART with complete data and in both
sexes and all age groups were included in this study.
Exclusion criteria
HIV-1 positive samples with incomplete data of one of the variables and HIVV-unknown status

were excluded from this study.

4.7. Data collection tools
The data collection tools were the national HIV-1 viral load request form for capturing

demographic and clinical data since the entire samples referred to EPHI for HIV-1viral load are
with complete data there is no need of questionnaire for HIV-1 data collection. With the help of
the professionals, first the documents were pre-assessed for their reports then the variables
specific to HIV-1 were selected by the molecular laboratory professionals using the data’s
found from ART data’s each data was cross matched if there is assessment bias. We were using
random lottery method sampling (for HIV-1) among the samples stored at the EPHI deep
freezer after HIV-1 viral load determination.
4.8. Insuring data quality

The data collectors and principal investigator (Pl) were expected to have the knowledge and
additional short training was given about the reviewing of this documentation. In analytical
case; most of the processes was performed by the investigator and senior researchers even
though the technicians were participated that is; molecular examination (viral load
determination) of the samples and the files in the computer as well as hard copy files were
checked for all the results to insure data quality. But in the case of post analytical which were
reporting and recording the investigator with senior researchers and the data base manager were

responsible though there was aback check-up of the printed results.

4.9. Data processing and analysis
Data for HIV-1 positive was done using double entry by checking if there would be wrong data

and clerical error. Analysis and interpretation was done using spss-version-20.
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4.10.1 HIV-1 Viral Load Determination: (abbot i system)

HIV-1 viral load was determined by quantifying the amount of HIV-1 RNA in plasma sample.
The Abbott Real Time HIV-1 assay was used, which uses RT-PCR to generate amplified
product from the RNA genome of HIV-1 in clinical specimens. An RNA sequence that is
unrelated to the HIV-1 target sequence is introduced into each specimen at the beginning of
sample preparation. This unrelated RNA sequence is simultaneously amplified by RT-PCR, and
serves as an internal control (IC) to demonstrate that the process has proceeded correctly for
each sample. The amount of HIV-1 target sequence that is present at each amplification cycle
was measured through the use of fluorescent-labeled oligonucleotide probes on the Abbott
m2000r instrument. The amplification cycle at which fluorescent signal is detected by the
Abbott m2000