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ABSTRACT

Background: Viral hepatitis is a significant public health problem with millions of
humans infected worldwide. There are very few studies of hepatitis in Aden, Yemen.

Aims: The study aims to determine the prevalence of viral hepatitis (A, B, C and E),
their co-infection with Epstein - Barr virus (EBV), cytomegalovirus (CMV) and human
herpes virus (HHV6) and the risk factors for HBV infection among individuals
attending primary health care facilities. Risk factors for HBV and HCV infection were
also identified in patients with chronic liver disease (CLD), multi-transfusions and those
undergoing haemodialysis (HD). The genotypes of HBV are studied. The HBV
vaccination coverage in children <5 years in Aden is also described.

Methodology: A cross-sectional study of individuals attending primary health care
facilities in Aden was conducted to identify the prevalence of the viruses. Participants
were recruited stratified by age. A case-control study of hospital patients with CLD,
polytransfusion and HD was used to identify risk factors for HBV and HCV. Both cases
and healthy participants were interviewed and blood samples were analysed using
ELISA assays. A community-based survey of children < 5 years was used to identify
vaccination coverage and to interview parents. PCR sequencing method was used for
HBYV genotyping.

Results: The overall seroprevalence of exposure to HAV (anti-HAV antibodies), HBV
(anti-HBc antibodies), HEV (anti-HEV antibodies) and HCV (anti-HCV antibodies)
were 86.6%, 16.2%, 10.7% and 0.4%, respectively. HBV and HCV had low prevalence
in children and no HBV carriage. Perinatal transmission does not seem to be a major
route of transmission for HBV. Acupuncture and cupping are risk factors for chronic
liver diseases in this setting. The duration of the haemodialysis and a history of malaria
were associated with increased rates of HBV and HCV infections among
polytransfused/HD patients. This is the first report of the prevalence of EBV, CMV and
HHV6 in Yemen. The three viruses had high seroprevalences and co-infections with
another herpes virus or hepatitis viruses were common. The Expanded Programme of
Immunisations in Aden has achieved HBV vaccination coverage of 63% in children <35
years old which was lower than its target (85%), but the highest reported in the country.
Lack of parental education and access to health care facilities were associated with lack
of vaccination. The predominant genotype of hepatitis B was genotype D.

Conclusions: Viral hepatitis is a major public health problem in this community.
Viruses causing hepatitis varied from hyperendemic (HAV) to low prevalence (HCV);
and prevalence varies with age. None of the children < 15 years were HBV carriers or
had HCV infection. The detection rates in the study would classify Aden as a low HBV
endemic zone. This is the first description of HEV in Yemen revealing it to be a
significant problem. Polytransfusion and HD are important risk factors for contracting
HBYV and HCV. The information yielded in this study on the prevalence and risk factors
for HBV and HCV infection on patients with CLD would improve our understanding on
the role of these viruses and the application of preventive and control measures in this
population.
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CHAPTER 1: INTRODUCTION

Hepatitis, or the inflammation of the liver, can be caused by biological and non
biological agents including viruses, bacteria, drugs, toxins, excessive alcohol intake and
autoimmunity (WHO 2002b; Horn & Learned 2006). Despite ample achievements to
control viral hepatitis and a considerable pool of information and prevention tools,
hepatitis is still considered as a significant problem all over the world (Lavanchy 2002),
with millions of humans infected worldwide (Zuckerman 1999; Simmonds 2001;

Lavanchy 2002; Alter 2006; van der Sande et al., 2006).

Several viruses have been shown to cause hepatitis, which vary in their mode of
acquisition, clinical course and outcome, ranging from asymptomatic infection to
fulminant hepatitis, hepatic cirrhosis, hepatocellular carcinoma and premature death
(Beutels et al., 1997; Lau 2009). Although, most of these infections have common
features, the diagnosis can only be made reliably by laboratory methods identifying the

presence of specific viral antigens or antibodies (Mahoney 1999; WHO 2004d).

Five hepatotropic human hepatitis viruses are recognized to date. These include
hepatitis A (HAV), hepatitis B (HBV), hepatitis C (HCV), hepatitis D (HDV) and
hepatitis E viruses (HEV) (Tameda et al., 1996; Beutels et al., 1997; Lemon 1997,
Aguilera Guirao et al., 2006a; CDC 2006). Hepatitis G virus (HGV), was previously
designated hepatitis G virus but is now called GBV-C. Although GBV-C was initially
thought to be associated with chronic hepatitis, extensive investigation failed to identify
any association between this virus and any clinical illness (Alter et al., 1997) and it does
not cause hepatitis and was not considered further to be pathogenic in humans (Laskus
et al., 1997; Moenkemeyer et al., 2008). However, GBV-C infection is common in
humans and may persist for decades, although most infected persons clear the virus and
subsequently develop antibodies to the envelope glycoprotein (George et al., 2006). In

contrast to HCV GBV-C does not replicate in hepatocytes but is a lymphotropic virus



(Xiang et al., 2000). Because GBV-C is blood borne and sexually transmitted,
prevalence of GBV-C infection is high in individuals infected with HIV-1 (Zuckerman
1996; Lefrere et al., 1999; Wiwanitkit 2005). The epidemiology and route of
transmission of these viruses will be reviewed later in chapter three, as they are relevant

to tailor control measures.

The prevalence of viral hepatitis is different across countries worldwide depending on
factors such as the viral characteristics; the prevalence of high risk groups; the route of
transmission; the suitability of the environment and the efficacy of preventive and
control measures (Arora et al., 1996; Lin & Kirchner 2004; van der Sande et al., 2006;
Zuckerman 2006). For HBV, the World Health Organization (WHO) classifies its
prevalence into three categories as countries of high, intermediate and low prevalence,
defined as prevalences of > 8%, 2%-7% and <2%, respectively (Mahoney 1999; WHO
2002b). Most industrialized countries have low prevalences (WHO 2002b; Raptopoulou
et al., 2009; Romano et al., 2009). Countries of the Middle East fall into all the three
groups of low, intermediate and high prevalence, varying from 2% to 20% (Mahoney
1999; Qirbi & Hall 2001; WHO 2002b). Most studies conducted in Yemen to establish
the prevalence of HBV were undertaken in tertiary health care settings in Sana'a and
included patients with acute or chronic hepatitis admitted to hospital (Abdel Raheem et
al., 1991; Gunaid et al., 1997; Al-Moslih & Al-Huraibi 2001; Al-Nassiri & Raja'a 2001;
Haidar 2002) or blood donors (Sallam et al., 2003a; Sallam et al., 2003b). As these
populations are known to be highly selected in other settings, such studies may not
reflect the real prevalence in the community and patients in these settings might have
different risk factors for infection. Community surveys however have rarely been
conducted in Yemen and are on a small scale (Scott et al., 1992; Al-Jarba & Al-Sayyari
2003; Sallam et al., 2003a; Yousef Khalidah 2003). Data on the prevalence of these
infections in the community are described in chapter three, based on a primary health

setting attendants of children and adults.



Numerous studies have described the importance of hepatitis genotypes on the clinical
and therapeutic outcome of disease, and these genotypes vary across geographical
regions (Blumberg 1977; Nousbaum 1998; WHO 2002b; Sugauchi et al., 2003; WHO
2003a; Lin & Kirchner 2004; Yuen et al., 2004; Hipgrave et al., 2006). Up to eight
genomic groups are defined for HBV (designated with A-H; may be more) (Magnius &
Norder 1995; Nousbaum 1998; Lunel et al., 2000; Arauz-Ruiz et al., 2002; Sugauchi et
al., 2002; Fung & Lok 2004; Hagiwara et al., 2006). Genotype A and D are most
common in Europe, while genotype B and C are most common in Asia (Lunel et al.,
2000; Sugauchi et al., 2002; Fung et al., 2006). The last part of chapter 3 describes the

genotypes of HBV in Aden.

Risk factors for hepatitis infection are well established worldwide. There is however a
paucity of information regarding the prevalence of these factors in Yemen. There are no
community-based studies in Aden to determine the risk factors for hepatitis A or E. A
small scale study in pregnant women, health workers and blood donors for detecting
HBsAg showed a low prevalence of carriers in Aden (Sallam et al., 2003b; Yousef
Khalidah 2003). Factors associated with HBV or HCV infection vary by risk groups and
include exposure to unscreened blood, blood products and organs, chronic
haemodialysis, parenteral exposure to blood through contaminated or inadequately
sterilized instruments and needles, traditional medicine, the use of unsterilized objects
for rituals, intravenous drug use, health care workers and high-risk sexual practices
(Mahoney 1999; WHO 1999a; WHO 2002b). In Yemen, the relative contribution of
these factors has not been defined with population-based epidemiological studies.
Chapter four therefore describes the risk factors for HBV infection in the community to

inform health decision maker in the selection of preventive and control measures.

Globally, an estimated 2 billion people have been infected with HBV and more than 350
million have chronic HBV infection (WHO 2002b). Among persons with chronic

infection, 15% will die prematurely of related chronic liver diseases, including cirrhosis



and hepatocellular carcinoma (HCC) (WHO 1999a; WHO 2003a; Zarski 2006).
Epidemiological studies have described that chronic HBV infection is a common cause
of cirrhosis and HCC, particularly in endemic countries (Yim & Lok 2006). Factors
associated with increased risk of cirrhosis include older age, male sex, superinfection
with HDV and specific genotypes (Fung & Lok 2004; Yim & Lok 2006). Chapter five
in this thesis describes the role of HBV and HCV as risk factors among patients with

liver cancer, chronic hepatitis and cirrhosis in Aden.

The risk of transfusion-associated transmission (TAT) of blood-borne infections
including HBV and HCV has been greatly minimized as a consequence of the strict
application of blood screening methods before transfusion. Industrialized countries
achieved a dramatic progress in this concern particularly with the use of sensitive tests
such as Nucleic Acid Amplification Testing (NAAT) that enhance the early detection of
infection (Busch et al., 2003; Ameen et al., 2005; Busch et al., 2005; Montgemry S et
al., 2006). However many blood transfusion services in resource limited countries still
process only a limited numbers of specimens. The WHO encourages countries to use
blood screening tests before blood donation. As a result of this screening, the risk of
transfusion-transmitted viral infections has decreased dramatically, with a reduction in
the prevalence of chronic hepatitis, cirrhosis and HCC (WHO 2003a). Chapter six
describes the prevalence of HBV and HCV infection among polytransfused and
haemodialysis patients in Aden and discusses the current screening practices in these
high risk groups.

To understand the epidemiological features of viral hepatitis in the community, it is
necessary to assess the coverage of the HBV vaccine (WHO 1999a; WHO 2001b). This
vaccine has between 85% and 100% efficacy to prevent chronic hepatitis infection
(Andre & Zuckerman 1994; Mahoney 1999; WHO 2001b; Fitzsimons et al., 2005; van
der Sande et al., 2006) and is currently included in Yemen’s Expanded Programme of
Immunization (EPI). Chapter seven describes a community-based study among children

< 5 years old in Aden Governorate to assess current HBV vaccination coverage.



Many studies describe Epstein-Barr Virus (EBV), Cytomegalovirus (CMV) and Human
herpes virus 6 (HHV6) as having a high prevalence all over the world (Macsween &
Crawford 2003; De Bolle et al., 2005a; Zerr et al., 2005; Takeuchi et al., 2006).
However, there is no information in regard to the association between the three herpes
viruses’ infection and liver problems such as chronic hepatitis, cirrhosis and liver
cancer. Moreover, few studies have shown that there is a relation of these viruses with
the manifestation of viral hepatitis infection, as well as their way of transmission could
be further than the usually known route of transmission to include blood and blood
products (Okuno et al., 1989; Liu et al., 1990; Braun et al., 1997; Godshall & Kirchner
2000; Michalek & Horvath 2002).

EBV was reported as has been associated with the infectious mononucleosis (IM),
nasopharyngeal carcinoma in China and proliferative diseases such as Hodgkin’s
diseases and Burkett’s lymphoma in Africa (Spano et al., 2003; Pai et al., 2007).
However, CMV was reported to be linked with occurrence of congenital infection and a
major cause of hearing loss and mental retardation. Also re-activation is a major
problem in immunocompromized patients like those with AIDS and post transplant
cases (Staras et al., 2006). HHV6 infection is often asymptomatic and sometimes is
associated by roseola infantum accompanied by febrile convulsions (Zerr et al., 2005).
Mostly its seroconversion occurs by the age of 2 years and it’s seroprevalence in the
adult population is high (> 95%) (Hall et al., 1994). There is no information regarding
the prevalence of EBV, CMV or HHV6 in Yemen, therefore, chapter eight will
described the seroprevalence of these viruses in Aden and their past exposure with other
hepatic viruses.

Finally chapter nine provides a general discussion of the findings reported on chapters’

three to eight and discusses their implication for the health system in Yemen.,



1. Objectives

This study therefore aims to:
1.a. determine the prevalence of exposure to viral hepatitis (A, B, C and E) by age among a
population attending primary health care facilities in Aden Governorate.

1.b. describe the predominant HBV and HCV genotypes in the study populations.

2. identify the risk factors for HBV infection among this population.

3. to identify the seroprevalence of HBV and HCV markers among chronic liver disease

patients.

4. estimate the prevalence of HBV and HCV exposure and infection among multi-

transfused and haemodialysis patients in Aden.

5. determine the vaccination coverage rate of the hepatitis B vaccine among children under

five years in Aden Governorate.

6. describe past exposures between viral hepatitis viruses and Epstein-Barr,

cytomegalovirus and human herpes virus 6.



CHAPTER 2: METHODOLOGY

This chapter describes the methods used to investigate each study objective. Technical
aspects that apply only to a specific objective are further expanded in subsequent

chapters. Methods are described separately for each objective.

2.1 Objective 1.a: Prevalence of hepatitis viruses
To determine the prevalence of hepatitis A, B, C and E by age among a population

attending primary health care facilities in Aden Governorate.

2.1.1 Study design and setting

This study was conducted in Aden city, the second largest city of Yemen. Aden is one
of the main coastal cities of the country, located at the south-west of the Arabic
Peninsula and the capital of the previous Democratic Republic of Yemen until
unification in 1990 (fig. 2.1). The 2004 population census reported a population of
590,413 (MOPIC 2005). Administratively, the city is divided into eight districts. Each
district has one to two public clinics called polyclinics which contain basic health care
services and mother and child health care facilities for a total of 10 polyclinics. Of these

one is currently being repaired and one is under construction.

A cross-sectional survey was conducted among the attendants to the eight functioning
polyclinics within Aden's Governorate (Al-Tawahi, Al-Maala, Al-Maidan, Khormaksar,
Dar-Saad, Al-Mansoora, Al-Shiek-Othman, and Little Aden polyclinic). Polyclinic
users usually reside within the district. These facilities are used for medical consultation
and for mother and child health care (primary health care facilities). Individuals
attending for preventive other than hepatitis and curative purposes were considered
eligible for recruitment, independently of age and sex. Recruitment took place through

April to July 2005. A letter of introduction from the Ministry of Health Aden Office



was sent to all executive directors of the polyclinics with instruction to facilitate the

conduct of this study.

o : =5 s —

Figure 2.1 Map of the study site: Aden City, Yemen

2.1.2 Data collection (Interview)

Outpatient clinics (private rooms) were used to undertake the interview with the
participants to ensure confidentiality and secure a convenient environment. Face-to-face
interviews were used. The participants were briefed about the objectives of the study,
their right to stop/withdraw from the interview and to refuse to answer question.
Assurance was given that the data would be used only for the purpose of this study.
Formal written consent was requested from adult participants or the parents/adult
guardian of children. The questionnaires were completed by the investigator and his
assistant. Close-structured questionnaire (Appendix A) was used to collect information
on the general characteristics of the participants, past medical history, risk factors for
hepatitis transmission, household characteristics and general health indicators. The

average duration of the interview was 10 minutes.

A pre-test was applied on 5% of the sample size with a population and circumstances
similar to the site of the study to ensure that the questionnaire was easy to use and

acceptable to the interviewees. Each questionnaire was reviewed by the investigator.



2.1.3 Sample size

The sample size calculated to establish the seroprevalence of viral hepatitis among the

study population was based on the expected prevalence for each age group. The study

population was grouped by age as <1, 1-<2,2-4,5-9, 10-14, 15 — 44 and > 45 years

old.

The sample size calculated aimed to attain a confidence interval (CI) of 95% and a

precision of £ 10%. Epi-Info 2002 (statcalc) was used to estimate the required sample

size for each group. The estimated sample size by age-group was: 55 of <I year old

children, 55 for those 1- < 2; 58 for 2 — 4 years old, 96 for 5- 9 years old, 90 for those

aged 10 -14 years old, 92 for 15— 44 years old and 92 participants that were > 45 years

and above (Table 2.1).

Table 2.1 Projected prevalence and sample size calculation by age groups for hepatitis

viruses.
Age-group / HAV HBV HCV HEV Total
years P% SS P% SS P% SS P% SS
<1 122 41 2173 55 50 18 48 18 55
1-<2 122 41 2173 55 50 18 48 18 55
2-4 2186 49 2211 58 50 18 3.7 14 58
5-9 439 96 90.0 61 “40 15 P16 8 96
10-14 >68.0 84 370 90 €50 35 8103 ] 90
15-44 °727 75 %00 92 '144 61 B189 92 92
> 45 °727 72 00 92 f200 61 2189 92 92
Total - 458 - 503 - 226 - 243 538

a is Sidal et al., 2001; b is Colak et al.; ¢ is Cesur et al., 2002; d is Mayama et al., 1998,
e is Sallam et al 2003?; fis Nafeh et al., 2000; g is Mathur et al., 2001.

2.1.4 Sample strategy

The sample was proportionally distributed to the eight polyclinics according to the

number of attendants reported in the annual statistical health report available at the local

health office (AHSR/Aden 2003) as shown in appendix B. It was also distributed

internally in each health facility proportionally to the age group strata. Participants were

selected systematically with a sampling interval varying from 5-8 based on the daily



registered attendants in the previous year (47-82 daily) in each polyclinic. The average
number of participants enrolled differed from 6-18 per day. Participants were selected
systematically at the beginning of the day and enrolment continued on a daily basis until

completing the required sample size.

2.1.5 Identification of the participants and confidentiality

Before the time of data collection and blood sampling the investigator allocated a
unique code for the identification of each participant. This code was entered into a
unique register (identification register), and consist of two letters for the type and site
and four digits to number participants sequentially (0001 to 9999). For confidentiality

this register was under the responsibility of the investigator (Appendix C).

2.1.6 Preparation of specimens

Laboratory technicians were recruited for blood collection. Talks were given to explain
the importance of the study, motivation and instruction for blood collection. Laboratory
technicians were responsible for the identification of specimens and transport to the
laboratory.

Blood specimens (7ml for children and 10 for adults) were obtained by venipuncture,
allowed to clot and centrifuged at 1500 rpm for 15 minutes in vacutainer tubes. Serum
was divided into 3 to 4 aliquots of 300 pl, labelled, arranged in cardboxes and stored at -

70 °C until analyzed.

2.1.7 Statistical analysis

Data were entered into computer database SPSS Version 14 for Windows (2006 SPSS
Inc. Chicago. USA). Statistical analysis included quantitative descriptive analysis and
summary statistics (means, median, percentages, standard deviations, inter quartile
rates, etc) for describing the prevalence of HAV, HBV infection [HBV core antibodies
(Anti-HBc)], HBV carriage [(HBV surface antigen (HBsAg)], HCV and HEV in the

studied population.

10



Quantitative analysis of all the studied variables included 95% CI, Chi squares for
trends and rates stratified by gender, location and other variables.

2.1.8 General Ethical considerations

Recruitment of the participants was preceded by an informed consent that included an
essential explanation of the study objectives and a clear declaration on the
confidentiality of the obtained data and that will not be used out of the research
dimension (Appendix G). In the community —based survey for assessing the rate of
vaccination coverage by HBV vaccine, a verbal consent was given. The researcher
ascertained that the enrolled person/parent of the enrolled child understood the
information and answered any questions or enquiry before starting the questionnaire and

taking the blood sample.

2.1.9 Ethical consideration

Study protocol was attested from the higher ethical committee at the Liverpool School
of Tropical Medicine, Liverpool University, UK and from the Local Ethical Committee

in Yemen at the Ministry of Public Health and Population (MOPHP).

2.2 Objective 2: Risk factors for HBV infection

To identify the risk factors for HBV infection among this population.

2.2.1 Study design and setting

A case-control study was conducted to investigate the risk factors for infection with
hepatitis viruses among the participants recruited for objective one. The prevalence of
HBYV reported in Aden before this study was 17.4% (Sallam et al., 2003b). This
prevalence was estimated based on healthy blood donors and it was considered that this
prevalence would be higher in the current study at around 18-25% as it would include
some older participants and individuals with other illnesses (Al-Nassiri & Raja'a 2001;
Sallam et al., 2003b). The cross sectional study included 538 subjects investigated for
HBYV. It was thus expected to identify 90 cases with evidence of HBV infection and the

remaining 356 were categorized as controls, giving a case: control ratio of 1:4. This

11



sample size would allow investigating factors with Odds ratio (OR) above 2.2. Factors
with ORs below 2.2 were deemed not to attain sufficient power and were considered a
limitation of the study. A list of the risk factors investigated and their expected

prevalence in cases and controls is shown in table 2.2.

2.2.2 Statistical analysis

The data was statistically analyzed using univariate analysis to describe associations
between the characteristics of the participants and the presence of hepatitis viruses.
Variables with p value < 0.2 were entered into multivariate regression analysis. Odds
ratios and adjusted odd ratios (AOR) with 95 % CI were calculated. Variables with

significant AOR were used to evaluate the risk factors of HBV on this study.

2.3 Objective 3: Risk factors for chronic liver disease

To estimate the prevalence of HBV and HCV among patients with chronic hepatitis,
cirrhosis and liver cancer and to identify if infection with these viruses is a significant

risk factor.

2.3.1 Study design and setting

A case-control study was conducted to identify the relationship between HBV and HCV
and liver disease, including chronic hepatitis; liver cirrhosis; and hepatocellular
carcinoma (HCC) among patients admitted to three hospitals of Aden Governorate (Al-
Gambhouria teaching Hospital, Al-Wehdah Teaching Hospital and Aden General

Hospital) or registered at Aden’s Cancer Registry as having hepatocellular carcinoma.

2.3.2 Sample size calculation and sampling strategy

The expected prevalence of HBV/HCV among cases having HCC, cirrhosis or chronic
viral hepatitis is likely to be within the range of 25%-65% (El Guneid et al., 1993;
Okada et al., 1998). Thus the sample size was calculated with an expected prevalence of

24% HBYV in cases and 7% for controls.

12



The sample was divided into the three main hospitals according to their admission rates.
Enrolment of the case was based on confirmed diagnosis of these diseases by clinical,
histopathology, ultrasound and /or biochemical and serological markers. The
recruitment of the control group was community-based enrolment, and from the same
catchment area of the cases and comprised adults with the same sex and age as cases.
This required a minimum sample size of 49 cases and 147 controls with a proportion of

1:3 (Table 2.3).

2.3.3 Data collection

For each recruited individual, information concerning socio-demographical and risk
factors were obtained with a structured questionnaire (Appendix D).

A method for blood sample, specimen preparation and storage was the same for

objective one.

2.3.4 Data Analysis

Data were entered into computer database SPSS Version 14 for Windows (2006 SPSS
Inc. Chicago. USA). Univariate analyses based on the “odds-ratio” (prevalence ratio
was denominated OR) and 95% CI and P values <0.05. Analyses was based on chi-
square tests, exact Fisher tests, followed by logistic regression analysis for categorical
variables and evaluation of the relationship between different risk factors and

prevalence of hepatitis B and/or C viruses in the study population.

13
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2.4 Objective 4: Risk factors with polytransfusion/HD

To estimate the prevalence of HBV and HCV among polytransfused patients in Aden

and to identify if infection with these viruses is a significant risk factor.

2.4.1 Study design and setting

A case-control study was conducted targeting patients admitted to Al-Gamhouria
teaching Hospital, Al-Wehdah Teaching Hospital and Aden General Hospital or to the
haemodialysis centre who presented with at least one of the following conditions:
bleeding disorder such as haemophilia A; haemophilia B; Von Willebrand’s disease;
homozygous for thalassemia; homozygous for sickle cell disease; congenital
methemoglobinemia; other bleeding disorder or had undergone haemodialysis for more
than 3 time or had been transfused at least once with a total of at least ten units of
allogeneic blood or other blood components (i.e. whole blood, plasma, red blood cells
or platelets), before the date of inclusion in the study. The diagnosis was checked

through hospital records for the recruited individuals before enrolment.

2.4.2 Sample size calculation and sampling strategy

A sample size was calculated, taking in consideration the highest expected proportion
HBV/HCYV infection among the patients, and based on previous reports of HBV/HBC
infection among multi transfused and haemodialysis patients (table 2.4). The required
sample size was 39 cases and 174 controls with in a proportion of 1:4. The recruitment
of the control group was community-based, and from the same catchments area as the
cases. The sample was divided proportionally into the three main hospitals according to

their admission rates.

2.4.3 Data collection

For each recruited individual, information concerning sociodemographic and risk
factors were obtained with a structured questionnaire (Appendix E). A method for blood

sample, specimen preparation and storage was the same for objective one.
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2.4.4 Data Analysis

Data were entered into computer database SPSS Version 14 for Windows (2006 SPSS
Inc. Chicago. USA). Univariate analyses based on the “Odds ratio” and 95% CI and P
values <0.05. Analyses was based on chi-square tests, exact Fisher tests, followed by

logistic regression analysis for categorical variables and evaluation of the relationship

between different risk factors and transmission rate of hepatitis B and/or C viruses.

2.5 Objective S: vaccination coverage of HBV vaccine in children <5

To determine the vaccination coverage rate of the hepatitis B vaccine among children

under five in Aden Governorate.

2.5.1 Study design and setting

A household-based cross-sectional survey was conducted with the aim of assessing the
coverage rate of the HB vaccine among children 6 months to five years old residing in

Aden Governorate.

2.5.2 Sample size calculation and sampling strategy

Children < 5 years old were included in the survey. For the purpose of calculating the
sample size, it was assumed that the vaccination coverage rate was a conservative 50%.
A sample size of 96 children per age group (< 1, 1-2 and 2-5 years old) would allow
establishing the vaccination prevalence with an error margin of +/-10% for each age
strata. An overall sample size of 500 children < § years old would allow calculating the
coverage rate with +/-5 % margin of error. In general, 150 (31%) children < 1 year old,
137 (28.5%) 1-2 years old and 193 (40%) 2-5 years old were enrolled, for a total of 480

participants.

Children were selected using stratified sampling for defines blocks of between 140-170
households. A map has 385 blocks and is used by the MOPHP for vaccination
campaigns showed 385 blocks. From these, a total of sixty blocks were randomly

selected, representing 16 % of the all.
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A systematic sampling method was used to identify the houses. The first household was
randomly chosen in each selected block and houses were identified with a sampling
interval of 17-21 to obtain at least 7 respondents. To validate the response of the
participants we used the vaccination card of each child to confirm if the vaccine had
been given and the number of doses received. Verbal consent was obtained from one of

the parents or the child guardian

2.5.3 Data collection

The questionnaire was tested during a pilot study to include 5% of the sample size and
was modified accordingly. A team of 6 female medical students (3rd year and above)
and nurses were trained to help in gathering the data. Only female interviewers were
used as mothers have limitations to face male persons in the study setting. Interviews
were undertaken in the subject’s home to ensure confidentiality and ensure a convenient
environment. Face-to-face interviews were used with one of the parents or guardians.
After explaining the objectives of the study and informed consent, the questionnaires
were completed by the investigator and/or his team members.

Close-structured questionnaires were used to collect information on the general
characteristics of the child, past medical history, vaccination against HBV, risk factors
for hepatitis transmission, household characteristics and general health indicators. The
average duration of the interview was 15 minutes. Data entry and archiving of the

questionnaires were the same as explained in objective one and two.

2.5.4 Data analysis

Data were entered into computer using SPSS Version 14 for Windows (2006 SPSS Inc.
Chicago. USA). Statistical analysis including means, median, percentages, standard
deviations, inter quartile rates were used to describe the characteristics of the population
under study and the coverage rate of HB vaccine. Chi square for trends and rates

stratified by gender, location and other variables were used with 95% CI.
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2.6 Objective 6: Past exposures between hepatitis viruses and herpes viruses

To describe past exposures between hepatitis viruses and Epstein-Barr virus,

Cytomegalovirus and Human herpes virus 6.

2.6.1 Study design and setting

This was a cross sectional study to describe past exposures between hepatitis A, B, C, E
viruses and other blood-borne viruses such as Epstein-Barr virus (EBV),
Cytomegalovirus (CMV) and Human herpes virus 6 (HHV6). All participants enrolled

from the polyclinics and hospitals were tested for EBV and CMV. Only children <5

years were tested for HHV6.

2.6.2 Sample size calculation and sampling strategy

Sera of the 538 individuals enrolled in the polyclinics of Aden City as described in

previous objective were included. All 182 children <5 years old were tested for HHV6.

2.6.3 Data collection

Information concerning sociodemographic characteristics of the participants was
available from questionnaires I (appendix A). Stored blood samples collected for
objective one were used for the test of EBV and CMV, while 182 children < 5 years old
were tested for HHV6. The laboratory methods are described in a separate section

below.

2.6.4 Data analysis

Descriptive statistics were used to describe the characteristics of these three infections
in the study population. A correlation analysis was used to estimate the proportion of
co-infections with EBV, CMV, HHV6 and hepatitis viruses. P values of < 0.05 were

considered statistically significant.
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2.7 General laboratory methods

2.7.1 Management of blood samples and laboratory processing

Each blood sample was identified by a form designed by the investigator (Appendix H
and I), which included the participant’s and technical information, steps for collection,

transport and storage of specimens.

Blood specimens were obtained by venipuncture and vacutainers were used for blood
collection from participants by a trained laboratory technician. Gloves and aseptic
techniques were used throughout. Needle-disposal boxes were used and disposed in the

hospital incinerator.

Blood specimens were allowed to coagulate and then centrifuged at 1500 rpm for 15
minutes. Serum was divided into 3 to 4 aliquots of 300 pl, labelled, arranged in

cardboxes and stored at - 70 °C until analyzed.

Sera were tested for HAV, HBcore, HCV and HEV antibodies and HBsAg, following
the manufacturers’ instructions. Reactive sera for HBcore, HCV antibodies and HBsAg
were retested in duplicate. Five hundred and thirty eight samples were tested for HAV
and HBcore; 259 for HCV and 356 for HEV. Random selection of the samples was used
from the total 538 to eliminate bias in age or sex. All 87 samples positive for HBcore

antibodies were tested for HBsAg.

Serum samples were analyzed by using ELISA. ETI-AB-HAVK PLUS (N0136) Anti-
HAYV Enzyme Immunoassay Kit to measure antibodies for HAV (DiaSorin S.p.A.
13040 Saluggia, Vercelli, Italy). For Anti-HBc, a Bio-Rad Kit was used (Monalisa anti-
HBC PLUS, 3, Boulevard Raymond Poincare 93430 Marnes- La coquette- France). The
HBsAg was detected with a Monalisa Ag HBS PLUS ELISA kit (Bio-Rad 3, Boulevard
Raymond Poincare 93430 Marnes- La coquette- France). Bio-Rad ELISA kit was used
(Monalisa Anti-HCV Plus Version 2. 3, Boulevard Raymond Poincare 93430 Marnes-
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La coquette- France) to detect antibodies against HCV. An MP Diagnostic HEV ELISA
kit (MP Biomedicals Asia Pacific Pte. Ltd. 85 Science Park Drive #04-01, The

Cavendish Singapore) was used to detect IgG antibodies to HEV.

EBYV antibodies were detected by an ELISA Anti-EBV VCA IgG (Biotest,
Landsteinertr.5, D-63303 Dreieich, Germany). An ELISA kit coated with CMV antigen
(Biotest, Landsteinertr.5, D-63303 Dreieich, Germany) was used for the qualitative
identification of CMV-IgG. Samples were also tested for HHV-6 using the PANBIO
Herpesvirus-6 IgG ELISA (Pan bio-diagnostics, 532 Seventeen Mile Rocks Rd,
Sinnaman Park QLD 4073 Australia).

Optical Density (O.D.) measurements of the plates were made using a Bio-Rad
Microplate reader (Model 550, USA) with the wavelength of light specified in the
manufacturer’s instructions for a qualitative measuring of samples and controls. O.D.
data were transferred to a spreadsheet (Microsoft Excel) via a hyperlink terminal and
calculation of the data was followed according to the manufacturer’s instructions.
Internal positive and negative controls were used to determine the presence or absence
of significant levels of the marker under investigation. Instructions were followed for

interpreting the results as specified on each kit’s instruction manual.

Typically, in the assessment of Anti-HBc in the sample, this was determined by
comparing the recorded absorbance with that of the calculated cut-off value for each
sample. The cut-off value was measured by taking the average of three O.D. readings of
the positive control serum divided by five; as per the manufacturer’s instructions.
Validation criteria were taken into consideration for negative (it should be < 0.100) and

positive controls (>1.000 and < 2.400).
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2.8 Genotyping

All ELISA positive sera for HBsAg from the different studies (15 samples) were tested
for HBV genotyping in the Department of Medical Microbiology, University of

Liverpool. Two methods were used as described below.

2.8.1 Multiplex PCR assay

This method uses a specific genotyping system that involves a multiplex PCR with
type-specific primers (Naito et al., 2001). Positive HBV DNA samples were initially
amplified by a first-round PCR based on the amplification of the nucleotides of the
envelope ORFs (PreS1 to S). The product was then subjected to two second round of
PCR reactions using combination of mix A primers to specify genotypes A, B and C
while mix B primers for genotypes D, E and F were used to differentiate the HBV into
the six genotypes (A-F) (Naito et al., 2001), as shown in table 2.5. These primer
combinations for the second-round PCRs were designed on the basis of the differences
in the sizes of the genotype-specific bands. The type specific primers were designed on
the basis of the conserved nature of those sequences within a genotype and on the basis
of their poor homology with the sequences driven form other HBV genotypes” (Naito et

al., 2001). The strategy for HBV genotyping is illustrated in fig. 2.2.

The nucleic acid was extracted from 100 pl serum samples using the QIAamp MinElute
Virus Spin Kit (QIAGEN Ltd. QIAGEN House, Fleming Way, Crawley, West Sussex,
UK) for simultaneous purification of viral RNA and DNA. Nucleic acid was eluted into
60 ul AVE buffer (from the kit) and stored at -20°C overnight. HBV genomic DNA was
amplified by nested PCR using the universal primers (P1 and S1-2) for the outer
primers, followed by two different mixtures containing type-specific inner primers as
described above. The first PCR was carried out in a tube containing a 20 pl reaction
made up of Bioline BioMix Red (16 The Edge Business Centre Humber Road London,
U.K) containing 50 ng of each outer primer and a 200 uM concentration of each of the
four deoxynucleotides. The DyNAmo™ ¢cDNA Synthesis Kit (F-470S) is intended for
23



cDNA synthesis for two-step quantitative reverse transcription-PCR (qQRT-PCR)

applications, where amplicons are usually around 100 bp in length.

Table 2.5 Primer sequences used for HBV genotyping by nested PCR

(Naito et al., 2001)

Primer Sequences ? (position, specificity, and polarity)

First PCR
P1°... 5'-TCA CCA TAT TCT TGG GAA GA-3' (nt 2823-2845, universal, sense)
S1-2 5'-CGA ACC ACT GAA CAA ATG GC-3' (nt 685-704, universal, antisense)

Second PCR
Mix A
B2 5'-GGC TCM AGT TCM GGA ACA GT-3' (nt 67-86, types A to E specific, sense)
BAIR 5'-CTC GCG GAG ATT GAC ATG-3' (nt 113-134, type A specific, antisense)
BBI1R 5'-CAG GTT GGT GAG TGA CTG GAG A-3' (nt 324-345, type B specific, antisense)
BCIR 5'-GGT CCT AGG AAT CCT GAT GTT G-3' (nt 165-186, type C specific, antisense)
Mix B
BDI 5'-GCC AAC AAG GTA GGA GCT-3' (nt 2979-2996, type D specific, sense)
BEl ... 5-CACCAG AAA TCC AGA TTG GGA CCA-3' (nt 2955-2978, type E specific, sense)
BF1... 5-GYT ACG GTC CAG GGT TAC CA-3' (nt 3032-3051, type F specific, sense)
B2R ... 5-GGA GGC GGA TYT GCT GGC AA-3' (nt 3078-3097, type D to F specific, antisense)

* An "M" represents a nucleotide that could be either an A or a C; a "Y" represents a

nucleotide that could be either a C or a T. nt. Nucleotide.

® The sequence for primer P1 was determined by Lindh et al. (Lindh et al., 1999)

The thermocycler equipment used in this method, (GenAmp® PCR system 9700, Base

Module, Applied Biosystems. U.S.A) was programmed to first incubate the samples for

10 min at 95 °C, followed by 40 cycles consisting of 94 °C for 20 s, 55°C for 20s, and

72 °C for 1 min. Two-second round PCRs were performed for each sample, with the

common universal sense primer (B2) and mix A for type A through C and the common

universal antisense primer (B2R) and mix B for type D through F. A 1-pl aliquot of the

first PCR product was added to two tubes containing the second sets of each of the inner

primer pairs, each of the deoxynucleotides, PCR buffer, as in the first reaction. These

were amplified for 40 cycles with the following parameters: preheating at 95 °C for 10
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min, 20 cycles of amplification at 94 °C for 20 s, 58°C for 20 s, and 72°C for 30 s and

an additional 20 cycles of 94°C for 20s, 60°C for 20 s, and 72°C for 30 s. Genotypes of

HBYV for each sample were determined by identifying the genotype-specific DNA

bands. The two different second-round PCR products from one sample were separately

electrophoresed on 2% agarose gel, stained with ethidium bromide, and evaluated under

ultraviolet light. The sizes of PCR products were estimated according to the migration

pattern of a 100-bp DNA ladder (Pharmacia Biotech, Uppsala, Sweden). Mix A allows

for the specific detection of PCR products for types A, B, and C and mix B allows for

detection of types D, E, and F. The type-specific PCR products were recognized by their

distinct sizes in gel electrophoresis.

Figure 2.2 Strategy for HBV genotyping using type-specific primers.

(Naito et al., 2001).
Nt 2848 3172 135
P1 | Pre-S1 | PreS2 | S
P1 1063 bp +«—S1-2
1* PCR | Pre-S1 | Pre-S2 'S
2" PCR with type-specific primers
WxEE ] A |
119bp 68 bp
Type D BDI | B2R B2 BAIR Type A
167 bp 281 bp
TypeE  BEI | | B2R B2 | /BBIR  TypeB
122 bp
Type F B2 | | BCIR Type C
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2.8.2 Sequencing method

Method two was used as the results of the first method were unexpected. This method
was based on amplifying the entire HB surface antigen gene and then sequencing the
product. Primers 20404, HBV3, PolF, and M5877 were used with the Qiagen Hotstar
Taq PCR kit to amplify a 900bp fragment covering the entire gene. Nucleotide
sequences of both strands were determined using the BigDye® Terminator v1.1

seqencikit (Applied Biosystems, USA) on an ABI Prism® 3100-Avant Genetic

Analyser (Applied Biosystems, USA). The webtool (www.hiv-grade.de/hbv_grade) was

used to infer the HBV genotype from the resultant consensus sequences. The different

steps of the applied method were conducted following the manufactures’ instructions.
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CHAPTER 3: PREVALENCE OF VIRAL HEPATITIS (A, B, C AND E)

3.1 Introduction

This chapter describes the epidemiological characteristics of hepatitis viruses (A, B, C
and E) among a population seeking health care for them or their children and attending

a primary health care setting in Aden Governorate.

The literature review focuses on the epidemiological dimensions and characteristics of
each virus. The epidemiology of hepatitis viruses is not uniform, and reflects the route
of transmission of the virus and the susceptibility of the population. For example HBV
is highly prevalent among older generations and individuals with blood exposure, while
HAYV has a high prevalence from early age and infection is usually acquired through

faeco-oral transmission.

The chapter also describes the predominant genotypes of patients with positive HBsAg

and compares them to the genotypes reported from the region.

3.2 Objective
To determine the prevalence of viral hepatitis (A, B, C and E) by age among a

population attending primary health care facilities in Aden Governorate.

To describe the predominant genotypes of patients with positive hepatitis B surface

antigen.
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3.3 Literature review

Since ancient times, there was awareness about hepatitis viruses (poison) among the
ancient Chinese, Greeks and Romans. Hippocrates called it "Epidemic Jaundice" five
centuries Before Christ (B.C.) (Mahoney 1999). According to Cockayne (1912), the
first report on catarrhal jaundice as an epidemic form is that of Cleghorn, who described
the prevalence of the disease occurs in Minorca from 1744 to 1749 (Cockayne 1912). It
was McDonald who implicated a virus as an etiological agent of what we now call
hepatitis A in 1908 and again in 1918 (Zuckerman 1969; Cuthbert 2001). Between 1930
and 1970 studies on human volunteers confirmed the transmission route, incubation
period and clinical manifestations of HAV and HBV (Zuckerman 1969, Mahoney
1999). These viruses were named in the order of their discovery and differ widely in
their mode of transmission, clinical features and epidemiological trends. All of these
viruses can cause acute hepatitis while HBV, HDV and HCV can also cause chronic
hepatitis. (Aguilera Guirao et al., 2006b).

Hepatitis viruses are not host-specific (Robertson 2001) as non-human primates are
equally susceptible to produce antibody markers and cultured mammalian cells have

been shown to be permissive for HAV replication (Robertson 2001).

3.3.1 Hepatitis A virus

HAYV is considered one of the most common causes of viral hepatitis in the world. It
varies clinically from asymptomatic to fulminant fatal disease and its presentation is
influenced by age (Koff 1998). Symptoms are reported in only 4%—16% of children
compared to 75%-95% of the adults reported by the routine surveillance systems
(WHO 2000a; Ansaldi et al., 2008). Therefore, a large proportion of infections are
undetected by clinical studies and seroprevalence surveys provide a more accurate

description of the prevalence of HAV infection in a given population.

The availability of the electron microscope in the second half of the twentieth century

allowed the visualization of HAV in stools (Martin & Lemon 2006) and several
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diagnostic methods are nowadays available for the detection of infection in the research
laboratory or clinical setting. These methods vary from simple humoral and cellular

immune responses and serological kits to liver biopsy (Cuthbert 2001).

3.3.1.1 Epidemiology of HAV

Hepatitis A, one of the oldest diseases known to humankind, is mostly a self-limited
disease which may results in fulminant hepatitis and death in a small proportion of
patients. It is a significant cause of morbidity and socio-economic losses in many parts
of the world (WHO 2000a). HAV outbreaks were frequently reported during the wars of
the 19th and 20th centuries (Mahoney 1999) and was recognized as a separate entity
from other types of hepatitis during World War I, with later studies providing
convincing evidence of the prevalence and transmission of HAV (Aguilera Guirao et

al., 2006a).

The transmission of the virus was recognized by the early 1900s and throughout the first
quarter of the last century (Cuthbert 2001). The oro-faecal route is the most common
frequent route of transmission via unsafe water, food or person to person contact
(Cuthbert 2001; Martin & Lemon 2006). Between 80% and 95% of children <5 years
old infected with the virus do not develop acute manifestations, while most adults
(75%-90%) develop symptoms (Craig & Schaffner 2004). HAV infection does not
result in chronic disease (WHO 2000a).

HAV is a stable virus at low PH and can resist heat up to 56 °C for 30 minutes. It is
frequently found in urban sewage and transmission of the virus by blood products is
rare (Cuthbert 2001; Glas et al., 2001; Martin & Lemon 2006). Infection by the virus is
not very different from other water borne diseases and it thrives in environments where
sanitation is poor and living conditions crowded, where infection occurs early in life
(Fujiwara et al., 2002; Martin & Lemon 2006).

The endemicity of HAV in developing countries is mostly influenced by its

transmission either by person-to-person contact or by faecal contamination of food and
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water, resulting in common-source outbreaks. The prevalence of HAV is thus highest in
areas with inadequate sanitation, where the seroprevalence can reach 100% before
adolescence (Keystone & Hershey 2008). In contrast, in areas with good sewage and
water supplies and sanitation, seroprevalence rates have fallen to <10% in adolescence

although it can still be up to 70% in adults over the last 50 years (Zuckerman 2006).

The annual estimated incidence of HAV is 1-4 million new cases worldwide, although
the true incidence, including asymptomatic and anicteric infections, is at least 10 times
higher (Zuckerman 2006; Keystone & Hershey 2008). The epidemiology of the
infection is best defined by measurement of anti-HAV antibodies. Based on
seroprevalence data, hepatitis A is estimated to cause ten million infections occurs each
year and 1.5 million clinically confirmed cases worldwide (Lavanchy 2002; Wasley et
al., 2006). This prevalence varies over time and geography, with wide differences

across countries and cities (Lavanchy 2002).

There is, nowadays, substantial evidence of the linkage between the reduction in HAV
prevalence, mainly among children and young adults, and the improvement of living
standards and sanitation. For example, in Japan the prevalence among adults over 50
years old shifted from 97% to 50% in 1973 and 2003, respectively (Kiyohara et al.,
2007). Similarly, in Catalonia (Spain), a marked reduction was observed in the
prevalence among children <135 years age from 13% in 1986 to 6% in 2001 (Dominguez
et al., 2004). In Korea, there was an overall decline in the seroprevalence of HAV in
individuals <20 years of age from 64% in 1979 to around 5% in 1996 (Sohn et al.,
2000). In some Middle east countries such as Saudi Arabia, the HAV rates of infection
by age ranged from 7% in children <8 years to 52% of those >16 in 2005, compared to
68% and 93% in 1989 for the same age groups (Al Rashed 1997, Fathalla et al., 2000;
Almuneef et al., 2006). In Lebanon, HAV rates decreased from 40% in children aged 1-
5 years and 98% in adults in 1982 to 11% and 78% in 2000 (Sacy et al., 2005). This

shift in rates of HAV was attributed to countries with significant improvement of
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socioeconomic status; increased urbanization with improvement in water resources,
sewage disposal, decreasing illiteracy rates and the application of the HAV vaccine in
some developed countries (Jacobsen & Koopman 2004). The improvement in sanitation
prevented most children from infection and therefore, large sectors of the population
have become susceptible to the infection. The implementation of the vaccine has since

become more important to promote their health in certain areas.

The WHO International Classification of Diseases classifies hepatitis A into B15 (Acute
hepatitis A), B15.0 (Hepatitis A with hepatic coma), B15.9 (Hepatitis A without hepatic
coma) and Hepatitis A (acute, viral) Not Otherwise Specified (NOS) (WHO 2005).

Despite the availability of diagnostic tests, it is still difficult to conduct epidemiological
studies. HAYV is eliminated in the stools since the first week of infection. However it is
difficult to diagnose the disease using stool cultures because of its poor growth and
complexity of the techniques required (Jaffray & Flint 2003). During the acute phase of
infection, immunoglobulin M (IgM) production starts 21-42 days after the ingestion of
the inoculum (WHO 2000a; Cuthbert 2001). The production of Immunoglobulin G
(IgG) antibodies develops very rapidly afterwards and these antibodies persist
throughout life, conferring complete protection against infection (WHO 2000a; Martin
& Lemon 2006). Virus and antibody can be detected by commercially available RIA,
EIA or ELISA kitswith high sensitivity (100%) and specificity (99.5%) (WHO 2000a)
which are also could detect either the IgM (acute) or IgM (past infection) or total (both
in the same time). Viraemia, which can be transient but persist for an average of 2to a
maximum 4 months after clinical onset has limited use for clinical management and the
complex technique for detection limits its use for surveys (Costa-Mattioli et al., 2002;
Rezende et al., 2003). Polymerase chain reaction (PCR) methods have been used by
different laboratories for the detection of HAV RNA but the variation in the sensitivity
and specificity of the assays is well documented (Saldanha 1999). Recently, Real-Time

PCR methods have been used with high sensitivity and specificity, providing

31



quantitative data (Hutin et al., 1999). However these are infrequently used and are only

available in a limited number of research laboratories (Goswami et al., 1997).

In industrialised countries, injection drug users, institutionalized persons and their
caretakers, and those who travel from low-to high-prevalence countries are considered
among the high-risk groups (Cuthbert 2001; Webster et al., 2001; Craig & Schaffner
2004). Improvements in sanitation and hygiene have delayed infection, resulting in a
shift of HAV prevalence from childhood to adulthood (Bonanni et al., 1998; Glas et al.,
2001), thus adults being increasingly susceptible to HAV (Fujiwara et al.,
2002).Additionally, the incidence of hepatitis A in industrialised countries has fallen
dramatically since the introduction of the vaccine (Martin & Lemon 2006). The lowest
seroprevalence is found in the Nordic countries (about 15%). In other parts of Europe
and Australia, Japan and the United States, 40%-70% of the adult populations have
demonstrable antibodies (WHO 2000b). Studies from Africa have shown that almost all
children have antibodies to HAV by the age of 12, indicating high endemicity
(Tufenkeji 2000).

The prevalence of infection in most Middle East countries ranges from intermediate
such as in Qatar, the United Arab Emirates and Saudi Arabia (64%, 60% and 45%
respectively) to high endemicity in Oman, Egypt and Sudan (Tufenkeji 2000).

No data are available from community-based studies in Yemen. A hospital-based study
in 1988 showed a high rate of HAV antibodies (99.7%) in four northern governorates
(Scott et al., 1990). Al Gunaid et al conducted a study in Sana’a hospitals among patient
with acute and chronic liver diseases reporting that only 5 % had HAV IgM antibodies

(Gunaid et al., 1997).

3.3.1.2 Genomic structure

The HAV is a small non-enveloped virus with a single stranded RNA (7.5 kb length)

which contains a single open reading frame (ORF) encoding a polyprotein (Cuthbert
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2001). The viral proteins are translated directly from the messenger-sense genomic
RNA, which is delivered to the cytoplasm after uncoating of the viral particle (Martin &
Lemon 2006). Recently a number of features that are unique to the hepatoviruses have
been described by molecular cloning of the viral genome and have led to the recognition
that HAV is a member of the Picornaviridae family (Nainan et al., 2006; Yun et al.,
2008). The RNA genome of the virus was reverse-transcribed, a complementary DNA
(cDNA) copy was molecularly cloned and, in 1987, RNA transcripts derived from a
genome-length cDNA clone were shown to be infectious when transfected into cultured

cells (Martin & Lemon 2006).

Genotypic differences are useful for the study of global hepatitis epidemiology. Their
importance is emphasized by the association of specific genotypes with severity of the
disease and poor responses to therapy (Nousbaum 1998). Sequencing of viral genomes
has now become a major goal of descriptive virology and sequence data is now used to
trace the routes of infection, to reconstruct the phylogenetic history of the viruses and to

delimit genetic subtypes (Magnius & Norder 1995).

The HAV-RNA genome contains a 5' non-coding region (NCR) of 734 to 740
nucleotides (Martin & Lemon 2006), a coding region of 2,225 to 2,227 nucleotides, and
a 3' non-coding region of 40 to 80 nucleotides (WHO 2000a; Cuthbert 2001). Three
major proteins of the viral capsid (VP1, VP2, and VP3) on the capsid surface define the
conformational immunodominant antigenic site of HAV (Probst et al., 1999; WHO
2000a). HAYV is neutralized by both anti-HAV IgG and anti-HAV IgM which are used
in laboratory settings for the detection of acute or past infections (WHO 2000a).
Genotypes sequencing were based on VP1-2A region. Seven distinct genotypes have
been identified to date (WHO 2000a; Nainan et al., 2006), four genotypes (I, I1, III, and
VII) are of human origin, and three (IV, V, VI) are of simian origin (Nainan et al.,

2006)
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3.3.2 Hepatitis B virus

Of the many viral causes of human hepatitis, few are of greater global importance than
hepatitis B virus. Hepatitis B is a serious and common infection of the liver, affecting
millions of people throughout the world (Michel et al., 2001; WHO 2002b; Sprengers et
al., 2003; Lin & Kirchner 2004; Lok & McMahon 2004). It has been previously called
type B hepatitis, serum hepatitis and homologous serum jaundice (WHO 2002b).
Through a series of studies between the 1960s and 1970s, Krugman, Blumberg and
others described the HBV, which was then called the Australia antigen (Au) with a long
incubation period (Zuckerman 1969; Blumberg 1977; Mahoney 1999). The established
association between the Au and the appearance of symptoms of hepatitis, its
percutaneous transmission and the existence of homologous immunity after hepatitis A

or hepatitis B infection were also described (Blumberg 1977; Mahoney 1999).

Subsequent studies revealed that the antigen had a variable distribution across
populations and occurred more commonly among patients who received multiple
transfusions and blood products (Prince 1968; Mahoney 1999). The distribution of the
Au antigen in various population groups and patients whose diseases did not appear to
be related to hepatitis were also described. The association of the Au antigen with acute
hepatitis B was subsequently demonstrated and led to the development of specific tests
for the identification of HBV infection (Blumberg 1977; Prince et al., 1982; Mahoney
1999).

Later, the use of the electronic microscope facilitated the demonstration of the Dane
particle of the HBV, with its surface component designated hepatitis B surface antigen
(HBsAg) and its core component containing endogenous DNA, hepatitis core antigen
(HBcAg) (Mahoney 1999). Since then, the discovered of antibodies of both HBsAg and
HBcAg have become diagnostic indicators to differentiate the chronic from the acute
phase, stage of the disease and therefore developing strategies to prevent transmission

(Mahoney 1999; Lin & Kirchner 2004). Other antigens/antibodies were also discovered
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later such as HBe antigen (HBeAg), hepatitis B core antigen (HBcAg) which
contributed in identifying the prognosis of the disease and responses to antivirus

therapies (table 3.1).

Table 3.1 Markers of viral hepatitis B infection and abbreviations used.

Name Abbreviation
Hepatitis B core antigen HBcAg
Anti-HBcore antibody Anti-HBc
Hepatitis Be antigen HBeAg
Antibody to HBe antigen Anti-HBe
Hepatitis B surface antigen HBsAg
Antibody to HBs antigen Anti-HBs

Carriage of HBV is defined by the presence of detectable HBsAg, whereas the presence
of anti-HBc without HBsAg is taken to indicate past HBV infection. Overall, the
prevalence of HBV infection is determined by the presence of HBsAg and/or anti-HBc

in the population (WHO 2004a).

3.3.2.1 Epidemiology of HBY

The importance of hepatitis B infection is demonstrated by the severe pathological
consequences of infection, such as chronic hepatic insufficiency, cirrhosis,
hepatocellular carcinoma (HCC) and long term carriage (West & Calandra 1996; WHO
2002b; Lin & Kirchner 2004; Vogt et al., 2006). Approximately one third of the world's
populations (nearly 2 billion persons) have serologic evidence of HBV infection (WHO
1999a; WHO 2003a; Zarski 2006). Of these, an estimated 350 million have chronic
HBV infection and at least 500 000 chronically infected persons die each year from
liver cancer and cirrhosis (Shiratori et al., 1995; Rivkina & Rybalov 2002; WHO
2002b). HBV ranks among the highest causes of mortality from infectious diseases
worldwide despite the presence of an effective vaccine since 1982 (Hall 1993; Mast et
al., 1999; Sprengers et al., 2003).
The strong association between HBV infection and HCC has been known for a long
time in a distinct study conducted in male Taiwanese health workers where it illustrated
that the rates of HCC approximately 100 times higher among positive HBsAg than
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negative group (Beasley et al., 1981; Beasley 1988; Kane 2003). Other studies
thereafter also have documented the close relation between the incidences of HCC and
the role of age factor among old populations who are HBsAg carriers than among
children who have more recent infections (Beasley 1988; Alter et al., 1989; el-Refaie et
al., 1996, Branda & Wands 2006; Knisely et al., 2006; Thorgeirsson et al., 2006).
Numerous studies have described the natural mode of transmission of HBV, its activity,
relation to the body immune system, mutation, genotypes and subtypes, transmission
routes as well as the role of vaccines in the control of the diseases and its consequences
(Blumberg 1977; Mast et al., 1999; WHO 2002b; WHO 2003a; Lin & Kirchner 2004;
Fitzsimons et al., 2005; Hipgrave et al., 2006; van der Sande et al., 2006; Zuckerman
2006). Transmission of the virus is mainly parenteral (percutaneous) or by contact with
infected blood, body fluids, sexual intercourse, intravenous drug use and acupuncture
(Gitlin 1997, Lai et al., 2003). As the virus does not cross the placenta, infected
pregnant women with HBV can transmit the virus to their babies at birth (Mahoney
1999; WHO 2002b). Infection of children during the perinatal period from mothers who
are HBsAg and HBeAg positive tend to give symptoms in only 1%. However, the
likelihood of progression to chronic infection, cirrhosis and/or HCC in later age is as
high as 90%. This risk is very high when compared to 5%—-10% of immunocompetent
adults infected during adulthood that progress to these chronic stages (Goldstein et al.,

2005; Zuckerman 2006).

The prevalence of HBV varies worldwide depending on factors such as the prevalence
of high risk groups; the route of transmission; the suitability of the environment and the
efficacy of preventive and control measures (Arora et al., 1996; Lin & Kirchner 2004;
van der Sande et al., 2006; Zuckerman 2006). Based on the existence of HBsAg in the
population, WHO classifies the prevalence of HBV into three categories as countries of
high, intermediate and low prevalence, defined as prevalence of > 8%, 2%-7% and
<2%, respectively (Mahoney 1999; Andre 2000; Qirbi & Hall 2001; WHO 2002b;
Sallam et al., 2003a). Most industrialized countries have a low prevalence (Mahoney
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1999; WHO 2002b) while around 90% of HBV carriers reside in the developing world,
where access to health care services is limited (West & Calandra 1996; Reda et al.,

2003).

In the Middle East region, the disease exists with different degrees of prevalence, from
low to hyperendemicity varying from 2% to 20% (Mahoney 1999; Qirbi & Hall 2001;
WHO 2002b). For example, countries of low endemic HBV include Bahrain, Iran, , and
Kuwait (0.9%-1.25%, 1%, 1.5% respectively); countries with intermediate prevalence
such as Cyprus, Iraq, Libya and United Arab Emirates (2%-2.5%, 4%-5%, 2%-6% and
%?2-6% respectively); countries with high endemicity include Egypt, Jordan, Oman,
Palestine, Sudan, Saudi Arabia, Tunisia and the Republic of Yemen (3%-11%, 3%-
10%, 2%-10%, 5%-6%, 16%-20%, 7%-17%, 6.5% and 12%-18.5% respectively)
(Andre 2000; Qirbi & Hall 2001). These prevalence rates are also not constant in the
same country. A recent study conducted in 14 sites of the Saudi show that the

prevalence ranged from 2.8% in Hail City to 12.6% in Tabouk City (Al-Faleh 2003).

Most studies conducted in Yemen to establish the prevalence of HBV were undertaken
in tertiary health care settings in Sana'a and included patients with acute or chronic
hepatitis admitted to hospital (Abdel Raheem et al., 1991; Gunaid et al., 1997; Al-
Moslih & Al-Huraibi 2001; Al-Nassiri & Raja'a 2001; Haidar 2002) or blood donors
(Sallam & Tong 2002; Sallam et al., 2003b) as shown in table 3.2. As these populations
are known to be highly selected in other settings, such studies may not reflect the real
prevalence in the community and patients in these settings might have different risk
factors for infection than the general population. Community surveys however have
rarely been conducted and are on a small scale (Scott et al., 1992; Al-Jarba & Al-
Sayyari 2003; Sallam et al., 2003b; Yousef Khalidah 2003). Sallam studied the
prevalence of HBV in a group of residents from Socotra Island (450 Km south-East to
Aden) and show around 60% were infected (Sallam et al., 2003b). The prevalence of

infection among blood donors in Aden city was 17.4% (Sallam et al., 2003b). These
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findings indicate that there are geographical and population differences in the
prevalence of HBV

The prevention of chronic infection has become a high priority in the global community
with an increased importance is given from international agencies to countries with
high HBV prevalence including Yemen, encouraging them to apply preventive and
control measures. These include among others, safe blood transfusions, appropriate use

of injections, sexual health promotion, and immunization (WHO 2001b).

3.3.2.2 Genomic structure

Hepatitis B virus is a hepatotropic enveloped virus belonging to the family
hepadnaviridae containing a double stranded, circular DNA genome with four open
reading frames (Naito et al., 2001; Kar 2005). This DNA is enclosed in a nucleocapsid
(core antigen) surrounded by a spherical envelope (surface antigen) (Lin & Kirchner
2004). The Dane particle referred to the entire virion. The genome encodes a DNA
polymerase that acts as a reverse transcriptase (WHO 2002b; Lin & Kirchner 2004).
The HBcAg and HBeAg components are translated from a common gene. HBcAg is
targeted to the endoplasmic reticulum and is considered to be essential for viral
packaging and is an integral part of the nucleocapsid as well as an indicator of past
infection (Mahoney 1999). HBeAg (the precore fragment) is a soluble protein which is
not essential for viral replication but can be detected in the serum of patients with high

virus titers (WHO 2002b).
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Genotyping of HBV has been accomplished based on a partial sequence of the HBV
genome such as the pre-S or S gene. Up to eight genomic groups are defined for HBV
(designated A-H) (Magnius & Norder 1995; Nousbaum 1998; Lunel et al., 2000; Arauz-
Ruiz et al., 2002; Sugauchi et al., 2002; Abe et al., 2004; Bartholomeusz & Schaefer
2004; Fung & Lok 2004; Kar 2005; Hagiwara et al., 2006; De Mitri & Bernardi 2008).
Genotype A and D are most common in Europe, while genotype B and C are most

common in Asia (Lunel et al., 2000; Sugauchi et al., 2002; Kar 2005; Fung et al., 2006).

The genotypes are classified to subtypes (Lai et al., 2003). Studies on Asian groups
revealed that genotype B is divided into two subtypes: Ba (found among Asian
countries except Japan) show recombination in genotype C in the pre core (PC)/core
promoter (CP) region, while Bj (found almost exclusively in Japan) does not have
recombination with other genotypes (Magnius & Norder 1995; Lindh et al., 1997,
Sugauchi et al., 2002; Lai et al., 2003; Fung et al., 2006; Yim & Lok 2006). Recent
studies indicate a clear association between the HBV genotype B and HBeAg
seroconversion at an earlier age, less active liver disease, slower progression to cirrhosis
and a higher rate of HBeAg response to interferon therapy compared with genotype C

(Chan et al., 2003; Yuen et al., 2004; Janssen et al., 2005).

3.3.3 Hepatitis C virus
The Non-A non-B hepatitis (NANB), as it was named since 1970 (Choo et al., 1989;
Hayashi 1992), was designated as HCV in 1988 and the first antibody tests to identify

individuals infected with the virus become available in 1990 (Choo et al., 1989).

According to the WHO data (1999), hepatitis C is a major health problem and the global
prevalence of chronic hepatitis C is estimated to average 3% ranging from 0.1-5% in
different countries with approximately 170 million people worldwide are infected with
HCV (WHO 1999a; Lauer & Walker 2001; Osoba 2002). However, based on the few
studies performed in representative cohort samples, it is evident that the prevalence
varies substantially among different countries (WHO 1999a; Bellentani et al., 2000).
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Progression to chronic disease occurs in the majority of HCV-infected persons (Lauer &
Walker 2001; Soza et al., 2004). Cirrhosis and HCC are considered the most frequent
complications resulting in considerable morbidity and mortality and substantial social
and economic burden (Lee et al., 2006). HCV is becoming the main indication for liver
transplantation (Seaberg et al., 1998) as well as the main aetiological agent for post-
transfusion non-A, non-B hepatitis mainly in industrialised countries (Laurent et al.,

2001).

Diagnosis of HCV is based on immunoassays (EIA) which include immunoblot
techniques and enzyme linked absorbent assays (ELISA) for the detection of antibodies
or PCR techniques for the molecular detection of HCV RNA (Lauer & Walker 2001).

To date, numerous data have accumulated on the epidemiology and natural history of
HCV infection, its genetic components and classification, mode of transmission and
therapeutic regimens (Higuchi et al., 2002; Ramia & Eid-Fares 2006). However, many
aspects still need to be further explored, particularly in tropical countries, where most of
the data available is based on studies of blood donors, which are likely to bias the
estimates of prevalence and mode of transmission (Tibbs 1997). Well-designed
prevalence studies of the general population are needed in many regions of the world to

obtain a more accurate estimate of infection and disease burden (WHO 1999a).

Transmission of HCV is mainly through blood transfusion and its products, organ
transplantation and haemodialysis (HD) and it is considered as endemic in many of
these units (Abdulkarim et al., 1998; WHO 1999a; Osoba 2002; WHO 2003b; Loftis et
al., 2006). Other routes of transmission have also emerged as the primary mode of
transmission in many countries, such as intravenous drug users (60%-90%) in various
countries and inadequately sterilized medical and dental equipment (London & Evans

1996; Grebely et al., 2006).
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3.3.3.1 Epidemiology of HCV

Worldwide statistics demonstrate significant geographical variations in the
characteristics of the disease, showing different transmission patterns, prevalence and
incidence (Tibbs 1997, WHO 2003b; Ramia & Eid-Fares 2006). Although, European
countries have low prevalence of HCV infection in the general population, high
prevalence was encountered among risky group such as IDUs. For example, the
prevalence is 2.7% vs. 80% in Italy (Bellentani et al., 1999; Trepo & Pradat 1999;
Ansaldi et al., 2005), 0.22% vs. 75% in Germany (Grumbach et al., 1998; Reimer et al.,
2007) and 0.7 vs. 43.7- 67% in the UK (Lamden et al., 1998; Mohsen 2001; Judd et al.,
2005). In the USA the reported community prevalence was 1.8% in 1999 and up to 66%
in IDU (Garfein et al., 1996; Alter et al., 1999; Thorpe et al., 2002). In Puerto Rico, a
report indicated that the prevalence of HCV reached 6.3% (Perez et al., 2005). In
Africa, the prevalence of infection varies widely (Wansbrough-Jones et al., 1998). The
highest prevalence was found among Egyptian blood donors, ranging from 6% to 38%
(Nafeh et al., 2000; Stoszek et al., 2006a). In some African communities in Niger,
Ethiopia and Gabon it reaches 0.5%, 1.4% and 6.6% of the population, respectively
(Tsega et al., 1995; Laurent et al., 2001).

One-fifth of the estimated 170 million chronic carriers of HCV worldwide live in the
Eastern Mediterranean region where the prevalence range between 1% and 12% of the
population (WHO 1999a; Shobokshi 2003). In Saudi Arabia, a community-based and a
blood donor study revealed a rate of 1.2%-1.7% and 0.4% respectively (El-Hazmi
2004). Egypt has a higher prevalence of antibodies to HCV when compared to other
countries in the region that may exceed 20% in some population (Arthur et al., 1997;
Tibbs 1997; Shepard et al., 2005). It is recorded as the largest known global iatrogenic
epidemic after an extensive use of parenteral antischistosomia therapy in a mass
treatment setting (Frank et al., 2000; Strickland et al., 2002). The strong homogeneity of

HCYV isolate subtypes among the population suggests this hypothesis of an epidemic
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spread of HCV throughout the infected individuals (El Gohary et al., 1995; Mellor et
al., 1995).

This condition probably was similar to some areas in Yemen with known schistosomal
infestations and people were treated with parenteral antischistosomia therapy. On the
contrary, Scott et al. (1992), did not reveal any relation between treatment with
antischistosomia medication and infection with HCV in the Yemeni population from

Sana’a, Taiz, Hajja and Hudeidah (Scott et al., 1992).

Simmonds (1993), on his analysis of the pattern of nucleotide sequence for HCV has
suggested a geographical dispersion of hepatitis C virus variants (Simmonds et al.,
1993a). However he and others have approved the existence of genotype 4 in most of
the Middle East HCV infected individuals (Simmonds et al., 1993b; Dusheiko et al.,
1994). Many studies from Egypt have described that genotype 4 is accounting for
almost all HCV infections in the population (Dusheiko et al., 1994). Other studies have
also indicated the predominance of genotype 4 in the Middle East countries as it was
reported among infected individuals from Saudi Arabia, Kuwait, Iraq and Yemen (Bukh
et al., 1993; Simmonds et al., 1993a; Al-Faleh et al., 1995; Mellor et al., 1995; Al-Ahdal
& Kessie 1997; Shobokshi et al., 1999). Although, no study conducted in Yemen
concerning the identification of HCV genotypes, however the study in the Western
Province of Saudi Arabia which is close adjacent to the northern governorate of Yemen,
have shown that genotype 4 was the dominant among the study population from this
area (Al-Faleh et al., 1995). These findings probably support that also this genotype
could be dominant in Yemen, in addition to the reports from neighbouring Gulf

countries (Simmonds et al., 1993a; Shobokshi 2003).

Some studies in Yemen have also reported that the prevalence of HCV among hospital
acute hepatitis patients is 7.7% (Al-Moslih & Al-Huraibi 2001) and blood donors have a
prevalence ranging from 0.2% to 6.4% (Gunaid et al., 1997; Haidar 2002; Sallam et al.,

2003b). There are no data on the prevalence of HCV in the community of Aden
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Governorate except that in blood donors (Sallam et al., 2003b) and in hospital

employees (Al-Jarba & Al-Sayyari 2003) (0.6% and 1.3%) respectively.
3.3.3.2 Genomic structure

HCV is a small enveloped RNA virus of negative stranded ribonucleic acid with 9401
base pairs (WHO 1999a). Taxonomically the virus is classified as a separate genus in
the Flaviviridae family (between the Flaviviridae and Pestiviridae) (Choo et al., 1989).
Genotyping of HCV is based on sequences of forward and reverses at the outer region
5’ in both directions. Though, six major genotypes (1-6), numerous subtypes and around
100 different strains are described for HCV and their distribution varies across the
world (WHO 1999a; Bortolotti et al., 2005; Franco et al., 2006; Germer et al., 2006;
Moghaddam et al., 2006). Genotype 1b and 2 are prevalent in Southern Europe; 1a in
the USA and Northern Europe; genotype 3 occurs most often in the Indian subcontinent
and drug abusers in Europe and genotype 4 is mostly reported from Africa and the
Middle East (WHO 1999a; Corbet et al., 2003; Sy & Jamal 2006). In Saudi Arabia
genotype 4 is dominant with a minority of infections being due to genotypes 1
(Shobokshi et al., 2003b). In contrast to the Mediterranean and Middle East regions,
Tunisia has reported subtypes 1a and 1b as dominant HCV genotype among the infected
population (Djebbi et al., 2003).

To date, numerous data have been accumulated on the role of genotype as one of the
important parameters used to determine the duration of antiviral therapy with the
greatest chance of success (Ramia & Eid-Fares 2006). For example, some studies have
shown that hepatitis C virus genotype 4 is frequently associated with cirrhosis and a
poor response to interferon (Remy et al., 1998; Shobokshi 2003). Others also have
considered that the genotyping of HCV isolates is a key factor in molecular studies
aimed to establish the source of outbreaks in blood banks, haemodialysis units and other
nosocomial settings (Hinrichsen et al., 2002; Othman et al., 2004). Although, some
studies in the past shows no association between the HCV genotypes in chronic

hepatitis C with mode of virus acquisition (Zein 2000), recently, other studies have
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found a correlation between the rout of infection mainly among risky groups such as
IDU and the genotypes (Remy et al., 1998; Dal Molin et al., 2002; Bortolotti et al.,

2005). Even so, HCV genotypes in Yemen have not been studied yet.

3.3.4 Hepatitis E Virus

In 1980, HEV was recognized as an enterically transmitted virus (Balayan 1993;
Harrison 1999; Aggarwal & Krawczynski 2000; WHO 2001a). It is now well
recognised to be an enterically transmitted infection with a distinct clinical illness
compared to other hepatitis viruses (Aggarwal & Krawczynski 2000; Lu et al., 2006).
The first proof of the virus was obtained in 1990 from faecal material of infected

patients by the use of an immune electronic microscope (Balayan 1993; Tsarev et al.,

1994; Irshad 1999).

Since 1990, serological and nucleic acid tests have been developed for both
epidemiologic and diagnostic purposes. The serological assays were designed for the
detection of serum antibodies to HEV (IgA, IgM, and IgG) and the nucleic acid tests
were used to detect serum, bile and/or faecal HEV RNA (Tokita et al., 2003; Takahashi
et al., 2005). These assays made it easier to differentiate recent and/or ongoing from
remote infections and allowed the clinician to make fewer diagnostic errors based on

incomplete serological characterization (Mushahwar 2008).

The development of effective diagnostic tests, however, has been hampered due to the
lack of a cell culture system capable of growing HEV (Li et al., 2000). Several
recombinant antigen-based assays have been developed, and it is clear that, in HEV-
endemic areas, 90-95% of the patients with acute hepatitis during outbreaks of hepatitis

E develop anti-HEV antibodies (Favorov et al., 1996).

Earliest serologic tests utilized a variety of HEV antigen sources from different strains
of HEV. These included synthetic peptides (Dawson et al., 1992; Favorov et al., 1996);
or expressed proteins from both the non-structural and structural regions encoded by
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ORF 2 and 3 of HEV (Dawson et al., 1992; Anderson et al., 1999); putative structural
proteins expressed in insect cells (He et al., 1993; Emerson et al., 2006); and use of
empty virus-like particles (Li et al., 2000). These earlier assays were used widely for
studying the epidemiology of HEV infections in both endemic and non-endemic areas.
The assays, however, varied in sensitivity despite an excellent specificity (Mast et al.,
1998). Up to recently, little was known then of the autochthonous HEV infections in
many of these countries (Schlauder et al., 1998) and of the existence of a zoonotic
reservoir for the virus in both developed and developing countries (Meng et al., 1997).
At present, many authors have been agreed that HEV antibody tests based on ORF2 of
HEV have broad activity and yield data that are reproducible in many laboratories and
definitely are superior to tests based on combinations of ORF2 and ORF3 antigens of
HEV (Ghabrah et al., 1998; Engle et al., 2002; Meng et al., 2002). In 2004, Zhou et al.,
found had described the ELISA for putative neutralizing antibodies to HEV genotypes
1-4 as a very practical and useful assay with high specificity for neutralizing antibodies
against HEV. It is also used for quantifying the humoral immune response for hepatitis
E vaccine and to measure the durability of the immune response (Zhou et al., 2004).
Although today, there are many types of EIA assays have been developed, variation in
their sensitivity and specificity to detect past infections is still considered (Mushahwar
2008). These assays used a recombinant HEV antigen to capture antibodies, with no
consideration to geographical differences in strain distribution (Ayoola et al., 2002).
Thus, antigens were replaced with peptide-based (solid phase) antigens and the addition
of a buffer system in ELISA assays increased their sensitivity (96%) and specificity
(98%) (Mast et al., 1998). Currently, the diagnosis of HEV infection is obtained using
ELISA by identifying antibody markers in serum, such as anti-HEV IgM, IgA and IgG
by ELISA (Mast et al., 1998; Irshad 1999). HEV IgM develops 3 weeks after infection
and is followed by IgG. The former declines rapidly during early convalescence while
IgG persists for long periods of time (>14 years) and provides protection against

subsequent infections (WHO 2001a; Zhang et al., 2002). In addition to the clinical and
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biochemical parameters used in the diagnosis of HEV, confirmative tests can be
undertaken after the incubation period (4-6 weeks), when the virus is present in blood,
stool or bile or its antigen can be shown in the liver by using PCR or histopathology
(not common) (Irshad 1999; WHO 2001a). In most instances, there is a very good co-
relation between the positivity in RT-PCR and EIA. However, there are several
limitations of EIA and the sensitivity of such assays in an endemic area for disease

diagnosis remains undetermined, particularly during epidemics (Panda et al., 2007).

3.3.4.1 Epidemiology of HEV

Reports on the high morbidity and mortality associated with outbreaks of HEV
infection, involving many people, mainly in areas of low socioeconomic status are
becoming more frequent since the discovery of the virus (Harrison 1999; Zhang et al.,
2002). Mostly the virus transmitted through faecal contamination of water or food
supplies and poor sewage disposal and frequently implicated in major outbreaks
(Tanaka et al., 2005; Bendall et al., 2008). Over 50 massive outbreaks of HEV have
been reported and occurred in many parts of the world, mainly in developing countries
such as Central and South-East Asia, North and West Africa, and in Mexico, where
faecal contamination of drinking water is common (Skidmore et al., 1990; Balayan
1993; Castera & Pawlotsky 2001; Lewis et al., 2006; Myint & Gibbons 2008).
Preventive measures similar to those described for HAV could be applied for HEV,
including good personal hygiene, improved water supplies and disposal of sanitary
waste.

The prevalence in developing countries ranges from 7.2% to 24.5% (Balayan et al.,
1994; Arankalle et al., 2001a; Krawczynski et al., 2001; WHO 2004d; Chau et al.,
2006). In some areas in developing countries, HEV causes more than half of the cases
of acute viral hepatitis with a high mortality among infected pregnant women (Engle et
al., 2002; WHO 2004d). It has been reported that the infection become severe among
pregnant women particularly in the third trimester, leading to fulminant hepatic failure

with a high mortality rate and foetal malformations, death of the foetus in uterus and
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stillbirth (Irshad 1999; WHO 2001a; Takahashi et al., 2002b; WHO 2004d; Bendall et
al., 2008; Mansuy et al., 2008). Although, HEV infection is a self-limiting disease with
short lasting viremia, however, chronic HEV viremia and chronic hepatitis has been

recently reported in organ transplant recipients or immunesuppressed patients (Haagsma

et al., 2008; Kamar et al., 2008; Schildgen et al., 2008).

There is increase anti-HEV IgG titre through the acute phase and decrease during the
convalescent phase and supposed to persist for a longer time. Some reports have shown
that past infection with development of anti-HEV IgG is protective in humans and
primates (Bryan et al., 1994; Tsarev et al., 1994), but the correlation between the
durability of the antibodies and developed immunity is not yet fully elucidated (Myint et
al., 2006b). Seroepidemiological studies of HEV suggest that previously infected
individuals are protected during epidemics (WHO 2005), although, it is not clear,
whether or not the young adults with symptomatic disease in hepatitis E epidemics have
been exposed in childhood (Tsarev et al., 1994; WHO 2004d). Generally, limited data
are available concerning the level of protection afforded by IgG anti-HEV which is
shown in the differences of serological readings between children and adults (Harrison
1999). Some authors have documented that two-thirds of paediatric cases became
seronegative by 9 months after the onset of disease, whereas 100% of young adults were
still positive 20 months after onset (Goldsmith et al., 1992; Bryan et al., 1994). Previous
study has found the persistent of positive HEV antibodies in adults after 14 years of
being with history of infection (Khuroo et al., 1993); however, the possibility of
repeated infection being the cause of persistent IgG cannot be excluded (Wu et al.,
2008). In addition, there is some evidence that antibody to hepatitis E virus is not as
long lasting as is antibody to hepatitis A virus (Emerson & Purcell 2003).
On the other hand, HEV infection in endemic areas is seen in adults in comparison to
other water borne infections like polio and HAV infections, which are seen mostly in
childhood. By 10 years of age more than 90% of the population in India has antibodies
against HAV (Acharya et al., 2003) and poliovirus, whereas, only about 26% of
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children (Balayan 1997) have antibody against HEV IgG. Therefore, the immune
response for HEV appears to be different from that of HAV and poliovirus. The
occurrence of disease in adults associated with low-level circulation of the virus in
asymptomatic individuals indicates lack of long-term immunity. Therefore, the
possibility of developing a long-term protective vaccine appears to be an ambitious

challenge.

Although few studies in the past have evaluated the performance of existing assays for
anti-HEV antibodies, a wide range of sensitivity and specificity has been reported for
these assays (Favorov et al., 1996; Mast et al., 1998). It is probably that the concordance
between these assays was not sufficient and that the anti-HEV antibody profiles
reported may be variable, so it should be interpreted with caution (Mast et al., 1998;
Labrique et al., 1999; Aggarwal & Krawczynski 2000). The recently used EIA methods
have been developed to detect anti-HEV antibodies using recombinant proteins and only
those generated to ORF2 with a longer half-life are considered reliable for studying
seroepidemiology (Ghabrah et al., 1998; Waar et al., 2005). Also RT-PCR assays was
shown to be sensitive and specific for the detection of HEV genotypes 1—4 in acute-
phase sera, stool samples, as well as in contaminated water and sewage (Jothikumar et

al., 2006).

Hepatitis E virus is also reported in non-endemic regions, in patients with no history of
travel to endemic areas (Thomas et al., 1993; Krawczynski et al., 2000; McCrudden et
al., 2000; Emerson & Purcell 2004; Sookoian 2006). Numerous genetically distinct
strains of HEV were recently identified (Erker et al., 1999; Wang et al., 1999; Zanetti et
al., 1999; Schlauder et al., 2000) has led to a hypothesis that an animal reservoir for
HEV exists (Balayan 1993; Li et al., 2005; He 2006; Sookoian 2006; Dalton et al.,
2007). Accordingly, reports on evidence of HEV infection in domestic and farm
animals have been well documented and anti-HEV was detected in more than 10 species

of non-human primates and animals are known to be susceptible to HEV infection
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(Balayan 1997; Arankalle et al., 2001b). These includes pigs from different countries,
such as Nepal, China, Thailand, Vietnam, the US, Canada, Japan, Korea, Spain, Taiwan
and Australia (Clayson et al., 1995; Chandler et al., 1999; Hsieh et al., 1999; Kabrane-
Lazizi et al., 1999; Meng et al., 1999; Pina et al., 2000; Meng et al., 2002; Clemente-
Casares et al., 2003). In addition, anti-HEV has also been detected from rodents caught
in the wild in the US (Kabrane-Lazizi et al., 1999; Aggarwal & Krawczynski 2000;
Favorov et al., 2000; Schlauder & Mushahwar 2001; Chau et al., 2006; De Deus et al.,
2006). In Vietnam, anti-HEV was detected in chickens, dogs and in rats (Tei et al.,
2003). Positive anti-HEV was found in cows from Somali, Tajikistan and Turkmenistan
and sheep and goats from Turkmenistan. Transmission via ingestion of undercooked
sika deer or wild boar meat was also reported (Arankalle et al., 2001b; Tei et al., 2003;
Takahashi et al., 2004).Naturally acquired anti-HEV have also been detected in rhesus
monkeys (Palmer et al., 2005; van Cuyck et al., 2005). Reports of a HEV sequences in

chickens were also identified from Spain, Canada and Australia (Li et al., 2006).

In western countries, Clemente-Casares (2003), had analyzed the excretion of HEV
strains by the populations of Spain, France, Greece, Sweden, and the United States and
has concluded that HEV strains are more widespread in the human population than
previously thought in these countries (Clemente-Casares et al., 2003). Moreover,
endemic HEV infections are likely present in Europe and the United States (Suzuki et
al., 2002). In relation to genotypes identification, it was appear that genotypes 3 and 4
are relate more to zoonotic origin from a different animals species in different parts of
the world, whereas the relative conservation of genotypes 1 and 2 is consistent with
their primary circulation in humans and less frequent isolation from animals (Lu et al.,
2006). However, recently Caron et al. (2006) were identified genotype 1 in a pig in
Cambodia, representing the first and only animal isolate of this genotype (Caron et al.,
2006).

In the Middle East and North Africa for example, two major endemic regions for
hepatitis E whereas swine are not very common, epidemiological features of the
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infection are compatible with an anthropogenic infection (Balayan 1997). Stoszek et al
(2006), has found high seroprevalence of anti-HEV among healthy adults and pregnant
women in rural areas of Egypt (Stoszek et al., 2006b). The study’ authors hypothesized
that both zoonotic and anthroponotic transmission of a virulent HEV is occurring
extensively in these rural villages. Although, no previous study of HEV infection has
been conducted in animals at Aden City, the habit of growing animals in the city
(including domestic dogs or cats) is not common; however, this did not have to exclude
those people moving frequently to the neighbour villages where domestic animals such

as caws and sheeps were frequently raised.

Symptoms of HEV infection are mostly similar to those seen with HAV. However,
there was some ambiguity in the aetiological confirmation of outbreaks reported before
the advent of specific tests (Tsarev et al., 1999). The global distribution of HEV strains
is of great importance, as these have been associated with infections varying in clinical
picture from asymptomatic to severe disease (Arankalle et al., 2001a). The infection is
commonly reported among young adults (15-40 years); although, children are infected,
the frequency of these infections is lower in this age group (Kurbanov et al., 2003; Chau
et al., 2006). In endemic countries, HEV seroprevalence studies have reported that only
5% of children < 10 years are infected, compared to 10%—40% of adults (Balayan
1997). In the Middle East, Jordan, Oman, Egypt and Saudi Arabia reported a high
prevalence of infection, although waterborne outbreaks have not been reported,
moreover, population-based studies suggest that the virus is highly endemic (WHO
2001a).

In Yemen, the only study of Gunaid et al., (1997) showed that 14% of the cases of acute
viral hepatitis were due to HEV in a hospital-based study in Sana’a, suggesting a wide
spread distribution of the agent over the country (Gunaid et al., 1997). No data are
available on community-based studies in Yemen.

Despite the growing number of hepatitis E vaccine candidates have been considered
recently; the only one advanced to evaluate efficacy is a vaccine using a recombinant
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HEV (rHEV) capsid antigen (Wang & Zhuang 2004; Myint & Gibbons 2008). This
vaccine (tHEV 56-KDa) has passed preclinical and clinical trials in primates and
humans (Trautwein et al., 2009). Shrestha et al. (2007) has reported a phase 2 trial of
rHEV vaccine administered to young male soldiers in Nepal, who had not been exposed
to HEV before but were at risk of infection (Shrestha et al., 2007). The study found no
difference in adverse events between vaccine and placebo groups, but demonstrated a
vaccine efficacy of 95.5% after three vaccine doses (Shrestha et al., 2007). Recently
other randomized-controlled phase Il clinical trial of a recombinant hepatitis E vaccine
was conducted in a rural area of southern China to evaluate the safety and
immunogenicity of the HEV 239 vaccine. The study concluded that the course of three
doses of the vaccine induced 100% seroconversion and it was safe and immunogenic for
humans (Zhang et al., 2009). However, the duration of protection by the rHEV vaccine
is also unclear; further studies are needed to validate appropriate indications for these

vaccines and to determine its long-term effects (Tacke & Trautwein 2007).

Despite that the vast majority of HEV-related diseases immunocompetent people are
benign; it is generally encouraging that rHE vaccine was effective in preventing
hepatitis E disease in a high-risk population mainly those in endemic areas and those
under compromised living conditions, for example refugee camps or serving the army
(Bryan et al., 2002; Tacke & Trautwein 2007) in addition to traveller from developed

countries to endemic regions.

3.3.4.2 Genomic structure

HEV is a small non-enveloped RNA virion, of positive —sense single —stranded
polyadenylated molecule. It is of 7.5 kb length and 32-34nm diameter with 7500
Nucleotides. Its short 5* and 3’ terminals at the non-coding regions are of 27 and 68
nucleotides respectively (Reyes 1993; Emerson & Purcell 2003; Kar et al., 2008)
Despite the similarity in the transmission routes of HEV and HAYV, there are some key

differences. The HEV virion is bigger than HAV; the viral proteins of HAV consist of 4
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capsid proteins while HEV contains a mix of structural (ORF1) and non-structural
proteins (ORF2), and other proteins of unknown functions (Aggarwal & Krawczynski
2000; WHO 2001a; Naoumov 2007).

Currently, HEV has four major with a clear geographical distribution (Naoumov 2007).
Genotype 1 has been isolated from tropical countries in Asia and Africa, genotype 2
was found in Mexico, Nigeria and Chad, whereas genotype 3 has a worldwide
distribution, including Europe, Asia, North and South America. Genotype 4 is found
exclusively in Asia. Some reports indicate that multiple genotypes of HEV can co-
circulate in the same area (Enouf et al., 2006; Naoumov 2007); and that even distinct

genotypes of HEV can exist in the same patient (Takahashi et al., 2002a)

Most strains of the identified four genotypes of HEV are belonging to a single serotype
(Meng et al., 1997; Schlauder and Mushahwar, 2001; Wang et al., 2000). Many studies
have reported a relative stability of HEV genome sequences; although the genome of
strains isolated from geographically distinct locations are generally more diverse (Payne
et al., 1999; Agunos et al., 2006; Peralta et al., 2009). The phylogenic analysis divided
HEV genotype 1 into five subtypes, genotype 2 into 2 subtypes, whereas genotypes 3
and 4 were divided into 10 and 7 subtypes, respectively. It is proposed that 5, 2, 10 and
7 subtypes of HEV genotypes 1, 2, 3 and 4 be designated alphabetised subtypes. A total
of 24 subtypes (1a, 1b, 1c, 1d, le, 2a, 2b, 3a, 3b, 3¢, 3d, 3e, 3f, 3g, 3h, 3i, 3j, 4a, 4b, 4c,
4d, 4e, 4f and 4g) were given (Lu et al., 2006; Panda et al., 2007). Although single
serotype is recognised, extensive genomic diversity has been observed among HEV

isolates (Lu et al., 2006).

The zoonotic nature of HEV was further substantiated with the recent isolation of HEV
from many swine samples and from chickens, plus the identification of patients who
were likely to have contracted HEV due to consumption of wild boar or deer meat (He

et al., 2006). This zoonotic property has provided HEV some unique features that differ
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from other enterically transmitted diseases (Haqgshenas et al., 2001; Tei et al., 2003;
Tamada et al., 2004). Most swine isolates have been genotype 3 strains with the
exception of the Taiwanese strain which belongs to a recently discovered genotype 4
(Hsieh et al., 1999). Intriguingly, the virus isolated from swine in nonendemic countries
is usually closely related to the strain responsible for rare cases of HEV within that
country (Emerson & Purcell 2003). In general, these observations are consistent with
the hypothesis that swine serve as a reservoir for human disease, but direct transmission
of virus from swine to human has not been documented yet. Serosurveys have
suggested people who have contact with swine may have a somewhat higher
seroprevalence of anti-HEV than the general population, but variables other than
contact with swine have not been eliminated as the cause (Drobeniuc et al., 2001; Meng

et al., 2002).
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3.4 Results

3.4.1. Characteristics of the participants
3.4.1.1. Sociodemographic characteristics

A total of 538 participants attending primary health care facilities in Aden City, were

recruited. The general characteristics of the participants are described in Table 3.3

The age of the participants ranged from one month to 79 years with a mean of 18.2
years. Two thirds of the population (364) were children <18 years old (67.7%) and of
these, 234 (43.5%) were under 7 years old. Both genders were represented, with 52%
being male. Of 130 children over 7 and under 18 years old, all were attending school,
114 were attending primary (88%) and 16 (12%) secondary school. Adult education
ranged from illiterate (14%) to university education with 55% of participants having
achieved at least primary education. Around 59% of the adult participants were

employed.

The number of participants enrolled in each clinic reflected the proportion of the
population residing in areas served by the clinics, as explained in the methods section,

and ranged from 9.5 % to 20.1% per clinic.
3.4.1.2. Household characteristics of the participants

The household characteristics of the participants are shown in table 3.4. There was a
median of 7 members per household with an IQR ranged of 5 to 10 individuals. The
median number of children <18 was 4 per household, while the median number of
adults was 3 (IQR of 2-5 for both). Households had a median of 2 bedrooms. The

crowding ratio (number of residents/number of bedrooms) was 3.4.

Electricity, piped water and toilet facilities were available in 98.1%, 93.8% and 86.7%
of the households, respectively. One hundred and one participants had not visited a
public clinic during the previous year (18.8%), 236 (44%) had visited 1-2 times, 135
(25%) had visited 3-4 times and 66 (12%) had paid 5 or more visits.
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Despite the widespread availability of private clinics in Aden, 341 (63%) participants

reported that they had not visited one in the previous year. The average time reported to

reach a public clinic was 16 minutes.

Table 3.3 Socio-demographic characteristics of the participants

Age / years

Gender

Education

Employment (adults only)

Clinic of enrolment

N= 538 (%)
18.2 (19.4) [3, 32.3]
174: 364 (32.3)

mean (S.D) [IQR]
adults: children <18 (adults %)

male : female (% male) 280: 258 (52%)

< 7 years old 234 (100.0)
minor 198 (84.6)
primary 36 (15.5)

7-<18 years 130 (100.0)

Primary 114 (87.7)
Secondary 16 (12.3)
Adults 174 (100.0)
illiterate 25 (14.1)
read and write only 53 (30.6)
basic education 38 (21.9)
secondary school 30(17.3)
higher 28 (16.1)

employed 102 (58.6)

unemployed 72 (42.4)

Sheikh Othman 108 (20.1)

Khormaksar 71 (13.2)

Buraika 69 (12.8)

Dar Saad 69 (12.8)

Crater 64 (11.9)

Muala'a 58 (10.8)

Mansura 51(9.5)

Tawahi 48 (8.9)

+SD= standard deviation, IQR = inter quartile range
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Table 3.4 Household characteristics of the participants

Variable N= 538 (%)
Number of household members Median [IQR] 7 [5-10]
1-4 154 (28.4)

5-9 244 (45.6)

10-14 110 (20.4)

>15 30 (5.6)

Number of household members <18 years old Median [IQR] 4 [2-5]
1-2 151 (28.1)

3-4 230 (42.8)

>3 157 (29.2)

Number of adult household members >18 years old Median [IQR] 3 [2-5]
1-2 221 (41.1)

3-4 140 (26.0)

>3 177 (32.9)

Number of bedrooms Median [IQR] 2 [2-3]
1-2 326 (60.6)

3-4 188 (34.9)

>3 24 (4.5)

Median crowding ratio* Median [IQR] 3.4 [2-4]
Availability of electricity 528 (98.1)
piped water 502 (93.8)

toilet 463 (86.7)

Frequency of public clinic attendance /year none 101 (18.8)
1-2 times 236 (43.9)

3-4 times 135(25.1)

>5 66 (12.3)

Frequency of private clinic attendance /year none 341 (63.4)
1-2 times 129 (23.9)

3-4 times 50 (9.3)

>5 18 (3.3)

Average time taken to reach the clinic (in minutes) Mean (SD) 16 (11.1)

+SD= standard deviation. IQR = inter quartile range. * number of resident/number of bed rooms

3.4.2. The prevalence of HAV, Anti-HBc, HBsAg, HCV and HEV

The prevalence of HAV, anti-HBc, HBsAg, HCV and HEV are shown in table 3.5. Out
of 538 samples tested for HAV, 466 (87%, 95% CI 83.7-89.5) were HAV IgG positive.
Past infection by HBV (anti-HBc) were detected in 87 (16%, 95% CI 13.1-19.3)

participants. All of the anti-HBc positive subjects were further tested for the presence of

HBsAg and 8 (9%, 95% CI 3.1-15.3) were positive. The overall carriage rate was
therefore 1.5% (95% CI 0.7-2.8). One adult (0.4%, 95% CI -0.4-1.2) of 259 samples
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tested was positive for HCV and 38 (11%, 95% CI 7.5-13.9) of 356 samples tested were

positive for HEV.

Table 3.5 Prevalence of HAV, anti-HBc, HBsAg, HCV and HEV.

positive negative o all

N (%) N (%) (5% CD N (%)
HAV 466 (86.6) 72 (13.4) (83.7-89.5) 538 (100)
Anti-HBc 87(16.2) 451 (83.8) (13.1-19.3) 538 (100)
HBsAg 8 (1.5) 530(98.5) (0.5-2.5) 538 (100)
HCV 1 (04) 258(99.6) (-04-1.2) 259 (100)
HEV 38(10.7) 318(89.3) (7.5-13.9) 356 (100)

3.4.3 Prevalence of HAV, HBV and HEV by characteristics of the participants
3.4.3.1 Sociodemographic characteristics

The association between the characteristics of the study participants and the prevalence
of HAV, anti-HBc and HEV are shown in table 3.6. Children < 18 years old had a lower
frequency of HAV, Anti-HBc and HEV seropositive markers than adults (p <0.001, p <
0.001 and p < 0.05, respectively). Among children, the prevalence of the infection by
these viruses was 80%, 7% and 8% respectively, while in adults it was 99%, 35% and

15.4%, respectively.

Infants were less frequently infected with HAV than young adults (53% vs. 100% and p
< 0.001). Similar trends were found for anti-HBc with infants (5.5%) having the lowest
rate and up to 40% of adults being anti-HBc positive (p<0.001). No antibodies for HEV
were found among infants, and these increased with age reaching 16% in adults, as

shown in fig 3.1.

The seroprevalence of HAV, anti-HBc and HEV in males (87%, 18% and 12%,
respectively) was similar to the seroprevalences among females (86%, 14% and 10%,

respectively).

There was no significant difference in the prevalence of HAV or anti-HBc by
educational level, as HAV infection was nearly universal in adults, but statistical

significant differences was seen in HEV (p< 0.05). It seems children not yet enrolled in
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school had a lower frequency of infection than those of the same age already in primary

or secondary education (69% vs. 94% and 100%, respectively, p < 0.05).

Figure 3.1 Seroprevalence of anti-HAV, anti-HBc and anti-HEV markers by age

(percentages and 95% confidence interval)
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Adult participants either employed (100%, 33% and 17%, respectively) or not (97%,
40% and 13%, respectively) had similar rates of infection by HAV, Anti-HBc¢ and HEV.

Ninety eight percent of participants at Mansura clinic were infected with HAV, which
was higher than for other clinics (p <0.05), with the lowest frequency (76%) being
observed in Mualla clinic. For HBV and HEV, the highest rates of infection were seen
in Dar Saad and Crater (25% and 20%, respectively) and the lowest in Muala’a and

Khormaksar clinics (7% and 3%, respectively), but this was not statistically significant.

A higher prevalence of HAV (98%, p <0.001) and HEV (92%) was observed in
participants with a history of hepatitis/jaundice but not for positive Anti-HBc¢ (22%).
Ninety one percent of participants with a history of hepatitis or jaundice in their family
members were HAV positive, which was higher than those without family history
(85%, p<0.05). However, Anti-HBc and HEV showed a reversed trend with 14% vs.
17% and 13% vs. 10%, for those with and without a family history, respectively.

However these differences were not statistically significant.
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3.4.3.2 Household characteristics

A large family size seemed to be associated with higher exposure to infection. The
number of household members was higher among individuals with HAV and HBV
infection but not for HEV (p < 0.001 and <0.05, respectively) as shown in table 3.7. A
similar pattern was seen for HBV in families with high number of members <18 years
(p <0.001). No marked difference was seen if household members were mostly adults,

except for HAV, where a statistical difference was observed (p <0.001).

The number of bedrooms per household was associated with the prevalence of HAV
(p<0.05) but not with Anti-HBc or HEV. The crowding ratio was not associated with

the proportion of participants infected with HAV, Anti-HBc or HEV.

The availability of electricity and other domestic services was high among participants.
The former was associated with a higher rate of HAV infections (p<0.05). However

there was no association with the availability of piped water or toilet facilities.

Attending public or private clinics in the past was not associated with a higher
prevalence of HAV, HBV or HEV. The mean time to reach the clinic was short for both
HAYV and Anti-HBc positive and negative participants. Despite the closeness of the
clinics, HAV- positive cases took slightly longer to reach the clinic than HAV-negative

cases (p<0.05).
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3.4.4 Prevalence of HBsAg according to the characteristics of the participants
3.4.4.1 Socio-demographic characteristics

The prevalence of HBsAg according to the characteristics of the participants is shown in
table 3.8. All 8 carriers were adults (12.9% of the 62 Anti-HBc positive adults) resulting
in a carriage rate of 4.6% (95% CI 2 - 8.9) among adults. Three of the eight HBsAg
positive adults were male (6%) and five (14%) female, however it is not statistically

significant.

HBsAg positive participants have varying education, ranging from illiterate (3) to
higher education (3). However numbers were too low for statistical analysis. Employed
participants were more likely to be HBsAg positive than unemployed participants but
again, this was not significant. Three cases were identified in Dar Saad clinic (18%) and
one case for each of the remaining clinics except Muala'a and Mansura clinic. Three
individuals (18%) with a history of hepatitis were HBsAg positive and one person (4%)

with a family history of hepatitis was positive.

Overall, only one (0.6%) of the 259 participants tested was infected by HCV. This adult
was an unemployed, illiterate female attending Dar Saad clinic. She had a history of

hepatitis but did not report a family history of hepatitis.

3.4.4.2 Prevalence of HBsAg according to characteristics of the household.

The prevalence of HBsAg carriage and HCV infection did not show significant
differences by the numbers of household members, been those below 18 years old or
adults. Data for HBsAg are shown in table 3.9. Data for HCV was omitted as there was
only one positive case. There was no association between HBsAg and the crowding
ratio, nor the availability of electricity, pipe water or toilet facilities or clinic attendance
per year. The mean time required to reach the nearest health clinic was similar for

HBsAg positive and negative cases
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Table 3. 8 Sociodemographic characteristics of the HBsAg positive subjects among the

Anti-HBc positive participants.

t HBsAg (N=87)

Positive (%)  Negative (%)
Age children <18 0 (0)* 25 (100)
adults 8(12.9) 54 (87.1)
Sex male 3(5.9) 48 (94.1)
female 5(13.9) 31(86.1)
Education <7 years old minor 000 11 (100)
primary 0(0) 2 (100)
7 <18 years primary 0(0) 11 (100)
secondary 0(0) 1(0)
adults illiterate 3(37.5)* 5(62.5)
read and write only 1(4.3) 22(95.7)
basic education 00 10 (100)
secondary school 1(10) 9 (90)
higher 3(27.3) 8(72.7)
Employment (adults) employed 5(14.7) 29 (85.3)
unemployed 3(10.7) 25 (89.3)
Clinic of enrolment Dar Saad 3(17.6) 14 (82.4)
Tawahi 1(16.7) 5(83.3)
Crater 1(1L1) 8 (88.9)
Buraika 1(9.1) 10 (90.9)
Sheikh Othman 1(7.1) 13 (92.9)
Khormaksar 1(6.7) 14 (93.3)
Mansura 0@0) 11 (100)
Muala'a 0 (0) 4 (100)
History of hepatitis (individual) yes 3(17.6) 15(83.3)
(individual) no 5(7.2) 64 (93.8)
(family) yes 14.2) 23(95.8)
(family) no 7(11.1) 56 (88.9)
*p<0.2 **p<0.05 ***p<0.01 tHBsAg= hepatitis B virus surface antigen
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Table 3.9 households characteristics in HBsAg positive subjects among the Anti-HBc

positive participants.

t HBsAg (N=87)

Positive (%) Negative (%)

Number of household members 1-4 0(0) 5(100)
5-9 5(10) 45 (90)

10-14 3(11.5) 23 (88.5)

>15 0 (0) 6 (100)

Number of members <18 years old <3 1(7.7) 10 (92.3)
3-4 2(5.6) 34 (94.9)

>5 5(13.2) 33 (86.8)

Number of adult 1-2 1(3.3)* 29 (96.7)
34 5(19.2) 21 (80.8)

>5 2(6.5) 29 (93.5)

Number of bedrooms 1-2 24.7) 41 (95.3)
34 5(12.5) 35 (87.5)

>5 1(25) 3(75)

Median crowding ratio 3.2 3.8
Availability of electricity 8(9.2) 79 (90.8)
pipe water 7 (8.3) 77 (91.7)

toilet 7 (8.6) 74 (91.4)

Frequency of public clinic attendance /year none 0(0) 15 (100)
1-2 times 4(11.4) 31 (88.6)

3-4 times 2(8.7) 21 (91.3)

>5 2(14.3) 12 (85.7)

Frequency of private clinic attendance /year none 4 (6.8)* 55(93.2)
1-2 times 1(6.3) 15 (93.8)

3-4 times 3(33.3) 6 (66.7)

>5 0(0) 3 (100)

Average time to reach the clinic (in minutes) [S.D.] 11.25[5.18] 15.49[11.01]

*p<0.2 **p<0.05 ***p<0.01

HBsAg= hepatitis B virus surface antigen
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3.4.5 Past exposure between HAV, HBV, HCV and HEV

From the total of 466 participants with positive HAV, 354 (76%) were not co-infected
with other hepatitis viruses and 112 (21%) were co-infected with one or more viruses in
this study, as shown in table 3.10 and 3.11. Seventy four (15.9%) HAV positive cases
were co-infected with HBV and 30 (6.4%) with HEV. In addition, 7 cases were co-
infected with HBV and HEV and one (0.2%) with HBV and HCV.

Five cases with HBV infection (5.8%) were not co-infected with other viruses and 82
were co-infected with one or more viruses. The majority 74 (85%) were co-infected
with HAV, 7 (8%) were co-infected with HAV and HEV and one (1.2%) with HAV and
HCV. Of the 38 cases of HEV, one did not have past exposure with other viruses, while
30 (79%) were co-infected with HAV and 7 (18%) with both HAV and HBV. The
single case of HCV was co-infected with HAV and HBV but not with HEV.

Analysis of association between HAV with HEV and HAV with HBV was made.
Findings show that there was an association between HAV and HEV with p- value
<0.05. Both viruses were having similar route of transmission (Faeco-oral). It is
surprising that an association was found between HAV and HBV (P= 0.02) where their
route of transmission is different, albeit that refereeing to the universal infection of
HAV and probably to other factors such as rate of crowdedness in the house as well as

the habit of sharing inter familial properties.
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3.5 Discussion

For the purpose of planning an adequate health system and implementing sound preventive
control measures, it is important to obtain baseline information on the prevalence of infection
and its markers. This study shows a varied prevalence in HAV, HEV, HBV and HCV in
Aden, and that this prevalence varies with age. A significant difference was observed in the
prevalence between adults and children <18 years for HAV and HBV. This is the first
description of the epidemiological characteristics of HAV and HEV in this community and

for the south-eastern governorates of Yemen.

3.5.1 Enterically transmitted viruses (HAV and HEV)

In this study, the prevalence of HAV increased steadily from 53% among infants, 82% in pre-
school children to 99% amongst adults. Although the overall prevalence was very high (87%),
it was lower than what was found by Scott et al., (99.7%) in 1988, in the northern
governorates of Yemen (Takahashi et al., 2002b). The mean age of Scott et al population
(24.2 £14.6 years) was higher than the age of the participants in this study (18.3 + 19.4 years).
The resulting difference of 13% in the prevalence between the studies could be an artefact of
different population structures. However, data for Scott’s study is not reported by age and is

not possible to investigate whether the effect is due to this confounder.

A high prevalence of HAV infection in pre-school children was observed (82%), which was
similar to other studies on pre-school children in developing countries with a high HAV
prevalence. For example, the prevalence of this age group was 86% in India (Scott et al.,
1990) and 100% in South Africa (Abdool Karim & Coutsoudis 1993). However, in Oman the
rate of infection in this age group was 53.2% (Acharya et al., 2003), in Saudi Arabia 39%
(MOH-SO 1999) and in Lebanon 10.5% (Arif M 1995). Other countries with very low
prevalence among pre-school age are Italy (13%) (Sacy et al., 2005), Korea (5%) (Ansaldi et
al., 2008) and Luxembourg (<5%) (Sohn et al., 2000), Japan (1.3%) (Mossong et al., 2006).
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Most reports from the Middle East indicate that there is high endemicity of HAV in the adult
population, which varies with age. The majority of countries in the region have prevalence >
95%, including Egypt, Qatar, some areas of Saudi Arabia, Oman, Syria, Iran, Morocco and
Algeria (Kiyohara et al., 2007), which resemble our results in the adult population. Nearly,
the same rate of infection was seen in Japan 30 years earlier (1973), while in 2003 only 50%

were positive showing a remarkable shift (MOH-SO 1999; Fathalla et al., 2000; Tufenkeji
2000; Jacobsen & Koopman 2004).

Yemen, still suffers from a low availability of potable water and sanitation (Kiyohara et al.,
2007). Based on the 2005 report from the Ministry of Planning and International Cooperation
(MOPIC) access to water and sanitation services was available for only 65% and 35% of the
population, respectively (WorldBank 2006). Similarly, there is a poor control of food hygiene,
low level of health awareness, high rates of illiteracy and poverty and high rates of infection
among young children. All these factors contribute to an increasing spread of hepatitis A in

the community and the country, not surprisingly, has a high endemicity.

In general, no significant differences in the HAV prevalence were observed by gender,
education and occupational status, although, participants enrolled in Mualla and Mansura had
the lowest and highest prevalence. Mualla area was constructed at the time of the British
Colony in Aden (1839 - 1967) and was used for settling the British Army in the mid of the
last century. The area has adequate sanitation services and drinking water that was better than
the Mansura where some of its areas have a mixture of new and old constructions and with
limited sewerage system. In addition, proportions of children <18 years old, was higher in
Mualla than in Mansura (42 and 22, respectively). In comparing Aden with other cities in
Yemen, piped water and sanitary toilet services are available for 94% and 87%, respectively,
of the population in Aden which could not found in other city in the country whereas they
confronting the rapidly depleting water sources particularly in main cities such as Sana’a and

Taiz. To confront the water crisis in these cities residents have been forced to buy untreated
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water from private sources. A microbiological examinations study was conducted in Sana’a
and Taiz (main cities in northern governorates) to assessed the quality of partially treated
drinking water in private establishments in the City have shown that 83%-90% of the samples
were contaminated; 50% with faecal coliforms and 33% with total coliforms (Raja'a et al.,
2001; Metwali 2003). This indicated a probably a gross contamination with other viruses or
parasites. Therefore, a substantial changes would be needed to achieve the control of HAV
and HEV infection in Yemen, as 42% of the population live below the poverty line and the
Gross National Income (GNI) per capita is $760/ year (MOPIC 2006). The priority for the
control of HAV at this stage therefore should focus on improving the water quality, sanitation

coverage, public food hygiene and awareness.

In this study, an HEV-ELISA was used to detect IgG. This assay utilises three absorbent
recombinant HEV antigens which correspond to the structural region of the viral genome and

is reported to have high sensitivity and specificity to detect the past infections (WorldBank

2006; Worldbank 2007).

Reverse-transcription PCR can be used to confirm infection and to identify the strains.
However, because of its technical complexity and cost, it is only used in reference
laboratories (Myint et al., 2006a; MPDiagnostics 2007). Western blot assays to detect anti-

HEV IgM and IgG, are costly and not frequently used for prevalence surveys (Irshad 1999;
WHO 2001a).

The prevalence of HEV has not been studied in Yemen. The only study available was based
on patients with acute hepatitis and reported a rate of 14% (WHO 2001a). This is higher than
the reported in this study and is likely to reflect differences in the study populations.

However, such rates suggest a widespread prevalence of the agent.

Population-based studies in the Middle East show a high prevalence of HEV, in Egypt (30%-
50%), (Kumar et al., 2001)(20%), Somalia (71%) and Saudi Arabia (Jeddah) (14.9%) Somalia
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(Abdelaal et al., 1998; Irshad 1999; Fix et al., 2000; Kumar et al., 2001; Meky et al., 2006;
Stoszek et al., 2006c¢).

It was thought that HEV had a restricted distribution to developing countries. However, most
recent studied have revealed that anti-HEV antibodies can be observed in all countries
including developed countries (Abdelaal et al., 1998; Irshad 1999; Fix et al., 2000; Kumar et
al., 2001; Meky et al., 2006; Stoszek et al., 2006¢), although the prevalence can range
between 3% - 20% and 0.4% - <3% in endemic and non-endemic countries, respectively
(WHO 2001a). An epidemiological survey in 11 countries showed that the rate of infection
varied across countries from 18% in Bolivia to 80% in Egypt (Balayan 1997). Sporadic
infections also seem to be common in both developing and developed countries (Abe et al.,
2006).

Countries have been categorized into low, moderate and high HEV prevalence zones (0-2%,

>2-5% and >5%, respectively) (Irshad 1999). Based on these categories, Yemen would be

placed on the high prevalent zone.

No significant differences were seen by gender, occupational status, clinic of enrolment,
availability of electricity, piped water or toilets. The education level was associated with the
prevalence of infection with higher rates of infection among those with higher education

(33%) than among those having secondary school (5%), however no explanation was found.

At present, no vaccine is available against HEV, although several studies are in progress
(Irshad 1999). Studies in monkeys showed that protective immunity is induced by vaccination
with recombinant proteins and suggested that a vaccine for hepatitis E might be feasible
(Tsarev et al., 1997). However recently, the study by Shrestha et al. (2007) looks encourag-
ing; in a group of almost exclusively male subjects (898 in the vaccine group and 896 in the
placebo group) received three vaccine doses; that recombinant HEV vaccine effectively
prevents clinical hepatitis (Shrestha et al., 2007). Findings from other trial from China of a

recombinant hepatitis E vaccine have concluded that the course of three doses of the vaccine
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induced 100% seroconversion and it was safe and immunogenic for humans (Zhang et al.,
2009). However, the duration of protection by the rHEV vaccine is also unclear; further
studies are needed to validate appropriate indications for these vaccines and to determine its
long-term effects (Tsarev et al., 1994; Zhang et al., 2002; Tacke & Trautwein 2007).
Despite that the vast majority of HEV-related diseases immunocompetent people are benign;
it is generally encouraging that rHEV vaccine was effective in preventing hepatitis E disease
in a high-risk population mainly those in endemic areas and those under compromised living
conditions, for example refugee camps or serving the army (Bryan et al., 2002; Tacke &

Trautwein 2007) in addition to traveller from developed countries to endemic regions.

3.5.2. Blood-borne viruses (HBV and HCYV)

Hepatitis B and C continue to be global public health problems despite the efforts to control
these infections through education, screening, the application of preventive safety measures in
medical care and vaccination programmes for HBV (Krawczynski 2007; Shrestha et al.,

2007).

Studies across the world show differences in the prevalence of HBV when stratified by age or
exposure factors (Alexander & Kowdley 2006). In our study, of the 538 participants enrolled,
7% of <18 years olds were Anti-HBc positive versus 36% of the adults. The overall carrier
rate (HBsAg positive) was low (1.5%) and none of the children <18 years old were carriers
compared to 4.6% of the adults. The latter is nearer to the 5.5% rate found among employees
of three major hospitals in Aden reported by Al-Jarba (El-Sayed et al., 1997; WHO 2002b;
Lobato et al., 2006; Michos et al., 2008). Similarly, 6.7% of blood donors in Aden City were
reported to be carriers. Similar rates were reported from Sana’a, where 4% of healthy mothers
(Al-Jarba & Al-Sayyari 2003; Sallam et al., 2003a) and 7.4% of individuals presenting to the
central laboratory were identified to be carriers (Al-Shamahy 2000). Despite the differences in

the source of the study populations in these studies findings among adult seen to be

remarkably similar.
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Adults in Aden were more likely to have a higher prevalence of HBV infection than children
reflecting their longer exposure to hepatitis. This is also a possible a reflection of lack of
education, inadequate blood transfusion safety measures, unsafe use of needles and syringes
and the lack of vaccination against HBV in the past. The prevalence found therefore is a
mixture of the cohort effect of the markers of infection used, with a likely decreasing rate of
infection in younger cohorts which might be protected by the vaccine. To our knowledge
there is no previous study of the prevalence of HBV among children in Aden to enable a valid
comparison with the current situation. However, studies in other locations have shown that
the prevalence of HBV is lower among children than adults. In Egypt the prevalence of HBV
was reported to be 10% among Sinai children (Al-Nassiri & Raja'a 2001); similarly in
Western Brazilians (Amazon region) around 7% of children under 16 years of age (El-Sayed
etal., 1997); in a Romany population of children, under 16 years old in Athens the prevalence

was 22% (Lobato et al., 2006) and 6% of children under 12 years old in Colombia were HBV

core positive (Michos et al., 2008).

HBYV transmission can occur via multiple routes namely, perinatally, horizontally and
percutaneous or per-mucosal exposure to infectious body fluids including sexual or parenteral
contact (de la Hoz et al., 2008). The major mode of transmission in Yemen is not well
established. Sallam and Al-Nassiri findings support the notion that HBV in Yemen is most
likely acquired during adulthood reflecting the increasing HBsAg prevalence with age and the
longer exposure to high transmission rates in the past (Mahoney 1999; Hens et al., 2007). Our
findings were similar, with lower prevalence of infection among children and an increase in
early adolescence supporting the hypothesis that HBV infection is more likely to be acquired
horizontally in early adulthood. The absence of control measures in blood transfusion, the
unsafe use of needles and the lack of vaccination in the past would also have contributed to
the longstanding exposure of the adult cohorts in these studies. Furthermore recent studies, on
pregnant women in the perinatal period attending primary health care facilities in Aden City,

show a low rate of carriers (2.8%) (Al-Nassiri & Raja'a 2001; Sallam et al., 2003a). The low
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prevalence of HBV infection in children supports the hypothesis that vertical transmission is
not a likely common cause in Aden.

The low prevalence of HBV infection among young participants in Aden may be due to
several factors. Firstly, prior to 1992, there was no clear policy for screening blood donors in
the main hospitals. From 1992 to 1998 the Abbot Latex test was used to detect HBV and since
2003 the ELISA method was introduced. More recently, a fourth generation ELISA analysis
system has been in use in the central referral laboratory (Yousef Khalidah 2003). In addition,
immunisation against HBV was introduced in late 1999 in most public health facilities. The
coverage rate for the target group (under one year old) achieved 93% for the first dose and

87% for the third dose with a default rate of 6% by 2006 (Omer 2007).

The effectiveness of vaccination programmes against HBV has been clearly demonstrated.
Study from Taiwan had shown that the rate of HBV infection decreased from 34% to 10%
and the carriage rate fell from 11% to 4%, before and after the implementation of vaccination
(EPI/Aden 2007). In Italy, the prevalence in HBV has progressively decreased over the last 20
years, as a result of general improvements in the standard of living, the use of preventive
measures, implementation of vaccination programmes and the implementation of blood
screening procedures (Chen et al., 2007a). It is likely that these measures would lead to a
reduction in the prevalence of HBV infection in the recipient population, although data on the

prevalence of HBV before 2000 are not available.

There were some limitations in the present study. Although HBV vaccine was a protective
factor against infection, the participants’ detailed vaccination history was not recorded, which
would unavoidably miss some important information on vaccination failure. Secondly, only
two HBV markers (Anti-HBc and HBsAg) were investigated. Therefore, no clear idea was
found in estimating the proportion of the population who were previously infected or those
who may have received the vaccine. With these limitations in mind a further study could be

helpful to be conducted to address the issue of susceptibility to HBV infection in Yemen.
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Our study also found past exposure of HBV with other hepatitis viruses varying between one
virus and two viruses. The majority of HBV cases were co-infected with HAV (74/87). Past
exposure with two hepatitis viruses was also seen among 7 participants with HAV and HEV
and only one case with HAV and HCV simultaneously. In addition, an association was found
between HAV and HBV however, their routes of transmission are different. HAV transmitted
via oro-faecal route while HBV is parenteral. Nevertheless, the rate of HAV infection was

seen in the majority of the population under study which explain this type of association.

The overall findings in this study indicate that HBV is still an important public health
problem in adults, despite improvements in blood transmitted infections and immunisation in

the last decades. Similar studies could be undertaken in other areas of Yemen.

The prevalence of HCV was low with only 0.4% of the population infected and only one adult
case infected. Al-Jarba and Al Sayyari study of HCV prevalence among hospital employees in
Aden reported an overall rate of 1.3% (576 participants) (Zanetti 2001). The rate of 0.4% is
lower than and at variance from those found in other studies conducted in Yemen, namely in a
Soqotrian population (5.1%), blood donors in Sana’a (5.2%) (Al-Jarba & Al-Sayyari 2003)
and Mukalla City (1.6%) (Sallam et al., 2003b). Globally, it is reported that the transmission
of HCV is less common than that of HBV in the general population (Bahaj 2003). Some risk
factors such as multiple partners, intravenous drug use and commercial sex work are not
common in Yemen. However, further study would be needed to develop a comprehensive

picture of the HCV infection in the country and looking in-depth on the underling risk factors

in different communities.
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3.6 Genotyping for Hepatitis B virus

3.6.1 Objective 1.b

To describe the predominant HBV genotypes in the study populations.

3.6.2 Literature review

Numerous studies on have described the importance of viral hepatitis genotypes on the
clinical and therapeutic outcome of liver disease and genotypes vary across geographical
regions (WHO 2003b).

In Yemen, HBV genotypes were previously reported from sera of male blood donors
(Blumberg 1977, Nousbaum 1998; WHO 2002b; Sugauchi et al., 2003; WHO 2003a; Lin &
Kirchner 2004; Yuen et al., 2004; Hipgrave et al., 2006) and genotypes A and D were
reported with a predominance of the latter. This current however, describes the genotype

distribution among asymptomatic carriers and patients with liver diseases.

3.6.2.1 Genetic characteristics of HBV DNA

Historically, HBV variation was defined by means of antigenic analysis of the surface antigen
of the virus. On this basis 9 distinct subtypes have been described (Sallam & Tong 2004).
These serotypes (adw, ayw, adr and ayr) are defined by two mutually exclusive determinant
pairs, d/y and w/r, and a common determinant a (Bowyer et al., 1997). Sequence analysis of
viral DNA has led to the definition of 8 genotypes from A through H, based on the relatedness
of whole the genome (Ding et al., 2001; Sakugawa et al., 2002; Westland et al., 2003; Kao et
al., 2004; Chu & Liaw 2005). Each genotype differs from the other by nucleotide distances of
approximately 10%—-13% (Norder et al., 1994; Hardie & Williamson 1997; Lindh et al., 1997;
Stuyver et al., 2000; Arauz-Ruiz et al., 2002; Ding et al., 2002; Mahtab et al., 2008). The
genotypic variation of HBV is reflected in a partial sequence of the HBV genome, for
example in the pre-S or S gene (Magnius & Norder 1995; Nousbaum 1998; Lunel et al., 2000;
Simmonds 2001; Arauz-Ruiz et al., 2002; Sugauchi et al., 2002; Fung & Lok 2004; Hagiwara

et al., 2006). As the sequence of the S gene is more conserved than the pre-S region, analysis
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of the S gene is much more suitable for genotyping (Norder et al., 2004; Kramvis et al.,
2005).

3.6.2.2 Determination of HBV genotype

Reliable and easy methods to differentiate HBV genotypes and subgenotypes are a pre-
requisite for molecular epidemiological tests and clinical studies. Several methods have been
employed for HBV genotyping, such as direct sequencing, where samples are amplified by
PCR and the pre-S or S region is used as primer for the reaction (Lindh et al., 1999; Kao et
al., 2000; Ding et al., 2001; Sakugawa et al., 2002; Westland et al., 2003; Kao et al., 2004;
Chu & Liaw 2005). The products of amplification are directly sequenced and the sequences
are then compared against published sequences to determine its homology with known
genotypes (Chan et al., 2000a; Song et al., 2005). Another method is restriction fragment
length polymorphism, where the sample is first amplified by using the S gene as target. The
PCR products containing genotype-specific regions are then digested by restriction enzymes,
where the HBV genotype is differentiated based upon differences in the size of the digested
fragments (Bartholomeusz & Schaefer 2004). Amplicons of the S gene are then hybridized to
strips pre-coated with genotype-specific oliginucleotide probes for line probe assays. A
simple method is ELISA, where monoclonal antibodies to genotype-specific epitopes of the
pre-S2 region are employed. However, Kirschberg (2004) and Chen (2007) have suggested
that the Multiplex-PCR method is of low-cost and suitable for large-scale epidemiological

surveys and clinical studies (Mahtab et al., 2008).

3.6.2.3 Geographical distribution of HBV genotypes

The distribution of HBV genotypes varies across regions and population migration. HBV
genotypes A and D have global distribution. Genotype A predominates in Western Europe,
East and South Africa, Genotype B and C in Asia, genotype D in the Mediterranean and the
Middle East, genotype E in Western Africa and genotype F and H in Central and South
America (Kirschberg et al., 2004; Chen et al., 2007b). Genotype G has no specific

geographical distributions but has been reported in France and USA (Norder et al., 1993;
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Lunel et al., 2000; Simmonds 2001; Arauz-Ruiz et al., 2002; Sugauchi et al., 2002; Chu et al.,
2003; Sugauchi et al., 2003; Westland et al., 2003; Kato et al., 2004; Janssen et al., 2005;
Fung et al., 2006; Mahtab et al., 2008).

Up to now, HBV genotypes B and C are divided into at least five subgenotypes (Stuyver et
al., 2000; Chu et al., 2003). The strains B1 and B2 (formerly named Bj and Ba, respectively)
are predominant within genotype B, whereas B1 is mainly found in Japan but it does not have
any recombination with genotype C, whereas B2 is prevalent all over Asia (Nagasaki et al.,
2006; Sakamoto et al., 2006). Genomes encoding adw are found in genotypes A-C, F and G,
while the genomes encoding both adr and ayr occur in genotype C, along with adw, as shown
in table 3.12. However, these results are still incomplete because the number of isolates
analyzed are small and were limited to certain geographic areas (Sugauchi et al., 2002). Also,
subgenotypes C1 (Cs) and C2 (Ce) are the predominant strains amongst the five subgenotypes
of HBV genotype C (Liu et al., 2002). HBV subgenotypes C1 and C2, Bl and B2 show
virological and epidemiological differences that may lead to an altered clinical picture in

patients infected with HBV of these serotypes.

A relationship has been reported between HBV genotype and ethnicity. A study from Spain
reported a prevalence of genotype A with 52%, D 35% and F 7% (Huy et al., 2004; Chan et
al., 2005; Sakamoto et al., 2006). The genotypes mostly prevalent in China are B and C
(Sanchez-Tapias et al., 2002). Recently, data from India suggest that genotypes A and D are
most prevalent (Zeng et al., 2005). In the United States, the prevalence of genotype A is 35%,

B 22%, C 31%, D 10%, E <1%, F <1% and G 1% (Bamshad et al., 2001; Kumar et al., 2005;

Thakur et al., 2005).
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Table 3.12 Geographic distribution of HBV genotype and serotypes

HBYV genotype Geographic area Serotypes
A Northwest Europe, North America, Central America adw,, ayw
B Indonesia, China, Vietham adw,, ayw
C East Asia, Korea, China, Japan, Polynesia, Vietnam adw, ayr, adr
D Mediterranean area, Middle East, India ayw
E Africa ayw
F Native Americans, Polynesia adw
G United States, France adw
H Central America adw

3.6.2.4 Clinical outcomes of the HBV genotypes

In recent years, there has been an explosion of knowledge with respect to HBV genotypes and
their association with viral latency, HBcAg, HBeAg seroconversion, pathogenesis of liver
disease, immune escape, treatment response and resistance to antiviral drug therapy (Chu et
al., 2003). But these data are not available from many parts of the world. In addition, HBV
genotypes may influence the manifestation of clinical disease in the host (Kato et al., 2004).
Kumar (2005) revealed that the genotype A is associated with chronic liver disease more
frequently than genotype D in Europe (Arrais et al., 2008). Likewise, some studies from Asia
have illustrated that genotype C has a higher disease-inducing capacity than genotype B. For
example, they have shown that liver dysfunction due to liver cirrhosis and HCC were found
with more frequent rate among HBV genotype C than with genotype B (Kumar et al., 2005).
Since genotypes B and C are predominant in most of the Asian countries, results of
comparisons were restricted to patients with only these genotypes. However, one study from
Taiwan contradicts this finding and revealed that genotype B was more frequently identified
than other HBV genotypes in less than 50-year-old HCC patients (Bollyky et al., 1996; Kao et
al., 2000; Bamshad et al., 2001; Sakugawa et al., 2002; Sugauchi et al., 2003; Sumi et al.,

2003).

Recent studies have shown that patients with genotype F are more likely to die from liver

disease than those with genotypes A and D (Kao et al., 2000). A Swiss study demonstrated
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that progression from acute to chronic hepatitis is more likely with genotype A than with
genotype D, thus establishing a role of HBV genotype in the rate of recovery after acute
infection (Mahtab et al., 2008). In addition, in USA genotype D was associated with an
outbreak of fulminant hepatitis (Mayerat et al., 1999). However studies on the relationship

between HBV genotypes and their clinical implication also need further investigation.

HBeAg seroconversion, has been inversely related with progression to cirrhosis and HCC
among all the eight known HBV genotypes, however this rating is not yet complete (Garfein
et al., 2004). A study from India had reported that genotype A is more often associated with
ALT elevation, core antigen positivity and negative anti-HBe in patients aged 25 years and
above and more frequently seen with liver cirrhosis (Mahtab et al., 2008). Recent studies have
indicated an association between the HBV genotype B and HBeAg seroconversion at an
earlier age, less active liver disease, slower progression to cirrhosis and a higher rate of
HBeAg response to INF therapy compared with genotype C (Kumar et al., 2005). Moreover,
studies from Taiwan and Hong Kong found that genotype B had a higher rate of HBeAg
seroconversion compared to C (Chu & Lok 2002; Chan et al., 2003; Yuen et al., 2004;

Janssen et al., 2005); whereas in Spain genotype A had a higher rate of seroconversion than D

(Kao et al., 2000; Wai et al., 2002).

The relation between HBV genotypes and HBV DNA levels is still inconclusive. Whereas
some studies show higher level of HBV DNA with genotype C, others show no difference,
particularly with genotype D (Sanchez-Tapias et al., 2002). Most of the patients reported were
tested at one point in time and therefore the relationship between HBV DNA level and HBV
genotype cannot be excluded based on these studies alone (Kao et al., 2002; Chu et al., 2003;

Sumi et al., 2003; Westland et al., 2003; Yuen et al., 2003).

Pre-core variation of HBV is also HBV genotype dependent. A precore variant is most
common with genotypes B and D and less common with A and C (Chu et al., 2003). The

common pre-core variant G1896 A is infrequently encountered in the USA and Northern
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Europe, where genotype A predominates. Genotypes B, C and D, which frequently have T at
nucleotide 1858, predominate in areas with a high prevalence of pre-core variants like Asia

and the Mediterranean basin (Lindh et al., 1999; Grandjacques et al., 2000; Chu et al., 2003).

HBeAg seroconversion rates, mutational patterns in the precore/core promoter regions, and
response to antiviral therapy varies with the genotype (Lindh et al., 1999). Hence,
identification of HBV genotype is important for virus and disease surveillance worldwide. It
has been demonstrated among Asian patients that such variants are more common in those
infected with genotype C than those with B (Chu et al., 2003; Mahtab et al., 2008; Liaw &
Chu 2009). A study from the USA had reported higher core promoter variants with genotypes
C and D than A and B (Lindh et al., 1999). In Yemen, Sallam (2002) has studied the core
promoter variants where two major groups were identified among blood donors with basic

core promoter substitutions and major deletions (Chu et al., 2003).

With respect to anti-viral therapy, HBV genotypes have shown an influence on the response
to interferon therapy (Sallam & Tong 2002). Recent studies with anti-hepatitis therapy have
confirmed that HBeAg seroconversion occurs more often with genotypes A and B as

compared to C and D (Wai et al., 2002); although, anti-viral therapy may result in a shift in

the predominant genotype in such patients (Arankalle et al., 2003; Janssen et al., 2005).

The risk of recurrence of HBV infection is higher with genotype D following liver
transplantation (Hannoun et al., 2002). However other studies have failed to demonstrate any

increased risk of re-infection in post-transplant patients with genotypes A and D (Devarbhavi

et al., 2002).

3.6.3 Method

All ELISA positive sera for HBsAg (15 samples) from each study [8 samples from
community study (chapter 3) and 7 from clinical study (chapter 6)] were tested for HBV DNA

by polymerase chain reaction (PCR) assay using two different methods, as described in
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chapter 2. In the first method the 15 samples were tested using specific primers in a multiplex
PCR amplification reaction. As the results of this test were puzzling, a second sequencing
method was used to clarify the obtained findings. Only the positive samples (11 samples)

obtained from the first PCR round were included in the second test.

3.6.4 Results

From a total of 15 samples, only 11 (73%) were shown to be positive for HBV DNA in the
multiplex primer assay. Of the 11 cases, 6 (2 males and 4 females) were apparently healthy
and 5 were known male cases of CLD. The age of the participants ranged from 25 to 59 years
old (mean age= 46.3 years). Expression of genotypes showed genotypes A through E, as
illustrated in table 3.13. The most frequent types found were B and D (5/11 for each),
followed by C and E (3/11 for each) and type A (2/11). Genotype F was not found in this

study.

Based on the results of the first method, multiple genotypes were found. For example, among
healthy participants, 4 genotypes (A through D), were observed in one case. In cases with
chronic liver diseases 2 genotypes were found in two cases (Band E, and B and D,
respectively) and 3 genotypes (B, C and D) in another case. In addition, genotypes B and E
were predominant in cases with chronic liver diseases; whereas genotype D was predominant
among asymptomatic participants and with absence of genotype E. Genotype A was also

absent in cases with CLD. As this method was flawed due to inexperience and laboratory

technique, the results of the second method is used.

On the other hand, findings from the second assay showed only genotype D (7 from 11 tested
samples). Some results of the first method did not match the results from the second method.
For example, one asymptomatic participant and 2 cases of CLD did not have genotype D in
the first assay (B and E, respectively) but showed only genotype D in the second assay. Three

out of 6 (50%) asymptomatic individuals were found with genotype D and 4/5 (80%) of cases

with CLD show the same genotype in the second assay.
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Table 3.13 Characteristics of cases according to HBV genotypes

Participants Age Sex First method Second
method
A B C D E D
Asymptomatic 50 m +
Asymptomatic 55 f +
Asymptomatic 36 f + + + + +
Asymptomatic 42 m + +
Asymptomatic 45 f + +
Asymptomatic 59 f +
Cirrhoses 55 m + +
Chronic Hepatitis 45 m + + +
Chronic Hepatitis 42 m + + +
HCC 55 m + +
Chronic Hepatitis 25 m + + +
Total N (7:4) 2 5 3 5 3 7/11
(%) (18.2%) (45.5%) (27.3%) (45.5%) (27.3%) | (63.6%)
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3.6 5 Discussion

Two types of HBV genotyping assays were used resulting in this study with products of
mostly different genotype profiles. The first one implemented with Naito et al. (2001) method
using type-specific primers (A-F) to detect the specific genotype (Arankalle et al., 2003;
Girlanda et al., 2004). By this method, multiple-genotypes were identified for the same
individual where it was not seen common in the second method. This variation includes the
detection of 2 to 4 genotypes for the same individual from A through E. However, such
variation may be interesting for the decision of selecting the adequate method in future
genotyping work. This first method however, has puzzled the interpretation of the findings

which argue the conduction of the second method.

Based on findings from the second method, genotype D was identified dominant in all the 7
positively reacted HBV DNA samples produced in the second method. This findings concurs
with a previous study in Yemen where described the presence and dominance of genotype D
among indigenous Yemeni blood donors while genotype A was found only in communities
with continuing African links (Sallam & Tong 2004). In addition, our findings from the
second method are concurs with reports from other parts of the Middle East like Egypt,
Turkey, Iran, and Tunisia, all showing that genotype D is the most common genotype in this

region (Saudy et al., 2003; Amini-Bavil-Olyaee et al., 2005; Abdo et al., 2006; Babhri et al.,
2006).

Although the distribution of HBV genotypes varies across regions and with population
migration, it is documented that genotype D is dominant in the Middle East and genotype A

more common in Africa (Saudy et al., 2003; Amini-Bavil-Olyaee et al., 2005; Abdo et al.,

2006; Bahri et al., 2006).

Although, the use of the second method have diagnosed the predicted genotype in the area

with confidence and it confirms the dominance of genotype D in the studied sample,
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exclusion of whether minor variant of viruses in the sample that could circulate in the same
patient might explain the presence of some of the observed genotypes in the first genotyping
method in this study. It is interesting also that some of the genotype readings from the first
assay were not matched with the findings of the second method. This could be explained as
that due to multiplex primers method could be just give multiple band readings rather than
specific bands which could show different in the reading of the detected genotypes and thus it

needs further check out to confirm the actual products.

Although in Yemen, very limited number of studies were conducted to identify HBV
genotypes; there is no information on the correlation between HBV genotypes and the
outcome of acute HBV infection. There is no published data comparing the rate of HBeAg
seroconversion, activity of liver disease and rate of progression to cirrhosis and HCC among
patients with HBV genotypes. The lack of such studies is probably related to the limited

laboratory infrastructure to perform the required investigations
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CHAPTER 4: RISK FACTORS FOR HBV IN HEALTHY INDIVIDUALS

4.1 Introduction

This chapter describes the risk factors for infection with hepatitis B virus among a population
attending a primary health care setting in Aden Governorate. Based on the information
obtained through a questionnaire, data were analysed to identify risk factors associated with
HBYV infection. Factors examined included those related to transmission of infection and
social factors. This analysis would help to provide a better understanding of the risk factors
for HBV infection in Aden. It also will help the local health authorities to develop preventive

and control measures to avoid transmission.

4.2 Objective

To identify risk factors for HBV infection among the study population in Aden.
4.3 Literature review

HBV infection can develop into acute or chronic hepatitis and furthermore may lead to
cirrhosis or hepatocellular cancer. These conditions may require short to long period
hospitalisation, follow-up care with economic consequences to the patient, his family and the
health system (Arauz-Ruiz et al., 2002; Sugauchi et al., 2003; Kato et al., 2004; Kimbi et al.,
2004; Amini-Bavil-Olyaee et al., 2005; Hannoun et al., 2005; Fung et al., 2006; Mahtab et al.,
2008). Recent studies have associated the development of progressive liver disease with past
exposure of the individual to risk factors including among others infection with HBV in early
childhood, high viral load; viral genotype, viral mutants and age of HBeAg seroconversion

(Zuckerman & Zuckerman 2000; WHO 2002b).

4.3.1 Mode of transmission of HBY
The understanding of the modes of transmission of HBV infection is considered an important

step for the application of safety measures including the development of an optimal
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vaccination programme for the country (Chen et al., 2006; Iloeje et al., 2006). Two main
mode of transmission exist, vertical (mother-child) and horizontal. The dominance of one
over the other is dependent on the exposure to risk factors in each country. Communities with
high HBV prevalence and high rate of HBsAg carriage, as a potential source of infection, are
more prone to have high risk of HBV transmission (Mast et al., 1999; Zuckerman &
Zuckerman 2000; Qirbi & Hall 2001; WHO 2002b). In the vertical mode of transmission, the
opportunity of HBV intrauterine infection is low, unless there are concomitant factors such as
a high HBV DNA concentration, the existence of viral mutations, a poor placental barrier and

a low immune status of mothers (Andre 2000).

HBYV is present in high titers in blood and serous fluids, ranging from a few virions to 10°
virions per ml. It is also present in moderate in saliva, semen and vaginal secretions and at
very low level in urine and faeces (Su et al., 2005). The probability of HBV transmission is
dependent upon the concentration of infectious virions in the body fluids, the volume of
material transferred and the route of inoculation, either percutaneous or mucosal (Beltrami et

al., 2000; WHO 2002b; Hou et al., 2005).

In the Middle East, available studies on HBV infection show multiple modes of transmission
(Beltrami et al., 2000; Chien 2007). Perinatal and child to child transmission are commonly
reported (WHO 2002b). Parenteral transmission is considered the dominant mode of
transmission, although it has recently been reduced due to routine screening of blood products

(Toukan et al., 1990; Toukan 1996; Qirbi & Hall 2001). Limited information is available on

sexual transmission and unsafe injection practices.

4.3.2 Risk factors for Hepatitis B infection

Risk factors for HBV infection include social and environmental factors, exposure to unsafe
medical procedures and risky behaviour. These factors include intravenous drug use (IDU),
men who have sex with men and heterosexual practices with multiple partners (Weild et al.,

2000; Baklan et al., 2004; Budd et al., 2004; Garfein et al., 2004; Bialek et al., 2005). In
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settings where these factors are prevalent, infection in adolescents and young adults are the
commonest mode of transmission (Lamden et al., 1998; Hope et al., 2001). In the USA, 15%—
20% of acute hepatitis cases are IDU related and this group is considered an important mode
of transmission in UK (Gish & Gadano 2006). In developing countries, perinatal, child to
child and parenteral transmission, transfusion of blood and its derivatives, haemodialysis,
surgical interventions, dental extraction, tattooing, and wet cupping (Hijjamah) are considered
important routes of transmission (Lamden et al., 1998; Bialek et al., 2005). In health care-
settings, transmission occurs predominantly by percutaneous (needle-sticks or sharp injuries)
or mucosal exposure of workers to the blood or body fluids of infected patients (Sagliocca et
al., 1997; Mahoney 1999; Andre 2000; Qirbi & Hall 2001; Al-Faleh 2003; Khan et al., 2008;
Ter Borg et al., 2008). Some health care-settings are also potentially high risk places. These
include the risk of transmission in haemodialysis centres where high rate of HBV infection
are reported either for their patients and health workers (Beltrami et al., 2000; Kermode
2004a; Jafti et al., 2006). Infection may also be transmitted between household contacts and

between sexual partners, either homosexual or heterosexual (Beltrami et al., 2000).

There are variations in the factors associated with HBV infection and carrier status across the
world. Studies have illustrated an association between HBV carriage and large family size,
poor socioeconomic status, older age, low educational status and a history of past blood

transfusion, surgery or contact with a jaundiced person (Baqi et al., 1999; Alter 2006).

Chowdhury et al., (2005), described that being older than 20 years of age, poverty, a low level
of education, use of reusable glass syringes, being shaved by a community barber and being
born at home are risk factors for HBV infection (Scott et al., 1990; Toukan et al., 1990;
Toukan 1996; El-Sayed et al., 1997; Al-Nassiri & Raja'a 2001; Kuniholm et al., 2008).
Unsafe practices of injecting and re-injecting either patient or even vials and saline bags are
considered as a source of contamination by multiple-used needles/syringes to administer

intravenous medications to multiple patients (Chowdhury et al., 2005).
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There are no previous studies to describe risk factors for HBV in Aden. Studies in Sana’a
have described that both vertical and horizontal occur and that these modes are the more
frequent modes of transmission in this setting (Cadranel et al., 2007; Alter 2008). Risk factors
in that setting included blood transfusion, surgery, hospitalisation, dental extraction and large
family size (Scott et al., 1990; Al-Shamahy 2000). Some previous studies elsewhere,
considered Qat as associated risk factor with liver damage (Al-Mamary et al., 2002). Also
others have found that chewing Qat may cause certain disturbances to the health of the
individual beside the social and economic damage (Halbach 1972) and it has a direct
association with HBV infection (Fox et al., 1988) whereas not found significant association in

the study of El-Sorori (1991) within the Yemeni community in Taiz (El-Sorori 1991).

4.3.3 Socioeconomic factors

Socioeconomic status was measured by a combination of elements constituting the social and
economic background of the families enrolled to predict their association with HBV infection.
Many studies on factors associated with HBV infection have included socioeconomic markers
(Scott et al., 1990; Al-Nassiri & Raja'a 2001). These include employment, education, family
size and overcrowding (Tiwari & Kumar 2005; CTC 2007). Other factors have included the
availability of piped water, toilet facilities, electricity and ownership of a house, car, private
or public insurance and household appliances (Stronks et al., 1997; Evans & Kantrowitz
2002). The economic status does not have a causal relationship but acts as a measure of

exposure to suboptimal environmental conditions (Scott et al., 1990; Evans & Kantrowitz
2002; Topuzoglu et al., 2005).

4.3.4 Medical related factors

In medical care settings, percutaneous exposure has the main role of transmitting HBV
infection. This include transfusion of unscreened blood or blood products, sharing unsterilized
injection needles for 1.V. drug use, haemodialysis, acupuncture, and injuries from
contaminated sharp instruments sustained by hospital personnel (Evans & Kantrowitz 2002;

Tiwari & Kumar 2005). Therefore, past medical history including blood transfusion, family
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liver disease, and exposure to surgery or related condition such as circumcision are important
factors associated with infection (Alter 2001; Hou et al., 2005; Karkar et al., 2006; Avazova

et al., 2008).

A considerable improvement would be achieved if control and preventive measures are
generally applied in health care settings such as those used for blood transfusion, medical
procedures and awareness to avoid risk factors and the use of the HBV vaccine are

implemented in the community (Brabin et al., 2002; Alter 2003b; Alter 2006).

4.4 Methods

This was a case-control analysis which enrolled 87 participants with positive HBV markers as
cases and 451 participants who were free of HBV markers as controls. All the participants
were enrolled using a cross-sectional design as described for objective one with a total of 538

participants. Most of the methodology used in this chapter was described in chapter two.

Given the epidemiological characteristics described in chapter 2, there seemed to be a
biological change after 13 years of age and this cut-off was considered an influential element
in predicting the association of anti-HBc marker with different risk factors. Cases and controls
were therefore analysed in two separate groups. One analysis includes participants of <13
years old and a separate analysis was conducted for participants over 13 years old. The first
group (< 13 years old) contained 24 cases infected with HBV and 317 controls giving a total

of 341 participants. The second group was composed of 63 cases and 134 controls with a total

of 197 participants.

4.4.1 Risk factors
The following potential risk factors were analysed: Socioeconomic and demographic factors
including age, gender, education level, household size, employment, overcrowding index,

availability of electricity, piped water and toilet facilities. Ownership of some appliances such
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as radio, TV, fridge, satellite dish, landline or mobile telephone, bicycle, computer, car and
having an internet service were also included.

Past medical history included blood transfusions, vaccination against HBV, hospitalization,
surgery, receiving blood during surgical procedures, intravenous medications, visiting the

dentist or having experienced dental extractions and acupunctural manipulations.

History of common/traditional practices and past exposures with other viruses, such as
practicing of wet-cupping (Hijamah*), male circumcision, past hepatitis infection either for
the participant or his/her family, malaria, schistosomiasis, tuberculosis, HAV and HEV were
included. In addition variables related to the attendance to public or private clinics and their

frequency were considered.

* (Hijamabh: is the name in Arab traditional medicine for wet cupping, where blood is drawn

by vacuum from a superficial small skin incision for therapeutic purposes)

Behavioural factors included multiple sexual partners, tattoos, sharing of razor blades,

drinking alcohol, smoking and chewing Qat.

To assess the likelihood of association between the presence of HBV positive markers and the
factors investigated, a univariate analyses followed by a logistic regression method were used.
The odds ratios were estimated with 95% confidence intervals (Cls). Factors resulting from

the univariate analysis with p-value < 0.2 were selected for logistic regression analysis using a

backward multiple logistic regression model. All tests were 2-sided, and P values < 0.05 were

considered statistically significant.
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4.5 Results

4.5.1. Univariate analysis of factors associated with HBV infection in participants < 13
years old

4.5.1.1 Socio-demographic factors

Twenty four cases and 317 controls < 13 years old were analysed. Socio-demographic factors
associated with HBV infection among < 13 years old are described in table 4.1. The mean age
of children infected with HBV was higher among cases than controls (6.6 and 5.4 years,

respectively) but the p- value was = 0.2. Cases were more likely to be male than controls, but

this was not statistically significant.

Educational status was classified into minors (not in education) and those already enrolled in
education. There was no association between education and HBV infection.

Household size was stratified into three categories (< 5, 5-9 and > 9 members). Infection rates
increased with increasing household size (from 8.3% to 54.2%). The odds ratio indicates an
increased risk when there were more than 9 members in the household (OR= 4.7, 95% CI
1.02-21.9). Children with HBV were more likely to live in a rented house than controls (p =

0.06).

Cases with HBV infection were less likely to have received assistance by non-medical

personnel during delivery, but this and the crowding index were not statistically significant.

4.5.1.2 Factors related to medical history

Analyses of factors related to medical history are shown in table 4.2. Cases were more likely
to have received a blood transfusion than controls (13% and 3%, respectively, p = 0.05). All
other risk factors, including vaccination, medical procedures such as surgery, intravenous
medication, visit to the dentist, experiencing dental extractions, wet-cupping (Hijjamah) and
circumcision by non-medical worker were not statistically significant with p values > 0.05.

Similarly, hospitalisation, attendance to public/private clinics and the frequency of attendance

were not statistically significant.
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Table 4.1 Univariate analysis of socio-demographic factors associated with HBV infection in

participants < 13 years old

clinic*

Variable Cases =24 Controls =317 Odds 95% C.I. P-value
N (%) N (%) ratio
Age (years) mean (+SD) 6.6 (4.0) 54(4.1) 1.07 0.97-1.19 0.153
Gender female 9(37.5) 158 (49.8) 1 t 1
male| 15(62.5) 159 (50.2) 1.66 0.70- 3.90 0.251
Education status minor 11 (45.8) 187 (59) 1 t 1
basic education| 13 (54.2) 130 (41) 1.70 0.74- 3.91 0.283
Household size (members) <5 2(8.3) 51 (16.1) 1 t 0.004
5-9 9(37.5) 196 (61.8) 1.17 0.25-5.59 0.843
>9( 13(54.2) 70 (22.1) 4.74 1.024-21.91 0.047
Living in rented house 23 (71.7) 242(76.3) 0.14 0.02- 1.06 0.057
Assisted during delivery by medical 15 (62.5) 235(74.1) 1 T 1
non-medical| 9 (37.5) 82(259) 172  0.73-410 0219
Crowdedness index <2.5 /room 13 (54.2) 125 (39.4) 1 t 0.256
2.6-4.5 /room 7(29.2) 91(28.7) 0.74 0.28-1.93 0.537
o > 4.6 /room 4(16.7) 101 (31.9) 0.38 0.12-1.20 0.100
t reference
Table 4.2 Univariate analysis of factors related to medical history associated with HBV in
participant < 13 years old
Variable Cases =24 Controls =317 Odds 95% C.I. P-value
N (%) N (%) ratio
Blood transfusions 3(12.5) 103.2) 439 1.12-17.15 0.053
HBY vaccination 8 (33.3) 126 39.7) 0.76 0.32-1.82 0.536
Surgery 2(8.3) 8(2.5 351 0.70-17.54 0.141
Intravenous medication 15 (62.5) 179 (56.5) 1.29 0.55-3.02 0.671
Visit to a dentist 5(20.8) 49 (15.5) 1.44 0.51-4.04 0.559
Dental extractions 3(12.5) 27 (8.5) 1.53 0.43-5.48 0.456
Wet-cupping (Hijamah) 2(8.3) 10(3.2) 2.79 0.58-13.53 0.203
Circumcised 11 by a medical 7 (46.7) 87 (56.1) 1 1 1
by a non-medical 8(53.3) 68(439) 146 0.51-4.23 0.484
Hospitalization 8 (33.3) 62 (19.6) 2.06 0.84 5.02 0.118
Public clinic attendance 19 (79.2) 247 (77.9) 1.07 0.38-2.96 0.990
Private clinic attendance 11 (45.8) 119 (37.5) 141 0.61-3.24 0.514
Frequency of attendance to public 2.5(1.06) 23(09 133 0.87-2.05 0.191
clinic*
Frequency of attendance to private 1.8 (1.02) 1.6 (0.8) 1.33 0.86-2.07 0.199

t reference; 1 (N=170, 15 cases and 155 controls); * mean (+standard deviation),
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4.5.1.3 Factors related to previous diseases

History of hepatitis/jaundice in the participants or in a family member, history of tuberculosis,
malaria, and schistosomiasis, HAV or HEV were not statistically significant as shown in table
43.

4.5.1.4 Factors related to the household environment

The availability of electricity, piped water and toilet facilities was seen more often among
cases (100%) than controls (98%, 92% and 82%, respectively), as seen in table 4.4. However,
the availability of a toilet in the household was statistically significant (p=0.02). The
ownership of satellite and fridge were likely associated with HBV infection with p- value
<0.05 for each (OR=0.4, 95% CI 0.2- 0.9 and OR = 7.6, 95% CI 1.0 — 57.5, respectively).
None of the other selected personal appliances included (radio, television, etc.) were

statistically significant (p > 0.05).

Table 4.3 Univariate analysis of factors related to previous disease associated with HBV

infection in < 13 years old

Variable Cases =24 Controls =317 Odds ratio 95% C.I. P-value
N (%) N (%)
History of hepatitis 4 (16.7) 40 (12.7) 1.38 0.45- 4.25 0.531
Family history of hepatitis 9(37.5) 104 (32.8) 1.23 0.52-2.90 0.656
History of tuberculosis 1(4.2) 1(0.3) 13.74 0.83-226.83 0.067
History of malaria 7 (29.2) 58 (18.3) 1.84 0.73- 4.64 0.197
History of schistosomiasis 1(4.2) 3(0.9) 455  0.46-45.50 0.197
HAY positive 20 (83.3) 251 (79.2) 1.32 0.43-3.98 0.628
HEYV positive * 0(0) 13 (6.7) i T 0999

t reference. * 13 cases and 207 controls were tested with a total of 220.
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Table 4.4 Univariate analysis of factors related to household environment associated with

HBYV infection in < 13 years old

Variable| Cases =24 Controls=317 Odds 95% C.I. P-value
N (%) N (%) ratio
Availability of electricity| 24 (100) 309 (97.5) t t 0.999
piped water| 24 (100) 290 (91.5) t + 0.238
toilet| 24 (100) 260 (82) t t 0.020
Ownership of radio 15 (62.5) 239 (75.4) 041 0.13-1.37 0.148
television| 23 (95.8) 270 (85.2) 4.00 0.53-30.36 0.180
satellite| 16 (66.7) 135 (42.6) 0.37 0.15-0.89 0.027
fridge| 23 (95.8) 238 (75.1) 7.63 1.02 - 57.45 0.045
mobile phone| 9 (37.5) 104 (32.8) 1.23  0.52-2.90 0.638
land line phone| 10 (41.7) 112 (35.3) 1.31 0.56-3.04 0.533
computer 2(8.3) 9(2.8) 3.11 0.63-15.28 0.163
internet 0(0) 6(1.9) T t 0.999
bicycle 2(8.3) 20(6.3) 1.35 0.30-6.15 0.698
carf 5(20.8) 44 (13.9) 1.63 0.58-4.59 0.353

T not defined

4.5.2 Multivariate analysis of risk factors associated with HBV infection

Variables obtained from the univariate analysis with p values < 0.2 were entered in step one

of the logistic regression backward analysis. Only a household size of > 9 members per house

was associated with HBV infection (AOR =5, 95% CI = 1.07- 23.3) after adjusted with other

factors in the last step of the backward analysis (table 4.5).

Table 4.5 Multivariate analysis of factors associated with HBV infection in children < 13

years old.

Variable Adjusted Odds Ratio 95% C.I. P-value

Household size <5 ] T 0.002
5-9 1.07 0.22-5.22 0.935
>9 4.99 1.07-23.30 0.041

t reference
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4.5.3 Univariate analysis of factors associated with HBV infection in participants > 13

years old

4.5.3.1 Sociodemographic factors

A group of 63 cases and 134 controls > 13 years old were analysed. The socio-demographic

factors associated with HBV infection among participants > 13 years old are described in

table 4.6. The mean age was higher for cases than controls (45.2 and 38 years, respectively, p

= 0.002). Gender and educational status were not associated with HBV infection, however,

cases were less likely to have primary education than controls (p = 0.05). All other factors

related to this group such as household size, employed, crowdedness and residing in a rented

house were not significant.

Table 4.6 Univariate analysis of sociodemographic factors associated with HBV infection in

_participants > 13 years old

Variable Cases =63 N Controls =134 Odds 95% C.I. P-value
(%) N (%) ratio

\ge 452 (13.1)*  38.0 (15.5)* 1.03 1.01- 1.06 0.002

sender female 27 (42.9) 36 (47.8) 1 t 1

male 36 (57.1) 70 (52.2) 1.22 0.67-2.23 0.520

iducation illiterate/read and write 31(49.2) 47 (35.1) 1 T 0.108

primary 10(15.9) 35(26.1) 0.43 0.19-1.0 0.050

secondary school 11 (17.5) 35(26.1) 048 0.21-1.08 0.075

higher diploma 11(17.5) 17(12.7) 098 0.41-237 0.966

‘mployed 34 (54.8) 68(51.9) 0.89 0.49- 1.63 0.703

lousehold size (members) <S5 8 (12.7) 25(18.7) 1 + 0.179

5-9 39 (61.9) 64 (47.8) 1.90 0.78- 4.64 0.156

>9 16 25.4) 45 (33.6) 1.11 0.42-2.96 0.833

“rowdedness < 3 /room 20 (31.7) 47 (35.1) 1 T 0.425

3.1-5 /room 25 (39.7) 60(44.8) 0.98 0.49-1.97 0.953

> S.1/room 18 (28.6) 27 (20.1) 1.57 0.71-3.46 0.267

leited house 10 (15.9) 16 (11.9) 0.719 0.31-1.69 0.448

* mean (tstandard deviation), 1 not defined
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4.5.3.2 Factors related to medical history

The analyses of factors related to medical history associated with HBV among participants >
13 years old are shown in table 4.7. Surprisingly, the proportion of cases who had received

blood transfusion was lower than in controls (6% and 17%, respectively, p< 0.05).

All other factors, including vaccination status, exposure to surgery, blood transfusion during
surgical intervention, intravenous medications, visits to dentists or experiencing dental
extractions, circumcision, acupuncture, wet cupping, having been hospitalised or attending
public/private clinics and frequency of attendance were not statistically significant.

4.5.3.3 Factors related to previous diseases

The variables included in this analysis were history of hepatitis/jaundice, tuberculosis,
malaria, schistosomiasis, evidence of HAV and HEV infection. None of these variables was

statistically significant as shown in table 4.8.

4.5.3.4 Life style and behavioural factors

The lifestyle and behavioural factors are shown in table 4.9. Cases were more likely to drink
alcohol than controls (p = 0.02, OR = 2.9, 95% CI= 1.2-7.5). Other variables did not have
statistically significant associations, including smoking, chewing Qat, use of tattoos, sharing
of razor with others and multiple sexual partners.

4.5.3.5 Factors related to the household environment

Nearly all participants had electricity, television or a fridge as shown in table 4.10. Ownership

of a landline telephone was associated with HBV infection (OR = 2.8, 95% C I= 1.3-5.9, p <

0.01).

All other factors such as the availability of piped water and toilet facilities were not
statistically significant. In addition, those related to the ownership of personal appliances such
as radio, television, satellites, fridges, mobile telephones, computers, bicycles and cars or use

of the internet services were not statistically significant.
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4.5.4 Multivariate analysis of risk factors associated with HBV infection in > 13
years old.

Variables obtained from the univariate analysis with a reading of p value < 0.2 were
entered in the logistic regression backward analysis. The following variables met the
criteria for selection and were found at the last step of analysis which includes: age,
household size, blood transfusion and possessions of land line telephone as shown in

table 4.11.

The analysis identified that age increased the risk for HBV infection for each year
(AOR=1.03, 95% CI=1.01-1.05), household size (5-9 members, AOR=2.9, 95% CI =
1.1-7.6); and ownership of a land line telephone (AOR = 2.8, 95% CI = 1.3-5.8) were
associated with and increased risk of HBV infection while a history of blood

transfusions (AOR = 0.3, 95% CI = 0.1-0.8) decreased the risk.

Table 4.11 Multivariate analysis of factors associated with HBV infection in

participants > 13 years old

Variable Adjusted Odds ratio 95% C.1. P-value
Age 1.03 1.01-1.05 0.005
Household size <5 1 + 0.053

5-9 2.91 1.12-7.56 0.028

>9 1.57 0.56 -4.44 0.396
Blood transfusion 0.26 0.08 - 0.81 0.020
Land line phone 2.77 1.32-5.84 0.007

T reference
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4.6 Discussion

To implement a prevention programme of hepatitis B requires at least baseline
knowledge of the epidemiology of the disease in the target population. In Aden such
specific information was not available. This is the first case-controlled study which
investigated the risk factors for hepatitis B infection in Aden and its neighbouring

governorates.

The initial findings suggested that age < and > 13 years old had different seroprevalence
of infection and their age was used as a cut-off point. The analysis of the risk factors

was therefore analysed as two distinct groups, those under or above the age of 13 years.

Forty six variables were analysed in this study, of these, only four were significant after
backward logistic regression analysis. The main risk factors associated with HBV
infection were age, a large family size greater than 5 members, having received

transfusions of blood-products and having a landline telephone.

Even after stratification into age groups < and > 13years, age was still positively
associated with HBV infections in adults. The mean age was higher in cases than in
controls for participants < and > 13 years old. The association of HBV infection with
age was weaker in children than in adults. This is likely to be due to the cumulative
effect of exposure over a longer period of time in adults, as the marker used (IgG) did
not distinguish between recent and old infections. The logistic regression analysis, in

this study confirms the increased seroprevalence of HBV infection with increasing age;

with each year increasing the risk by a factor of 1.03.

Vertical transmission is unlikely to be a significant mode of transmission in children
under 13 years of age, a very few young children were infected. However, in
participants over 13, the increasing seroprevalence of HBV may reflect the absence of

control methods in the past, particularly of blood transfusion, sterilisation of surgical
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equipment and communal use of equipment. Similarly, it could reflect the absence of

vaccination until 2000.

Our findings show disagreement with West Africa data where hepatitis B vaccine was
not routinely used, and which highlighted that most HBV infections occurred in
childhood (Zuckerman & Zuckerman 2000; WHO 2002b). In addition, studies from
populations in other parts of Yemen have reported that children have a low prevalence.
Scott (1990) and Al-Nassiri (2001) reported lower rates of infection among children <
15 years old than in adults (Whittle et al., 1990; Edmunds et al., 1993). The age cohort
effect of the HBV infection has been reported in other Middle East countries, however,
most of the data in the region were based on studies on adults whereas very few

included children (Scott et al., 1990; Al-Nassiri & Raja'a 2001).

The provision of the HBV vaccine within the EPI since 2000 seems to have had a
positive impact in the prevention of HBV infection among children. The low frequency
of infection among children may also reflect a reduction in post-transfusion-related
infections through the use of safer blood supplies and more widely practiced infection

control procedures among medical personnel in recent years.

The household’s characteristics are often quoted in the literature as increasing the risk
of acquiring the infection (Andre 2000; Al-Faleh 2003). HBV infection is more likely to
occur within large families suggesting that person to person transmission can occur in
these conditions. It is possible that an infection within the household occurs through
common utensils shared by the household members (Tiwari & Kumar 2005; Topuzoglu
et al., 2005; CTC 2007). Our study also demonstrated that there is an increased risk of
HBYV infection when the household size increased over five members. Family size is
often confounded by the presence of carriers in the household (particularly those with
positive HBeAg), economic status of the family, education level of the parents and other

members and the habit of sharing items like razors and toothbrushes (Bile et al., 1992;
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Omer et al., 2001b; Alter 2003a). A study in New Zealand found that where there were
more than five carriers in household this was major risk factor for HBV infection
(Phoon et al., 1987; Arboleda et al., 1995). Similar results were found in another study
showed that a household with many carriers results in an increased rate of infection

(Milne et al., 1987; Phoon et al., 1987).

Poor housing quality and overcrowding are associated with poverty, specific ethnic
groups and increased susceptibility to disease (Euler et al., 2003). In addition, the
existence of HBV carriage or current/past history of hepatitis of member (s) in a
household increase the prevalence of HBV infection (Alter 2003a). In Yemen however,
Scott (1999) and Al-Nassiri (2001) showed no association between HBV infection and
household size in their study population in Sana’a (Abdool Karim et al., 1991). This

difference between our study and the study in Sana’a could relate to the differences in

the study design and population settings.

Among medically related factors, surprisingly, blood transfusion had a reverse
association with HBV infection in adult cases (AOR=0.2, 95 % CI=0.1-0.8, p= 0.04).
This finding was inconsistent with findings reported by studies conducted in Sana’a
where blood transfusion was an important factor for transmitting HBV infection (Scott
et al., 1990; Al-Nassiri & Raja'a 2001). Sallam et al (2002) identified that there was a
lower rate of HBV carriers among blood donors in Aden (6.7%) than in Sana’a (15%)
(Scott et al., 1990; Al-Shamahy 2000) and also in comparison with populations residing

Socotra Island or residents from an African ethnic minority in Sana’a (Sallam & Tong

2002).

The transmission of HBV via blood transfusion in Yemen has become less frequent than
in the past because of the implementation of control measures used in blood transfusion
facilities in the country (Sallam et al., 2003b). Recently, the Ministry of Health paid

attention to the diagnostic laboratory services and facilities for blood transfusions
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particularly in the medical laboratories and blood banks at the central level and in
governorates. In 2000, the first national workshop was held to develop a strategy to
separate blood transfusion services from diagnostic laboratories. In March 2005,
training courses were held with Italian expertise for the staff of blood banks (Own
2005). According to the report of the director of the blood bank in Aden, “the blood
bank is applying compulsory control measures in the field of blood transfusions in
Aden’s branch. These include measures of periodic check-up of hospitals’ laboratories

responsible for supplying the blood to patients” (Own 2005).

A study from the Middle East identified a reduction in the transmission of HBV via
blood or blood-products in the last few years (Omer 2007). This reduction was
associated with improvement of the control measures for blood transfusions in the

medical care settings (Al-Faleh 2003; Ayoola et al., 2003; Arafa et al., 2005).

The ownership of a landline telephone (AOR=2.8, 95% CI = 1.32 — 5.84, p value <0.01)
was found to be associated with HBV infection. This is also a marker of wealth in this

setting, suggesting that cases were economically better than controls.

We found no significant association between medical factors, medical history and
sexual behaviour. These findings are consistent with studies elsewhere which did not
found association of HBV infection and these variables except dental surgery (Andre
2000; Ghavanini & Sabri 2000; Al-Faleh 2003; Hasan 2005; Panhotra et al., 2005; Al
Awaidy et al., 2006; El Sherbini et al., 2006). Previous studies from Sana’a have
reported associations between HBV infection and surgery, transfusion of blood or
hospitalisation (Arboleda et al., 1995). In Lebanon, individuals who reported a history
of hepatitis/jaundice had received blood transfusion or had been exposed to
gastrointestinal endoscopy had a higher risk of HBV infection (Scott et al., 1990; Al-

Shamahy 2000). Although circumcision has been reported as risk factor among Somali
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households in Liverpool UK (Baddoura et al., 2002), it was not found as risk factor in
this study.

Nosocomial transmission from patient to patient accounts for a substantial disease
burden in countries with inadequate infection control, including the reuse of
contaminated medical or dental equipment, failure to use appropriate disinfection and
sterilization practices for equipment and environmental surfaces and improper use of

multi-dose medication vials (Brabin et al., 2002).

However, there still remain several un-answered questions about the quality control of
laboratories, emergency and blood transfusion units and their relevance to HBV
transmission. Also, issues such as inappropriate practices of multiple uses of syringes

and needles in hospitals and health centres should be investigated in-depth.

It is important to consider the limitations in this study. This was a cross sectional survey
and thus it was not possible to account for infected individuals who did not survive,
whether neonates, babies, children or adults, resulting in a selection bias to a healthier
population. Also there are other shortcomings for collecting accurate information about
sensitive practices. For example, information on sexual partners and the use of IV
recreational drugs, alcohol consumption and others are highly sensitive in this
environment. In addition, there must be an important recall bias for factors that had
potentially occurred several decades earlier. The cumulative effect of HBV infection on
the markers used would result in an attempt to correlate the characteristics of the
patients at the time of the study with an infection that occurred at some point in the past.
For economic reasons we were unable to test for some other markers of active HBV
infection such as HBV DNA and/or hepatitis B e antigen (HBeAg), IgM anti-HBc an
indicator of early acute HBV infection, and anti-HBs (antibodies to HBsAg) to exclude
those who might have resolved past infection. Therefore, some participants in this
category may have been missed since some cases with acute self-limited primary HBV

infection never have detectable HBsAg in the blood. Despite the high sensitivity and
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specificity of ELISA method, it is not without drawbacks. Since the method is based on
coating of solid phase with recombinant antigens used to capture specific antibody. This
may result in false positive reaction unrelated to the HBV. Therefore, for further studies
in this field, an accurate and proper selection of markers of recent infection could allow
taking into account the risk conditions temporarily associated with acquiring HBV

infection.

HBV vaccines were introduced in the country and became used in practice since the
year 2000. Because of the early acquisition of HBV infection, efforts were made to
vaccinate children under one year of age within the EPI programme. However the
vaccination programme does not include high risk groups of the population such as
health care workers, partners or the family members of HBV infected patients. In
addition, HBV screening is uncommonly performed at present; it could be offered
routinely, for instance to women attending antenatal clinics.

Further educational programs should be targeted to both public and hospital personnel

to increase awareness concerning this pathogen and the strict preventive measures

required to avoid transmission of HBV.
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CHAPTER 5: RISK FACTORS ASSOCIATED WITH HBV/HCV IN CHRONIC
LIVER DISEASE

5.1 Introduction

This chapter describes the seroprevalence of HBV and HCV and the risk factors

associated with these infections among patients with chronic hepatitis, cirrhosis or

hepatocellular cancer in Aden.

Investigating the epidemiological characteristics of patients with chronic liver diseases
will help in identifying potential factors associated with the transmission of HBV/HCV
infection in the community. Understanding these factors will also provide an adequate

knowledge for the application of preventive and control measures.

The literature review in this chapter focuses on the seroprevalence of HBV and HCV in

patients with chronic liver diseases and the risk factors for infection in this population.

5.2 Objective

To identify the seroprevalence of HBV and HCV infection among patients with chronic

liver disease.

To identify if infection with HBV and HCV are significant risk factors for chronic

hepatitis, cirrhosis and hepatocellular cancer.
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5.3 Literature review

Chronic liver disease is a term associated with a condition that tends to progressively
destroy liver tissue over a long period of time (Mast et al., 1999). It often causes
progressive hepatic fibrosis (Poynard et al., 2000; WHO 2002b). This can eventually
become cirrhosis, causing hepatocellular carcinoma (HCC), liver failure, a need for
liver transplant or death (Lin & Kirchner 2004; Vogt et al., 2006). Different reasons or

causes lead to this condition, among them, HBV and or HCV infection (Zarski 2006;

Bacchetti et al., 2007).

Chronic HBV infection is becoming prevalent worldwide and epidemiological studies
have described it as a common cause of cirrhosis and HCC, particularly in endemic
countries (WHO 2002b; Serin et al., 2005). Shortly after specific laboratory tests for
markers of infection with HBV were developed, an association between hepatitis B,
chronic liver diseases and primary hepatocellular carcinoma became apparent in

different geographical sites (Yim & Lok 2006).

Large population-based cohort studies in areas of high HBV prevalence have provided
the evidence establishing HBsAg carriage as a risk factor for HCC and liver disease
(Zuckerman 1982; Donato et al., 1998; Raimondo et al., 2005a). Therefore, a strong
correlation was established between the endemicity level of HBV infection and the
frequency of HBV related chronic hepatitis and cirrhosis (Crook et al., 2003). These
observations suggest that the current prevalence rate of chronic liver diseases found in
the population actually reflects a previous endemicity level because the infection might

have been acquired 10-20 years earlier (Deutsch & Hadziyannis 2008).

Three-quarters of patients with chronic hepatitis B in the world are in China, and sub
Saharan Africa is also considered as a high endemic area (Khan et al., 2008). Prevalence
of chronic hepatitis B in these regions reached up to 20%, with most infections
occurring in the neonatal period or during early childhood (El-Serag 2001; Zeng et al.,

2008). Many studies reported that the earlier in life the infection is acquired, the greatest
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the risk of progression towards chronic liver disease in adulthood (Edmunds et al.,
1993). A report from Taiwan showed that 30%-85% of babies born to HBsAg positive
mothers become infected via a vertical route of transmission and they were prone to
become chronically infected adults with high risk of developing chronic liver diseases
and HCC (Beltrami et al., 2000; Zuckerman & Zuckerman 2000; WHO 2002b; Lai et
al., 2003; WHO 2004c; Avazova et al., 2008; Ter Borg et al., 2008). Epidemiological
studies from Mediterranean area have shown that up to 90% of children with chronic

hepatitis were HBsAg positive (Yu et al., 2002)

Mast et al (1999), reported a relation between the occurrence of chronic liver diseases in
families and the high transmission rate of HBsAg between siblings during early
childhood (Gaeta & Giusti 1990). The higher prevalence of chronic HBV, as well as the

longer period of exposure to infection largely explains the higher HBV related HCC risk

in these endemic areas (Mast et al., 1999).

The prevalence of chronic liver disease in North America, northern, western, and central
Europe, and in Australia is low (0.2%—0.5%), and most infections are transmitted
during adolescence or adulthood through sexual contact or intravenous drug use
(Bernier et al., 1982; Mast et al., 1999). Although, a low prevalence was seen in these
countries, a trend of increasing chronic infections was also added with the migration of

new families from endemic areas (Gaeta et al., 2000).

Previous study has suggested that HBV genotype B is associated with a earlier HBeAg
seroconversion than genotype C but with low ALT levels after HBeAg seroconversion
(Chu et al., 2002a), whereas other studies have found that more severe liver disease was
found in carriers infected with HBV genotype C than in carriers with genotype B (Lindh
et al., 1999; Chan et al., 2003) which may contribute to a higher risk of
hepatocarcinogenesis. With regard to the administered drug, patients infected with HBV

genotype C showed significantly better response to Pegylated IFN-a-2b than to
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conventional IFN-a-2b and the rate of relapse was significantly greater in patients

infected with genotype C than in those infected with genotype B (Zhao et al., 2007).

Based on epidemiological and geographical observations, HBV and HCV have been
implicated in the pathogenesis of HCC. Hepatitis B antigens were present in the
malignant tissue of patients with HCC (Chan et al., 2003; Yuen et al., 2004; Janssen et
al., 2005). A higher incidence of this type of malignancy was reported among males
compared with females and this is correlated with the higher rates of HBV carriages in
males (El-Serag 2001; Parkin et al., 2001a; Liaw 2002; Fattovich et al., 2004). For
example, in Hong Kong, HCC is the second most common cancer in males (WHO
2002b; Yu et al., 2002). In China, the high prevalence of HBsAg carrier (14%) and the
high incidence of mortality by HCC (17 per 100,000 populations) are related (Lam et

al., 2004).

In 1992, the International Association for Cancer Research reported that HCC was the
fourth most common cancer in the world with a high incidence in Asian and Western
Pacific populations, followed by African, European, and North and South American
populations (Yu et al., 2002). The incidence rate found in Japanese was 5.5/100,000,
African American 7.1/100,000, Hispanics 9.8/100,000 and Chinese 16.2/100,000 male
populations (Parkin 1999; Marrero & Marrero 2007).

During the last two decades, increasing trends in the incidence of HCC have been noted
in Australia, Central Europe, United Kingdom, Japan, North America and Italy (Parkin
1999). In countries with a low HBV prevalence, like the United Kingdom, mortality
from HCC is 1 per 100,000. However, during the same two decades, there has been an
increase in mortality due to liver cancer in all countries (Deuffic et al., 1998; Donato et
al., 1998; El-Serag & Mason 1999; Andre 2000; Manno et al., 2004). A recent study in
the U.S., has shown that over the last 10 years liver cancer has been the tumour with the

highest increase in the incidence compared to other tumours (Parkin et al., 2001b). This
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is probably due to the increase in the infection among adults particularly in those with

risk behaviour.

Cirrhosis and HCC are considered the most frequent complications of HBV and HCV
infections resulting in considerable morbidity and mortality and substantial social and
economic burden (Marrero & Marrero 2007). Risk factors for HCC in patients with
chronic HBV infection include male gender, family history of HBsAg or HCC, older
age, presence of cirrhosis and past exposure with HCV (Lee et al., 2006). In Japan,
occurrence of HCC was found associated with 25% of HBV and 57% of HCV
infections (Serfaty et al., 1997; Mast et al., 1999; Lok & McMahon 2001; Lok &
McMahon 2004). Akuta et al. (2001), has demonstrated the relationship between HCV
infection and liver cirrhosis in young adults with a positive family history of similar or
related liver disease (Nishioka et al., 1991). However, other studies have reported that,

30% to 50% of HCC associated with HBV, occurs in the absence of cirrhosis (Akuta et

al., 2001).

Case-control studies have described the correlation between HCC and liver cirrhosis,
chronic infection with HBV/HCYV, aflatoxin Blexposure, sex, alcohol drinking,
cigarette smoking, obesity, diabetes and elevated alpha-fetoproteins (Khan &
Yatsuhashi 2000; Kuper et al., 2000; Yu et al., 2000; Trevisani et al., 2001; Nair et al.,
2002; Sumi et al., 2003; Wu et al., 2003; El-Serag et al., 2004; Fattovich et al., 2004;
Marrero et al., 2005; Zarski 2006; Zago et al., 2007).

Lok and McMahon (2004), found that persons who are chronically co-infected with
HBV and HCV may have more rapid progression of liver disease and a higher risk of
developing HCC than carriers of HBV alone (Lok & McMahon 2004). A meta-analysis
has also demonstrated that the concomitant infection of HBV with HCV is associated

with a higher risk of HCC development than either infection alone (Lok & McMahon

2004; Yim & Lok 2006).
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In Saudi Arabia dual infection of both viruses was significantly associated with
cirrhosis and HCC than controls (Donato et al., 1998); however, other study in other
part of the country have not shown the same (Khan et al., 2001a). These findings are
similar to studies in Italy and France (Ayoola & Gadour 2004).

High rates of HCV infection have been reported in patients with chronic hepatitis,
cirrhosis and hepatocellular carcinoma (Zarski et al., 2006; Cadranel et al., 2007).
About half of patients with HCV commonly progress to chronic hepatitis and another
20% progress to cirrhosis and probable HCC (Adachi et al., 2008). Cirrhosis occurs
after 10 to 20 years in approximately 20% of patients with chronic HCV (Bacchetti et
al., 2007). Approximately 26% of newly diagnosed cases of cirrhosis are caused by
chronic HCV or HBYV infection (Nishioka et al., 1991; Nowicki & Balistreri 1995).
HCYV infection is found in wide-ranging proportions among HCC cases in different
populations. It has been found in 75%-90% of cases in Japan, 60-75% in Spain, 44%-
76% in Italy, and 31%-47% of HCC cases in the U.S (Serfaty et al., 1997).

Most HBV-and HCV-related HCC cases occur in the presence of cirrhosis (Fattovich et
al., 2002; Echevarria et al., 2005; Donato et al., 2006). In areas of high HBV endemicity
such as Asian and African countries, persons with cirrhosis have an approximately 3-

fold higher risk for HCC than those with chronic hepatitis but without cirrhosis (Chen et

al., 2003a; Raimondo et al., 2005b; Marrero & Marrero 2007).

The WHO estimates that the prevalence of antibody to HCV ranges from 1% to 12%
(about 21.3 million) in the Eastern Mediterranean countries (WHO 1999a). This is close
to the estimated combined number of infected people in Americas (13.1 millions) and
Europe (8.9 millions) (Ikeda et al., 2005). Moreover, HCC were also reported in
association with HBV/HCYV infection in Middle East countries such as Egypt (93%), in
Lebanon (67%), Saudi Arabia (53%), and Sudan (53%) (WHO 1999a; Altaf 2001,
Omer et al., 2001a; Shobokshi et al., 2003b; Ramia & Eid-Fares 2006; Yaghi et al.,

2006).
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Al-Moslih and Al-Huraibi (2001), reported that the prevalence of HCV among patients
with CLD in Sana’a, Yemen reached 61.3% (OR=13.5, 95% CI=5.1-44.8) (Al-Moslih
& Al-Huraibi 2001) and more similar to what was found by El Gunaid (1993) (75.9%)
among patients with CLD (El Guneid et al., 1993). Both studies reported HBsAg in
33.6% and 24.1%, respectively (El Guneid et al., 1993; Al-Moslih & Al-Huraibi 2001).
There are no data on the prevalence of HBV/HCV among chronic liver patients,
cirrhosis or HCC in Aden. This study therefore, would inform the role that these viruses

have in patients with chronic liver disease in Aden.

5.4 Method

The method used in this chapter was described in chapter two where the total of 49
adults with a clinical diagnosis of chronic hepatitis, liver cirrhosis or hepatocellular
cancer were enrolled in the main hospitals in Aden. A comparison group was selected
randomly from participants attending health care centres in Aden, as described for
objective one. This group was from the same age distribution of the cases and were free
of any apparent liver disease. The ratio of cases to the comparison group was

approximately 1:3 for a total of 49 cases and 174 controls.

5.4.1 Inclusion criteria

A case of chronic liver disease (CLD), in the opinion of the resident specialist, was
diagnosed on the basis of signs and symptoms of hepatitis for more than 6 months and
persistently abnormal liver function test (ALT/AST) and/or histopathology evidence
and /or ultrasound evidence. These CLD cases include chronic hepatitis, cirrhosis and
hepatocellular cancer.

To measure the strength of factors associated with liver disease, ORs with 95% Cls

were computed using univariate analysis. Backward logistic regression was used to

obtain AOR.
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5.5 Results
5.5.1. Characteristics of patients with liver disease and controls
5.5.1.1. Socio-demographic characteristics

A total of 49 patients diagnosed with liver disease admitted to the three main hospitals
of Aden Governorate in the period from April through September 2005 and 174
participants attending the health centres were included in the study. The description of

their socio-demographic characteristics is shown in table 5.1.

The mean age (+SD) of cases was 43.3 (£14.2) years compared to 43.7 (+12.7) years in
controls, however, both having the same range of age from 19 to 79 years. There were
more males (63.3%) among the cases than the controls (55%).

Twenty two (44.9%) cases had no formal or basic education and 27 (55.1%) had
secondary and higher education. In the controls, 116 (66.7%) had no formal or basic
education while 58 (33.3) had secondary and higher education with a statistical
significant difference between both cases and controls (p< 0.05). Thirty two (65%)
cases were employed compared to 102 (59%) controls. However, no statistical
differences were seen between them. There was a median of 8 members per household
in cases than 7 in controls with approximately similar crowding ratio of 3 individuals
per room.

5.5.1.2 Medically related characteristics

Eight (16%) of the cases had a history of blood transfusions with a similar proportion
among controls. Higher proportions were observed among cases who received
intravenous medication, practiced acupuncture or cupping or attended private clinics
(90%, 22%, 22% and 61%, respectively) compared to controls (73%, 6%, 9% and 31%,
respectively) with a statistical significant difference between both cases and controls (p
< 0.01). In addition, the mean frequency of attending private clinics was higher in cases
(1.9) than controls (1.4) with a significant statistical difference (p <0.01). However,
rates of vaccination by HBV vaccine, attending public clinics and its mean frequency

were higher in controls than cases (P < 0.05) as shown in table 5.2.
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Table 5.2 Medical history of cases with chronic liver disease and controls

Variables Cases N=49 (%) Controls N=174 (%) P-value
Blood transfusion 8 (16.3) 27 (15.5) 0.999
Vaccination 0(0) 16 (9.2) 0.026
Surgery 14 (28.6) 44 (25.3) 0.713
Blood with surgery 3(6.1) 19 (10.9) 0.422
Intravenous medication 44 (89.8) 127 (73) 0.000
Visit to dentist 24 (49) 83 (47.7) 0.999
Dental extraction 24 (49) 43 (24.7) 0.851
Acupuncture 11 (22.4) 10(5.7) 0.001
Wet-Cupping (Hijamah) 11 (22.4) 15(8.6) 0.012
Hospitalization 24 (49) 77 (44.3) 0.627
Attend public clinic 32 (65.3) 151 (86.8) 0.001
Frequency of attending public clinic* 1.7 (x1.7) 2.3 (20.8) 0.001
Attend private clinic 30(61.2) 45 (31) 0.000
Frequency of attending private clinic* 1.9 (£2.3) 1.4 (0.7) 0.011
Mean time to arrive clinic * 18 (x15.4) 15.2 (x10.4) 0.135

* mean and +standard deviation

5.5.1.3 Previous diseases and behavioural characteristics

A history of hepatitis/jaundice or in family members, schistosomiasis, tuberculosis

smoking and chewing Qat were seen more frequently in cases (59%, 59% 12%, 8.2%,

53% and 69%, respectively) than controls (18%, 29%, 3%, 2%, 25% and 36%,

respectively). The differences were statistically significant, as shown in table 5.3. Other

variables were not statistically significant.

5.5.1.4 Characteristics related to household environment

Electricity, piped water and toilet facilities were available in 86%, 80% and 76% of the

households of cases compared to 99%, 95% and 91%, respectively, in controls (p <

0.01), as shown in table 5.4.

Proportions of ownership of personal appliances such as television, satellites, fridges,

mobile phones and landline phone were lower in cases (84%, 51%, 69%, 35%, 49%,

respectively) compared to controls (97%, 70%, 99%, 61% and 71%, respectively) with

statistically significant differences (p < 0.05). The other characteristics were not

statistically significant.
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Table 5.3 Previous diseases and behavioural characteristics of cases with chronic liver

disease and controls

Variables Cases N=49 (%) Controls N=174 (%) p- value
History of hepatitis 29 (59.2) 32 (18.4) 0.000
Family history of hepatitis 29 (59.2) 50 (28.7) 0.000
History of malaria 28 (57.1) 74 (42.5) 0.076
History of schistosomiasis 6(12.2) 5(2.9) 0.016
History of tuberculosis 4(8.2) 3(1.7) 0.043
Serological evidence of HBV 14 (28.6) 62 (35.6) 0.397
Serological evidence of HBsAg 5(10.2) 8 (4.6) 0.771
Serological evidence of HCV 1(2) 1 (D) 0.999
Tattoos 5(10.2) 634 0.067
Shared shaving razor 0 (0) 1 (0.6) 0.999
Multiple sexual partners 1(2) 14 (8) 0.200
Drink alcohol 7 (14.3) 20 (11.5) 0.622
Smoking cigarette 26 (53.1) 44 (25.3) 0.000
Chewing Qat 34 (69.4) 62 (35.6) 0.000

Table 5.4 Characteristics related to household environment of cases with chronic liver

disease and controls

Variables Cases N=49 (%) Controls N=174 (%) P- value
Ownership of Radio 41 (83.7) 156 (89.7) 0.312
Television 41 (83.7) 168 (96.6) 0.003

Satellite 25 (51) 121 (69.5) 0.018

Fridge 34 (69.4) 173 (99.4) 0.000

mobile phone 17 (34.7) 106 (60.9) 0.002

land line phone 24 (49) 123 (70.7) 0.006

Computer 0(0) 12 (6.9) 0.073

Internet 0 7 (4) 0.352

Bicycle 8 (16.3) 27 (15.5) 0.999

Car 9(18.4) 47 (27) 0.265

§.5.2.1 Distribution of HBV and HCV infection in cases and controls

Table 5.5 shows the seroprevalence of HBV infection in cases and controls. Although it

was unexpected a lower rate of infection was found among cases where 14 (29%) were

positive with anti-HBc compared to 62 (36%) in controls, the rate of HBsAg was higher

in cases than controls (10% vs. 5%, respectively), whoever all these results have not

shown statistical significance (p=0.4 and 0.8, respectively).
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Table 5.5 Seroprevalence of HBV and HCV in cases of CLD and controls
Variables Cases N=49(%) (95% CI) Controls N=174(%)  (95% CI) p-value

Anti-HBc 14 (28.6) (16.6- 43.3) 62 (35.6) (28.5-42.6) 0397
HBsAg 5(10.2) (1.7-18.7) 8(4.6) (1.5-7.7) 0.771
HCV 1(2.0) (-1.9-6.0) 1(0.6) (-0.6-1.7)  0.999

The 95% CI was 17, 43 for cases and 29, 43 for controls, as illustrated in figure 5.1.
Among the sub groups of the cases, a higher rate of anti-HBc was found in 9 (50%)
cases diagnosed as cirrhosis followed by a case of HCC and 4 of chronic hepatitis (20%
and 15%, respectively) with a statistical significant difference between the subgroups
(p<0.05), as illustrated in table 5.6 and figure 5.2. There was only one case of HCV

among both cases and controls.

Table 5.6 Distribution of Anti-HBc, HBsAg and HCV markers in CLD cases

Variables All Anti- (95% CI) HCV
N=49 (%) HBct HBsAg N (%)
N (%) N (%)
Chronic hepatitis 26 (53.1) 4(154) (1.5-293) 3(11.5) 1(3.8)
Cirrhosis 18 (36.7) *9(50) (27-73) 1(5.6) 0 (0)
Hepatocellular carcinoma 5(10.2) 1 (20) (-15.1-55.1) 1 (20) 0 (0)
*p <0.05

Figure 5.1 Seroprevalence of HBV among case of chronic liver diseases and controls
(95% confidence interval)
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Figure 5.2 Seroprevalence of HBV infection in cases of CLD by diagnostic entity
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5.5.3 Univariate analysis of risk factors for chronic liver diseases

All the 29 potential risk factors with p-value < 0.2 obtained from the data of
characteristics of the patients and controls were admitted to the univariate analysis.
However, essential factors such as age, sex and serologic evidences of HBV, HBsAg

and HCV were also entered in the analysis.

5.5.3.1 Socio-demographic characteristics

Univariate analysis of the socio-demographic factors, shows that education was
inversely associated with cases of liver disease, mainly among those achieved basic or
with no having formal education (OR=0.41, 95% CI= 0.21-0.78). The same associations
were seen for factors such as availability of electricity, piped water and toilet facilities

(OR=0.04, 95% CI= 0.01-0.29; OR=0.19, 95% CI=0.07-0.51 and OR =0.21, 95% CI=

0.09-0.46, respectively) (Table 5.7).

5.5.3.2 Medically related factors
Among medically related factors, such as exposure to intravenous medication, practices

of acupuncture, wet-cupping (Hijamah), attendance to public/private clinics and the
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mean frequency of attending these clinics were seen with significant association with

chronic liver diseases, as shown in table 5.8.

Table 5.7 Univariate analysis of study-subjects by socio-demographic factors.

Variables OR 95% CI  p- value
Age / years 0.99 097 -1.02 0.856
Sex 1.43 0.75-2.75 0.281
Education basic or no education 0.41 0.21-0.78 0.006
secondary and higher t T 1
Availability of electricity 0.04 0.01-0.29 0.002
piped water 0.19 0.07-0.51 0.001
toilet 0.21 0.09-0.46 0.000
t Reference
Table 5.8 Univariate analysis of study-subjects by medical factors.
Variables OR 95% CI p-value
Intravenous medication 3.26 1.22 -8.71 0.019
Acupuncture 4.75 1.88-11.99 0.001
Wet-Cupping (Hijamah) 3.07 1.31-7.21 0.010
Attend public clinic 0.29 0.14-0.59 0.001
Attend private clinic 3.51 1.82-6.78 0.000
Frequency of attending public clinic * 0.58 0.43-0.80 0.001
Frequency of attending private clinic * 1.33 1.04 - 1.69 0.024
Mean time to arrive clinic * 1.02 0.99-1.05 0.142

* mean and +standard deviation

5.5.3.3 Previous diseases and behavioural characteristics

Regarding factors of previous diseases like history of hepatitis, schistosomiasis and

tuberculosis were seen associated with chronic liver disease, as shown in tables 5.9.

Also variables related to behavioural factors include history of smoking and chewing

Qat, were associated with chronic liver disease. Surprisingly, the serological evidence

of HBV, HBsAg, and HCV has showed no association with chronic liver disease.

5.5.3.4 Factors related to household environment

As illustrated in table 5.10, the ownership of televisions, satellites, fridges, mobile and

landline phones were seen less likely associated with the cases of chronic liver disease

than controls.
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Table 5. 9 Univariate analysis of study-subjects by previous diseases.

Variables OR 95% CI p-value
History of hepatitis 6.43 3.24-12.79 0.000
Family history of hepatitis 3.59 1.86 - 6.94 0.000
History of malaria 1.80 0.95-3.42 0.072
History of schistosomiasis 4.72 1.37-16.19 0.014
History of tuberculosis 5.07 1.09 -23.46 0.038
Serological evidence of HBV 1.38 0.69 -2.77 0.397
Serological evidence of HBsAg 1.28 0.39-4.19 0.683
Serological evidence of HCV 0.51 0.03-8.23 0.632
Tattooing 3.18 0.93-10.91 0.066
Smoking cigarette 3.34 1.73 - 6.44 0.000
Chewing Qat 4.10 2.07-8.10 0.000

Table 5.10 Univariate analysis of study-subjects by household environment

Variables OR 95% C1 p-value
Ownership of television 0.18 0.06 — 0.56 0.003
satellite 0.46 0.24 -0.87 0.017

fridge 0.01 0.00-0.10 0.000

mobile phone 0.34 0.18 - 0.66 0.001

land line phone 0.39 0.21-0.76 0.005

5.5.3.5 Univariate analysis of case with chronic liver diseases

By the use of the univariate analysis, strong association was found between HBV and

cirrhosis than other types of chronic liver diseases such as chronic hepatitis or HCC

(table 5.11).

Table 5. 11 Univariate analysis of case with chronic liver diseases

Variables HBVN (%) Odds ratio (95% CI) p-value
chronic hepatitis n=26 4(28.6) reference - 0052
cirrhosis n=18  9(643) 550 (134-2253)  0.018
Hepatocellular carcinoma n=35 1(7.1) 1.38 (0.12-15.72) 0.798

5.5. 4 Multivariate logistic regression analysis of risk factors for chronic liver
disease

All the factors resulting from the univariate analysis with p value < 0.2 were admitted to

the multivariate backward logistic regression analysis. Ten factors were independently
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associated with liver disease. These included practices of acupuncture (AOR=7.24; 95%
CI=1.86-28.16), wet-cupping (AOR= 3.66; 95% CI=1.20 -11.16) and attendance to
private clinics (AOR=3.33; 95% CI= 1.38 — 8.00) which were associated with chronic
liver disease. Also, compared to controls, cases were 5 to 6 times more likely to have a
history of hepatitis (AOR= 5.84; 95% CI= 2.40- 14.20) and a history of
jaundice/hepatitis in their family member(s) (AOR= 4.03; 95% CI=1.61 — 10.06), as

shown in table 5.12.

Among other factors with a significant associations with chronic liver diseases, a history
of tobacco smoking (AOR=4.59; 95% CI= 1.81 — 11.60), chewing Qat (AOR=6.14;
95% CI=2.01-18.80), education status (AOR= 0.41; 95%CI= 0.17 — 0.98) and
ownership of refrigerators or landline phones (AOR= 0.01, 95%CI=0.00 - 0.07 and
AOR=0.35, 95%CI= 0.14-0.86, respectively) were independently associated. However,
the last three factors had an inverse association.

The use of intravenous medications had a positive association with chronic liver disease
in the univariate analysis but this was not confirmed when fitted in the logistic
regression model. Other covariates such age and sex as confounders as well as factors of
serological evidence with anti-Anti-HBc, HBsAg and anti-HCV markers which were

forced in the model, had no association with cases.

Table 5.12 Multivariate analysis for factors associated with chronic liver disease

Variables OR 95% Cl P value
Acupuncture 7.24 1.86 - 28.16 0.004
Wet-Cupping 3.66 1.20-11.16 0.022
Attend private clinic 333 1.38-8.00 0.007
History of hepatitis 5.84 2.40-14.20 0.000
Family history of hepatitis 4.03 1.61-10.06 0.003
Tobacco smoking 4.59 1.81-11.60 0.001
Chewing Qat 6.14 2.01-18.80 0.001
Education basic or no education 0.41 0.17-0.98 0.044

secondary and higher Reference Reference 1
Ownership of fridge 0.01 0.00 - 0.07 0.000
Ownership of landline phone 0.35 0.14-0.86 0.023
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5.6 Discussion
This is a first case-control analysis study in Aden City aiming to identify the
seroprevalence of HBV and HCV infection among patients with chronic liver disease

and the risk factors associated with cases and controls.

Surprisingly, a lower seroprevalence of HBV infection was found in cases than controls
(Anti-HBc 29% vs. 36%) but carriage showed higher markers in cases than controls
(HBsAg 10% vs. 5%), while approximately, a similar proportion for HCV infection (2%
and 1%, respectively) was observed in both groups. In addition, neither HBV nor HCV
could be identified as risk factors for cases or controls. These unexpected findings could
be due to the small sample size of the study. In addition, the fact that there was low
level of HBV (16% anti-HBc and 1.5% HBsAg) and HCV (0.4%) infections among
participants attending primary health care facilities in Aden City, as illustrated in
chapter 3. However, a number of studies across the world have reported a correlation
between the rate of chronic liver disease and the endemicity of HBsAg in the population

(El Guneid et al., 1993; Al-Moslih & Al-Huraibi 2001).

Most previous studies have shown correlation of only one hepatitis viruses, either HBV
or HCV and sometimes jointly, with one clinical entity of chronic liver diseases such as
HCC or cirrhosis. Very few studies have described the whole spectrum of chronic liver
diseases which includes among them chronic hepatitis and hepatic autoimmune
diseases. A study from Taiwan, where the incidence rate of HCC is among the highest
in the world has shown that, chronic infection with HBV appears to account 80% of
HCC cases and were co-infected with 10-30% of HCV (Yu et al., 2001; WHO 2002b;
Yu et al., 2002). Another study among the U.S. military patients with chronic hepatitis
has shown that HCV (46%) was more prevalent among cases than HBV (8%) (Lee et
al., 1999). However, the findings of the two studies are inconsistent with our results,
where the seroprevalence of HBV was 29% and HCV only one case of our studied

subjects. It is assumed, as observed by the clinicians in the studied hospitals, that the
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proportion of diagnosed autoimmune hepatitis is higher in Aden. Although to prove this
hypothesis, additional laboratory tests are recommended such as NAAT, histopathologic
confirmation and other biochemical investigation to exclude any involvement of blood-
borne viral hepatitis. A further investigation with larger samples could be worth to

determine the causative factors of chronic liver disease in this community.

Only 5 (10%) HCC cases were seen in our study compared to cirrhosis (37%) and
chronic hepatitis (53%). From these HCC cases, only one was infected with HBV.
Overall, few HCC cases were reported at the Aden Cancer Registry (official cancer
registry for Aden and 3 adjacent governorates). Incidence data from 2002 through 2004,
put HCC at the 10™ place of the most common reported cancer in males and number
14" among females, with an age standardised rate of 1.9 and 1 per 100 000 population,
respectively (Hyams 2000). The univariate analysis showed that cirrhosis was likely

associated with HBV infection (OR= 5.5, 95%CI=1.3-22.5), but not for HCC or chronic

hepatitis.

When analyzing medically related factors, the adjusted logistic analysis demonstrated
that the practice of acupuncture and wet-cupping are independently associated risk
factors for chronic liver diseases. In both cases, sharp instruments are used/reused and
likely not adequately sterilized after each use. It was however, uncertain whether the
reported acupuncture or wet-cupping treatments actually preceded the disease or if they

were sought afterwards to relieve some of the symptoms of chronic liver disease.

In 2003 Ernst and Sheman conducted a Meta-Analysis on the association of
acupuncture with HBV and HCV infections. No consistent relationships were found
between the studies reviewed (ACC 2007). Some of these studies have suggested that
acupuncture results in a modest increase in the risk for hepatitis C infections in
populations where the seroprevalence is low. Others have reported a potential

relationship between acupuncture and HBV infections (Emst & Sherman 2003).
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Positive associations were only ever found in communities where the use of disposable

needles may not be fully established (Stryker et al., 1986).

Wet-cupping, a popular practice in the Middle East, where blood is drawn by creating a
vacuum on top of a small skin incisions made by a sharp blade, performed at the site of
an ache or pain in order to alleviate it. The probability of acquiring hepatitis viruses and
with it chronic liver disease would greatly increase if the blade was reused without prior
sterilisation. Again the use of disposable blades would greatly reduce any risk of
infection. In this study, wet-cupping increased 4 fold the risk of CLD, although, the

small sample of cases; still restrict the robustness of the findings.

The history of having hepatitis or jaundice in the individual or his/her contacted family
members was a factor associated with chronic liver disease after adjustment with other
independent factors. However, it is not clear in this study, that this reported jaundice is
due HBV/HCYV or other type of viral hepatitis. In addition, 99% of adults in Aden city
had evidence of HAV infection and usually developed jaundice in young childhood or
adulthood (seroevidence from findings of participants attending primary health care
facilities in Aden Governorate during the time being of the study, as illustrated in
chapter 3). Also the probability of horizontal transmission of HAV/HBV among the

household members would be reasonable.

Most cases could not distinguish if the history of jaundice/hepatitis was caused by HAV
or other types of viral hepatitis. Recall-bias could further underestimate the history of
hepatitis among the family members. Ertekin and Selimoglu (2003) in a study of
patients with chronic liver diseases demonstrated the relationship between liver diseases
with patients who had a prior history of jaundice or hepatitis in their household
(Kiyosawa et al., 1994; Sun et al., 1999; Shin et al., 2000). However, 25% of

asymptomatic individuals infected during their infancy or early childhood with HBV
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could develop chronic liver disease in their late life which would not be easily
demonstrated.

Our study also provides evidence for other less recognized chronic liver disease risk
factors. These include the use of private clinics (AOR=3.3, 95%CI= 1.4-8), a history of
tobacco smoking (AOR=4.6, 95%CI=1.8-11.6), chewing Qat (AOR=6.1, 95% CI=2.0-
18-8), low level of education (AOR=0.4, 95%CI=0.2-0.9) and economic markers such
as the lack of household appliances such as refrigerators and landline phones

(AOR=0.01, 95%CI=0.00 - 0.07and AOR= 0.35, 95%CI=0.14 - 0.86, respectively).

Association of private clinics and CLD is understandable. These types of facilities are
quickly expanding compared to the public clinics. The chronic nature of the disease and
prolonged symptoms involved drive cases to select specialized private clinic.

In this study, tobacco smoking and chewing Qat were observed with a fourfold and six
fold increase, respectively, in the association with CLD in cases compared to controls.
Chewing Qat has not been found in the literature as a risk of chronic liver disease.
Usually, chewing Qat sessions are associated with the use of tobacco smoking.
Therefore, most of the Qat chewers are smokers (4chewers vs. 3 smokers) and the risk
of chewing Qat could also attributed to the dominant effect of smoking, or both are
markers of a risky behaviour. Qat and smoke is more prevalent among adult males
which in turn have highly mobility and often engage in more risky behaviour for
infection than females. Some studies in the past have suggested some harmful effect of
Qat in liver function in experimental animals feeding with Qat leaves (Al-Mamary et
al., 2002). El-Sorori (1991) has studied the relationship between the hepatitis carriage
rate among Qat-users and non-users in Taiz, Yemen. No significant difference was seen
between both groups in relation to the seroprevalence of hepatitis B carriage(El-Sorori
1991). In the contrary, Fox et al. (1988), in his study of viral hepatitis markers in
Djiboutian population has found a significant association between the abuse of Qat and

the chronic HBsAg carrier state (Fox et al., 1988). Besides certain disturbances to the
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health of the individual, the chronic consumption of Qat can cause social and economic

damage too (Halbach 1972).

A study of 53,000 Chinese individuals demonstrated that the use of tobacco increased
the risk for acquiring HCC 2-fold (Chen et al., 2003b). Other studies across the world,
confirm that smoking is an additional risk factor in developing cirrhosis or HCC, and
that its relationship is stronger in the presence of an HBV and/or HCV infection (Kuper
et al., 2000; Marrero & Marrero 2007). For HCC, both indirect and direct carcinogenic
mechanisms are involved in its pathogenesis which is induced by chronic HBV/HCV
infection (Tzonou et al., 1991; Donato et al., 2006). Our findings, however did not
clarify the dose-effect of the tobacco or quantity of Qat used as well as the duration of
the smoking and Qat history. To determine the relationship between length of use,
number of cigarettes, quantity and frequency of Qat and their significance in developing
HCC further prospective studies would be needed.

Participant’s age, serological evidence of HBV, HBsAg and HCV infection were
dropped from our model as they showed no independent association with chronic liver

disease. Neither do they have an effect on the risk estimates of the other variables in the

model.

The relationship between surgical or dental procedures and CLD did not show enough
associations. Intravenous therapy was according to our univariate analysis associated
with chronic liver disease although this was not demonstrated in our multivariate
regression model. It was reported by some studies that, a large proportion of patients in
developing countries, prefer injected medicines and considered these procedures as
more efficacious than other routes of drug administration (Marrero & Marrero 2007). It
is also documented that, the reuse of needles, syringes and other equipment used to
inject medications can result in the transmission of blood borne pathogens, including
hepatitis (Simonsen et al., 1999). In addition, iatrogenic transmission during anti-

schistosomal therapy programs in Egypt in the 1980s has been recently linked to very
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high levels of HCV infection (Sanchez et al., 2000; Talaat et al., 2003; Alter 2008). The
risk of acquiring hepatitis and other liver diseases should thus be considered in such
settings. These findings possibly support the significant association found in the
univariate analysis between history of intravenous therapy and chronic liver disease.
However, our small sample size also limits the findings of this factor and further study

may be needed to illustrate this.

Our study is limited by its relatively small sample size which restricts the number of
variables that can be examined by multivariate analysis. Also it was limited by lack of
accurate classification of chronic liver disease as opposed only to chronic hepatitis,
cirrhosis and HCC whereas autoimmune liver disease not yet clearly differentiated from
the chronic hepatitis. This essentially may be due to the absence of advanced laboratory
tests that was not available in these hospitals such as nucleic acid amplification test
(NAAT) and poor utilisation of histopathologic tests. Additional limitations were seen
in the collection of accurate information about sensitive practices (e.g. sexual partners,
use of IV recreational drugs, alcohol consumption). Another restriction was the recall
bias of events that had potentially occurred several decades earlier. The restriction on
the use of only 3 serological markers (Anti-HBc, HBsAg and Anti-HCV) had added

more limitation for the study and also to the none uses of the HBV DNA detection

methods.

In conclusion, this study show a low seroprevalence of HBV/HCYV in cases of chronic
liver disease, however, HBV was associated with cases of cirrhosis. Some medically
related factors such as the practice of acupuncture and cupping were identified among
the risky practices associated with CLD where sharp instruments were used and reused.
A history of being with hepatitis/jaundice was associated with CLD but a clear type of
viral hepatitis was not identified. Other behaviours such as the use of tobacco and

chewing Qat were seen associated with the CLD. The study also identified that the lack
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of such as refrigerators or landline telephones among the household appliances were
associated with presence of CLD.

It is anticipated that information yielded by this study whether on the seroprevalence of
HBV and HCV infection on chronic liver disease cases or of their risk factors would
likely have to improve our understanding of the role of these viruses in chronic liver
diseases. It will also help in the application of the preventive and control measures of
great relevance to the disease in the population. Furthermore, the control and prevention
of the other risk factors will decrease the infection rate of HBV/HCV and, consequently,
the occurrences of chronic liver disease. It is assumed that, maintaining the HBV

vaccine within the EPI programme will have an impact, however, not earlier than 20

years from now.
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CHAPTER 6: RISK FACTORS ASSOCIATED WITH HBV/HCV IN PATIENTS
WITH POLYTRANSFUSED/HAEMODILAYSIS

6.1 Introduction

This chapter describes the seroprevalence of HBV and HCV and the association of these

infections with a history of poly-transfusion and/or haemodialysis among patients in

Aden.

A study of the risk of acquiring HBV and HCV in the health care facilities is an
important element in developing approaches to avoid nosocomial infection. An analysis
was undertaken to demonstrate the main factors associated with the transmission of
these viruses either related to the host or to the health care environment. A greater
understanding of these issues will help in developing recommendations for the use of

preventive and control measures which should be then applied in the country.

6.2 Objective
To identify the seroprevalence of HBV and HCV infection among poly-transfused

and/or haemodialysis patients enrolled from the health care facilities in Aden.

To identify if infection with HBV and HCV are significantly associated with poly-

transfusion and haemodialysis practices in Aden.
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6.3 Literature review

The high risk of HBV and HCV infection from medical and nonmedical parenteral
exposures in developing countries is an important global public health problem. Blood
transfusion is a route for transmission of blood-borne and hepatitis inducing viruses, and
the haemodialysis sitting, where patients with chronic renal diseases are treated,

facilitates transmission unless strict preventive measures are implemented.

6.3.1 Blood transfusion

Blood transfusion and its component therapies are an essential medical practice. The
need for this type of therapy varies from one region to another. It is substantial for
countries with high rates of malaria and anaemia in women and children (Talaat et al.,
2003). According to the WHO reports, 30% to 42% of women living in developing
countries have anaemia and about 24% of postpartum deaths are related to obstetric
haemorrhage (Tagny et al., 2008). Children in these countries are also overwhelmed
with high morbidity and mortality rates from anaemia due to malaria,
hemoglobinopathies, malnutrition and other endemic factors (WHO 1999b; Mbanya et
al., 2003). Therefore, transfusion becomes an emergency treatment for severe anaemia
which may be fatal if not corrected. Safe transfusion equipment is thus essential to

avoid the risk of transmission of blood-borne pathogens from donors.

Blood transfusion is a major source of HBV and HCV transmission in many developing
countries (WHO 2002b; Weinbaum et al., 2005). Blood collected from large
populations is inevitably associated with a risk of infectious pathogen transmission
(Hoofnagle, 1990; Schreiber et al., 1996). The WHO reported in 2004 that up to 5% of
the infections in Asia and Africa are caused by blood transfusions (Yotsuyanagi et al.,
1998; Mast et al., 1999; Noborg et al., 2000) and that the prevalence of HBV and HCV

is very high in these areas, especially among blood donors.
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Serologic screening of blood for transfusion for HBV and HCV is the main method to
reduce transfusion-transmitted infections, although the availability and quality of
screening services varies across countries. Recent studies report the implementation of
very sensitive screening assays in industrialised countries for the detection of blood-
borne pathogens (WHO 2004b). These include the use of the nucleic acid amplification
tests (NAAT) and others which has led to the detection of an occasional donor with an
acute or recent HBV/HCYV infection in industrialised countries (Niederhauser et al.,
2008; Velati et al., 2008). Therefore, the risk of transfusion transmission of these
viruses is becoming extremely low in these countries to approximately 11.1 per million
blood units for HCV (Van der Bij et al., 2006; Niederhauser et al., 2008; O'Brien et al.,
2008) and 15.3 per million blood units for HBV (Schreiber et al., 1996; Soldan et al.,
1998; Glynn et al., 2000; O'Brien et al., 2007).

Unfortunately, the situation is quite different in most developing countries, where
transfusion-transmission of HBV and HCV are still frequent and where the resources to
routinely screen donors are not available (Donahue et al., 1992; Alter et al., 1997,
Busch et al., 2003; Busch et al., 2005). The global survey of blood collection, screening,
and transfusion practices conducted by the WHO program for transfusion medicine in

2002 showed a low rate (51%) of HCV screening among blood donors in 178 member

states (Niederhauser et al., 2008).

The strategies used for testing blood donors vary greatly between countries where
hepatitis viruses are high to those of low prevalence. For example, in low prevalence
countries, like the USA and Japan, blood donors are screened for both HBsAg and anti-
HBc (Lai et al., 2003). Individual positive for either are disqualified because of ongoing
or potentially occult hepatitis B (OHB) (Allain et al., 2003; Busch et al., 2003). By
contrast, in many developing countries in Asia and Africa where HBV is intermediately
or highly endemic, about 16%-90% of adults may have either past or ongoing HBV

infections (Niederhauser et al., 2008). Thus, the combined HBsAg and anti-HBc
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screening strategy would disqualify most volunteer blood donors. An additional point is
that, the incidence of HBV infection from HBsAg-negative and anti-HBc-positive
donors with OHB is likely to be higher than in non-endemic areas (Chen et al., 2000;

Alter 2003b).

In low-prevalence areas, no more than 5% of HBsAg negative and anti-HBc positive
blood units contain HBV DNA (Allain et al., 1999; Kleinman et al., 2003). In contrast,
in high-prevalence areas (such as India and Taiwan), serum HBV DNA is found in up to
25% of HBsAg negative and anti-HBc positive populations (Lai et al., 1989; Wang et
al., 1991; lizuka et al., 1992; Nagaraju et al., 1992; Minuk et al., 2005). This may
account for the higher prevalence rate of OHB in anti-HBc-positive populations in these

areas (Schneeberger et al., 2000).

Many efforts have been used to control such infections in different areas through the use
of education, screening, the application of preventive safety measures in medical care
and vaccination programmes for HBV (Reesink et al., 2008). Studies from the Middle
East, for example, have identified a reduction in the transmission of HBV via blood or
blood-products in recent years. This reduction is related to the remarkable improvement
of the application of control measures dealing with blood transfusion in the medical care

settings (Alexander & Kowdley 2006).

In Yemen, few studies have been performed in this field. Scott et al (1990) and
Alshamahi et al (2001) have reported that blood transfusion is an important risk factor
for transmitting HBV and HCV infection in Sana’a (Andre 2000; Ghavanini & Sabri
2000; Al-Faleh 2003; Hasan 2005; Panhotra et al., 2005; Al Awaidy et al., 2006; El
Sherbini et al., 2006). In addition, Scott suggested that because assay reagents were not
always readily available in Yemen in the 1980s, blood may not have been tested for
hepatitis markers, resulting in a higher rate of hepatitis transmission from blood

transfusions (Scott et al., 1990; Al-Nassiri & Raja'a 2001). Sallam and Tong identified a
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lower rate of HBV carriers among blood donors in Aden (6.7%) than in Sana’a (15%)
(Scott et al., 1990). In recent years transmission of HBV via blood transfusions is
becoming less frequent because of the application of control measures in the blood
transfusion facilities of the country. However, no studies are available, on quality
assurance of the tests and processes to detect blood-borne agents, including HBV and

HCV, in the health care facilities concerned with blood transfusion or haemodialysis

and particularly in facilities in remote areas.

Blood services in Yemen are based mainly on volunteer blood donors. Blood is donated
by friends, family member or relatives and sometimes through donation campaigns.
Donors are not paid. A general medical examination for fitness is usually performed,
followed by a serum investigation of HIV, HBV and HCV markers using ELISA 4"
generation. Any positive person is excluded from the donation. The maximum quantity
permitted to be donated is 450 cc per setting (Sallam & Tong 2002). However,
individuals within the window period of HBV or during the late stage of infection (OB)

where it could not be detected by this method; therefore, the possibility of transmitting

the infection is still considered.

6.3.2 Haemodialysis (HD)

Patients receiving HD are considered at high risk of acquiring HBV/HCV infections and
more vulnerable to blood-borne viral hepatitis than others because of frequent blood
transfusions, injections, partial immunosuppression and, on some occasions kidney
transplants (Omer 2007). The duration of haemodialysis treatment and nosocomial
HBV/HCYV transmission have also been suggested as contributing factors (Olmer et al.,
1997). An additional concern for patients receiving dialysis is that, they are suffering
from a partial impairment of their immune system resulting in an increased
susceptibility to infections including hepatitis viruses. These infections, in turn, lead to
the increased morbidity and mortality (Sandhu et al., 1999; Scotto et al., 1999; Carrilho

et al., 2004; Amiri et al., 2005; Olut et al., 2005).
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Recently, a marked decline in the incidence rate of HBV infection has been observed in
patients treated in HD facilities in many countries across the world. This is a result of
the application of specific control measures, including the use of HBV vaccines;
whereas HCV rates are still reported to be high (Verkade et al., 2007). The prevalence
of anti-HCV antibodies in dialysis patients has been reported to range from 20% to
81.6% across the world (Carrilho et al., 2004; Olut et al., 2005; Alter 2008). For
example, in European countries, different rates of infection have been reported in the
UK (3%), Netherlands (3.4%), Hungary (15%), Italy (16%), and Poland (44%)
(Ramezani et al., 2007; Alter 2008). There are also different reported rates among HD
patients across the Middle East such as Iraq (7%), Turkey (19%), Iran (24.8%), Jordan
(34.6%), Syria (49%) and Saudi Arabia (55.7%) (Jadoul 2000; Schneeberger et al.,
2000).

A dramatic decrease in the incidence of these viruses in HD patients has also been due
to the application of other control measures such as universal precautionary measures,
screening techniques, selection of blood donors, HBsAg positive patients’ isolation
during dialysis, routine vaccination of uraemic patients and the use of erythropoietin as
a substitutive therapy for blood transfusion (Othman & Monem 2001; Bdour 2002;
Shobokshi et al., 2003a; Amiri et al., 2005; Olut et al., 2005).

Currently in Aden, haemodialysis cases were undergoing pre- serological tests to
identify the present of HIV, HBV and HCV infections. This is followed by separation of
cases on the dialysis machines. Every six months, the tests are repeated for all patients
admitted to the dialysis unit as part of the control measures. Reliable and valid data on
HBYV and HCV prevalence and incidence among blood recipients and patient under
haemodialysis could be useful in assessing the magnitude of the problem in Aden. It

will also illustrate the risk factors associated with infection to document the

effectiveness of prevention programs.
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6.4 Methods

The method used in this chapter was described in Chapter two.

6.4.1 Definition of cases

A total of 39 adults with a history of multiple transfusions or who had received
haemodialysis were enrolled as cases from the main hospitals and haemodialysis
facilities in Aden. Admitted cases to the hospital or to the haemodialysis centre who
presented at least one of the following conditions were included: bleeding disorder such
as haemophilia A; haemophilia B; Von Willebrand’s disease; homozygous Thalassemia;
homozygous Sickle Cell Disease; Congenital Methemoglobinemia and other bleeding
disorders or a history of haemodialysis on more than 3 occasions, transfusions at least
once with a total of at least ten units of allogeneic blood or other blood components (i.e.

whole blood, plasma, red blood cells or platelets). The diagnosis was obtained from

hospital records before enrolment.

6.4.2 Definition of controls

A comparison group was selected by randomly selecting participants attending the
health care centres in Aden, as described for objective one. Controls were selected of
their age distribution as was the same of the cases and had received or not blood or
blood products, less than 3 pints and were not receiving haemodialysis. The ratio of
cases to controls was approximately 1:4 with 39 cases and 174 controls.

To measure the strength of factors associated with HBV and HCV as HD or blood
transfusion, ORs with 95% Cls were computed using univariate analysis. Backward

logistic regression was used to obtain AOR.
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6.5 Results
6.5.1 Characteristics of polytransfused/HD patients and controls
6.5.1.1 Socio-demographic characteristics

Thirty nine cases were admitted in the three main hospitals in Aden Governorate from
April through September 2005 and were enrolled in the study. Of these, 31 were
receiving haemodialysis and were polytransfused and 8 patients were polytransfused but
were not receiving haemodialysis (4 with Haemophilia; 2 with Thalassemia; 2 with
Sickle Cell Disease). The description of the socio-demographic characteristics of cases

and controls is shown in table 6.1.

The mean age (+SD) of cases was 42.7 (+14.8) years compared to 34.7 (+12.7) years for
controls. The male-to-female ratio was 1.3:1 in cases (M/F, 22/17) and 1.2:1 (M/F,

95/79) in controls. No significant differences were found in the age and gender ratios.

Thirty (77%) cases had basic or no formal education and 9 (23%) had secondary or
higher education compared to 116 (67%) and 58 (33%) of the controls, respectively (p<
0.05). Seventeen (44%) cases were employed compared to 102 (59%) controls. There
was a median of 8 members per household in cases and of 7 in controls, with
approximately similar ratio of 4 individuals per room in their household. However, all
of these variables did not show a statistically significant difference.

Electricity, piped water and toilet facilities were available in 82% vs. 99%, 56% vs.

95% and 31% vs. 91% respectively; in households of cases and controls, with P < 0.001
for each factor.

6.5.1.2 Medically related characteristics

Table 6.2 shows the medical characteristics of cases and controls. All 39 (100%) cases
had received blood transfusions with an average of 14 + 26 blood units compared to 27
(16%) of the controls with a mean of 0.2 + 0.6 blood units. Thirty one (79.5%) cases
had a history of haemodialysis with a mean frequency of 171 +172 times per life and

within an average of 2.7 2.9 years; All cases had been hospitalized (as per case
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definition) compared to 77 (44%) of the controls. All the above results have shown

significant statistical differences between cases and controls (p< 0.001).

Past visits to a dentist or a history of dental extractions were seen in 15 (39%) and 8
(21%) cases, and 83 (48%) and 43 (25%) controls, respectively and 3 (8%) cases and 15

(9%) controls practiced cupping, however, it was not statistically significant difference.

Twelve cases (31%) had undergone surgery and one case (3%) had received blood
during surgery compared to 44 (25%) and 19 (11%) of the controls, respectively. Cases
had attended public and/or private clinics more frequently (90% and 39%) than controls
(87% and 31%, respectively) but these difference were not statistically significant.
Cases reported requiring more time to arrive to the clinics (29 minutes) than controls

(15 minutes) (P <0.001).

Table 6.1 Sociodemographic characteristics of cases and controls

Variables Cases =39 Controls =174 P value
N (%) N (%)

Age / years mean (S.D) [IQR] 42.7 (14.8) [34-50] 43.7 (12.7) [34-53] 0.691

Gender male: female (% male) 22:17(56.4) 95:79(54.6) 0.861

Education basic /no formal 116 (66.7)  0.255

education 30(76.9)

secondary and higher 9(23.1) 58 (33.3) -

Employment employed 17 (43.6) 102 (58.6) 0.108
Number of residents in

the household media [IQR] 8 (6-10) 7(6-10) 0.557

Median crowding ratio* media [IQR] 3 (2-5) 32(2-5) 0.142

Availability of electricity 32 (82.1) 173(99.4) 0.000

piped water 22 (56.4) 166 (95.4)  0.000

toilet 12 (30.8) 158 (90.8)  0.000

* mean; SD== standard deviation
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Table 6.2 Medical characteristics of cases and controls

Variables Cases = 39 N (%) Controls = 174 N (%) P value
Blood transfusion 39 (100) 27 (15.5) 0.000
Frequency of transfusion * 13.8 (26.3) 0.2(0.6) 0.000
Haemodialysis 31 (79.5) 0(0) 0.000
Frequency of haemodialysis * 147.6 (168.6) 0(0) 0.000
Period of being haemodialysis/years* 24 (2.9 0(0) 0.000
Hospitalisation 39 (100) 77 (44.3) 0.000
Surgery 12 (30.8) 44 (25.3) 0.547
Blood with surgery 1(2.6) 19 (10.9) 0.134
Intravenous medication 39 (100) 127 (73) 0.000
Visit to dentist 15 (38.5) 83 (47.7) 0.375
Dental extraction 8 (20.5) 43 (24.7) 0.681
Wet cupping (Hijamah) 3(7.7) 15(8.6) 0.999
Attend public clinic 35(89.7) 151 (86.8) 0.792
Attend private clinic 15 (38.5) 45(331) 0.449
Frequency of public clinic attendance* 22(1.3) 2.3(0.8) 0.332
Frequency of private clinic attendance* 1.6 (2.2) 1.4(0.7) 0.326
Mean time to arrive clinic * 28.5 (16.7) 15.2 (10.4) 0.000

* mean and + standard deviation

6.5.1.3 Previous diseases and behavioural characteristics

Cases reported more frequently hepatitis/jaundice, malaria, schistosomiasis and

tuberculosis than controls, as shown in table 6.3. Similarly cases were more likely to

share shaving razor, smoking and chewing Qat than controls, but these differences were

not statistically significant. The proportion of cases with a history of hepatitis in family

members or who had received vaccines against the HBV was higher in controls (29%

and 9%, respectively) than cases (10% and 0%, respectively p < 0.05, for both).

The prevalence of anti-HBc, HBsAg and anti-HCV antibodies in cases and controls is

illustrated in the same table. From the 39 cases, 26 (67%) were anti-HBc positive

compared to 62 (36%) of the 174 controls (p<0.001). The carrier rate (HBsAg positive)

was lower (8%) in cases than controls (13%) but this was not statistically significant

(p=0.32). For anti-HCV antibodies, 18 (46%) cases were positive compared to only one

control (p<0.001).
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Table 6.3 Previous diseases and behavioural characteristics of cases and controls

Variables Cases=39 N (%) Controls=174 N (%) P value
History of hepatitis 10 (25.6) 32(18.4) 0.372
Family history of hepatitis 4(10.3) 50 (28.7) 0.015
Vaccination 00 16 (9.2) 0.048
Anti-HBc¢ 26 (66.7) 62 (35.6) 0.001
HBsAg 3(7.7) 8 (12.9) 0.319
Anti-HCV 18 (46.2) 1(5.3) 0.001
History of malaria 25 (64.1) 74 (42.5) 0.020
History of schistosomiasis 3(7.7) 5(2.9) 0.164
History of tuberculosis 2(5.1) 3(1.7) 0.227
Multiple sexual partners 3(7.7) 14 (8) 0.999
Tattoos 1(2.6) 6 (3.4 0.999
Shared shaving razor 3(7.7) 1(0.6) 0.020
Drink alcohol 5(12.8) 20 (11.5) 0.786
Smoking cigarette 13 (33.3) 44 (25.3) 0.321
Chewing Qat 19 (48.7) 62 (35.6) 0.146

6.5.1.4 Characteristics related to household environment

Proportion of cases who own personal appliances such as television, satellites, fridges,

mobile phones, landline phone and bicycle were lower in cases than controls with

statistically significant differences for all (p < 0.05), as shown in table 6.4

Table 6.4 Characteristics related to the household environment of cases and controls

Variables Cases =39 N (%) Controls =174 N (%) P value
Ownership of radio 34 (87.2) 156 (89.7) 0.581
television 26 (66.7) 168 (96.6) 0.000

satellite 19 (48.7) 121 (69.5) 0.016

fridge 21(53.8) 173 (99.4) 0.000

mobile phone 15 (38.5) 106 (60.9) 0.012

landline phone 7(17.9) 123 (70.7) 0.000

computer 1(2.6) 12 (6.9) 0.470

internet 1(2.6) 7(4) 0.999

bicycle 1(2.6) 27 (15.5) 0.034

car 8 (20.5) 47 (27) 0.426

6.5.2. Dual infections with HBV and HCV among cases and controls

Table 6.5 shows the frequency of dual infections among cases and controls, exposed to

either blood transfusions, haemodialysis or both. Twelve (30.8%) cases had dual
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infections with both HBV and HCV, 14 (35.9%) were infected with HBV only, 6
(15.4%) with HCV only and 7 (17.9%) were free from infection. Only one control
(2.5%) was found with dual infection of HBV and HCV.

Table 6.5 Dual infection of HBV and HCV among cases

HCV
Cases = 39 Controls = 96*
Positive Negative p-value  Positive Negative p-value
N (%) N (%) N (%) N (%)
HBV Positive N (%) 12 (30.8) 14(359) 1.00 1(1.0) 39(40.6) 0.417
Negative N (%) 6(15.4) 7(17.9) - 0(0) 56(58.3) -

* Only 96 of controls were tested for anti-HCV

6.5.3. Risk factors for anti-HBc and anti-HCV markers in polytransfused and
haemodialysis cases with and without hepatitis markers.

An analysis of factors associated with HBV/HCV infections in patients with
polytransfusion/HD was undertaken. These include factors under sociodemographic,
past medical diseases or interventions, previous diseases, other related behaviours and
ownership of household appliances. Table 6.6, only shows those factors produced from
the analysis with p value < 0.2. In summary, findings from this table, illustrates that, the
frequency and the time of being under haemodialysis sittings (years) was statistically
associated with HBV and HCV infection (p<0.05 and <0.01, respectively). In addition,
history of malaria (p< 0.01 for all) was also statistically associated with HCV infection.

All the other factors were not statistically significant for either with HBV or HCV

infections.

An analysis for HBsAg carriage was attempted; however, there were no any statistical

significant differences.
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6.5.4. Multivariate logistic regression analysis of factors associated with HBV and
HCY infection in polytransfusion and haemodialysis patients

All the factors with p value < 0.2 were admitted to the backward stepwise logistic
regression analysis. One factor was independently associated with HBV infection and
two factors for HCV infection among polytransfusion/HD patients. These included
period of being haemodialysis/years for HBV and HCV (AOR=7.5; 95% CI=1.3 -45.8;
p<0.029 and AOR=11.9; 95% CI=2.2 - 65.2; p <0.004) and also a history of malaria

for HCV (and AOR= 6.3; 95% CI 1.2-34.2; p<0.034), as shown in table 6.7.

Table 6.7 Multivariate logistic regression analysis for factors associated with HBV and

HCV among polytransfused and haemodialysis cases

HBV HCV
Variables AOR 95% CI P value AOR 95% CI P value
History of malaria - - - 63 1.2-342 0.034

Period of being
haemodialysis/years 7.50 1.23-45.81 0.028 11.92 2.18-65.15 0.004
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6.6 Discussion

This is a first case control study in Aden City aiming to identify the seroprevalence of
HBYV and HCV infection among patients with polytransfused/HD and the risk factors
associated with these infections. Two factors were independently associated with HBV
and HCV infection among patients with polytransfused/HD, vis a vis the time of being

under haemodialysis/years and a history of malaria.

Infections with HBV were two fold higher in patients with polytransfused/HD than in
healthy controls (67% vs. 36%) and HCV was nine fold, higher (46% vs. 5%). In
addition, both viruses were identified as being associated with the polytransfused/HD
patients who underwent frequent blood transfusion or haemodialysis. Sallam et al
(2003) found that the rate of HBV (24.1%) among blood donors in Aden City was
higher than HCV (0.6%). Studies in other settings have shown that infection with HBV
is less prevalent than HCV in haemodialysis units (Carrilho et al., 2004; Amiri et al.,
2005; Olut et al., 2005). The high HBV prevalence may reflect the lack of preventive
measures and the quality of blood services, which up to recently did not meet the
international standards. In other countries that introduced vaccine against HBV in cases
undergoing HD, isolation of HBV positive patients, use of dedicated dialysis machines
and regular surveillance for HBV infection have dramatically reduced the spread of
HBYV in this setting (Oesterreicher et al., 1995; Baid-Agrawal et al., 2008; Toosi et al.,
2008). On the other hand, the prevalence of HCV infection is still high among
haemodialysis patients and varies between countries (2% to 60%) and between dialysis
units within a single country (Reddy et al., 2005; Beran 2008; Toosi et al., 2008). Our

findings on the seroprevalence of HCV are in agreement with other studies

(Oesterreicher et al., 1995).

Dual infections of HBV and HCV were found in 31% of the cases in this study. These
results were found in patients under polytransfusion and haemodialysis rather than only

exposed to polytransfusion. There are very few reports on the seroprevalence of dual
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infections in haemodialysis patients. However, the available reports show variation in
the rate of dual infection in patients with polytransfusion/HD (Gul & Igbal 2003; Jadoul
et al., 2004; Baid-Agrawal et al., 2008; Toosi et al., 2008). For example, low proportion
has been reported in countries such as Laos (Vientiane) and Saudi Arabia (0.12% and
3.4%, respectively) and a high rate in Greece (29.6%) (Reddy et al., 2005; Jutavijittum
et al., 2007; Ramalingam et al., 2007). HBV and HCV share a common route of
transmission and coexist simultaneously. Although, both routes of transmission are very
important, the long duration and frequent sittings of haemodialysis rather than blood
transfusions seems to be most important in our setting, however, due to the small

sample size in this study, this assumption would require further investigation.

Our results are in agreement with previous studies that both HBV and HCV are
associated with polytransfusion/HD (Elisaf et al., 1991; Ayoola & Gadour 2004;
Jutavijittum et al., 2007). Studies from Sana’a reported that blood transfusion played a
role in the transmission of HBV infection among the general population (Wang et al.,
2002; WHO 2003b; Jadoul et al., 2004; Imarengiaye et al., 2006; Khattab 2008;
Niederhauser et al., 2008; O'Brien et al., 2008). It was recently reported that
transmission of HBV/HCV via blood transfusion has become less frequent because of
the implementation of control measures in blood transfusion facilities in the country
(Scott et al., 1990; Al-Shamahy 2000). The high rates are most likely found among
older populations who acquired the infection through the previous absence of control
measures in blood transfusion, unsafe use of needles and vaccination. Thus, these
factors in the past might have contributed to the longstanding exposure of the cases in
this study. Prior to 1992, there was no standard guideline for the screening of blood
donors in the main hospitals. From 1992 to 1998 the Abbot’s Latex test was used to
detect HBV and in 2003 the ELISA method was introduced. More recently, a fourth

generation ELISA analysis system has been utilized in the central referral laboratory

(Own 2005).
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Several recent reports indicate that, there is an association between occult HBV as a risk
factor with blood transfusion as blood collected during the early seronegative window
period of HBV or in late infection period when HBsAg is negative but the HBV DNA is
still present, so it become highly infectious (Omer 2007). Therefore, to overcome this
hazard, more sensitive screening methods have been developed to detect viral antigens
or nucleic acids through Nucleic Acid Amplification Testing (NAAT). These are widely
implemented in USA, Europe and Japan (Conjeevaram & Lok 2001; Raimondo et al.,
2005b; Liu et al., 2006; Re et al., 2007; Hollinger 2008). NAAT testing methods aim to
narrow the infectious window in the early stage of acute HBV infection and detect
HBV-DNA in persistently infected individuals with the extremely low concentrations of

HBV antigen and antibody (Gessoni et al., 2005; Liu et al., 2006; Re et al., 2007;
Hollinger 2008).

Our findings have also illustrated that polytransfused patients exposed to haemodialysis
have higher rates of HBV/HCYV infection (71% and 52%, respectively). Usually, cases
who undergo haemodialysis are persons at increased risk due to their frequent exposure
to blood transfusions and exposure to contaminated medical equipment during
haemodialysis or renal transplantation (Gessoni et al., 2005). However, a worldwide
variation in the prevalence of HBV/HCV is recognised in dialysis units, which range
from as low as 1% to as high as 63% (Meyers et al., 2003). For the HCV, it
seroprevalence was found in range from 8-36% among dialysis patients in North
America, 39% in South America, 1-54% in Europe, 17-51% in Asia, 1.2-10% in New
Zealand and Australia (Al Traif et al., 2000; Pol et al., 2002). In the Middle East, the
prevalence of HCV in Egypt (59%), Tunisia (46.5%), Saudi Arabia (30%), Pakistan
(23.7%), Sudan (23.7%), and Iran (8.5%) have been reported (Mansour-Ghanaei et al.,
2002; Jutavijittum et al., 2007; Khattab 2008; Nascimento et al., 2008; Toosi et al.,
2008; WHO 2008b). The majority of these results were lower than in Aden (52%), with
the exception of Egypt (59%). Nevertheless, our findings are in agreement with another

study in Yemen (Hajjah), which reported an HCV prevalence of 40% among
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haemodialysis patients (Al Traif et al., 2000; Hassan & Khalil 2000; Sassi et al., 2000;
Reddy et al., 2005; Khattab 2008; Toosi et al., 2008).

Findings from this study also show that patients exposed to HD for more than one year
were around 7 times and 12 times more likely to be at risk of acquiring HBV and HCV,
respectively and positive anti-HBV and anti-HCV were higher in patients who had
longer dialysis duration (more than one year). These findings are consistent with studies
from Saudi Arabia (Haidar 2002) and Brazil (Khan & Khan 2001) where the
seroprevalence of HBV and HCV were significantly associated with the duration of

dialysis.

The Ministry of Health and population (Aden Branch), reported for the Haemodialysis
Centre (Carrilho et al., 2004) identified that the haemodialysis filters were not reused
and dialysis was performed with disposable kits, syringes and needles. Regular
disinfection of the dialysis machines included rinsing between sessions by circulating
hot water (80°C) for 25 minutes, and dedicated machines for anti-HCV/HBV negative
patients were used. Therefore, the possibility of acquiring and transmitting nosocomial
infections by the use of equipments, syringes and needles was considered to be low
(Ahmed 2005). The quality control of the procedures in other centres in the country,
where patients receive medical services is not known (e.g. Taiz, Mukalla and Qaten).
Some authors suggest that the dissemination of HBV/HCV could be provoked
accidently when the pressure testing device is used with inadequate disinfection
(Ahmed 2005). In addition, the multiple parenteral exposures and the sharing of drugs

(heparin) among patients may be involved or may play a role in the transmission of the

viruses (Stuyver et al., 1996).

Recently, many studies across the world have reported a dramatic decrease in the
incidence of HBV/HCV in haemodialysis patients (Pujol et al., 1996). This could be

related to the improvement of standards in the selection of blood donors, use of
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advanced diagnostic tests and routine vaccination of uraemic patients (Jadoul et al.,

2004; Olut et al., 2005; Khattab 2008).

The prevention of transfusion-associated viral disease depends upon pre-donation
evaluation followed by serologic testing for infectious pathogens, including HBV and
HCV (Beran 2008). Its prevention has also become more feasible in developed
countries where strict screening system for donors is being implemented with dramatic
decline in the prevalence of these viruses (Blackmore et al., 1992; Niu et al., 1993;
Pereira 1999). These steps are required to improve the screening process for blood
transfusion in Yemen. This could be achieved by the use of sensitive screening tests,
donor deferral, and more conservative use of blood. Vaccination against HBV in adults
newly admitted to HD programme must be further added to reduce the HBV infection
from polytransfused /HD patients who are free from infection. HBV vaccines were
introduced in the country within the EPI programme since 2000. However this
programme does not include high risk groups of the population such as patients under

risk of exposure to multiple transfusions and those who undergo haemodialysis.

A history of malaria was significantly associated with HCV infection in patients
undergoing HD. Malaria remains a devastating global health problem worldwide.
Severe malaria leads to acute renal failure in endemic countries such as India (13%),
Pakistan (19.4%) and Ethiopia (37.9%) where haemodialysis treatment is required
(Seed et al., 2005; O'Brien et al., 2007). Acute renal failure occurs commonly in
Plasmodium falciparum malaria, which it is the most frequent form of malaria in
Yemen. In addition, cases with severe malaria could develop anaemia, which may
require blood transfusions. Thus, the role of malaria could be via the causing of renal
failure which could lead to haemodialysis or by causing anaemia and requiring
polytransfusion. Further study is required to identify the role of malaria as a cause of

renal failure in Yemen and its association with further hepatitis infection.
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Our study is limited by its relatively small sample size which restricts the number of
variables that can be examined by multivariate analysis and may not have enough
power. For that reason, the interpretation of these results has to be taken carefully.
Another limitation was the difficulty of collecting accurate information about sensitive
practices (e.g. sexual partners, use of IV recreational drugs, alcohol consumption, etc.).
In addition, there must be an important recall bias for factors that had potentially
occurred several decades earlier. The cumulative effect of HBV/HCV infection on the
markers used would result in an attempt to correlate the characteristics of the patients at

the time of the study with an infection that occurred at some point in the past.

In conclusion, this study reveals a high seroprevalence of HBV/HCV in cases of
polytransfusion/HD. A prolonged exposure to HD was associated with high
seroprevalences of HBV or HCV. A history of malaria was associated with cases of

polytransfusion/HD. In addition, the risk of dual infection with HBV and HCV was

higher among patients undergoing polytransfusion or HD.

The information yielded in this study would be useful to improve our understanding of
the role of these viruses in this environment. It will also help to monitor the application
of preventive and control measure in these populations as the proper application of

preventive and control measures could reduce the risk of acquiring these conditions.
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CHAPTER 7: VACCINATION COVERAGE RATE OF HBV VACCINE IN
CHILDREN < 5§

7.1 Introduction
Childhood vaccinations have a major impact on the reduction and elimination of many
causes of morbidity and mortality among children. One of these causes is HBV, which
is prevalent in Yemen. Vaccination against HBV was introduced in the Expanded
Programme of Immunization (EPI) of the country in 2000. Monitoring the vaccination
coverage is necessary to characterize under vaccinated populations and to evaluate the
effectiveness of efforts provided to improve the coverage rate of HBV vaccine in the

targeted children < 5 years of age in Aden City.

The literature review focuses on the epidemiological dimensions and characteristics of
vaccination coverage in different countries. The findings in this study were compared to
those reported globally, regionally and at the local level. Through building on the
current literature, this study contributes to the enhancement of prevention and control

measures of the disease in this population.

7.2 Objectives

To determine the vaccination coverage rate of the HBV vaccine among children <5 in

Aden Governorate.
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7.3 Literature review

Hepatitis B infection is one of the most widespread viral diseases, with over 2 billion
population being infected and approximately 360 million being chronically infected
worldwide (Zewdu 1994; Mehta et al., 2001; Abdul Manan et al., 2006). Of these, 4
million individuals develop acute disease, 25% become carriers and one million die
from chronic active hepatitis, cirrhosis or primary liver cancer each year (Alter 2001;
Chen et al., 2007a). Prevention of the infection and its consequences has become a high
priority globally (WHO 2002a; Cohen et al., 2008). Vaccination against HBV infection
is considered the most powerful tool for avoiding the occurrence of disease, disability

and death (De Mitri & Bernardi 2008).

In the late 1960s, Krugman (1962) developed the earliest effective HBV vaccine
(Faingezicht et al., 2002; WHO 2002b). Since 1982 commercial formulations of
plasma-derived HBV vaccines have been produced using chemical methods (Krugman
etal., 1962; Krugman 1974; Brown et al., 1986). Currently, the vaccine is produced by
recombinant DNA technology (usually in yeast) (Szmuness et al., 1980; Brown et al.,
1986; Jilg et al., 1989; Hipgrave et al., 2006). Both plasma-derived and recombinant
vaccines have proved to be highly immunogenic, with 95% efficacy, and safe with
uncommon serious adverse reactions (McAleer et al., 1984) and constituted the first
vaccines against liver cancer (Dandolos et al., 1985; WHO 2002a). Recombinant

vaccines replaced plasma-derived vaccines and the latter were withdrawn from the

market.

The vaccine can be given at any time before or after other inactivated or live vaccines,
because the HBV vaccines do not interfere with the immune responses to other vaccines
(Parkin 1999). Most of the EPI vaccines require a cold chain to preserve their potency.
The HBV vaccine however tolerates temperatures of up to 45°C for one week and of up
to 37°C for one month without changes in its immunogenicity or reactogenicity (WHO

2001c). Freezing of the HBV vaccine however causes the HBsAg protein to dissociate
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from the alum adjuvant and thus to lose its immunogenicity/ potency (Otto et al., 1999).
Field studies in China, Indonesia, Vietnam and under experimental conditions (Van
Damme et al., 1992) confirmed the heat stability of the vaccine (WHO 1993; Otto et al.,
1999; Hipgrave et al., 2006; Wang et al., 2007) and the WHO considers that this
vaccine is a candidate for removal from the cold chain because of its thermal stability
and its vulnerability to freeze damage during refrigerated storage and transport (Sutanto
et al., 1999). Giving its stability at high temperature, many attempts have been reported
to improve the birth dose coverage of the vaccine in remote areas of developing
countries, where refrigeration is not available (WHO 1993), as this would facilitate

achieving higher rates of immunization.

Childhood vaccinations have a major impact on the reduction and elimination of
morbidity and mortality in children (Otto et al., 1999; Sutanto et al., 1999; Hipgrave et
al., 2006). Reports on HBV vaccination coverage show that coverage has steadily
increased since 1990 due to the increasing number of countries introducing the vaccine
into their routine immunization schedules (Salmaso et al., 1999; Talaat et al., 2003).
Until 1992, only 31 countries had included this vaccine in their EPI, which caused the
World Health Assembly to endorse recommendations urging all member states to
integrate the vaccine in their immunization programmes by 1997 (WHO 2001a). This
was later followed by another call to increase coverage rate to 90% on a national level
with at least 80% coverage in every district by 2010 (WHO 1993; Bonanni et al., 2003).
By the end of 2007, 171countries had included this vaccine in their EPI (WHO 2002a).

The main objective of HBV immunization is to prevent chronic HBV infections and the
long term consequences of infection such as cirrhosis and HCC. Activities include
routine infant vaccination, prevention of perinatal transmission and catch-up
vaccination of older age groups (Da Villa et al., 2007). Universal infant immunization is
considered the most effective preventive measure against HBV-induced disease (WHO

2001c). Moreover, successful HBV vaccination programmes have demonstrated a
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gradual reduction of HBV-related chronic hepatitis, liver cirrhosis and HCC in endemic
areas (WHO 2003a; Zuckerman 2006). In Taiwan, the rate of HBV infection decreased
from 34% to 10% and the carriage rate fell from 11% to 4% before and after the
implementation of vaccination (Ayoola et al., 2003; van der Sande et al., 2006; Chen et
al., 2007a). In Italy, the prevalence of HBV has progressively decreased over the last 20
years, as a result of the national implementation of the vaccine (Chen et al., 2007a). In
the Middle East, Ayoola (2003) illustrated a significant decline in the prevalence of
HBYV in the Saudi population after the integration of the vaccine into the national EPI.
The overall prevalence of HBsAg among children decreased from 6.7% to 0.3 %
through a 10 year period (Zanetti 2001).

A review of the long-term effect of early vaccination in USA, Italy, Singapore, Spain,
Taiwan and Gambia have documented the prolonged efficacy of the vaccine for >15
years (Ayoola et al., 2003). Thus this vaccine has the long term ability of preventing
HBV carriage and its sequelae (Whittle et al., 1995; Da Villa et al., 1997; WHO 2001c;
Ayoola et al., 2003; Fitzsimons et al., 2005; van der Sande et al., 2006).

Vaccination coverage against HBV varies globally. Reports from Turkey, Italy,
Belgium and USA revealed rates of 44%, 79% and 83% by the end of the last century,
respectively (Whittle et al., 1995; WHO 2001¢). Middle Eastern countries such as
Oman, Saudi Arabia, Kuwait, Jordan, UAE, Qatar and Bahrain have similar rates across
the region with 99%, 95%, 94%, 90%, 90%, 90% and 89% respectively (Da Villa et al.,
1997; Salmaso et al., 1999; Yusuf et al., 2001; Vellinga et al., 2002).

In Yemen, the government has attempted to reach a vaccination uptake of between 80%
and 100% over the last 5 years. WHO-UNICEEF reported a vaccine coverage of 15% in
2000, the year vaccine was introduced, reaching 87% by 2007 (Qirbi & Hall 2001).
However, consideration should be taken of coverage variations between governorates as

well as districts within the same governorate. The EPI reported a coverage rate of HBV
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vaccine for Aden Governorate (WHO 2008a) of 93% for the first dose and 87% for the
third dose among children < one year old through 2006.

A variety of schedules can be introduced for HBV immunization depending on the local
epidemiological situation (EPI/Aden 2007). In countries where a high proportion of
HBY infections are acquired perinatally, the first dose of the vaccine should be given
immediately after birth to achieve optimum efficacy in preventing infection (Mahoney
1999; Alter 2001; Hall 2003). In countries where a lower proportion of infections are
acquired perinatally, the relative contribution of perinatal infections to the overall
disease burden and the feasibility and cost-effectiveness of providing vaccination at
birth should be considered before deciding the vaccination schedule (Da Villa et al.,
1997). Following the administration of the scheduled doses, a high percentage of

children will be protected, probably for life, without the need for booster injections

(Fitzsimons et al., 2005).

In Yemen, vaccination is conducted almost exclusively in primary care centres using
three postnatal doses of the vaccine. Currently, a pentavalent vaccine was introduced for
routine vaccination (Whittle et al., 1995; Fitzsimons et al., 2005). This vaccine confers
combined protection for diphtheria, tetanus, pertussis, HBV and Haemophilus
influenzae type b. Three doses of the vaccine induce protective levels of HBsAg
antibody in over 95% of healthy infants and 90% of children born to infected mothers
(MOPHP 2005). Under the current schedule of immunisation, Yemeni-children receive
their first dose at 6 weeks, followed by the 2nd and 3rd dose at 10 and 14 weeks of age.
In the previous EPI schedule the 3rd dose was given at 6 months but a revised schedule
was introduced with the expectation of a reduced number of injections and time, aiding
further compliance (Yusuf et al., 2001; Talaat et al., 2003).

It is worth mentioning that the use of single monovalent vaccines for HBV is still
required to vaccinate high risk groups such as those requiring haemodialysis or a

frequent blood transfusion, and that these vaccines are still not provided in Yemen (see

chapter 6).
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7.4 Methods

A community-based cross-sectional cluster sampling household survey were conducted
targeting children < 5 years old residing at the time of the study in Aden Governorate.
The main objective was to assess the vaccination coverage rate for HBV. A total of 480
children < 5 years were studied from 8 districts. Calculation of the sample size, method

and distribution of the clusters were described in chapter two.

7.4.1 Inclusion criteria

Any household with a child < 5 years of age at the time of the study was considered
eligible for the study regardless of sex or vaccination status. Consent was obtained from
the parent/guardian of each participating child.

To measure the strength of factors associated with a lack of vaccination coverage of

HBYV vaccine, backward logistic regression was used to obtain AOR and 95% Cls.
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7.5 Results
7.5.1 Household characteristics of children participating in the survey.
7.5.1.1 Socio-demographic characteristics

A total of 480 children were enrolled from eight districts at Aden Governorate. The
number of children enrolled from each district reflected the proportion of the children <

5 residing in each area and ranged from 8.3% to 19.6% per district.

The description of their socio-demographic characteristics is shown in table 7.1. The
mean age (+SD) was 24 (+15) months. Both genders were represented, with 45% being
male. There was a median of 6 members per household with a ratio of 3 individuals per
room. Eighty six percent of participants lived in privately owned houses whilst 14%
were in rented accommodation. Electricity, piped water and toilet facilities were
available in 99%, 98% and 98% of the households, respectively.

Among the parents, 328 (68%) fathers had secondary or higher education compared to
212 (44%) mothers (p < 0.001). Also 449 (94%) fathers were employed compared to 91
(19%) of the mothers.

7.5.1.2 Vaccination related characteristics

A total of 395 (82.3%) children had a valid vaccination card, 21 (4%) parents claimed
that their children were vaccinated but failed to show the card and were considered
doubtful and 64 (13.7%) children were not vaccinated. Among the 395 children with
vaccination cards who had received the vaccine, 337 (85.3%) received the 1% dose in

the first two months after birth, 47 (11.9%) between the 3" and 4" month and 1 1(2.8%)

before the end of the first year, as illustrated in table 7.2.
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Table 7.1 Sociodemographic characteristics of enrolled children and their parents

Variables N=480 (%) 95% CI
Age / months mean (+S.D) 24.1 (x14.5)  23-25
Gender male: female (% male) 216:264 (45.0) -
Number of residents in the household Median [IQR] 6 [4-7] -
Median crowding ratio* Median [IQR] 2.7(1.7-4) -
Household ownership owned/family 414 (86.2)  83-89
rented 66 (13.8) 11-17

Education (father) basic or no education 152 (31.7)  28-36
secondary and higher 328 (68.3) 64-72

Education (mother) basic or no education 268 (55.8) 51-60
secondary and higher 212 (44.2)  40-49

Employment (father) employed 449 (93.5) 91-96
unemployed 31(6.9) 5-9

Employment (mother) employed 91(19) 16-22
unemployed 3890 (81) 77-84

Districts of enrolment Dar Saad 40 (8.3) 6-11
Khormaksar 40 (8.3) 6-11

Tawahi 48 (10) 8-13

Muala'a 48 (10) 8-13

Buraika 56 (11.7) 9-15

Crater 66 (13.8) 11-17

Mansura 88 (18.3)  15-22

Sheikh Othman 94 (19.6) 16-23

Availability of electricity 473 (98.5) 97-99
piped water 469 (97.7)  96- 99

toilet 471 (97.7)  96-99

+ SD= standard deviation
* calculated as number of resident/number of bed rooms

Table 7.2 Proportion of children with vaccination cards and time where the first dose

was admitted
Variables N=480(%) 95% CI
Proportion of children with vaccination card Available 395(82.3) 79-85
not available*  85(17.7) 14-21
Age where first dose of the vaccine was received** <2months 337(85.3) 81-86
3-4months 47(11.9) 8-16
5-12 months 11(2.8) 1-5

* The parents of 21 children without vaccination cards said their children had received

the vaccine.
**Only includes children with vaccination cards.
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7.5.1.3 Number of vaccine doses received

Table 7.3 shows the number of vaccine doses received by the children. Among children
<1 year old, 18 (15.4%) had received one dose, 66 (56.4%) two doses and 33 (28.2%)
three doses. Among 1 - 5 years old children, 12 (4.3%) had received one dose, 51
(18.3%) two doses and 215 (77.3%) three doses. Among all vaccinated children <5
years, 30 (7.6%) had received one dose, 117 (29.6%) two doses and 248 (62.8%) the

three doses (p <0.01).

The overall vaccination coverage rate of HBV vaccine was similar across the age
groups if only the first dose is considered, with 85% (117/137), 88.6% (124/140) and

84.6% (154/182) of children <1, <2 and 3-5 years old receiving at least one dose of the

vaccine, as shown in figure 7.1.

Table 7.3 Number of vaccine doses received by age

Vaccine doses received by age 1 dose 2 doses 3 doses P value
N (%) N (%) N (%)
6 to 12 months (117) 18 (15.4) 66 (56.4) 33 (28.2) -
1 year (124) 3(24) 28(22.6) 93 (75) :
2 years (76) ILy 14 (18.4) 59 (77.6) -
3 years (50) 3(6) 7(14) 40 (80) -
4 years (28) 3(10.7) 241:1) 23 (82.1) -
All (395) 30(7.6) 117 (29.6) 248 (62.8) 0.001

Figure 7.1 Vaccination coverage rate by age among children < 5 years old (95% C.1.)
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7.5.1.4 Knowledge and attitude toward vaccination

Most of the children’s parents/guardians (89%) understood the importance of the

vaccine, 10% did not consider the vaccine important and 1% did not know. Among the

64 unvaccinated children, the most frequent reason given was personal negligence

(35.6%), social reasons (25%), fear of side effects (17%), lack of trust for the vaccines

(13%) and the remaining (9%) cited that the baby was sick at the time of the vaccination

(table 7.1.4).

Table 7.4 Knowledge and attitude toward vaccination

Variables N (%) 95%Cl
Understands the importance of vaccination (480) yes 429(894) 86-92
no 46(9.6) 7-13

unknown 5(1) 03-3

Reason for not being vaccinated (64) negligence 23 (35.9) 24-49
social reasons 16 (25) 15-38

fear of side effect 11 (17.2) 9-29

not trust on vaccine 8 (12.5) 6-24

medical reasons 6 (9.4) 4-20

Walking distance to reach the clinic (minutes) mean (zSD) 13.2(6.7) 12.6-13.8

7.5.2 Factors related to vaccination coverage
A comparison between vaccinated and unvaccinated children was undertaken to

illustrate the factors affecting vaccination uptake in the study population.

7.5.2.1 Socio-demographic factors

The mean ages (+SD) of vaccinated and unvaccinated children were 24 (+14) and 25

(£15) months. The proportion of vaccination and unvaccinated children by age group of

< 1 year and >1 was approximately the same (30% vs. 31% and 70% vs. 69%,
respectively). Forty six percent of vaccinated children were male and 54% female

compared to 39% and 61% unvaccinated children (p=0.354), as seen in table 7.5.

Fathers of vaccinated children were more likely to attend secondary and higher

education compared to unvaccinated children (71% and 47%, respectively; p < 0.001).

Similar associations were seen among the mothers (46% and 28%, respectively, p value
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<0.01). A similar relationship was found between the fathers’ employment and lack of

vaccination (p< 0.01) but not among the mothers.

Of the 8 districts, Sheikh Othman and Mansura have the highest (21%) and Tawahi the

lowest HBV vaccination coverage (7.1%; p <0.05).

Table 7.5 Sociodemographic characteristics of vaccinated and unvaccinated children

Variables Vaccinated Unvaccinated P value
N 395 (%) N 64 (%)

Age / months mean (£S.D) 23.8 (14.3) 24.8 (15.4) 0.619

Vaccination rate by age <lyear 117(29.6) 20(31.2) 0.883

1- <S5 years 278 (70.4) 44 (68.8) -

Gender male 181 (45.8) 25 (39.1) 0.345

female 214 (54.2) 39 (60.9) -

Education (father) basic or no education 114 (28.9) 34 (53.1) 0.001

secondary and higher 281 (71.1) 30 (46.9) -

Education (mother) basic or no education 213 (53.9) 46 (71.9) 0.007

secondary and higher 182 (46.1) 18 (28.1) -

Employment (father) Employed 375 (94.9) 54 (84.4) 0.002

Unemployed 20(5.1) 10 (15.6) -

Employment (mother) Employed 78 (19.7) 9(14.1) 0.282

Unemployed 317 (80.3) 55(85.9) -

Districts of enrolment Tawahi 28(7.1) 12 (15.6) 0.003

Muala'a 34 (8.6) 10 (22.7) -

Crater 53 (13.4) 13 (20.3) -

Khormaksar 30(7.6) 5(7.8) -

Sheikh Othman 83 (21.0) 11(17.2) -

Buraika 46 (11.6) 6(9.4) -

Mansura 83 (21.0) 5(7.8) -

Dar Saad 38 (9.6) 2.0 -

(#SD) = +standard deviation

7.5.2.2 Household characteristics and attitude toward HBV vaccination

There was a median of 6 members per household and 2.9 individuals per room in the

households of vaccinated children compared to 7 members and 3.7 persons per room of

unvaccinated children (p < 0.001 for both), as illustrated in table 7.6.

The availability of electricity, piped water and toilet facilities was approximately the

same among vaccinated and unvaccinated participants. Similarly a high percentage of
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vaccinated and unvaccinated children lived in privately owned houses than rented
houses (86% vs. 14% and 88% vs. 13%, respectively). There was also no difference in
the time taken to reach the clinics (13 and 15 minutes, respectively) for parents/guardian

of vaccinated and unvaccinated children.

Ninety three percent of parents/guardians of vaccinated children understood the
importance of the HBV vaccine compared to 66% for unvaccinated children (p<0.001).
The overall proportion of parents who were aware that hepatitis was caused by a virus
was higher (37%) in parents/guardians of vaccinated than in unvaccinated (22%; p <

0.05).

Table 7.6 Household characteristics and knowledge toward HBV vaccine

Variables Vaccinated  Unvaccinated P value
N 395 (%) N 64 (%)

Number of residents in the household  median [IQR] 6 (4-7) 7(2-9) 0.001
Crowding ratio* median [IQR] 2.9 (1.7-4) 3.7(1-5) 0.001
Availability of electricity 390 (86.3) 62 (13.7) 0.254
piped water 387 (86.4) 61(13.6) 0.188
toilet 388 (86.2) 62 (13.8) 0.364
Household ownership owned/family 338 (85.6) 56 (87.5) 0.708
rented 57 (14.4) 8 (12.5) -

Average walking distance to reach the
clinics/minutes mean (zSD)  13.1 (6.6) 14.8 (6.9) 0.059

Understanding the importance of

vaccination yes 366 (92.7) 42 (65.6) 0.001
no 24 (6.1) 22 (34.9) -
unknown 5(1.3) 0(0) -
Causes of hepatitis viruses 146 (37) 13(20.3) 0.023
fear/stress 78 (19.7) 14 (21.9) -
unknown 171 (43.3) 37 (57.8) -

+ SD = standard deviation, IQR = inter quartile range
* calculated as number of resident/number of bed rooms

7.5.2.3 Household ownership and appliances

Ownership of household appliances was used as surrogate markers of socioeconomic

status. These included radio, motor cycle, televisions, fridges, computers, bicycle and
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cars. The frequency of the latter five was statistically different between vaccinated and
unvaccinated children (p < 0.05), as shown in table 7.7. In addition, the monthly family

income was higher among families of vaccinated than unvaccinated children (p < 0.05),

Table 7.7 Characteristics related to the ownership of household appliances

Variables Vaccinated  Unvaccinated P value
N 395 (%) N 64 (%)

Ownership of radio 306 (77.5) 53(82.8) 0.337

television 373 (94.4) 55(85.9) 0.012

fridge 371 (93.9) 54 (84.4) 0.007

computer 90 (22.8) 5(7.8) 0.006

bicycle 117 (29.6) 15(15.6) 0.020

motor cycle 6 (1.5 2(3) 0.360

car 147 (37.2) 11(17.2) 0.002

Family income / month (Y.R)*

19713 (14294) 158918 (12686)

0.041

* Mean and + SD (standard deviation); Y.R = Yemeni Riyal

7.5.3. Multivariate logistic regression analysis for factors associated with HBV
vaccine coverage rate in vaccinated and unvaccinated children <5 years old.

An analysis of factors associated with the lack of vaccination was undertaken. These

include factors with p values < 0.2, identified through the univariate analysis, as

illustrated in table 7.8.

All the factors selected were entered into a backward stepwise logistic regression

analysis. Two factors were independently associated with lack of vaccination. These

included low education of the father and no ownership of a car (AOR=2.7; 95% CI 1.6

-4.6;p<0.01 and AOR=2.6; 95% CI 1.3 - 5.2; p <0.01, respectively). All the other

factors selected were not statistically significant after adjusting for confounding.
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Table 7.8 Multivariate logistic regression analysis for factors associated with HBV

vaccine coverage among vaccinated and unvaccinated children

Variables OR P value AOR 95% CI
Education (father) basic or no education - t - -
secondary and higher 2.8 0.001 2,66 1.55-4.59
Education (mother) basic or no education - t - -
secondary and higher 2.2 0.009 - 1.22-3.89
Employment (father) employed  0.29 0.004 - 0.13- 0.65
unemployed - T - -
Districts of enrolment Tawahi  8.14 0.001 - 1.69-39.32
Muala'a  5.59 0.034 - 1.14-2732
Crater  4.66 0.051 - 0.99-21.87
Khormaksar 3.17 0.186 - 0.57-1748
Mansura  1.15 0.875 - 021-6.17
Sheikh Othman  2.52 0.244 - 0.53-11.92
Buraika  2.48 0.283 - 047-12.99
Dar Saad - 0.008 - -
Number of residents in
the household 1.20 0.001 - 1.09 -1.33
Crowding ratio* 1.42 0.001 - 1.20-1.68
Average walking distance
to reach the
clinics/minutes 1.04 0.059 - 099-1.08
Understanding the
importance of vaccination yes  0.15 0.000 - 0.08-0.29
no/un known - t - -
Causes of hepatitis viruses 0.41 0.030 - 0.21 -0.80
fear/stress  0.83 0.009 - 0.42 -1.62
un known - 0.585 - -
Ownership of television 0.36 0.018 - 0.16-0.82
fridge 0.35 0.009 - 0.16-0.77
computer  0.29 0.007 - 0.11-0.74
bicycle  0.44 0.023 - 0.22-0.89
car 2.86 0.006 2.62 1.32-5.20
Family income / month
1.0 0.041 - 1.0-1.1

(Y.R)*

T Reference
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7.6 Discussion

This study provides an up to date estimate of HBV vaccine coverage in Aden. Sixty
three percent of children < 5 years old participating in the survey were vaccinated with
three doses and 82% received at least one dose of the vaccine. The three-dose vaccine
coverage rate was lower than the target of the EPI for Yemen (85%), but higher than the
rates reported for the country as a whole (49%) and for some of the Governorates with
large population such as Sana’a (36%), Taiz (22%) and Al Mukalla (46%) (Dodoo et
al., 2007). Despite Aden having higher rates than other governorates, coverage was

lower than reported from other Middle East countries (MOPHP/EPI 2005).

The proportion of children received three doses of HBV vaccine varied by age. It was
higher (77%) among 1-5 years olds children and lower (28%) in infants. Twenty three
percent of 1-5 years old children had delayed vaccine up-take. The uptake rate of the

first dose in infants reached 89% coverage. If all these children were fully vaccinated,

this would have increased the proportion of children completing vaccination to above

the EPI target.

It is not known why children > 1 year old have not completed their vaccination.
Possible causes could include health service related factors, such as availability of
vaccine, EPI policy of providing HBV vaccine free of charge only to children < 1
during the first three years of the programme (2000-2002), and individual factors such

as the knowledge and attitude of parents toward those vaccines.

A delay in the up-take of vaccines among infants has been shown in studies from
different countries. In China, 51% of children received the first dose of the vaccine by 3
months of age, 71% at 8 months and 86% by 12 months of age (Toukan 1996; Qirbi &
Hall 2001). In Italy, 79% of children received the 3rd dose of HBV by the end of the

first year, (Cui & Gofin 2007).
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The coverage of the HBV vaccine at the time of the study was still at an unsatisfactory
level. Therefore, it is important to increase the HBV vaccine uptake to achieve the
target for the vaccine of 95%. This could be facilitated by the incorporation of the
pentavalent vaccine (DPT, HBV and Haemophilus influenzae type b) available since
March 2005 through the EPI programme of Yemen and facilitated by the Global
Alliance for Vaccines and Immunisation (GAVI) (Salmaso et al., 1999).

Since the last two-to three decades, it has been possible to produce combined vaccines,
of which a number are now available. These emerged from the idea that simultaneously
targeting multiple diseases with one injections would increase their up-take (GAVI
2006). Thus, different methods were used to combine the vaccines. These comes in
forms where the health care provider may mix vaccines from separate vials prior to
administration, the manufacturer provides a dual-chambered syringe in which the

vaccines are prefilled or vaccines are combined during manufacturing. The latter

method is the most frequently employed method (Singh & O'Hagan 1999).

Some intervention trials across the world, have measured changes in the frequency of
missed opportunities for immunization before and after the use of vaccine combinations
(Goldenthal et al., 1995). A multicentre randomized clinical trial in Brazil, Mexico and
Argentina showed that programs with fewer injections were most likely to have a
positive impact on compliance. Furthermore, vaccination-associated costs decreased
and acceptance to the vaccine increased (Hutchins et al., 1993). Other trials in five
European countries (Spain, Belgium, The Netherlands, Switzerland and Lithuania) to
assess the safety, reactogenicity and immunogenicity of the combined hepatitis
A/hepatitis B vaccines showed that the use of combined vaccines were safe, well
tolerated and highly immunogenic, with similar serological responses compared with
monovalent vaccines (Ramonet et al., 2002). A recent study in Filipino infants using
the combined DTP and HBV vaccine demonstrated that the vaccines was highly
immunogenic for all antigens, well tolerated and safe when given to infants at 6, 10 and
14 weeks of age (Thoelen et al., 1999). These studies concluded that combination
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vaccines are more convenient, may potentially result in better compliance and have
often been found to be more economical when other associated costs are considered.
There is also a large reduction of missed opportunities for immunization and enhanced
protection of the community by facilitating the introduction of new antigens (Capeding
et al., 2008) which are as safe and effective as the individual single-disease vaccines

(Aggarwal et al., 2007).

It is expected in Yemen that by the use of this pentavalent vaccine would to reduce the
number of injections and visits needed for children to complete all three doses of HBV
vaccine. Children would be able to receive the 3 doses of the HBV vaccine according to
the pentavalent vaccine schedule (6 weeks, 10 weeks and 14 weeks). In addition, the
EPI in Yemen planned to achieve high coverage of the 3rd dose of the pentavalent

vaccine at 87% and 90% in 2006 and 2007 respectively, then to reach 95% in 2008 and

sustain it in future years (Capeding et al., 2008).

Two factors were likely to be associated with low coverage rate of HBV vaccine in this
study. Low education of the parents (AOR = 2.7; 95% CI 1.6-4.6; p <0.01) and not
having a car (AOR = 2.6; 95%CI 1.3-5.2; p < 0.01). Uneducated fathers are likely to
have less information about HBV transmission and the protective role of the vaccine.
Although only 37% of parents of vaccinated children know about the real cause of the
HBV, however, 90% of parents/guardians of vaccinated children were aware of the
importance of immunizing their children with the vaccine. This, awareness could be
developed through vaccination campaigns, as frequently conducted in the past for other
vaccines such as Poliomyelitis, DTP and Measles. Messages for these vaccines are
usually disseminated through the local media (radio, TV and newspapers) before and
during vaccination campaigns, although unfortunately they are not broadcast constantly.
Studies across the world have shown the importance of parent education in the timely

compliance with the vaccines scheduled (MOPHP/EPI 2005).
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Car ownership by parents/guardians was associated with higher vaccination coverage.
HBV vaccine coverage was 2 to 3 fold higher among families with a car. This could be
explained by better access to the health centres to receive their vaccines as public
transport in Aden is insufficient. In addition, ownership of a car is an indirect marker of
high income, as families with a higher income were more likely to have their children
vaccinated. Similar results were found in urban areas of Guinea and Puerto Rico, where
it was observed that children from economically better families were more likely to
complete their vaccination once entered into the vaccination system (Waldhoer et al.,

1997; Salmaso et al., 1999).

The review of the estimated vaccination coverage rates in Yemen highlighted some
inconsistencies between the national, provincial and international estimate for 2003,
2004 and 2005. For example, in 2003 and 2005, the overall reported rates among
children < 1 year by WHO/UNICEF was 42% and 86% (Cutts et al., 1990; Simonetti et
al., 2002) while the Ministry of Health and Population/EPI reported 33% and 26%,
respectively (WHO/UNICEF 2006) . In addition, a separate report from the EP] in Aden
Governorate for the years 2004 and 2005, showed a coverage rate of 72% and 63% for
the 3rd dose of the vaccine (MOPHP/EPI 2005) while the central level reported a
coverage of 44% and 57%, respectively (EP1/Aden 2005) . These inconsistencies
suggest a need to improve the accuracy of the system. Assessment of the immunization
coverage is a critical component of any immunization programme. Recently, a pilot
study to verify the quality and consistency of the immunisation monitoring system was
conducted in selected health centres of four districts (Ba’adan, Bajel, Al-Misrakh and
Jabal Ash Sharq) by the Liverpool Associates in Tropical Health (LATH) and Euro
Health Group Consultants, supported by the GAVL. The study observed an
improvement of the performance of the immunisation services in Yemen and very good

data quality audit in the areas (MOPHP/EPI 2005). This pilot however was not

representative of all facilities in the country.
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Usually the main source for data on vaccination in Yemen would be the primary health
care centres in each district. In some countries, parents have the choice to have their
children immunised in public or private clinics. However, there is debate in Yemen on
whether to include the private sector in the vaccination programme as many parents
prefer private services to public clinics. Although, involvement of this sector could
increase the coverage rate of HBV vaccine, private practioners are often reluctant to
allow scrutiny of their facilities (e.g. cold chain integrity) and records and to participate
in external quality assurance schemes. In high burden countries, private practitioners
have a good reputation but their quality assurance may be poor and their standards

questionable at best. This approach therefore is discouraged in most national EPI.

In order to reduce the risk of infections by blood borne viruses attributable to unsafe
injection practices, the WHO, UNICEF, the United Nations Population Fund (UNFPA)
and the International Federation of the Red Cross and Red Crescent Societies (IFRC)
called for the exclusive use of auto-disable syringes in immunization programmes by
the end of 2003, as a strategy for eliminating the re-use of injecting equipment (WHO-
UNICEF-UNFPA 1999). This approach to achieving injection safety is not without its
critics, who argue that the exclusive use of auto-disable syringes in immunization
programmes in low-income countries will be difficult to sustain in the long-term

(Battersby et al., 1999a; Battersby et al., 1999b).

In many developing countries and countries with economies in transition, health care
injections are overused and are frequently administered in an unsafe manner (Simonsen
et al., 1999; Hutin et al., 2003; Kermode 2004b). For example, it has been estimates that
around 20 million new HBYV infections, 2 million new HCV infections, and 260,000
new HIV infections are associated with unsafe injection practices each year worldwide
(Kane et al., 1999). In addition, it has been estimated that unsafe injection practices
could account for 30% of HBV infections, 31% of HCV infections, 28% of liver cancer,

24% of cirrhosis cases, 5% of HIV infections and 0.9% of deaths worldwide (Kermode
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2004b). Singh et al. (1998) confirm the occurrence of an outbreak of viral hepatitis in an
Indian village which was linked to the use of inadequately sterilised needles and
syringes by an unqualified medical practitioner (Singh et al., 1998). However, to
estimate the magnitude and patterns of such practices in Yemen, a rapid assessment of
injection practices have to be conducted and to measure to what extent the injection

practices is sticking on the WHO guidelines.

With regard to the reasons mentioned by the parents of unvaccinated children the main
cause was the parents’ negligence to take the child to the clinic. In addition some social
reasons were quoted by parents in employment. Concurrent childhood illnesses during
the time of the required dose of vaccine appear to be the least frequent barrier. For the
first two reasons, EPI authorities have to act with the parents of unvaccinated children

and to encourage them about the use of this service free of charge which aims to protect

their children from HBV infection.

Some limitations of this study need to be accounted for in its interpretation. The first
mentioned is the cross-sectional design of the study which only provides information on
the rate of coverage at the time of the survey, some children < 1 year may not have
reached the time of the appropriate schedule of the subsequent dose. Thus the
vaccination coverage obtained may be an underestimate. Second, it was found that the

2nd and the 3rd dose of the vaccine were not reported with the date received or the age

of the child. Thus, estimates of noncompliance were limited.

In conclusion, this study includes updates information for the health authorities at the
EPI in Aden about the vaccination coverage rate of HBV vaccine and achievements for
2004. In addition, it has identified factors associated with the lack of vaccination among

children < 5 in this population which could be considered in further plans.
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CHAPTER 8: PAST EXPOSURES BETWEEN HERPES VIRUS AND
HEPATITIS VIRUSES.

8.1 Introduction

To date, eight members of the human Herpesviredae family have been studied and three
of them are discussed in this chapter to explore their association with hepatitis viruses.
Epstein-Barr virus (EBV), cytomegalovirus (CMV) and human herpes virus 6 (HHV6)
cause disease in man and share the ability to remain in a latent or persistent state in the
host for life and to reactivate during periods of relative immunosuppression. Their
prevalence in adults is usually high, although wide geographic variations exist and are
better documented in industrialised countries. There is much more limited information
regarding their prevalence in developing countries and whether transmission is

increased in individuals receiving multiple blood transfusions or blood products.

There is no information regarding the seroprevalence of EBV, CMV of HHV6 in
Yemen, and this chapter describes their seroprevalence in Aden and the frequency of

past exposure with other hepatic viruses.

The literature review focuses on the epidemiology and characteristics of these viruses in

different countries. The findings in this study are compared to that reported elsewhere

and regionally.

8.2 Objectives
To describe past exposures between viral hepatitis viruses and Epstein-Barr,

cytomegalovirus and human herpes virus 6 in Aden Governorate.
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8.3 Literature review

There is a lot of evidences show that after a short acute, often asymptomatic episode,
these lymphotropic viruses (EBV, CMV and HHV6) establish lifelong infections in the
majority of humans. The viruses also remain latent until re-activated by
immunosuppression (LATH/EuroHealthGroup. 2006). Although, the three viruses
usually produce unapparent infection or transient immune compromise in healthy
individuals, they are able to cause life-threatening primary or reactivated infections in
individuals with congenital or acquired T-cell immunodeficiencies (Epstein & Achong
1973; Ward 1998; Griffiths et al., 2000; Kozireva et al., 2001; Michalek & Horvath
2002; Macsween & Crawford 2003; Williams & Crawford 2006). The spectrum of
diseases caused by these viruses is documented in patients undergoing bone marrow or
organ transplantation (Epstein & Achong 1973; Maltezou et al., 2000; Michalek &
Horvath 2002; Varghese et al., 2008) and in individuals infected with human
immunodeficiency virus (HIV) (Tong et al., 1998; Claviez et al., 2000; Griffiths et al.,
2000; Maltezou et al., 2000; Michalek & Horvath 2002; Green & Webber 2007; Lim et

al., 2007; Lim et al., 2009).

Liver involvement is nearly universal in healthy persons with EBV. Infection with EBV
produces jaundice in 10-15% of cases with usually mild and self-limited and rarely
results in hepatic failure or severe jaundice (Smith et al., 1996; Tsaparas et al., 2000).
However recently, some studies illustrate an attribution between primary EBV infection
and manifestations of hepatitis which resembles HAV infection (Hara et al., 2006) and
thus suggests that many undiagnosed hepatitis cases could be caused by some of the
herpesviruses (Massei et al., 2001; Prassouli et al., 2007). Few reports have studied the
mechanism of EBV associated hepatitis (Prassouli et al., 2007). The major difference
between EBV associated hepatitis and hepatitis caused by HAV, HBV, and HCV is that
EBV does not appear to infect hepatocytes, billiary epithelium or vascular endothelium
(Yuge et al., 2004). The pathogenesis of the hepatitis seen in infectious mononucleosis

is unclear (Kimura et al., 2001). Similarly, symptoms of hepatitis have been
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occasionally observed after primary HHV6 or CMV mainly after the use of
immunosuppressive therapy (Kimura et al., 2001) or among pregnant women (Chan et
al., 1995b; Humar et al., 2002; Tarhan et al., 2003; Eskild et al., 2005).

8.3.1 Epstein - Barr virus (EBV)

8.3.1.1 Epidemiology

EBYV belongs to the gamma-herpesvirus family and it is one of the most successful
viruses in humans (Suga et al., 2000; Ozaki et al., 2001; Csire et al., 2007). It causes
infectious mononucleosis (IM), establishing latency in resting memory B lymphocytes,
and it is involved in oncogenesis through poorly understood mechanisms (Epstein &

Achong 1973; Bergallo et al., 2007).

It was first identified in 1964, in cultures from a biopsy of a Burkitt’s lymphoma
(Yoshizaki et al., 2007; Al Tabaa et al., 2009). Furthermore, in vitro experiments the
virus has demonstrate a potent transforming ability in cell culture and it have shown that
the virus induced blast transformation and uncontrolled proliferation of infected B
lymphocytes (Epstein & Achong 1973). This new characteristic reflects the oncogenic
potential of the virus and since there it has been associated with a number of
malignancies such as Burkitt’s lymphoma, Hodgkin disease, nasal T-cell lymphoma,
gastric carcinoma and primary effusion lymphoma (Williams & Crawford 2006).
Therefore, since its discovery, EBV has moved from its doubtful role as a causative
agent for the African tumour to its present leading role as the prime example of a human
tumour virus that is aetiologically linked to an unexpectedly diverse range of

malignancies (Alexander et al., 2000; Spano et al., 2003; Pai et al., 2007; Yoshizaki et

al., 2007).

EBV has co-evolved with human beings over millions of years and the virus life cycle
has become supremely adapted to its human host (Young & Rickinson 2004; Young et
al., 2008). The virus has a high infectivity with estimation of > 90% of the world’s adult

population being infected (Macsween & Crawford 2003). Like all herpes viruses, EBV
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has latent and productive (lytic) phases in its life cycle. The former maintains the virus
long term in its host and the latter effecting virus production and spread (Michalek &
Horvath 2002; Macsween & Crawford 2003). Therefore, the virus is able to persist in
the host for life in the vast majority of healthy carriers without causing disease
(Macsween & Crawford 2003; Young & Rickinson 2004; Williams & Crawford 2006).
This is because a delicate balance is maintained between the host immune system,
which limits production of virus particles, and the virus, which persists and is
successfully transmitted in the face of host antiviral immunity. Disruption of this
balance, resulting from primary or acquired immunodeficiency, may lead to the

development of EBV-associated disease (Crawford 2001).

The port of entry for EBV is also the port of exit, i.e., the oropharynx where it replicates
in its epithelial cells and B cells and spreads through the body via infected B cells
(Williams & Crawford 2006). The only reservoir of the virus is man from which it is
intermittently shed from saliva. The main route of transmission thus is directly from
person to person; however, transmission via blood products, transplantation, and sexual

transmission have been reported (Borza & Hutt-Fletcher 2002; Macsween & Crawford

2003).

Epidemiological studies of EBV-seropositivity in the 1970s showed that primary
infection occurs early in developing countries and is maintained throughout life,
whereas in affluent societies seroconversion may be delayed until adolescence, when
IgM develops in between 50% and 74% of adolescents (Crawford et al., 2002; Michalek
& Horvath 2002; Macsween & Crawford 2003; Ebell 2004; Hess 2004; Williams &
Crawford 2006; Higgins et al., 2007). Several studies have also reported an increasing
risk of transmission through earlier sexual activity and multiple partners (Biggar et al.,

1978; Babcock et al., 1998; Chan et al., 2001; White et al., 2001; Macsween &

Crawford 2003; Takeuchi et al., 2006).
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Early studies in Japan, Indonesia, Taipei, Hong Kong and Singapore describe
seropositivities of 90% among 5-9-year-old children (Williams & Crawford 2006;
Higgins et al., 2007) and similar rates were reported from Mexico and African countries
(Kangro et al., 1994; Pancharoen et al., 2001; Takeuchi et al., 2006). More recently,
Takeuchi (2006) demonstrated a decline of the rate of infection in Japan to < 50%
(Young & Rickinson 2004; Adjei et al., 2008) and in other industrialised countries such
as USA, England, France, Denmark and Australia, the rate remains around 50% in

young children (Takeuchi et al., 2006).

Primary infection during early childhood is usually asymptomatic, while in young
adults and older adolescents, nearly half of the primary infections result in an increase
in IgM accompanied by strong signs and symptoms of late primary infection and with

strong immunological reactions and develop what is known as infectious mononucleosis

(Morris et al., 2002; Takeuchi et al., 2006).

EBYV has a double-stranded DNA (186-kb) codes for a number of structural and non-
structural genes (Macsween & Crawford 2003; Bergallo et al., 2007). The morphology
of the virus shows immature particles about 75 to 80 mp in diameter occurring in both
the cell nuclei and the cytoplasm (Borza & Hutt-Fletcher 2002). The particles frequently
exhibit a hexagonal profile and are either empty or contain a ring-shaped or dense

central nucleotide (Macsween & Crawford 2003).

The genome of EBV comprises over 70 open reading frames that allow for the
transcription of genes for several different proteins. Different forms of infections are
characterized by expression of different combinations of these proteins as antibodies to
several antigen complexes which may be measured (Epstein & Achong 1973). These
antigens are the viral capsid antigen (VCA), the early antigen, and the EBV determined
nuclear antigen (EBNA) (Kuppers 2003; Bergallo et al., 2007). In addition,

differentiation of immunoglobulin G and M subclasses to the viral capsid antigen
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became helpful for confirmation (Kuppers 2003; Lu et al., 2008; De Paschale et al.,
2009). In most cases, a distinction can be made as to whether a person is susceptible to
EBYV, has had a recent infection, has had infection in the past, or has a reactivated EBV
infection (Fahmi et al., 2000). Several diagnostic assays are available and are routinely
used for the diagnosis of EBV infection employing various techniques such as the
indirect immunofluorescence assay (IFA); the enzyme immunoassay (EIA) technique
(Kuppers 2003; Amon & Farrell 2005) or the Real-time PCR. The later, is also used as a
rapid, sensitive, specific and reproducible technique for the detection and monitoring of
EBV DNA levels in patients who carry EBV-associated diseases (Gartner et al., 2003;
Callan 2004).

It is usually sufficient to use just three parameters (VCA IgG and IgM, EBNA IgG) to
distinguish acute and past infections in immunocompetent patients by using serological
tests. The optimal combination of serologic testing consists of the antibody titration of
four markers: IgM and IgG to the viral capsid antigen (VCA), IgM to the early antigen,
and antibody to EBNA (Maurmann et al., 2003; Bergallo et al., 2007; Hayden et al.,
2008). In general, IgM antibodies to VCA disappear within 1to 2 months of the onset of
IM, while IgG antibody to VCA persist for life and can be used to indicate immunity. In
the same instance, lifelong presence of IgG antibodies for EBNA reflects latency of the
virus (Bergallo et al., 2007; De Paschale et al., 2009). The presence of VCA IgG and
VCA IgM without EBNA IgG indicate recent infection, whereas the presence of VCA
IgG and EBNA-1 IgG without VCA IgM is typical of past infection (Okano et al.,

1988).

With the increased understanding of the immune variables that control EBV infection,
many attempts have been made to dévelop a vaccine for the control of the infection.
These attempts were directed towards minimising the clinical consequences of primary
infection with the virus, hence controlling the development of IM and post transplant

lymphoproliferative disease rather than towards malignancies associated with the virus
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such as Hodgkin's disease, nasopharyngeal carcinoma, and Burkitt's lymphoma (Okano
et al., 1988; Gartner et al., 2003; Callan 2004; Young & Rickinson 2004). Clinical
symptoms of IM are rare in developing countries, where primary infection typically
occurs in the first few years of life which is in contrast to the pattern in Western

countries (Moss et al., 1998).

Several trials are now under way with candidate vaccines against primary infection
(Babcock et al., 1998). A clinical trial in China showed that a proportion (6/9) of
children negative for EBV who were given recombinant vaccine virus gained protection
from subsequent infection (Morgan 1992). Another clinical trial was developed using

cytotoxic T cell epitope vaccines and has been well tolerated with no significant adverse

reactions (Moss et al., 1998).

The development of an EBV vaccine is slow due to difficulties and the debate of what
could be achieved by this vaccine in developing countries (Thomson et al., 1998).
However, changing demography and life styles in the past four decades are likely to

have altered this pattern, and new studies are required before a logical vaccine strategy

can be planned.

8.3.2 Cytomegalovirus (CMV)

CMV belongs to the beta-herpes viruses, which are the largest viruses of the herpes
family (Khanna et al., 2005; Balfour 2007; Hayden et al., 2008). The virus is considered
an important cause of congenital infections, causing hearing loss, mental retardation and
other central nervous system disorders (Sarov et al., 1982; Liu et al., 1990; Shen et al.,
1992; Joseph et al., 2005). Its re-activation is also a major problem in
immunocompromised patients including individuals with AIDS and post transplantation
under immunosuppressive therapy (Liu et al., 1990; Joseph et al., 2005; Colugnati et al.,
2007; Pang et al., 2008; Eggert-Kruse et al., 2009).

The virus was identified in animal studies in the 1920s and isolated in humans in the

1950s (Gilbert et al., 1998; Staras et al., 2006; Steininger 2007). Morphologically, CMV
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is a ubiquitous human herpes virus with a double stranded DNA genome (Eggert-Kruse
et al., 2009).

8.3.2.1 Epidemiology

The seroprevalence of CMV varies worldwide between 40% and 100% and increases
with age (Braun et al., 1997, Wang et al., 2006; Liu et al., 2007). In the USA the
seroprevalence increases from 36% in 6-11 years old to 91% in 80 year old
(Golubjatnikov et al., 1973; Liu et al., 1990; Kozireva et al., 2001; Staras et al., 2006).
In Canada, 57% of female educators working in day care centres were seropositive
(Staras et al., 2006). In China (1968-1987), the prevalence was 52% in children < 1
year, 58% in 3 year old and 60% in children 4-7 years old (Joseph et al., 2005). In
Taiwan, the seroprevalence among infants < 6 month old reached 70% and increased to

82% by 12 years of age (Liu et al., 1990). In Egypt, 96% of pregnant women have CMV
antibodies (Shen et al., 1992).

Primary infection with CMV is usually asymptomatic in immunocompetent individuals
(Hammouda et al., 1993; el-Nawawy et al., 1996). However it leads to serious
complications and severe sequelae in immunesuppressed patients in the form of
hepatitis, encephalitis, microcephaly, sensor neural deafness (Braun et al., 1997; Liu et
al., 2007), pneumonitis, splenomegaly, enamel defects in teeth and retinitis (Boppana et

al., 1999; Fowler et al., 1999; Oliveira et al., 2002; Pass & Burke 2002; Bradford et al.,

2005).

In USA, from a total of around 40,000 infected infants each year, 9000 have symptoms
and 2.2% develop congenital anomalies (Chan et al., 2000b; Gaytant et al., 2002;
Westall et al., 2003; Williams et al., 2003). Generally, anomalies are shown in the form
of visual and hearing loss, mental retardation and other neurological sequelae (Demmler
1991; Joseph et al., 2005; Staras et al., 2006). Young children are an important source
of CMV infection due to high excretion rates and inadequate hygiene (Boppana et al.,
1999; Bradford et al., 2005; Grosse et al., 2008).
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Chronic CMV infection causes atherosclerosis and recurrent stenosis after balloon
stenting and coronary bypass (Joseph et al., 2005). In addition, 60-100% of patients
under immunosuppressive therapy develop primary or reactive CMV infection (Braun
et al., 1997; Speir et al., 1998) and is a major threat in most solid organ transplants such
as liver, heart, renal, pancreas and small bowel (Holma et al., 2000; Li et al., 2007).
CMV is transmitted horizontally through direct contact with saliva, breast milk, urine,
blood transfusions and vaginal secretions after an incubation period of 20-60 days
(Tong et al., 1998; Rao et al., 2000; Sia & Patel 2000; Tong et al., 2001; Westall et al.,
2003). Vertical transmission is the main source of congenital infections (Adler et al.,
1983; Peckham et al., 1987; Liu et al., 1990; Kozireva et al., 2001; Revello & Gerna
2002; Joseph et al., 2005; Staras et al., 2006; Colugnati et al., 2007).

Blood transfusion and its products are also important risk factors of CMV transmission,
especially in immunocompromised host and cancers patients (Chandler et al., 1985;
Handsfield et al., 1985; Pass & Burke 2002; Revello & Gerna 2002; Joseph et al., 2005;
Colugnati et al., 2007). A study from the Middle East shows a relationship between
blood transfusion and CMV infection among employees working in neonatal intensive
care units and health care workers (Michalek & Horvath 2002). In India, a study on the
seroprevalence of CMV among voluntary blood donors revealed 95% positive infection
(Morgan et al., 2003).
The prevention of CMV infection via blood products in the immunesuppressed or those
undergoing solid organ transplantation is important due to its complications, morbidity,
acute graft rejection and death (Dinand et al., 2007)
Commercial assays are available for the detection of CMV pp65 lower matrix protein
(pp65 antigen [Ag]) and are widely used for diagnosis (Sia & Patel 2000; Kothari et al.,
2002). Molecular assays based on quantitative PCR are now also routinely used to
identify CMV DNA (al-Ali et al., 1999). Studies identified that CMV DNA was
detected more frequently in whole blood (88.5%) than in the peripheral blood
leukocytes (65.7% and P < 0.0001) or the plasma (55.2% and P < 0.0001) (Limaye et
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al., 2001; Garrigue et al., 2008). Advances in technology with the availability of more
sensitive tests means that it is possible to have positive laboratory assay results well
before the onset of disease. However, laboratory diagnosis of active CMV infection is

not necessarily always associated with symptomatic CMV disease.

8.3.3 Human herpes virus-6 (HHV 6)

The HHYV 6 belongs to the beta group of the family herpesviredae with a linear double
stranded DNA genome (Mengelle et al., 2003). Two variants (HHV-6A and HHV-6B)
have been described based on genomic, antigenic and biological differences (Braun et
al., 1997; De Bolle et al., 2005a; Ibrahim et al., 2005). Variant A is not reported to
cause any major illnesses whereas variant B has been shown to be almost exclusively
the cause of the complications resulting from reactivation of the virus (Braunet al.,
1997; Zou et al., 1999; Ahlqvist et al., 2005; De Bolle et al., 2005a). The virion size
ranges from 160 mm to 200 mm in diameter, encodes approximately 100 proteins and
has five characteristic genes (DR3, U6, U22, U83 and U94) (Pascher et al,, 2004;
Karatas et al., 2008). The overall nucleotide sequence identity between HHV-6A and
HHV-6B is approximately 90% (Isegawa et al., 1999).

Clinical disease due to primary HHV6 infection is extremely uncommon in young
immunocompetent adults (Dominguez et al., 1999). Infection by the virus is often
asymptomatic. Symptomatic children can develop Rosella infantum or exanthem
subitum, accompanied by febrile convulsions (Braun et al., 1997; Tanaka et al., 2002;
Merk et al., 2005). HHV-6 may also be a trigger of Pityriasis rosea in the presence of
other aetiological factors (Hall et al., 1994; Braun et al., 1997; Tanaka et al., 2002; Zerr

et al., 2005).

The virus has also been recognized as an opportunistic pathogen in bone marrow
transplant recipients and is often reactivated in patients during their use of
immunosuppressive therapy (Canpolat Kirac et al., 2009). In addition, the virus may

cause severe complications in immunocompromised patients (Burd & Carrigan 1993;
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Singh & Carrigan 1996; Sebelin-Whulf et al., 2007; Muramatsu et al., 2009). However in
adults complications have been reported in the form of severe CNS disease such as
encephalitis and fulminant multifocal disease associated with seizures and high fever

(Asano et al., 1994; Braun et al., 1997; De Bolle et al., 2005a; Harris 2008).

Some studies have suggested that the virus plays a role in the development of multiple
sclerosis and potentiates the auto-immunity which causes neurocellular destruction
(Mackenzie et al., 1995). Moreover, an association has been reported between the virus
and different types of neoplasias such as Hodgkin’s and non Hodgkin’s lymphomas and
leukaemia (Fotheringham & Jacobson 2005). Recently, some authors have described a
role of the virus in the chronic fatigue syndrome (Kondo et al., 1993; Hall et al., 1994;
Barone et al., 1995; Cone et al., 1999; Yoshikawa & Asano 2000; Kato et al., 2003),

mainly in patients receiving transfusion therapy (Braun et al., 1997; De Bolle et al.,

2005a).

8.3.3.1 Epidemiology

Studies across the world have reported a seroprevalence > 95% in adults; however, its
prevalence varies from 70% to 100% (Michalek & Horvath 2002). Seroconversion
mostly occurs by 2 years of age with high seroprevalence rates in adulthood (Okuno et
al., 1989; De Bolle et al., 2005a). In the USA, UK and Taiwan infection at early age
range from 64% to 83% by 13 years of age (Hall et al., 1994) with 40% of infants being

infected by the end of the first year of life and up to 77% at the end of two years of age

(Braun et al., 1997).

Recent studies elsewhere, have found that HHV6 could integrated with the host genome
where it infect the chromosomes of both the virus type A and B in 1-3% of immune
competent subjects (Ward et al., 2005; Leong et al., 2007). It also demonstrated that the
integration of the complete virus lead to expression of viral genes and passage in the
germ line and noticed correspondingly high level of viral DNA in blood, cerebrospinal

fluid and hair follicles (Ward 2009). The clinical relevance of such integration is
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unknown and may be unique to HHV6. Furthermore, this integration could be inherited

through different generations (Daibata et al., 1998; Clark et al., 2006).

The most common route of transmission is saliva through direct contact between mother
and baby or between children (Zerr et al., 2005). Prenatal and perinatal transmission can
occur as the virus is detected in vaginal secretions (De Bolle et al., 2005a). Breast
feeding, faeco-oral and sexual transmission are considered routes of transmission (Hall
et al., 1994). Diagnosis can be done by Western blot, immunoassays and PCR (Braun et

al., 1997; De Bolle et al., 2005b; Zerr et al., 2005).

8.4 Methods

This is a cross sectional study to describe past exposures between EBV, CMV and
HHV6 and hepatitis A, B, C and E viruses. All participants enrolled from the
polyclinics were tested for EBV and CMV while HHV6 was tested exclusively in

children <5 years. Laboratory methods are described in chapter 2 and sociodemographic

characteristics in chapter 3.

Descriptive statistics were used to describe the characteristics of the viruses in the study
population. A statistical analysis was used to estimate the proportion of past exposures

with EBV, CMV, HHV6 and hepatitis viruses.
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8.5 Results

8.5.1 Characteristics of the participants
8.5.1.1 Socio-demographic characteristics of the participants

A total of 538 participants selected from the participants attending the primary health
care facilities of Aden Governorate were selected. The general characteristics of all the
participants are described in chapter 3 (tables 3.1. and 3.2), however, selected variables

of the participants are illustrated in table 8.1.

Two thirds of the population (364) were children (<18 years) (67.7%) and of these, 234
(64.3%) were under 7 years old. Both genders were represented, with 52% being male.
The age of the participants ranged from one month to 79 years with a mean of 6 years
for children and 44 for adults. Of 174 adults, 116 (67%) had no formal education or
only primary education and 58 (33%) completed secondary or higher education (95%
CI 59-74; 26-41, respectively). Around 59% of the adults were employed.

There was a median of 7 members per household and 3.4 individuals per room.
Electricity, piped water and toilet facilities were available in 98%, 94% and 87% of the

households, respectively.

Table 8.1 Socio-demographic characteristics of the participants

N=538 (%) 95%ClI

Adults: children <18 (adults %) 174:364 (32.3)  28-37
Age /years (children) mean (S.D) [IQR] 6 (4.5) [2, 10] -
(adults) mean (S.D) [IQR 44 (13) [34, 53] -

Gender male: female (male %) 280: 258 (52) 44-52
Education (adults 174) basic/ no formal education 116(66.7) 59-74
secondary or higher 58(33.3) 26-41

Employment (adults 174) employed 102 (58.6) 51-66
unemployed 72 (42.4) 34-49

Number of household members median [IQR] 7 [5-10] -
Median crowding ratio* median [IQR] 3.4 [2-4] -
Availability of electricity 528 (98.1) 96-99
piped water 502 (93.8) 91-95

toilet 463 (86.7) 83-89

+SD= standard deviation; IQR = inter quartile range
* calculated as number of resident/number of bed rooms
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8.5.2 Seroprevalence of EBV, CMV and HHV6 according to characteristics of the
participants
8.5.2.1 Overall seroprevalence of EBV, CMV and HHV6 among the participants

Out of 538 samples tested for EBV and CMV, 498 (92%, 95% CI 90%-95%) and 508
(94%, 95% CI 92%-96%), respectively were positive. HHV6 was tested in 182 children
<5 years and of these 137 (80%, 95% CI 75%-87%) were positive.

There was a strong association between EBV, CMV and HHV6 seroprevalence and age
as shown in figure 8.2.1. Infants were less frequently infected with EBV, CMV and
HHV6 than young adults/children (69% vs. 99%, 80% vs. 99% and 58% vs. 87%,
respectively, p values <0.001 for all). Infection occurred from a very early age and 1-2

year old participants had already a high seroprevalence.

8.5.2.2 Seroprevalence of EBV, CMV and HHV6 according to the
sociodemographic characteristics of the participants.

The seroprevalence of infection in males (92%, 95% and 77% for EBV, CMV and
HHVS6, respectively) was similar to the seroprevalence among females (93%, 94% and
73%, respectively). HHV6 cases were all children (minors) not in school and there was
no significant difference in the seroprevalence of EBV and CMV by educational level,
as infection by these viruses was nearly universal in adults, as shown in table 8.2 Adult
participants either employed (98% and 97%) or not (99% and 100%) had similar rates

of EBV and CMYV infection.

Of the 8 districts, Crater had the highest (97%) and Mualla the lowest EBV infection
seroprevalence (81%; p <0.05). For CMV and HHV6, no statistical significant

differences were seen in the rate of infection among the 8 districts.
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8.5.2.3 Seroprevalence of EBY, CMV and HHV6 according to medical-related,
previous diseases and behavioural characteristics of the participants.

Table 8.3 shows the medical characteristics of participants infected with EBV, CMV
and HHV6. There were no significant statistical differences between positive or
negative infection in relation to any of these factors, with the exception of being
received intravenous therapy and admission to a hospital, which was associated with

EBV (p <0.01 and 0.05, respectively).

The association between EBV, CMV and HHV6 viruses and history of hepatitis,
malaria, schistosomiasis, tuberculosis or behavioural factors such as exposure to
multiple sexual partners, drinking alcohol, smoking cigarettes and chewing Qat had no
significant statistical differences between participants with positive or negative

infection. However, individuals who indicated that they had experienced malaria had an

association with EBV (p < 0.05).

8.5.3 Co-infection between EBV, CMV and HHV6

All 475 EBV positive were either co-infected with CMV alone (74%) or with both
CMV and HHV6 (26%), as shown in table 8.4. Thirty one participant with CMV were
not co-infected with any other viruses (6%) while 355 (70%) were co-infected with
another virus (mainly EBV) and 122 (24%) were co-infected with two viruses (EBV
and HHV6). For HHV6, 122 (89%) were co-infected with EBV and CMV
simultaneously, 2 (2%) were co-infected with CMV alone and 13 (10%) did not have
co-infection with other viruses. In general, co-infection between EBV and CMV (p

<0.01), EBV and HHV6 (p <0.001) and CMV with HHV6 (p<0.05) were frequent, as

shown in table 8.5.
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Table 8.4 Co-infections between EBV, CMV and HHV6

single + one virus + two viruses total
EBV CMV HHV6| CMV/HHV6
EBV (%) 0 (0) NA 353 (74.3) 0 (0) 122 (25.7) 475
EBV/HHV6
CMV (%) | 31(6.1)| 353(69.5) NA(-) 2(04) 122 (24) 508
EBV/CMV
HHV6 (%) | 13 (9.5) 0(0) 2(1.5) NA 122 (89) 137

Table 8.5 Association of co-infection between EBV, CMV and HHV6

CMV HHV6

+veN (%) -veN (%) +veN (%)  -veN (%)

EBV +veN (%) 475(954) 23 (4.6)*** 122(79.7) 31 (20.3) ***
veN (%) 33(82.5) 7(17.5) 15(51.7) 14 (48.3)

CMV +veN (%) - - 124 (78) 35 (22)*+
-ve N (%) - - 13 (56.5) 10 (43.5)

** p value < 0.05, *** p value <0.01

8.5.4 Seroprevalence of EBY, CMV and HHV6 and positive hepatitis markers

A high proportion of infection with EBV and CMV (87% for each) was found among
participants with serological evidence of HAV (p< 0.01 for EBV) and 70% for HHVS.
In addition, participants with positive markers of anti-HBcore showed a rate of 17%
infection for either EBV and CMV and 3% for HHV6 which was statically significant
for the later (p <0.05). Similarly, those with positive markers of HEV were 11%
infected with each EBV and CMV and 4% with HHV6. All those participants with
positive markers for HBsAg and HCV were infected with EBV and CMV, as shown in

table 8.6.
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8.5.5 Multiple past exposures between EBV, CMV and HHV6 with hepatitis A, B,
C and E viruses.

Multiple past exposures were also found between hepatitis viruses and the three

herpesviruses. Generally, multiple past exposure was frequently identified with 4

viruses for HCV, 5 viruses for HEV and HHV6 and 6 viruses with HAV, HBV, EBV

and CMV. A high proportion (81%) of patients with HBV was simultaneously past

exposure with HAV, EBV and CMV. Around half of patients with HAV, EBV and

CMYV were co-infected with two of these three viruses (table 8.7 and 8.8).

The expected frequency of past exposure for 2 viruses was calculated by multiplying the

prevalence of one virus by the prevalence of the second virus. Variations were found

between the observed and expected rates of past exposure. Observed rates were higher

than expected rates in past exposure between HAV, EBV, CMV and HHV6. The

seroprevalence of these four viruses is high in this community. For example, the

observed and expected past exposure rates between HAV and the other 6 viruses were

89% vs. 81%, 95% vs. 82%, 85% vs. 65%, 18 vs. 14%, 12% vs. 10% and 0.4 vs. 0.4 for

EBV, CMV, HHV6, HBV, HEV and HCV, respectively (table 8.9)

Table 8.7 Multiple past exposures between herpesviruses and hepatitis viruses

Multiple past exposure

Single 1virus 2virus  3virus  4virus 5virus 6 virus| Total
CMV (%) (33(6.5) 23 (4.5) 207 (40.7) 124 (24.4) 85(16.7) 35(6.9) 1(0.2)] 508
EBV (%) ([23(4.6) 0(0) 232(46.6) 122 (24.5) 82(16.5) 38(7.6) 1(0.2)] 498
HAV (%) [24(5.2) 1(0.2) 227(48.7) 93(20.0) 83(17.8) 37(7.9) 1(0.2) 466
HHV6 (%) [13(9.5) 2(1.5) 22(16.1) 93(67.9) 4(29) 3(22) 0(0.0) 137
HBYV (%) 2(23) 2(2.3) 1(1.1) 70(80.5) 7(80) 4@46) 1(1.1) 87
HEV (%) 0(0.0) 1(26) 2(53) 25(658) 7(184) 3(7.9) 0(0.0) 38
HCV (%) | 0(0.0) 0(0.0) 0(0.0) 0(0.0) 1(100) 0(0.0) 0(0.0) 1
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Table 8.9 Expected and observed past exposure rates (%) in herpes and hepatitis viruses

HAV EBV CMV HHV6 HBV HEV HCV

E O E O E O E O E O E O E O
HAV - - 8 8 8 8 65 70 14 18 10 97 04 100
EBV 81 89 - - 8 94 70 89 15 18 10 100 0.4 100
CMV 82 95 87 95 - - 71 8 15 16 10 92 04 100
HHV6 65 8 70 88 71 84 - - 12 2 8 100 03 O
HBV 14 18 15 17 15 17 12 3 - - 2 18 001 100
HEV 10 12 10 11 10 11 8 4 211 - -004 O
HCV 04 04 04 04 04 04 03 0 01 2004 O - -

E=expected; O=observed
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8.6 Discussion

This study was undertaken to characterize the seroepidemiology of EBV, CMV and
HHYV6 infections in Aden Governorate of Yemen and their frequency of past exposure
with hepatitis viruses. The overall seroprevalence of infection was 93%, 94% and 75%,
respectively, which is consistent with seroprevalences reported worldwide (Black et al.,
1996; Zerr et al., 2005). These seroprevalences were seen to progressively increase with
age, similar to the pattern found in most studies across the world, in particular with
those of developing countries (Macsween & Crawford 2003; De Bolle et al., 2005a;
Zerr et al., 2005; Takeuchi et al., 2006). Most of these studies have also identified a
lower seroprevalence of EBV, CMV and HHV6 in children compared to adults (50%
vs. 100%, 60% vs. 98% and 57% vs. 83%, respectively) (Arcenas & Widen 2002; De
Bolle et al., 2005a; Takeuchi et al., 2006; Zadeh et al., 2006).

This is the first study of the seroprevalence of these viruses in Yemen with a wide range
of age groups including children and infants. There were no significant differences in
the seroprevalence of CMV and HHV6 among the participants across the districts of
Aden, although participants enrolled from Crater and Mualla had the highest and lowest
seroprevalence of EBV (p <0.05). However, there is no reason to expect differences in
the seroprevalence by district, as living conditions do not have marked differences and

the mode of transmission of these viruses is mostly the same.

A significant proportion of participants infected with EBV had a history of being
hospitalized or contracting malaria (p<0.05 for both) which was not seen among
participants infected with CMV and HHV6. Feorino (1974) and Kataaha (1984) have
suggested that malaria facilitates EBV replication (Okuno et al., 1989; Liu et al., 1990;
Bhattarakosol et al., 2001; de Ory et al., 2004; Figueira-Silva & Pereira 2004). Other
studies have shown a special importance of malaria as a co-factor in the development of
Burkitt's lymphoma, particularly where malaria transmission is holoendemic (Feorino &

Mathews 1974; Kataaha et al., 1984). Moreover, several studies have illustrated that
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patients who developed Burkitt's lymphoma have significantly higher titres of
antibodies against EBV viral capsid antigen than controls (Moormann et al., 2005; Rasti
et al., 2005; Lubega 2007). Although malaria and EBV infection are recognized
cofactors for Burkitt’s lymphoma, their relative contribution is not understood. A recent
study identified an association between acute malaria and sustained increase in EBV
load and a transient decrease in EBV-specific T cells (Parkin et al., 2000; Moormann et
al., 2005). Given the cross sectional characteristics of the study and the retrospective
ascertainment of malaria, without parasitological confirmation, it is uncertain whether
the malaria reported preceded EBV infection and recall-bias could further underestimate

or overestimate the history of malaria among the participants, which needs cautious

interpretation.

Many studies across the world have suggested the oncogenic potential of EBV infection
to develop Hodgkin lymphoma (Njie et al., 2009). However there is a considerable
diversity in the incidence, age and sex distribution, as well as morphology of this
tumour in different populations which argues for a major impact of environmental
and/or genetic factors in the development of the disease (Chan et al., 1995a; Glaser et
al., 1997; Weiss 2000; Spano et al., 2003; Mautner et al., 2004; Young & Rickinson
2004; Pai et al., 2007; Young et al., 2008). For example, Weinreb (1996) demonstrated
the active involvement of EBV in the pathogenesis of Hodgkin's disease in children, but
with significant variation, from 50% of the cases reported from the United Kingdom,
South Africa, Egypt, and Jordan to 100% from Kenya (Gulley et al., 1994; Quintanilla-
Martinez et al., 1995; Glaser et al., 1997; Engel et al., 2000; Al-Kuraya et al., 2006;
Lindner & Sugden 2007). Weiss (2000) reported EBV in the neoplastic element of
Hodgkin's disease in about 40% to 50% of cases in Western populations (Weinreb et al.,
1996). Other report however have identified lowest rates of EBV-associated Hodgkin
lymphoma in young adults (Weiss 2000) and recent studies do not support that EBV is

associated with paediatric Hodgkin lymphoma and have suggested a correlation with a
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genetic susceptibility for Hodgkin lymphoma between different ethnic groups (Yung &
Linch 2003).

In Aden, the overall annual incidence of Hodgkin lymphoma, as reported from 2002 to
2004, was 1.9 per 100.000 populations (Al-Kuraya et al., 2006; Chabay et al., 2008;
Hassan et al., 2008; Hassan et al., 2008a). Variations were also observed in the
incidence between children and adults, and between males and females. For example,
Hodgkin lymphoma was higher in male than female children (1.1 and 0.6 per 100.000
population), respectively (ACC 2007). This incidence is not far from those reported in
neighbouring countries such as Bahrain, Saudi Arabia, Kuwait, Oman and Qatar for
males (1.2, 2.1, 4, 3.1 and 6.1 per 100.000 population, respectively) and females (1.3,
1.2, 0.6, 5.9 and 3.5 per 100.000 population), respectively (ACC 2007). However, few

or no studies describing the prevalence of the EBV are available from these countries.

Past exposures were found between the three herpes and the hepatitis viruses (HAV,
HBV, HCV and HEV). A high proportion of HAV-positive participants were co-
infected with EBV and CMV, whereas 75% of the children with HAV were co-infected
with HHV6. The seroprevalence of HAV per se is high in this community with rates of
81% and 99% among children and adults, respectively (see chapter 3). As the
seroprevalence of infection of these viruses is high, the high past exposure rate is
expected. The differences in the seroprevalence of the four viruses (HAV, EBV, CMV
and HHV6) were significantly different between children and adults. HBV was found to
be co-infected with the 3 herpesviruses although the association with HHV6 was only
significant.

Some authors have grouped the three herpesviruses (EBV, CMV and HHV6) and some
of the hepatitis viruses (mainly B and C) as transfusion- related viruses that can cause
hepatitis (al-Lawati et al., 1999; Kandil et al., 2001; Al-Kuraya et al., 2006; GCCR
2006), with overlapping clinical presentation (Kaur & Basu 2005). Altered liver
function enzymes have been reported during the course of EBV infection; although,

overt clinical hepatitis with icteric state is rarely encountered (Yuge et al., 2004; Crum
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2006). In addition, it has been suggested that this mild hepatitis is usually caused by
primary EBV infection (Barlow et al., 2000; Macsween & Crawford 2003; Yuge et al.,
2004; Dogan et al., 2007). Previous studies have related infection of HHV-6 with
transfusion of blood or its components, as the virus has white blood cell tropism (Al-

Faleh et al., 1995; Karagoz et al., 2005; Hara et al., 2006).

The majority of HHV6 children were co-infected with EBV and CMV. This picture is
quite expected as the last two viruses were highly prevalent in adults and attained a high
seroprevalence in children. In general, few studies have investigated whether there is
any clinical intermingling between CMYV reactivation with EBV or HHV6 in patients
especially patients with immunesuppressed conditions. EBV and CMV can reactivate
independently in patients under immunosuppressive therapy or AIDS (Chamberland et
al., 2001; Pascher et al., 2004). Some studies have identified an association in the
reactivation stage between these viruses (Stevens et al., 2001; Wagner et al., 2002).
HHV-6 infection has been proposed as a co-factor for EBV or CMV disease, leading to
increases of CMV replication in blood (Arcenas & Widen 2002; Zadeh et al., 2006,

Yoshizaki et al., 2007).

No association has been found in this study between cases reporting a history of
hepatitis or jaundice and infection with any of the three herpesviruses. Some studies
elsewhere have shown that symptoms of hepatitis have been occasionally observed after
primary HHV6 not only in infants but also in adults (Humar et al., 2000; Cainelli &
Vento 2002; Jacobs et al., 2003; Bauer et al., 2007). Recently, several case-report
studies have attributed manifestations of hepatitis to primary EBV infection (Mendel et
al., 1995; Suga et al., 2000; Aita et al., 2001; Csire et al., 2007) which resemble HAV
infection. This development raised a question of how many serologically unproven
cases of jaundice could be due to primary EBV (Massei et al., 2001; Prassouli et al.,
2007). Therefore, EBV, CMV and HHV6 should be included in the differential of

patients presenting with liver abnormalities. It is known that EBV infects the liver and
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occasionally causes an acute state; however, this later stage was observed commonly
associated with the high EBV viral load in the peripheral blood mainly in patients under
immunosuppressive therapy or with AIDS (Prassouli et al., 2007). Sometimes, this virus
may trigger autoimmune mechanisms which present with diffuse involvement of the
liver associated with disseminated intravascular coagulation (Whitley 1994; Mason et
al., 1996; Yuge et al., 2004; Hara et al., 2006).

Some authors have reported that cases of chronic active EBV could lead to death due to
hepatic failure (Cermelli et al., 1999; Hinedi & Koff 2003). Post-transplant CMV
disease is a significant cause of morbidity and graft loss. CMV hepatitis has been
described as the most frequent manifestation of CMYV tissue invasive disease after liver
or renal transplantation and among pregnant women (Barlow et al., 2000; Okamura et
al., 2000). However, the advancement in the rapid and accurate early molecular
diagnosis and the use of antiviral agents through the pre-emptive therapy, could
contribute positively toward its prevention in these situations (Chan et al., 1995b;

Humar et al., 2002; Sechofer et al., 2002; Tarhan et al., 2003; Eskild et al., 2005).

It is anticipated that the information yielded by this study, whether on the
seroprevalence of EBV, CMV or HHV6 infection and of their past exposure with other
hepatitis viruses can improve our understanding of the role of these viruses in other
related diseases. This study can help in the application of the preventive and control

measures relevant to some related diseases in the population such as IM, Burkitt’s

lymphomas and organ transplantations.
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CHAPTER 9: GENERAL DISCUSSION

9.1 Introduction

This chapter summarises the main findings related to the seroprevalence of the four
hepatitis viruses (A, B, C and E) among a population attending primary health care
facilities in Aden Governorate; the risk factors of HBV transmission in this community;
the dominant HBV genotypes; the seroprevalence and risk factors of HBV and HCV
among chronic liver disease patients and among those exposed to multiple blood
transfusion or undergoing haemodialysis. The factors enhancing or affecting HBV
vaccine coverage in children < 5 years old in Aden City and past exposure between
three herpesviruses (EBV, CMV and HHV6) and hepatitis viruses also discussed. The

study limitations are highlighted and questions for further research are proposed.

9.2 Epidemiology of viral hepatitis infection.
9.2.1 Seroprevalence in healthy individuals

The findings in Aden City coincide with the worldwide epidemiological features of
hepatitis viruses (A, B, C and E) from very high rates of infection in HAV and very low

HCV.

9.2.1.1 Enterically transmitted viruses (HAV and HEV)

A significant difference in seroprevalence of HAV and HEV was observed in this study
between children <18 years and adults. The seroprevalence of HAV increased steadily
from 53% among infants, 82% in pre-school children to 99% amongst adults. Although
the overall seroprevalence was very high (87%), it was lower than reported for the
northern governorates of Yemen (Scott et al., 1990). The mean age of participants in the
later study was higher than in the participants in this study and the resulting difference
of 13% could be an artefact of population structure. However, data for Scott’s study is

not reported by age and is not possible to investigate whether the effect is due to this

confounder.
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The high seroprevalence of HAV infection in pre-school children (82%) was similar to
other studies on children of the same age group in developing countries (Abdool Karim
& Coutsoudis 1993; Acharya et al., 2003), but higher than other Middle East countries
(< 50%) (Arif M 1995; MOH-SO 1999; Sacy et al., 2005), and far higher than the
seroprevalences currently reported from Industrialised countries (< 13%) (Sohn et al.,
2000; Mossong et al., 2006; Kiyohara et al., 2007; Ansaldi et al., 2008). In adults, the
seroprevalence in Aden was similar to the seroprevalence in other Middle East countries
(> 95%) (MOH-SO 1999; Fathalla et al., 2000; Tufenkeji 2000; Jacobsen & Koopman
2004). No data are available from community based studies in Yemen, however, a
hospital-based study in 1988 in northern governorates showed similar prevalence as this
study (Scott et al., 1990). This is the first study in Yemen to show differences in the rate

of infection between children and adults.

HEV in Yemen has barely been studied before. One study based on patients with acute
hepatitis reported a rate of 14% (Gunaid et al., 1997). The seroprevalence rate of 11%
obtained in this study would place Yemen in the high seroprevalence zone (>5%) which
is similar to the seroprevalence in other developing countries (7.2% to 24.5%)
(Krawczynski et al., 2000; Sookoian 2006). Population-based studies in Middle East
countries suggest that the virus is highly endemic in the region (>15%), although
waterborne outbreaks have not been reported (Abdelaal et al., 1998; Irshad 1999; Fix et

al., 2000; Kumar et al., 2001; Meky et al., 2006; Stoszek et al., 2006¢).

Yemen still has a low availability of potable water and sanitation (WorldBank 2006).
According to the 2005 Ministry of Planning and International Cooperation (MOPIC)
report, access to water and sanitation services was available for 65% and 35% of the
population, respectively (MOPIC 2006) . Similarly, there is poor control of food
hygiene, low level of health awareness, high illiteracy and poverty rates and high

infection rates among young children (WorldBank 2006; Worldbank 2007).
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These factors contribute to an increasing spread of HAV and HEV in the community. In
comparing Aden with other cities in Yemen, piped water and sanitary toilet services are
available for 94% and 87%, respectively, of the population in Aden which could not
found in other city in the country particularly in main cities such as Sana’a and Taiz. To
confront the water crisis in these cities residents have been forced to buy untreated
water from private sources. A microbiological examinations study was conducted in
Sana’a and Taiz (main cities in northern governorates) to assessed the quality of
partially treated drinking water in private establishments in the City have shown that
83%-90% of the samples were contaminated; 50% with faecal coliforms and 33% with
total coliforms (Raja'a et al., 2001; Metwali 2003). This indicates probably a problem of
gross contamination with viruses (including HAV and HEV) or other parasites.
Therefore, substantial changes would be needed to achieve the control of HAV and
HEV infection in Yemen with priority on improving the water quality, sanitation

coverage, public food hygiene and awareness of the risk of infection and prevention.

9.2.1.2 Blood-borne viruses (HBV and HCV)

The overall seroprevalence of HBV infection in this study was 16% with variation in
the seroprevalence by age. Low rates were observed in children <18 years (7%) and
high rates in adults (35%). HBV carriage had a similar trend with an overall rate of
1.5% and none of the children <18 years old being carriers compared to 4.6% of the
adults. This age variation reflects the cumulative exposure of adults to hepatitis. It may
also reflect lack of education, inadequate blood transfusion safety measures, unsafe use
of needles and syringes and lack of vaccination against HBV in previous decades. The
seroprevalence found therefore is a mixture of the cohort effect of the markers of
infection used, with a probably decreasing rate of infection in younger cohorts which
might be protected by the vaccine. To our knowledge there is no previous study of the
seroprevalence of HBV among children in Aden to enable a valid comparison with the
current situation. Most studies conducted in Yemen have reported high seroprevalence

of HBV in adults in tertiary health care settings in Sana'a and have included hospitalised
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patients with acute or chronic hepatitis (Abdel Raheem et al., 1991; Gunaid et al., 1997;
Al-Moslih & Al-Huraibi 2001; Al-Nassiri & Raja'a 2001; Haidar 2002) or blood donors
(Sallam & Tong 2002). Community surveys however have rarely been conducted and

are on a small scale (Scott et al., 1992; Sallam et al., 2003b).

Such findings therefore suggest the following. First, HBV infection is of low
seroprevalence rate in the population, which would place Aden in the low
seroprevalence zone rather than high endemic zone, as categorized in previous studies
in the Middle East (Andre 2000; Qirbi & Hall 2001; WHO 2002b). However, further
representative studies in other areas of the country with emphasis to include all age
groups, could reveal clear evidence on the country’s HBV endemicity in Yemen.
Second, age is an important confounder in the picture of HBV infection in this
community. Previous studies conducted among hospital employees (Al-Jarba & Al-
Sayyari 2003) and blood donors (Sallam et al., 2003a) in Aden City reported high rates
of infection among adults and resembled the findings of this study. Third, the lower
seroprevalence among children and increase in early adolescence support the hypothesis
that HBV infection is more likely to be acquired in early adulthood rather than by
vertical transmission. However, recent studies on pregnant women in the perinatal
period attending primary health care facilities in Aden City (Yousef Khalidah 2003),
showed a carriage rate of 2.8% (Al-Shamahy 2000) and similar rates were reported

from Sana’a, where 4% of healthy mothers were identified to be carriers. Vertical

transmission may not be a rare event.

It is likely that the implementation of the HBV vaccine would lead to a reduction in the
seroprevalence of HBV infection in the population, although data on the seroprevalence
of HBV before 1990 are not available. The effectiveness of vaccination programmes
against HBV has been clearly demonstrated in some countries in which the rate of HBV
infection decreased from 34% to 10% and the carriage rate fell from 11% to 4%, before

and after implementing the vaccination programme (Chen et al., 2007a).
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The seroprevalence of HCV is very low, with only 0.4% of the population infected and
only one adult participant being anti-HCV positive. This rate is at variance from those
found in other studies in Yemen, namely in a Soqotrian population (5.1%), Sana’a
blood donors (5.2%) (Sallam et al., 2003b) and in Mukalla City (1.6%) (Bahaj 2003).
Al-Jarba and Al Sayyari (2003) study of 1.3% HCV seroprevalence was conducted
among hospital employees in Aden (Al-Jarba & Al-Sayyari 2003). Globally, it is
reported that the transmission of HCV is less common than that of HBV in the general
population (WHO 2003b). Some risk factors such as multiple partners, intravenous drug
users and commercial sex workers are not common in Yemen. However, further study
could be needed to develop a comprehensive picture of the HCV infection in the
country looking in-depth at the underling risk factors in different communities.

9.2.2 Seroprevalence of HBV and HCV among risk groups
9.2.2.1 Patients with chronic liver disease

The seroprevalence of HBV and HCV in patients with chronic liver diseases and in
those who received polytransfusions or individuals under haemodialysis was studied for
the first time in Aden. Unexpectedly, there was a low seroprevalence of HBV markers
in patients with chronic liver disease compared to controls (29% and 36%), even
though, the rate of HBsAg was higher in cases than controls. For HCV, equal proportion
for HCV infection was observed in cases and controls (1 each). These unexpected
findings could be due to the small sample size of the study. A number of studies across
the world have reported a relationship between the rate of chronic liver disease and the
endemicity of HBsAg in the population (Yu et al., 2001; WHO 2002b; Yu et al., 2002).
It is assumed, as observed by clinicians in the studied hospitals, that the proportion of
autoimmune hepatitis diagnosed might be higher in Aden. However to prove this
hypothesis, additional laboratory tests are recommended such as nucleic acid

amplification test and other biochemical investigations to exclude any involvement of
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blood-borne viral hepatitis. A further investigation with larger sample size could help to

determine the causative factors of chronic liver disease in this community.

9.2.2.2 Polytransfused and haemodialysed patients

Infections with HBV were two fold higher in patients with polytransfused/HD than in
healthy controls (67% and 36%, respectively) and HCV was nine fold (46% and 5%,
respectively) higher. The higher seroprevalence of HBV than HCV was described
previously in blood donors at Aden city (Sallam et al., 2003b). The high HBV
seroprevalence may reflect the lack of preventive measures and quality of blood
services, which up to recently did not meet international standards. Several studies
across the world have documented a lower rate of HBV compared to HCV infection in
patients receiving HD; however the seroprevalence of HCV in this study was higher
than reported elsewhere (Jadoul et al., 2004; Ramezani et al., 2007; Alter 2008).
Nevertheless, our findings are in agreement with another study in Yemen (Hajjah),
which reported a high seroprevalence of the HCV infection among haemodialysis
patients (Haidar 2002). Other countries that have introduced the HBV vaccine for
patients undergoing HD together with the isolation of HBV positive patients, the use of
dedicated dialysis machines and regular surveillance for HBV infection, have
dramatically reduced the spread of HBV among this high risk population (Reddy et al.,
2005; Beran 2008; Toosi et al., 2008).

9.2.3 Risk factors for HBV and HCV infection
9.2.3.1 Risk factors for HBV and HCV infection in healthy participants

This is the first case-control analysis of risk factors for HBV and HCV infection among
a population attending primary health care settings in Aden Governorate. Four main
factors were significantly associated with HBV infection. These include age, a family
size > 5, having received transfusions of blood or blood products and having a landline
telephone. Even after stratification into age groups < and > 13 years, age was still
positively associated with HBV infections in adults; suggesting that new infection can

occur in adults. HBV infection being more likely to occur within large families suggest
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that person to person transmission can occur in these conditions through common
utensils shared by the household members (Omer et al., 2001b; Alter 2003a). Similar
studies across the world have shown that households with many carriers results in an
increased rate of infection (Milne et al., 1987; Phoon et al., 1987; Euler et al., 2003;
Tiwari & Kumar 2005; Topuzoglu et al., 2005; CTC 2007). In Yemen however, Scott
(1999) and Al-Nassiri (2001) found no association between HBV infection and
household size in Sana’a and this could be due to differences in the study design and

population settings (Scott et al., 1990; Al-Nassiri & Raja'a 2001).

Surprisingly, a history of having received blood transfusion had an inverse association
with HBV infection in adult cases. This finding was inconsistent with findings of
previous studies from Sana’a (Scott et al., 1990; Al-Shamahy 2000; Al-Nassiri & Raja'a
2001). However, a study on HBV markers among blood donors identified a lower rate

of carriers in Aden than in Sana’a and may explain these paradoxical findings (Sallam

& Tong 2002).

Blood services in Yemen are based mainly on volunteer blood donation, usually by
friends or relatives and sometimes through donation campaigns. The transmission of
HBYV via blood transfusion in Yemen has become less frequent than in the past due to
the implementation of control measures in blood transfusion facilities. Recently, the
Ministry of Health paid attention to the diagnostic laboratory services and blood
transfusions facilities particularly medical laboratories and blood banks at the central
level and governorates (Own 2005), and this may indicate a reduction in the rate of
transmission of HBV. However further investigations would be required to elucidate
this assumption and to assess the quality of laboratories, emergency and blood

transfusion services. Other issues, such as inappropriate multiple use of syringes and

needles should also be investigated.
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The association between ownership of a landline telephone and HBV infection is
difficult to explain. This is a surrogate marker of wealth in this setting, suggesting that

cases were economically better off than controls.
9.2.3.2 Risk factors for HBV and HCV in patients with chronic liver disease

This study demonstrated that the practice of acupuncture and wet- cupping (Hijamah)
are factors independently associated with chronic liver disease. In both cases, sharp
instruments are used/reused and probably not adequately sterilized after each use. It has
been shown that cupping increased 4 fold the risk of CLD, although, the small sample
of cases; still restricts the robustness of the findings. It was however, uncertain whether
the reported acupuncture and cupping treatments actually preceded the disease or if they
were sought afterwards to relieve some of the symptoms of chronic liver disease.
Studies across the world have found contradictory findings of practiced acupuncture or
cupping and CLD (Kiyosawa et al., 1994; Sun et al., 1999; Shin et al., 2000).

A personal or family history of hepatitis or jaundice was associated with CLD after
adjustment with other independent factors. However, it is not clear whether this was due
to HBV/HCYV or other viral hepatitis. The fact that almost all adults in Aden have
evidence of HAV infection and usually developed jaundices in young childhood or
adulthood (see chapter 3); suggest that horizontal transmission of HAV/HBV among the

household members could occur. Recall-bias further underestimates the history of

hepatitis among the family members.

Our study identified other less frequently recognized CLD risk factors. These include a
history of chewing Qat, smoking tobacco, lack of education, the use of private clinics

and economic markers such as the lack of household appliances such as refrigerators.

Chewing Qat is associated with smoking tobacco. Cigarette smoking is commonly used
in Qat sessions (Griffiths et al., 1997). Smoking is a risk factor for cirrhosis or HCC
(Kuper et al., 2000; Chen et al., 2003b; Marrero & Marrero 2007), and that it’s

relationship is stronger in the presence of HBV and/or HCV infection (Tzonou et al.,
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1991; Donato et al., 2006). Our study, however did not seek to describe if there was a
dose-effect of Qat or tobacco or the duration of these habits and further studies would
be needed.

9.2.3.3 Risk factors for HBV and HCV in polytransfusion and/or haemodialysis
Although, a study of the risk of acquiring HBV and HCV in the health care facilities is
an important element in developing approaches to avoid nosocomial infection, the
analysis in this study was undertaken to demonstrate the main factors associated with
the transmission of HBV and HCV viruses either related to the host or to the health care
environment. Two factors were independently associated with HBV and HCV infection
among patients with polytransfused/HD, namely the duration along of being under
haemodialysis/years and a history of malaria. The former is in agreement with the
medical literature (Wang et al., 2002; WHO 2003b; Jadoul et al., 2004; Imarengiaye et
al., 2006; Khattab 2008; Niederhauser et al., 2008; O'Brien et al., 2008). Patients on HD
for more than one year were around 7 and 12 times more likely to acquire HBV and
HCV. These findings are consistent with studies from Saudi Arabia (Khan & Khan
2001) and Brazil (Carrilho et al., 2004) where the seroprevalence of HBV and HCV

were significantly associated with the duration of dialysis.

Recently, studies across the world have reported a decrease in the incidence of
HBV/HCV in haemodialysis patients (Jadoul et al., 2004; Olut et al., 2005; Khattab
2008). This could be related to the improvement of standards in the selection of blood

donors, use of advanced diagnostic tests and routine vaccination of uraemic patients

(Beran 2008).

A history of malaria was associated with HCV infection in patients undergoing HD.
Malaria remains a devastating global health problem worldwide (Zewdu 1994; Mehta et
al., 2001; Abdul Manan et al., 2006). Acute renal failure commonly occurs in sever
Plasmodium falciparum malaria, which is the most frequent form of malaria in Yemen

(Amran 2006). In addition, cases with severe malaria can develop anaemia, which may

209



require blood transfusions. Thus, the role of malaria could be via its role in renal failure
leading to haemodialysis or by causing anaemia requiring transfusions. Further studies
are required to identify the role of malaria as a cause of renal failure in Yemen and its

association with further hepatitis infection.

9.2.4 Past exposure of hepatitis viruses
9.2.4.1 Past exposure in healthy participants

Past exposure between the hepatitis viruses was frequently found and a maximum of 4
viruses were identified per person. For instance, HAV was co-infected with HBV, HCV
and HEV. An association was found between HAV and HBV however, their route of

transmission is different, probably due to the high rate of HAV infection.

9.2.4.2 Past exposure in patients with CLD or individuals at risk of polytransfusion
and/or haemodialysis

Only one case with dual infection of HBV and HCV was identified among patients with
CLD compared to one third of the individuals under polytransfusion or haemodialysis.
HBYV and HCV share a common route of transmission and coexist simultaneously,
which may explain their likelihood to show the past exposure. Global reports show
variation in the rate of dual infection in patients with polytransfusion/HD from low to
high rate (Reddy et al., 2005; Jutavijittum et al., 2007; Ramalingam et al., 2007).
9.2.4.3 Past exposure of hepatitis viruses with herpesviruses

This is the first study of the seroprevalence of EBV, CMV and HHV6 in Yemen
identifying the frequency of past exposure with hepatitis viruses. The overall high
seroprevalence of infection is consistent with seroprevalences reported from developing
countries (Macsween & Crawford 2003; De Bolle et al., 2005a; Zerr et al., 2005;
Takeuchi et al., 2006) with an early increase with age (Arcenas & Widen 2002; De
Bolle et al., 2005a; Takeuchi et al., 2006; Zadeh et al., 2006).

A significant proportion of participants with EBV had a history of being hospitalized or

contracting malaria, which was not seen among participants infected with CMV and
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HHV6. Several studies have suggested that malaria facilitates EBV replication and both
are recognised as co-factors in the development of Burkitt's lymphoma, however, their
relative contribution is not understood (Feorino & Mathews 1974; Kataaha et al., 1984;
Moormann et al., 2005; Rasti et al., 2005; Lubega 2007). Given the cross sectional
characteristics of the study and the retrospective ascertainment of malaria, without
parasitological confirmation, it is uncertain whether the malaria reported preceded EBV

infection and recall-bias could further underestimate or overestimate these findings and

need cautious interpretation.

Past exposures were found between the three herpes and the four hepatitis viruses. A
high proportion of HAV-positive participants were co-infected with EBV and CMV,
whereas 70% of the children with HAV were co-infected with HHV6. The

seroprevalence of HAV per se is high in this community, thus the high past exposure

rate is expected.

A high proportion of participants with HAV and HBV were co-infected with CMV.
Patients with HBV were found to be co-infected with the 3 herpesviruses, although only
the association with HHV6 was statistically significant. Some authors grouped the
herpesviruses EBV, CMV and HHV6 with the hepatitis HBV and HCV as transfusion-

related viruses that can cause hepatitis (Kaur & Basu 2005), with overlapping clinical

presentation (Yuge et al., 2004; Crum 2006).

The majority of HHV6 children were co-infected with HAV, EBV and CMV. This
picture is quite expected as these viruses were highly prevalent in adults and attained a
high seroprevalence in children. Recently, several case reports have attributed the
manifestations of hepatitis to primary EBV infection (Massei et al., 2001; Prassouli et
al., 2007) which resemble HAV infection. CMV hepatitis has been described as the
most frequent manifestation of CMV tissue invasive disease after liver transplantation

and among pregnant women (Chan et al., 1995b; Humar et al., 2002; Seehofer et al.,

211



2002; Tarhan et al., 2003; Eskild et al., 2005). Therefore, EBV, CMV and HHV6 should
be included in the differential diagnosis of patients presenting with liver abnormalities

in this setting.

9.3 The role of HBV vaccine in the EPI programme

Sixty three percent of children <5 years old were vaccinated in Aden with three doses
and 82% received at least one dose of the vaccine. The three-dose vaccine coverage rate
was lower than the target of the EPI for Yemen (85%), but higher than the rates reported
for the country as a whole (49%) and for some of the Governorates with large
populations such as Sana’a (36%), Taiz (22%) and Al Mukalla (46%) (MOPHP/EPI
2005). Despite the higher rate in Aden, this rate is lower than reported from other
Middle East countries (Toukan 1996; Qirbi & Hall 2001).

This study illustrated that the lack of parental education and not having a car were
associated with HBV vaccine uptake. Uneducated fathers are likely to have less
information about HBV transmission and the protective role of the vaccine. Nearly all
parents/guardians of vaccinated children were aware of the importance of immunizing
their children. Studies across the world have shown the importance of parental

education in the timely compliance with the vaccines schedule (Waldhoer et al., 1997,

Salmaso et al., 1999).

HBV vaccine coverage was 2 to 3 fold higher among families with a car. This could be
explained by better access to the health centres to receive their vaccines as public
transport in Aden is inadequate. In addition, ownership of a car is a marker of income,

as families with higher income are more likely to have their children vaccinated.

It is not known why children > 1 year old have not completed their vaccination.
Possible causes could include health service related factors (such as availability of
vaccine, EPI policy of providing HBV vaccine free of charge only to children < 1

during the first three years of the programme (2000-2002), and individual factors such
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as the knowledge and attitude of parents toward those vaccines. A delay in the up-take
of vaccines among infants has been shown in studies from different countries (Salmaso

et al., 1999; Cui & Gofin 2007).

Despite the coverage of the HBV vaccine at the time of the study still being at
unsatisfactory levels, the current incorporation of the pentavalent vaccine, available

since March 2005 through the EPI programme of Yemen, could increase the rate up to

95% as targeted.
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9.4 Limitations

Over the course of the work, some limitations were considered, which are summarised
in this section. As most of the studies were cross sectional surveys it was not possible to
account for infected individuals who did not survive, whether neonates, babies, children
or adults, resulting in a selection bias of a healthier population. A further shortcoming is
the difficulty in collecting information for sensitive issues. For example, information on
multiple sexual partners, the use of recreational drugs and alcohol are highly sensitive in
this environment. In addition, recall bias of factors that had potentially occurred several
decades earlier is likely to play a significant role. The cumulative effect of HBV
infection on the markers used would result in an attempt to correlate the characteristics
of the patients at the time of the study with an infection that occurred at some point in
the past. For financial reasons we were unable to test for other markers of recent or
active HBV infection such as the presence of HBV DNA and/or hepatitis B e antigen
(HBeAg), IgM anti-HBc an indicator of early infection and anti-HBs (antibodies to
HBsAg) to exclude those who might have resolved past infections or had been
vaccinated. Therefore, some participants in this category may have been missed as some
cases with self-limited primary HBV infection never have detectable HBsAg in blood.
Although HBV vaccine is a protective factor against infection, the participants’

vaccination history was not recorded, which would unavoidably miss some important

information on vaccination failure.

Some limitations are also pertinent to the case-control analysis, as the sample size was
small and restricted the number of variables that could be examined by multivariate
analysis and may not have enough power. Also the classification of chronic liver
disease was limited by the lack of objective diagnosis accuracy as opposed to cirrhosis
and HCC. Furthermore, autoimmune liver disease is a diagnosis that not clearly
differentiated from chronic hepatitis. This was due to the unavailability of diagnostic

laboratory tests such as NAAT tests. Only 3 serological markers (Anti-HBc, HBsAg
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and Anti-HCV) were used in the case-control studies and the HBV DNA detection

method was not used.

The cross-sectional design of the vaccination coverage survey for HBV vaccine only
provides information on the coverage rate at the time of the survey, some children < 1
year may not have reached the appropriate time for the subsequent dose. Thus the
vaccination coverage obtained may underestimate the vaccination coverage rate. Also, it
was found that the 2nd and the 3rd doses of the vaccine were not reported with the date

the vaccine was received or the age of the child. Thus, estimates of noncompliance were

limited.
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9.5 Conclusions

The overall findings in this study indicate that viral hepatitis is an important public
health problem in this community. However, the trend of infection with HBV and HCV
seems to have improved with the reduction in blood transmitted infections and increase

in immunisation in the last decades.

The seroprevalence of viruses causing hepatitis varied from hyperendemic (HAV) to
fairly low (HCV); and is associated with increasing age. None of the children < 18 years

had evidence of HBV carriage or HCV infection.

This is the first study to estimate the seroprevalence of HEV in Yemen revealing it to be

a significant problem. This study is the first in Yemen to show obvious differences in

the rates of infection between children and adults.

The overall seroprevalence of HBV observed would place Aden in the low endemic

zone category. Further studies in other areas of the country with inclusion of all age

groups, could provide further evidence on HBV endemicity.

Perinatal transmission is not a major mode of transmission for HBV in this sitting,

which may be the result of a low seroprevalence of carriers and the absence of carriers

in children < 18 years old.

Beside vaccination, the low frequency of infection among children may also reflect a
reduction in post-transfusion-related infections through the use of safer blood supplies

and more widely practiced infection control procedures among medical personnel in

recent years.

Acupuncture and cupping are independently associated risk factors for chronic liver
diseases. Therefore, close supervision may be needed to control these practices for

preventing viral hepatitis infection and their complications.
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Polytransfusion and HD are important risk factors for contracting HBV and HCV
infection. The duration of the haemodialysis and a history of malaria were associated

with increased HBV and HCV infection among patients with polytransfused/HD.

The provision of the HBV vaccine within the EPI since 2000 seems to have had a
positive impact on the prevention of HBV infection among children. HBV vaccination
coverage in Aden has achieved a rate of 63% in children < 5 years old, which was lower

than the EPI target for Yemen (85%), but higher than elsewhere in the country.

The low education of the parents or lack of accessibility to health care facilities was

associated with the non-achievement of the required vaccination target, which has to be

considered in the future.

This is the first description of the seroprevalence of EBV, CMV and HHV6 in Yemen
and high seroprevalence rates and past exposures either within the same herpes group or

viral hepatitis viruses were observed.

Information on the seroprevalence of EBV, CMV or HHV6 infection and of their past
exposure with other hepatitis viruses could improve our understanding of the role of

these viruses in other related diseases and the application of appropriate preventive and

control measures.

The information yielded in this study can help to improve our understanding of the role
of these viruses in this environment. It will also help to monitor the application of

preventive and control measures to reduce the risk of infection.
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9.6 Recommendations

(1) Initiate educational programs to target both public and hospital personnel to

increased awareness concerning the transmission and the risk of hepatitis viruses and

the method of their prevention.

(2) Substantial changes are needed to achieve the control of HAV and HEV infection in
Yemen. Priority should be given to improving water quality, sanitation coverage, and

food hygiene and health awareness.

(3) Maintain and improve the current methods of pre-and post assessment of patients
under haemodialysis. Also any strict adherence to universal precautions combined with
proper disinfection procedures are very important and together with keeping new
machines for newly diagnosed anti-HCV negative patients and hepatitis B vaccination
as early as possible might contain the spread of hepatitis C and B in patients with

polytransfusion or haemodialysis and the use of NAAT test.

(4) Further studies would be needed to develop a comprehensive picture of HCV

infection in the country and to look for the underling risk factors in these communities

as also the dominant genotype.

(5) It is recommended that the use of the pentavalent vaccine within the EPI programme

of Yemen may increase the coverage rate of HBV vaccines up to 95% by reducing the

number of visits required.

(6) Most cases with CLD had a clinical diagnosis. Efforts are needed to confirm

whether this diagnosis is accurate and would require access to more advanced

diagnostic tests.

(7) Factors such as multiple sexual partners, intravenous drug use and commercial sex

workers are not frequently reported in Yemen. However; further qualitative studies
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could be needed to obtain a more reliable picture of these factors and their association

with HBV and HCV infection in the country.

(8) The findings of high HBV and HCV seroprevalence among blood recipients and
patients under haemodialysis are useful in assessing the magnitude of the problem in
Aden. A further study with larger sample is required to illustrate other risk factors

probably associated with the occurrence of these infections.

(9) A history of malaria was associated with haemodialysis; emphasising the need of

malaria control to prevent associated chronic diseases and its consequences in this

community.

(10) Further study is required to identify the role of malaria as a causc of renal failure in

Yemen and its association with further hepatitis infection.

(11) The three herpesviruses reported in this study should be included in the differential
of patients presenting with liver abnormalities in clinical sites. Therefore, diagnostic

facilities should be available at these clinical sites.
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11 APPENDICES

Appendix (A): QUESTIONNAIRE (1)

Epidemiological Features and Risk Factors of Viral Hepatitis. Aden Governorate, Yemen.

Question

Answer

Key Code

w

10.

Clinic

Gender

Age:
Educational Level:

Family Size:

If not a Child go to Q No. 8)
Where was she/he born?

By whom was she/he assisted for the delivery?

Occupation: Do you work:

If he/she works, what is the nature of his work?

Infection Related Factors
Have you had hepatitis or jaundice?

Al-Tawahi
Al-Muala'a
Al-Meidan
Khormaksar
Al- Mansura
Al-Sheikh
Al-Buraika
Al-Dar
Female
Male
Year Months
Minor (<7 years)
Illiterate
Read and write only
Basic education (years)
Secondary school (years)....
Higher diploma
University (years) ...
Total
No. of Children (< § years)
No. of Children (5- < 18 yrs)
No. of Adults (> 18 yrs)

Public Hospital
Private clinic
Home

Doctor

Medical assistant
Nurse

Non medical
Minor (<15 years)
Yes

No

Teacher
Marketing
Soldier

Manual work
Driver

Clerk
Professional
Retired
Fisherman

Other (specify)...............

yes
no

11. If Yes, please specifywhen: years ago......... month ago
12. Do you have any member of your family had previous history of  yes

hepatitis or jaundice? no
13. If Yes, please specify the time when: ... years ago......... month ago
14. Which one of the following do you believe as a cause of hepatitis? virus

N =00 JdJOA WV HE WN —

AWV HEWN —=O
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15.

16.

17.

18.

19.

20.

21,

22.
23.

24.
25.
26.

27.
28.
29.
30.

31
32.
33.

34.
3S.
36.

37.
38.

39.

40.

Have you been vaccinated against hepatitis B?

Have you ever been transfused with blood?

If yes: when were you transfused last time?
Transfusion Product
Whole blood

Plasma
Red blood cells
Platelets

What old were you when you received the first transfusion?

Can you give the approximate number of transfusions you have had

during your lifetime?

In how many facilities have you received transfusions?
How many transfusions did you received last year?
Have you ever been hemodialysed?

If “yes”, How many times?

How many years have you been hemodialysed?

In how many different facilities have you been hemodialysed?
Have you ever been hospitalized?

If yes when was this?
Number of hospitalizations during lifetime

Have you ever had surgery?

If yes. how many times:
When was the first surgery performed?
Did you receive blood any of these times?

How many injections did you receive last year?

Have you ever received an intravenous medication?

Have you ever been to the dentist?

If “yes”, how many times?

bacteria

stress
fear
I didn't know
yes
no
I didn’t know
yes
no
Ididn’t know
Month ...... years .......
yes
no
yes
no
yes
no
yes
no
........... years
yes
no
............... times
............. Years ....... months
............ facilities
yes
no
I did not remember
......... years .......... Month
.............. times
yes
no
I don't remember
............ times
...... years ago ....... Month ago
yes
no
............ injection (s)
yes
no
I didn’t know
yes
no
I did not remember

WN—=WN~ L &b W

LS S I S L

W N == W N —
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41.

49,

51.
52.

sS.
56.
57.

58.
59.

60.

61.

62.
63.
64.

Have you had dental extractions?

If yes, how many?
Have you ever received acupuncture?

Have you ever received traditional care by a Hajjam?

If “yes”, had you received injections from this person?
Did you undergo circumcision?

If Yes, by whom?

Do you shave your hair?
Do you ever share your razor blade?
Have you ever received scarification or tattoos?

How many sexual partners have you ever had?
Have you ever used recreational intravenous drugs?

Do you have past Medical history of:

Malaria

Schistosomiasis

Tuberculosis

Cytotoxic therapy or imnmunosuppressive drugs

Do you ever been drinking Alcohol?

If “Yes” for how long?
Frequency of drinking:

State of drinking:

Do you ever been smoked?

If yes, for how long?
Quantity of cigarette per day:
State of smoking:

.......... Extractions

yes
no

yes

no

Medical
Non-medical
I didn’t know
yes

no

yes

no

yes

........... time(s)

yes

yes
no
yes
no
yes
no

Daily

3-5 times/week
1-2 times/week
Occasionally
current
Stopped
decreased

yes

no (if no, go to question No. 65)
e Years ....

months

........... cigarette per day

current
Stopped
Decreased

N =N = N - N = D) o N = N —

BN = N = N o= N = N = N =

268

1-2

1-2

1-2

1-4

1-2

1-3



65. Do you ever chew Qat? yes 1 1-2

Y no (if no, go to question No. 69) 2

66. If yes, since how long? Months ........... Years ........

67. Frequency of chewing sessions: .. times /week 1 1-4

68. Do you used to wash Qat before chewing? yes ] 1-2
no 2

Environmental and socioeconomic Factors

69. Do you have piped water at home? yes ] 1-2
no 2

70. If not, what is the main source of drinking water? ..,

71. Do you have toilet Yes 1 1-2
no 2

72. Ifno, specify the currently usedone

73. Do you live in: your own house 1 1-3
rented one 2
family house 3

74. Typeofhouse: 1 1-6

75. How many sleeping rooms do you have? .. (room/s)

76. Do you use electricity in your house? yes ] 1-2
no 2

77. Do you attend public health clinics? yes 1 1-2
no 2

78. No. of times attended last year? .. times

79. How long dose it takes you to reach the nearest health centre? ~ .......... Minutes

80. Do you attend private clinics? yes 1 1-2
no 2

81. How many times did you attend in the lastyear? ..., Times

82. In your house do you have the following? Radio yes 1 1-2
no 2

83. e Television yes 1 12
no 2

84. e  Satellite yes 1 1-2
no 2

85. e Fridge yes 1 1-2
no 2

86. e  Mobile phone yes 1 1-2
no 2

87. e Land phone yes | 1-2
no 2

88. o Computer yes 1 122
no 2

89. e Internet yes 1 12
no 2

90. o Cycle yes 1 1-2
no 2

91. e Caryes 1 1-2
no 2

Il ETVIEWET: oo ittt iiieeeeeneresssistssenarneeaneenin Sign: Date: / /200

Blood sample taken: Yes [] No [ (NAME) +eveeeiee e
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Appendix (B): Sample size and distribution in different health Facilities

Health institution

No. of attendants

Percentage % Sample size

Al-Tawahi polyclinic 10929 4.8 26
Al-Maidan Polyclinic 25532 11.2 60
Al-Maala Polyclinic 32840 144 77
Khor-makser Polyclinic 3449 1.5 8
Dar-Saad Polyclinic 23329 10.2 5%
Al-mansora Polyclinic 64724 28.3 152
Al-Sheik Othman Polyclinic 54447 238 128
Little Aden Polyclinic 13213 5.8 31
Total 228463 100.0 538

Appendix (C): Participants’ identification registry form

SN Identification Nan'le “Ist,2nd & Gender Age Hea.lt_h Reason f(_)r Date

7 | Code family” Y:M |Facility |consultation | DD/MM/YY

Letters | Numbers
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Appendix (D): QUESTIONNAIRE (II)

Epidemiological features and risk factors of HBV and HCV in cases with chronic hepaltitis, cirrhosis and
hepatocellular carcinoma. Aden Governorate, Yemen.

Q. No. _Question Answer Key Code

1. DIAGNOSIS Hepatocellular carcinoma 1-3
Cirrhosis
Chronic liver disease
Others (specify) ............
2, Since when have youknown? ... years ...... months
3 Basis of diagnosis
Baseline Data
4, Hospital Al-Gambhoria
Aden General
Al-Wahdah
s. Gender Female
Male
6. Age. Year ... Months
7. Educational Level: Minor (<7 years)
Illiterate
Read and write only
Basic education (years) ....
Secondary school (years). ...
Higher diploma
University (years) .
8. Family Size: Total
Children (< 5 yrs)
Children (5- < 18 yrs)
Adults (> 18 yrs)

& W N e

1-2

N o= e N e

0-6

N bW N - O

Y If not a Child go to Q No. 11)

9, Where was she/he born? Public Hospital
Private clinic
Home

10. By whom was she/he assisted for the delivery? Doctor
Medical assistant
Nurse
Non medical

11. Occupation: Do you work: Minor (<15 years)
Yes
No

12. If he/she works, what is the nature of his work? Teacher
Marketing
Soldier
Manual work

A de b N e e S b W N W N e
=)
7
~

Driver
Clerk
Professional
Retired
Fisherman

e e 32
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13.

14,
15.

16.
17.

18.

20.

21.

22

23.

24,

25.

26.
27.
28.
29.

30.
3L

33.
34,

3s5.
36.

Infection Related Factors
Have you had hepatitis or jaundice?

If Yes, please specify when:

Do you have any member of your family had
previous history of hepatitis or jaundice?

If Yes, please specify the time when:

Which one of the following do you believe as a
cause of hepatitis?

Have you been vaccinated against hepatitis B?

Have you ever been transfused with blood?

If yes: when were you transfused last time?
Transfusion Product
Whole blood

Plasma

Red blood cells

Platelets

What old were you when you received the first
transfusion?

Can you give the approximate number of
transfusions you have had during your lifetime?

In how many facilities have received transfusions?

How many transfusions did you received last year?

Have you ever been haemodialysis?

If “yes”, How many times?

How many years have you been hemodialysed?
In how many different facilities have you been
hemodialysed?

If yes when was this?

Have you ever been hospitalized?

Number of hospitalizations during lifetime
Have you ever had surgery?

Other (specify)......

yes
no

no
.....years ...month
virus

bacteria

stress
fear

I didn't know
yes

no

I didn’t know
yes

No

1 didn’t know

...... years .... Month

yes
no
yes

yes

............

yes

No

I did not remember
.............. times
yes

No

I don't remember

10

WN— W~ ndawN— _

N = N o D) = N

1-3
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37.
38.
39.

40.
4]1.

42.

43.

45,

46.

47.

48,
49.

50.

51

52.

53.

54.

55.

56.

57.
58.

59.

60.

61.

62.

If yes. how many times:
When was the first surgery performed?
Did you receive blood any of these times?

How many injections did you receive last year?

Have you ever received an intravenous medication?

Did you receive intravenous therapy for
Schistosomiasis?

If yes, frequency:
for how long was that
Have you ever been to the dentist?

If “yes”, how many times?
Have you had dental extractions?

If yes, how many?
Have you ever received acupuncture?

Have you ever received traditional care by a
Hajjam?
If “yes”, had received injections from this person?

Did you undergo circumcision?

If Yes, by whom?

Do you shave your hair?
Do you ever share your razor blade?
Have you ever received scarifications or

tattoos?
How many sexual partners have you ever had?

Have you ever used recreational intravenous drugs?

Do you have past Medical history of:
Malaria
Schistosomiasis

Tuberculosis

Cytotoxic therapy or immunosuppressive drugs

no

yes

.......... Years .........months

1 did not remember
............... time(s)

.......... Extractions

yes
No

yes

No

Medical
Non-medical
1 didn’t know
yes

No

yes

No

yes

No

yes

yes
No

—_w N -
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Sxad

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.
77.

78.

79.

80.

81

82.

83.

84.
8s.
86.

87.

Do you ever been drinking Alcohol?

If “Yes” for how long?
Frequency of drinking:

State of drinking:

Do you ever been smoked?

If yes, for how long?

Quantity of cigarette per day:
State of smoking:

Do you ever chew khat?

If yes, since how long?
Frequency of chewing sessions:

Do you used to wash khat before chewing?

Environmental and socioeconomic Factors
Do you have piped water at home?

If not, what is the source of drinking water?
Do you have toilet Yes No

If no, specify the currently used one

Do you live in:

Type of house:

How many sleeping rooms do you have?
Do you use electricity in your house?
Do you attend public health clinics?

No. of times attended last year?

How long dose it takes you to reach the nearest

health centre?
Do you attend private clinics?

How many times did you attend in last year?

yes
No

...... Years ... Months
Daily

3-5 times/week

1-2 times/week
Occasionally

current

Stopped

decreased

yes

No

Stopped
yes

........ Years .....months
.......... times /week

..............................

your own house

rented one

family house

flat

break made house
Woody/ bush made house
............... (room/s)
Yes

No

Yes

No

......... times
.......... Minutes

Yes

No

.......... Times

N - W N - N = W N = W N

—

N - W N -
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1-3

1-6
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In your house do you have the following?

88. Radio Yes 1 1-2
No 2

89. Television Yes 1 1-2
No 2

90. Satellite Yes 1 1-2
No 2

91. Fridge Yes 1 1-2
No 2

92. Mobile phone Yes 1 1-2
No 2

93. Land phone Yes 1 1-2
No 2

94. Computer Yes 1 12
No 2

9s. Internet Yes 1 1-2
No 2

96. Cycle Yes 1 1-2
No 2

97. Car Yes 1 1-2
No 2

INterVIEWET: ... eiiiiiiiiiiie e ceeieeeereesrrrnerananes Sign: ... Date: /200
Blood sample taken: Yes [] No [
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Appendix (E): QUESTIONNAIRE (I1I)

Epidemiological features and risk factors of HBV and HCV in cases with polytransfusion or
hemodialysed. Aden Governorate, Yemen.

Q. No Question Answer Key  Code

1. DIAGNOSIS Hemophilia A 1-8
Hemophilia B
Von Willebrand’s disease
homozygous for thalassemia

homozygous for sickle cell

congenital methemoglobinemia
haemodialysis
Others (specify) ............
Since when was diagnosed? ... years ......... months
Basis of diagnosis L
Hospital: Al-Gamhoria/ Aden General/ Al-Wahdah 1 1-3
Gender Female 1-2
Male
. Age: Year ... Months
7. Educational Level: Minor (<7 years)
[lliterate
Read and write only
Basic education (years) .........
Secondary school (years)....
Higher diploma
University (years) ....
8. Family Size: Total
Children (< § years)
Children (5- < 18 years)
Adults (> 18 years)

@ 3 A N & WN =

" s we
—

»

M haLN-O

¥  Ifnota Child go to Q No. 11)
9, Where was she/he born? Public Hospital
Private clinic

Home
10. By who was she/he assisted for delivery? Doctor
Medical assistant
Nurse
Non medical

11.  Occupation: Do you work: Minor (<15 years)
Yes
No
12.  If he/she works, what type of work? Teacher
Professional
Clerk
Non-professional
Other (specify)...............

0-2

1-5

N E W mN=EO S W N = W -

Infection Related Factors
13. Have you had hepatitis or jaundice? yes
no 2

14. If Yes, please specify when: ... years ......... month

-

1-2
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15.

16.
17.

18.

20.

21.

22.

23.

24.

25.
26.
27.
28.
29.

30.
31.
32.
33.

34.
35.
36.

37.
38.
39.

40.
41.

Do you have any member of your family had
previous history of hepatitis?

If Yes, please specify the time when:

Which one of the following do you believe as a
cause of hepatitis?

Have you been vaccinated against hepatitis B?

Have you ever been transfused with blood?

If yes: when were you transfused last time?
Transfusion Product

Whole blood

Plasma

Red blood cells

Platelets

What old of the first transfusion?

number of transfusions during your lifetime?
Number of facilities received transfusions?

How many transfusions did you received last year?
Have you ever been hemodialysed?

If “yes”, How many times?

How many years have you been hemodialysed?
Number of facilities have you been hemodialysed?
Have you ever been hospitalized?

If yes when was this?
Number of hospitalizations during lifetime
Have you ever had surgery?

If yes. how many times:
When was the first surgery performed?
Did you receive blood any of these times?

How many injections did you receive last year?

Have you ever received an intravenous medication?

virus
bacteria
stress
fear

1 didn't know
yes

no

I didn’t know
yes

No

I didn’t know

yes
no
yes

yes

...............

no

no

.......

-------

............ times

...... years ......

yes

No

............ injection (s)
yes

no

months

Month

W N =W N = s WN

N e N e N = N e

1-5

1-2

1-2

1-2

1-2
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42.

43.

45.

47.

48.

49,

50.

51.

52.

53.

54.
5S.

56.
57.
58.
59.
60.
61.
62.
63.
64.
65.
66.

67.
68.

Have you ever been to the dentist?

If “yes”, how many times?
Have you had dental extractions?

If yes, how many?
Have you ever received acupuncture?

Have you ever received traditional care by a
Hajjam?

If “yes”, had you received injections from this
person?

Did you undergo circumcision?

If Yes, by whom?

Do you shave your hair?
Do you ever share your razor blade?

Have you ever received scarification or
Tattoos?

How many sexual partners have you ever had?
Have you ever used recreational intravenous
drugs?

Do you have past Medical history of:
Malaria

Schistosomiasis

Tuberculosis

Cytotoxic therapy or immunosuppressive
drugs
Do you ever been drinking Alcohol?

If “Yes” for how long?

Frequency of drinking:

State of drinking: current / Stopped/ decreased
Do you ever been smoked?

If yes, for how long?

Quantity of cigarette per day:

State of smoking: current / Stopped/ decreased
Do you ever chew khat?

I didn’t know

yes
no
1 did not

yes
No

yes

No
Medical

remember

Non-medical
I didn’t know

yes
No
yes
No

yes

yes

yes

time(s)

W N e W

[ I

N o b o N e N e N e N s N DN e N e N o N m N e N s

[ S e ]

1-2

1-2

1-2

1-2

1-2

1-2

1-2

1-3
1-2

1-3
1-2
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69.

70.

71.

72.

74.

76.

77.

78.

79.

80.

81.
82.
83.

84.
85.

86.

87.

88.

91.

92.

93.

94.

95.

If yes, since how long?
Frequency of chewing sessions:
Do you used to wash khat before chewing?

Environmental and socioeconomic Factors
Do you have piped water at home?

Do you have toilet

Do you live in:

Type of house:

........... Years ........months
......... times/week

yes

No

yes

no

Yes

No

your own house

rented one

family house

flat

break made house
Woody/ bush made house

How many sleeping rooms do you have? ... ... (roomy/s)
Do you use electricity in your house? Yes
No
Do you attend public health clinics? Yes
No
No. of times attended last year? ..., times
How long dose it takes you to reach the nearest Minutes
heaith centre? ¢
Do you attend private clinics? Yes
No
How many times did you attend in last year? .......... Times
In your house do you have the following?
. Yes
Radio
No
Television Yes
No
Satellite Yes
No
Fridge Yes
No
Mobile phone Yes
No
Land phone Yes
No
Computer Yes
No
Internet Yes
No
Cycle Yes
No
Car Yes
No
INtErVIEWET: .. \vetiie i e Sign:........... Date: / /200

Blood sample taken: Yes No

................................................

SN e WA e N e N e

[ S S I

—
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Appendix (F): QUESTIONNAIRE (1V).

Rate of coverage by hepatitis B vaccine among children under five in Aden Governorate, Yemen

Q. No. Question

Answer

Key Code

1.

4.2

10.
11.

12.

13.

14

District

Gender

Age:
3- Vaccination History
Have you been vaccinated against hepatitis B?

If (Yes) please ask the parent to show you the card and inspect its data

When the child got his first dose of the vaccine?

How many doses of the vaccine the child had already received?

Who take the child to be vaccinated?

Where the child got his vaccination?

Dose the vaccine against hepatitis B was accompanied with other
vaccination?

If the child was not vaccinated, what are the main reasons for that?
Level of attention received during vaccination of your child?

Are you satisfied with the provided vaccination services?

Where was she/he born?

By whom was she/he assisted for the delivery?

Al-Tawahi
Al-Muala'a
Al-Meidan
Khormaksar
Al- Mansura
Al-Sheikh
Al-Buraika
Al-Dar
Female
Male

Year Months

yes

no

I didn’t know
valid

not valid

Not found

<2 months

< 4 months
<12 months
one

two

three

more than three
his Father

his Mother
other person (specify)
polyclinic
MCH clinic
hospital

private clinic

yes

no
1 didn’t know

yes always
some times
never

Yes

no

Public Hospital

Private clinic
Home

Doctor

Medical assistant
Nurse

Non medical

B = QDD AUV A WN -

W = LN mWNem LWN=EWN = WN = W -
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15.

16.

17.

18.

19,

20.

21.

10.

11.
12.

13.
14.

15.

Father’s educational

Mother’s educational

Father’s occupation
Dose the father work?

What type of work?

Mother’s occupation
Dose the mother work?

What type of work?

Family Size:

Infection Related Factors
Dose has the child a history of hepatitis or jaundice?

If Yes, please specify when:
Do you have any member of your family had previous history of

hepatitis or jaundice?
If Yes, please specify the time when:

Which one of the following do you believe as a cause of hepatitis?

Dose you believe on the importance of HBV vaccine?

Illiterate

Read and write only
Basic education (years)
Secondary school
Higher diploma
University .

Illiterate

Read and write only
Basic education (years)
Secondary school
Higher diploma
University (years)

L B R S - . A

yes
No
teacher

farmer
manual work

clerk

professional

fishermen

Others (specify) ...........

N U B WN =N -

~3

yes
No

teacher
farmer
manual work
clerk
professional
Home keeper
Others (specify) ............ 7
Total

Children (< § years)
Children (5- < 18 years)
Adults (> 18 years)

AU b WK N e

....... years ......month

N -

no
..years ...... month

virus
bacteria

stress
fear
I didn't know

yes
no
1 didn’t know

W= o W

1-6

1-2
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17.

18.

19.

20.

21.

22,
23.

24,

25.
26.

27.
28.
29,

30.

31.
32.
33.

34.

3s.
36.

37.
38.

40.
41.

42.
43,

44.

45.

Have you ever been transfused with blood?

If yes: when were you transfused last time?
Transfusion Product

Whole blood

Plasma

Red blood cells

Platelets

What old were you when you received the first transfusion?
Can you give the approximate number of transfusions you have had

during your lifetime?

In how many facilities have you received transfusions?
How many transfusions did you received last year?
Have you ever been haemodialysis?

If “yes”, How many times?
How many years have you been haemodialysis?

In how many different facilities have you been haemodialysed?

Have you ever been hospitalized?

If yes when was this?
Number of hospitalizations during lifetime
Have you ever had surgery?

If yes. how many times:
When was the first surgery performed?
Did you receive blood any of these times?

How many injections did you receive last year?

Have you ever received an intravenous medication?

Have you ever been to the dentist?

If “yes”, how many times?
Have you had dental extractions?

If yes, how many?
Have you ever received acupuncture?

Have you ever received traditional care by a Hajjam?

If “yes”, had you received injections from this person?

yes
No
I didn’t know

Month ... years ......

yes
no
yes
no
yes
no

............

...............

...............

.... Years ... months
......... facilities
yes

No

I did not remember
... years ... Month

yes
No

...... injection (s)
yes

no

1 didn’t know

yes

No

I did not remember

yes

D e ) i D e DN e

W N W=

D = DD e N e
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1-2

1-3

1-2

1-2

1-2

1-2
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46.

47.

48.

49.

50.

51.
52.

53.

sS.

57.

58.
59.

60.
61.

62.
63.

65.

66.
67.

68.

69.

70.
71.

72.

Did you undergo circumcision?

If Yes, by whom?

Do you shave your hair?
Do you ever share your razor blade?
Have you ever received tattoos?

How many sexual partners have you ever had?

Have you ever used recreational intravenous drugs?

Do you have past Medical history of:
Malaria
Schistosomiasis

Tuberculosis
Cytotoxic therapy or immunosuppressive drugs
Do you ever been drinking Alcohol?

If “Yes” for how long?
Frequency of drinking:

State of drinking: current / Stopped/ decreased
Do you ever been smoked?

If yes, for how long?

Quantity of cigarette per day:

State of smoking: current / Stopped/ decreased
Do you ever chew Qat?

If yes, since how long?
Frequency of chewing sessions:

Do you used to wash Qat before chewing?

Environmental and socioeconomic Factors
Do you have piped water at home?

If not, what is the main source of drinking water?
Do you have toilet

If no, specify the currently used one

yes

No

Medical
Non-medical
I didn’t know
yes

No

yes

No

yes

No

yes

yes

...... Years ... Months
Daily

3-5 times/week

1-2 times/week
Occasionally

yes
No
.... Years ...months

....... cigarette per day

yes
No

Months ....... Years ....
Daily

3-4 times /week

1-2 times /week
Occasionally

yes

No

N = D) e N e

B o N e N e B e N e B e
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73.

74.

75.
76.

77.

78.
79.
80.

81.
82.

8s.

86.

87.

89.

91.

Do you live in:

Type of house:

How many sleeping rooms do you have?
Do you use electricity in your house?

Do you attend public health clinics?

No. of times attended last year?
How long does it take you to reach the nearest health centre?
Do you attend private clinics?

How many times did you attend in the last year?
In your house do you have the following?

Radio

Television

Satellite

Fridge

Mobile phone

Land phone

Computer
Internet
Cycle

Car

your own house
rented one
family house

flat

break made house

Villa

woody made house
bush made house
steel made house

No
Yes
No
Yes
No
Yes
No
Yes
No
Yes
No
Yes
No
Date:

/

times
Minutes

/ 200

AU W= W

N o N e

DD me
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Appendix (G): Guideline instruction for blood sample collection and management
(For laboratory technicians)

Collection, transport and processing of blood samples

Each blood sample should be attached with a form, which includes the following information:

of the participant, technical steps of collecting, transporting, and storing the blood sample.

the place of collection

the methodology of collection:

type of tubes (dry or anticoagulant filled tubes)

volume tube collected

number of aliquots to be prepared

identification of recruited individual

the methodology of transport

the methodology of processing

the methodology of storage: one of the aliquot shall be frozen at -80°C temperature, and be kept until
transported (abroad) to the genetic laboratory for further molecular analysis.

Appendix (H): Blood Sample Management Form

CODE OF THE PATIENT / Serial No.

Gender male female

Age year ......... months .......
Blood Sample: (Venopuncture)

Collected by

Quantity of blood: ........ (ml)

Blood clotted yes ...... no .....
Transportation of blood sample to the lab. After (mints/hours)
Degree of temperature: ... °C

Centrifuged: yes ...... no ...
Centrifuged of centrifugation:

Devided blood sample in to A and B portion  Yes no

Sera “B” is stored : YES ... no.....

If yes degree of stored temperature ... °C
LOCAtION:.ccooccverrerrciricece et

Reported by (name): ...........ooovvvmvinnennn SIgNature: .......coeivvvinnniiinieninen

Appendix (I): Informed consent

Dear participant:

This study is aiming to determine the seroprevalence of hepatitis viral infection and identify risk factors of
acquiring the infection among the population. The result obtained will contribute in the application of
appropriate control and preventive measures of the spread of this disease in the community. The gathered
data will be used confidentially only for the research purpose.

We expect no health complication for you as a result of the use of the procedures in this study. If you agree
to participate in the study, a blood sample of 10 ml (from 3-10 ml depend on the age-group) will be

collected from you, also you required answering a questionnaire, which will take from you approximately 10
minutes. The questionnaire will ask about the socio-demographic information and others related to past
history of acquiring the infection and its risk factors.
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Appendix (J): Formal abstract of attended meetings
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Sero-epidemiology of Viral Hepatitis in Aden City, Yemen

Amin A. Bawazir’, Luis Cuevas’ and Prof. C Anthony Hart™
*Liverpool School of Tropical Medicine, ** Department of Medical
Microbiology, University of Liverpool

To determine the prevalence of viral hepatitis (A, B, C and E) and describe their
prevalence by age among a population attending primary health care facilities in Aden
Governorate.

Also to identify if HBV and HCV are significant risk factors among liver diseased
patients as well as in polytransfused and haemodialysed patients. A cross-sectional
study in eight polyclinics in Aden Governorate, from April to July 2005. 538
Individuals attending these polyclinics were enrolled independently of age and sex
and were distributed proportionally across age groups (infants up to 78 years old) and
polyclinic. For liver diseased patients, polytransfused and haemodialysed were
enrolled from the different hospitals in Aden. A questionnaire was filled and
serological assays were undertaken using ELISA.

258 (48%) were females and the rest were males. Prevalence of HAV was 86.6% and
was followed by HBV, HEV, and HCV (16.2%, 10.7% and 0.4%, respectively).
Children <15 had a HAV prevalence of 81.2% increasing to 95.7% in 15 to 44 years
old. Similarly, HBV increased from 8.8% before 15 years of age to 32.6% after 45
years. HEV prevalence was 2.6% in <15 years old and increased to 21.3% after 45
years. HBV and HCV among liver diseased patients were (26.8% and 2.1%
respectively) and it was (66.7% and 43.6%) among polytransfused patients.



