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ABSTRACT

Hepatitis B virus (HBV) infection is a major public health problem worldwide, often
coexisting with other illnesses like parasitic infections and other chronic diseases. Data
on the association of HBV infection with schistosomiasis and diabetes mellitus (DM) is
limited. This case-control study was conducted to investigate the seropositivity rate and
potential risk factors of HBV, and to examine the association between HBV and
schistosomiasis with or without super added DM.
Three hundred patients presented themselves to internal medical departments and
diabetes centres at different public and private hospitals in Sana’a city, Yemen. Those

Original Research Article



British Journal of Medicine & Medical Research, 4(28): 4674-4694, 2014

4675

recruited were then split in to six groups, those being type 1 DM, type 2 DM,
schistosomal hepatic fibrosis (SHF), type 1 DM+SHF, type 2 DM+SHF and the control
group. Overall, 20% (60/300) of the participants were positive when tested for hepatitis B
core total antibody (HBcAb) by ELISA test. There were no significant differences in the
positivity rate in terms of group, age or gender of the participants.
Univariate and multivariate analyses showed significant associations between HBV
seropositivity and a history of jaundice, familial history of SHF, familial history of liver
cirrhosis, personal history of schistosomiasisa and a history of using parenteral
antischistosomal drugs. On the other hand, no significant association was reported
between HBV seropositivity and any DM-related variables. It was also reported that no
additional risk was added to the association between HBV seropositivity and SHF when
the analysis stratified for DM.
In conclusion, HBV is still a highly prevalent infection and support is urgently needed in
order to implement effective and integrated preventive measures among the people most
likely to be affected. Further studies are required in order to investigate the epidemiology
of HBV infection among various communities, and to evaluate its relationship with other
diseases.

Keywords: Hepatitis B virus; schistosomiasis; diabetes; Yemen.

1. INTRODUCTION

Hepatitis B is a life threatining liver infection caused by the hepatitis B virus (HBV) which
afflicts more than two billion people worldwide [1]. It is a major growing global health
problem, with about 350 million people suffering from chronic liver infection, resulting in
about 600,000 annual deaths due to acute or chronic complications of hepatitis B, including
liver cirrhosis and hepatocellular carcinoma (one of the five major cancers worldwide) [2]. It
is estimated that up to 60% of liver cancers can be attributed to HBV chronic infection, with
about one million deaths worldwide annually [3]. About half of the world’s population lives in
chronic hepatitis B endemic areas in South East Asia, China, Africa, the Pacific region, the
Amazon Basin, parts of the Middle East and across America [4].

Schistosomiasis, among the most prevalent of the neglected tropical diseases, is a major
public health problem in many developing countries, with about 240 million infected people
and 700 million people worldwide living in endemic areas at risk of infection [5]. Clinical
manifestations of schistosomiasis are associated with the species causing the problem and
the intensity of infection. Urinary schistosomiasis caused by Schistosoma haematobium is
characterized by haematuria as a classical sign. In chronic infection, the patient may suffer
bladder and uretral fibrosis, sandy patches in the bladder mucosa and hydronephrosis, while
bladder cancer is reported as a late stage complication [6]. Similarly, intestinal
schistosomiasis caused by Schistosoma mansoni or Schistosoma japonicum is usually
associated with abdominal pain and appearance of blood flakes in the stool. In chronic
infection, hepatosplenomegaly is commonly reported with ascites and other signs of portal
hypertension [7].

Diabetes mellitus (DM), one of the largest growing threats to human health, is a clinical
syndrome associated with a deficiency of insulin secretion or action. The disease is
classified into two types, namely type 1 DM (previously called insulin-dependent diabetes
mellitus (IDDM) or juvenile-onset diabetes) and type 2 DM (previously called non-insulin-
dependent diabetes mellitus (NIDDM) or adult-onset diabetes). Type 2 DM, which is
characterized by insulin resistance, pancreatic beta-cell dysfunction and excessive glucose
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production by the liver, accounts for about 95% of all cases of diabetes. The other 5% of
cases are of type 1 [8]. Besides the classical complications of the disease, DM has been
associated with severe complications including heart disease, blindness, kidney failure and
lower-extremity amputations. The disease also increases susceptibility to infections by
reducing the immunity of patients through reduced response of T cells, neutrophil function
and disorders of humoral immunity [9]. Recent estimates revealed that the total number of
people with diabetes is expected to rise to 380 million in 2025, of those an estimated 3.4
million people will die as a consequences of high fasting blood sugar, with more than 80% of
diabetes deaths occurring in low- and middle-income countries [10,11]. Many factors
contribute to the increasing number of people with diabetes, such as urbanization,
population growth, aging, as well as increasing prevalence rates of obesity and physical
inactivity [12].

The concurrent presence of both HBV infection and schistosomiasis is of significant concern
as patients with coinfections have been shown to have higher incidences of cirrhosis and
hepatocellular carcinoma, as well as higher mortality rates than patients suffering from a
single infection. Moreover, patients diagnosed with hepatosplenic schistosomiasis have
increased susceptibilities to additional infections and medical abnormalities such as
coinfection with HBV when compared to healthy controls [13]. Many studies have
investigated the relationship between HBV and other diseases including DM and
schistosomiasis, and have yielded a variety of results. Some studies have reported a higher
prevalence of HBV infections among diabetic patients compared with healthy controls
[14,15], while others have found no association [16]. Moreover, a higher prevalence of HBV
infection have also been reported among diabetic patients who share a blood glucose meter,
which has been attributed to a limited awareness of the high risk for HBV transmission
during fingerprick blood glucose monitoring [17]. Some studies have suggested that
schistosomiasis increases HBV and HCV morbidity and chronicity, and have identifyed
hepatitis as a significant factor influencing the severity of schistosomiasis [18,19]. That said,
other studies have found that schistosomiasis does not affect the outcome of HCV infection
[20]. A recent study reported a higher prevalence of serological markers for HBV and a lower
prevalence of anti-HCV among patients diagnosed with a hepatosplenic form of
schistosomiasis [12]. HBV is a subject of some controversy when discussing its role as a risk
factor for developing DM, as the disease is known have multiple etiologies and a pandemic
image. Therefore, further studies are needed in order to clarify these questionable
associations.

Yemen is classified among areas of intermediate endemicity for HBV infection, with previous
studies revealing that the prevalence of HBV chronic infection in different Yemeni cities
ranges from 1.8% to 34% [21-25]. Moreover, schistosomiasis is considered as the second
most frequent cause of death in Yemen, after malaria, with both urinary schistosomiasis due
to S. haematobium and intestinal schistosomiasis due to S. mansoni being prevalent [26].
Recent estimates showed that more than 3 million people in the region are infected, with at
least three-quarters of a million suffering from severe, chronic morbidity. A recent study
revealed that 59% of the squamous cell carcinoma reported in 53 Yemeni patients with
urinary bladder cancer was associated with chronic infection by S. hematobium [27]. With
regards to diabetes, the prevalence of type 2 DM in Yemen ranges between 4.6% and 9.8%
[28-30]. As such, the association between HBV and other diseases that affect a large sector
of the Yemeni population is an important issue to address. Hence, the aims of the present
study were to investigate the seroprevalence and potential risk factors of HBV infection, and
to examine the possible association of HBV infection with diabetes mellitus, as well as
looking at schistosomal hepatic fibrosis (SHF) with or without super added diabetes mellitus.
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2. MATERIALS AND METHODS

2.1 Study Design

This hospital-based case-control study was carried out in Sana’a city, the capital of Yemen.
All patients attending internal medical departments and diabetes centres in Sana’a city
public and private hospitals between January and July 2012 were invited to participate in this
study.

2.2 Study Subjects

The minimum sample size required for this study was calculated according to the formula
provided by Lwanga and Lemeshow [31]. At a 5% level of significance and a 95%
confidence level, the minimum number of participants required for the study was estimated
at 288, assuming that the prevalence of HBV infection in Yemen was about 25% as
previously reported [32]. Overall, a total of 300 individuals aged between 10 and 82 years of
age (160 males and 140 females) agreed to take part in this study. The participants were
recruited into 6 different groups based on final clinical diagnosis, with 50 individuals per
group (Fig. 1). The groups were type 1 diabetes mellitus (Group 1), type 2 diabetes mellitus
(Group 2), schistosomal hepatic fibrosis (Group 3), type 1 diabetes mellitus and
schistosomal hepatic fibrosis (group 4), type 2 diabetes mellitus and schistosomal hepatic
fibrosis (Group 5), and the control group (Group 6) which involved individuals apparently free
from diabetes with no hepatitis B related history or schistosomal infection background.

Fig. 1. Flow chart of the participation in the present study.
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2.3 Questionnaire

All subjects of the present study were asked to fill out a questionnaire regarding their
personal and demographic data (e.g. age, sex, and residence), socioeconomic data (e.g.
marital status, occupation, educational level, income…etc), habitual information (e.g.
smoking, alcohol intake, addiction…etc), health history related to diabetes mellitus (e.g. type,
age of onset, complications, medications…etc), health history related to schistosomiasis
(e.g. type, course, any complication, medications…etc), history of jaundice (e.g. probable
type, duration, laboratory investigation results, complications, medications, history of
jaundice affecting other household members…etc), and a complete history relating to the
possible risk factors of hepatitis B virus infection (e.g. blood transfusion, surgical operations,
tattooing, dental manipulations, type and frequency of parenteral injections, HBV infection
among household members, history of hepatitis B vaccination…etc).

2.4 Clinical Examination

The participants underwent full clinical examination including examination of the heart, chest,
abdomen, neurological, and dermatological systems. This was done to assess the presence
of possible diabetic or schistosomiasis complications.

2.5 Urine and Stool Examination

Urine samples were collected from all participants and examined by microscopy for the
presence of Schistosoma haematobium ova, and by dipstick (Auction sticks, A. Menarini
Diagnostics, Florence, Italy) for the detection of glucose, acetone and proteinuria (Similarly,
stool samples were collected and examined by using formalin ether sedimentation technique
for the detection of Schistosoma mansoni ova and ova/cyst of other intestinal parasitic
infections [33].

2.6 Haematological and Biochemical Analysis

Blood samples were collected between 8.00 and 10.00AM after an overnight fasting. For
diabetic patients, 2 hours postprandial samples were also collected. About 10 ml of venous
blood were obtained from each participant by venipuncture; 0.5ml of the blood was
evacuated into a plastic tube containing EDTA for glyco-haemoglobin measurements.
The rest of the blood sample was evacuated into a plain tube and allowed to clot at room
temperature before serum was collected. The serum sample was divided into 2 portions; one
portion was stored at –20°C to be used for ELISA test and the other portion was used for the
other biochemical analyses. Moreover, the 2 hours post-prandial serum glucose level for the
diabetic patients was measured by using Bio-Analytical Kit (enzymatic colorimetric method
according to Trinder). The normal value is <180mg/dl. Furthermore, oral glucose tolerance
test was done for all non-diabetic cases. A fasting blood sample was collected and then the
subject was given a drink of 75gm glucose in 300ml water over a course of 5 minutes.
Another blood sample was collected 2 hours after the test load. The patients with fasting
blood sugar value of >126 mg/dl or 2 hours after glucose load value of >200mg/dl were
considered diabetic while those with fasting blood sugar value of >110 and <126mg/dl or
2hours after glucose load value of >140 and <200mg/dl were considered having impaired
glucose tolerance.
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On the other hand, glycosylated haemoglobin (HbA1c) for the diabetic patients was
measured by using ion-exchange chromatography according to Stanbio-Glycohaemoglobin
procedure No. 0350. The percentage of HbA1c was determined and the values of 6.0-8.0%,
7.5-8.9%, 9.0-10.0% and >10.0% were considered as normal range, good control, fair
control and poor control.

2.7 Serological Analysis

Detection of hepatitis B core total antibody (Anti-HBV) was performed using DETECT-HBVTM

(3rd generation) ELISA kits using Biochem Immuno Systems Detect-HBV (BioChem Immuno
Systems Inc., Montreal, Canada).

2.8 Statistical Analysis

Statistical analysis of the collected data was done using SPSS (version 13, 2004; SPSS,
Inc., Chicago, IL, USA) and EPI-Info for windows 2002 software (Centers for Disease
Control and Prevention, Atlanta, GA, USA). The distribution of quantitative variables was
examined using the Kolmogorov-Smirnov test.  For descriptive analysis, a proportion was
used to present the prevalence of categorical variables in the form of mean and standard
deviation (SD). For inferential statistical analysis, a Chi-square test was used to assess the
influence of different categorized variables on hepatitis B virus seropositivity. Unadjusted
odd ratios (OR) with 95% confidence intervals (CI) were also computed. Moreover, a
multiple logistic regression model was used to investigate the association between
dependent variables and independent variables, taking into consideration the effects of
potential confounding factors. All tests were considered significant at P<0.05.

3. RESULTS

3.1 General Characteristics of Participants

Three hundred participants (53.3% males and 46.7% females), with a mean age of
43.97years (±14.38), participated voluntairly in this study and were recruited into 6 different
groups of equal sample size (n=50). The general characteristics of the subjects in different
groups are shown in Table 1. The mean age was highest among the type 2 DM patient
group with a mean age of 54.6 years (±10.23), the lowest was among the type 1 DM patient
group with a mean age of 34.04 years (±11.62). The table also shows that females are
predominant in the type 2 DM group, while males predominate the three schistosomiasis
groups and the control group.

The majority of participants in groups 1 and 2 were from urban areas, while almost all
participants in groups 3, 4 and 5 are from rural areas with the majority of them being either
farmers or unemployed.

3.2 Seroprevalence of HBV Infection

Among the 300 serum samples collected from the participants, 60 (20%, 95% CI=15.9, 24.9)
were positive for HBcAb. As shown in Table 1, the participants in group 2 showed the
highest frequency of HBV positive patients at 14 (28%), while group 1 showed the lowest
with only 6 (12%) cases. The frequency in most groups was higher than the control
(reference) group, but the differences were not statistically significant (P>0.05). Higher
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seropositivity rate was noted among participants aged >50(26.3%) when compared to their
younger counterparts.

3.3 Risk Factors of HBV Seropositivity

The results of the univariate analysis for factors associated with HBV seropositivity are
shown in Tables 2, 3 and 4.

3.3.1 Demographic, socioeconomic, past medical history and personal habit factors

Table 2 illustrates the evaluation of different socio-demographic characteristics as being
possible risk factors for HBV seropositivity. Categorical representation of age into three
ascending groups (≤30, 31-50, and >50) shows that there was an increased risk of HBV
seropositivity with age. There was no significant association with gender, as both sexes had
20% anti-HBV positive enzyme immunoassay (EIA) results. With regards to residence, it is
noted that the rural population is exposed to an increased risk for being HBV seropositive
compared to those from urban areas (21.5% vs 16.8%; OR=1.35; 95% CI=0.69, 2.67).
Similarly, socioeconomic class showed as having an influence on the risk of disease
development, a step ladder pattern of increasing risk was noted when directed toward the
poorer lower classes compared to individuals in the high class (33.3% vs 13.3%; OR=3.25;
95% CI=0.68, 15.83). However, these differences were not statistically significant (P>0.05).
Other variables showed no remarkable signs of additional risk, as in general none of the
other socio-demographic variables reached a statistically significant value (P>0.05).

The relationship between past medical history and the risk of developing a hepatitis B viral
infection was also investigated. It is clear that a past history of clinically manifested jaundice
was significantly associated with the risk of being HBV seropositive (OR=2.51, 95% CI=1.30,
4.85), as people who had previously suffered from jaundice showed a significantly higher
seropositivity compared to individuals without such a history. In addition, a history of using
glass syringes (OR=2.05; 95% CI=0.94, 4.50) doubled the risk of HBV seropositivity.

Other variables including a family history of jaundice, a past history of surgical intervention,
repeated parenteral injections, occasional or infrequent dental manipulations, a history of
blood transfusion, dental visits on a regular bases, as well as a host of medical illnesses
(e.g. Rheuamtoid artheritis, systemic lupus erythematosus, renal insuffeciency, fascioliasis,
amoebic dysentry…etc) showed no additional risk or significant association with HBV
seropositivity.

Table 2 further shows the possible relationship between some personal habits and the risk of
hepatitis B viral seropositivity. A higher risk of acquiring HBV was noted among 110
individuals who had a history of smoking when compared to non smokers (22.7% vs 18.4%).
Similarly, those with a history of addiction (i.e. cannabis and/or alcohol) faced double the
odds of being HBV seropositive (OR=2.47, 95% CI=0.45, 12.34). However, these differences
were not statistically significant (P > 0.05).
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Table 1. General characteristics of study participants according to study groups

Variables Groups
Group 1 Group 2 Group 3 Group 4 Group 5 Group 6

Group name DM type 1 DM type 2 SHF DM type 1+SHF DM type 2+SHF Control
Sample size 50 50 50 50 50 50
Age (years) (Mean±SD) 34.0±11.6 54.6±10.2 40.3±14.4 42.2±12.4 51.5±10.0 44.5±16.1
Males 25 (50) 7 (14) 36 (72) 44 (88) 29 (58) 28 (56)
Females 25 (50) 43 (86) 14 (28) 6 (12) 21 (42) 22 (44)
Hepatitis B seropositivity 6 (12) 8 (16) 12 (24) 13 (26) 14 (28) 7 (14)
Working 9 (18) 2 (4) 1 (2) 5 (10) 4 (8) 6 (12)
Urban 34 (68) 34 (68) 1 (2.0) 0 (0.0) 2 (4.0) 24 (48)
Married 34 (68) 38 (76) 40 (80) 46 (92) 43 (86) 28 (56)
Low socioeconomic level 15 (30) 14 (28) 31 (62) 45 (90) 20 (40) 29 (58)
Smoking 12 (24) 8 (16) 26 (52) 26 (52) 23 (46) 15 (30)
Blood transfusion 8 (16) 1 (2) 13 (26) 5 (10) 7 (14) 5 (10)
Jaundice 7 (14) 1 (2) 15 (30) 11 (22) 13 (26) 6 (12)

DM: Diabetes mellitus; SHF: Schistosomal hepatic fibrosis
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3.3.2 Aspects of schistosomal illness

Table 3 shows the association between the different aspects of schistosomal illness with the
HBV seropositive EIA test. The results show that there are 82 cases that have a history of a
household member suffering from schistosomal hepatic fibrosis (SHF), with 29 of them
(35.4%) being anti-HBV EIA positive. The history of such illness was significantly associated
with the risk of HBV seropositivity (OR=3.72; 95% CI=1.92, 7.23). Furthermore, liver
cirrhosis doubled the odds of HBV seropositivity, but the association was not statistically
significant (OR=2.91; 95% CI=0.90, 9.13).

Table 2. Associations of hepatitis B virus seropositivity with demographic,
socioeconomic, past medical history and personal habits factors (n=300)

Variables Anti-HBV EIA OR (95% CI)
No. examined Positive N (%)

Socio-demographic factors
Age in years
≤30 49 8 (16.3) 1.0
31–50 152 26 (17.1) 1.06 (0.42, 2.77)
>50 99 26 (26.3) 1.83 (0.71, 4.85)
Sex
Male 160 32 (20.0) 1.0
Female 140 28 (20.0) 1.00 (0.57, 1.76)
Residence
Urban 95 16 (16.8) 1.0
Rural 205 44 (21.5) 1.35 (0.69, 2.67)
Marital status
Single 45 10 (22.2) 1.0
Married 229 43 (18.8) 0.81 (0.35, 1.90)
Widowed 26 7 (26.9) 1.29 (0.37, 4.49)
Occupation
Not farmer 219 43 (19.6) 1.0
Farmer 81 17 (21.0) 1.09 (0.55, 2.13)
Socioeconomic class
High 45 6 (13.3) 1.0
Middle 154 28 (18.2) 1.44 (0.52, 4.21)
Low 86 21 (24.2) 2.10 (0.72, 6.40)
Very low 15 5 (33.3) 3.25 (0.68, 15.83)
Past medical history
Blood transfusion
No 261 53 (20.3) 1.0
Yes 39 7 (17.9) 0.86 (0.33, 2.18)
Surgery
No 134 25 (18.7) 1.0
Yes 166 35 (21.1) 1.16 (0.63, 2.15)
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Table 2 Continued……..
Parental injection
No 104 16 (15.4) 1.0
Yes 115 55 (19.1) 1.30 (0.61, 2.80)
Glass syringes usage 81 22 (27.2) 2.05 (0.94, 4.50)
Dental manipulation
No 101 18 (17.8) 1.0
Infrequent 136 33 (24.3) 1.48 (0.74, 2.96)
Regular 63 9 (14.3) 0.77 (0.29, 1.97)
Family history of jaundice
No 221 42 (19.0) 1.0
Yes 79 18 (22.8) 1.26 (0.67, 2.35)
Personal history of jaundice
No 247 42 (17.0) 1.0
Yes 53 18 (34.0) 2.51 (1.30, 4.85)*
Associated diseases**
No 156 32 (20.5) 1.0
Yes 144 28 (19.4) 0.94 (0.53, 1.65)
Personal habits
Smoking
No 190 35 (18.4) 1.0
Yes 110 25 (22.7) 1.30 (0.70, 2.41)
Addiction
No 292 57 (19.5) 1.0
Yes (Cannabis and/or alcohol) 8 3 (37.5) 2.47 (0.45, 10.66)
OR: Odds ratio; CI: Confidence interval, *Significant association (P < 0.05), ** Associated diseases include

rheumatoid artheritis, systemic lupus erythematosis, renal insufficiency, fascioliasis, amoebic
dysentery …etc.

One half (n=150) of the participants had a history of schistosomiasis with or without super
added diabetes mellitus. Of those, 39 cases (26%) were anti-HBV EIA positive compared to
only 21 (14%) positive cases among non-schistosomal individuals, with the difference being
statistically significant (OR=2.16; 95% CI=1.20, 3.89). A past history of using the anti-
schistosomal tartar emetic or potassium antimony tartrate drug significantly tripled the risk of
anti-HBV EIA positive  results (OR=3.22; 95% CI=1.16, 9.40) when compared to other
schistosomal patients denied the intake of such medication.

The history of long standing schistosomal infection (10 years or more) was noted in most
schistosomal patients (141 cases; 94%). This resulted in a higher risk of HBV seropositivity
(OR=2.95; 95% CI=0.35, 64.99) when compared to other patients with a more recent
relationship with their schistosomal infection (less than 10 years), although the difference
was not statistically significant. Furthermore, complications with hepatosplenic types of
schistosomiasis (e.g. organomegaly, oesophageal varices with or without haematemesis,
ascitis …etc) were found to increase the risk of HBV seropositivity. Among these
complications, ascitis was reported to have the highest risk (OR=1.91; 95% CI=0.85, 4.29),
however it was not statistically significant.

3.3.3 Aspects of diabetes mellitus

Table 4 shows the association between diabetes mellitus and the risk of HBV seropositivity.
The results reveal that the presence of either type 1 or type 2 DM apply no extra risk of
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being HBV seropositive when compared with non-diabetic cases. Although a higher risk of
acquiring HBV was reported in cases with poor control for blood glucose (OR=2.05; 95%
CI=0.67, 6.71), among those with a history of gestational diabetes (OR=1.93; 95% CI=0.68,
5.42) and in those who developed DM after the age of 40 (OR=1.52; 95% CI=0.76, 3.02), the
differences were not statistically significant. Likewise, associations of HBV seropositivity in
terms of a family history of DM, duration of diabetic illness, the presence of secondary
causes contributing to the development of DM, and the presence of diabetic complications
were not statistically significant.

Table 3. Associations of hepatitis B virus seropositivity with factors related to
schistosomiasis (n=300)

Variables Anti-HBV EIA OR (95% CI)
No. examined Positive N (%)

Family history of liver
Diseases
No 195 25 (12.8) 1.0
Cirrhosis 20 6 (30.0) 2.91 (0.90, 9.13)
SHF 82 29 (35.4) 3.72 (1.92, 7.23)*
Others** 3 0 (0.0) -
Personal history of schistosomiasis
No 150 21 (14.0) 1.0
Yes 150 39 (26.0) 2.16 (1.20, 3.89)*
Schistosomiasis duration
<=10 years 9 1 (11.1) 1.0
>10 years 141 38 (27.0) 2.95 (0.35, 64.99)
Schistosomiasis course
Stationary 100 24                  24.0 1.0
Progressive 50 15                  30.0 1.36 (0.64, 2.90)
Ascitis†
No 114 26 (22.8) 1.0
Yes 36 13 (36.1) 1.91 (0.85, 4.29)
History of IV anti-schistosomal drugs‡
No 47 6 (12.8) 1.0
Yes 103 33 (32.0) 3.22 (1.16, 9.40)*

OR: Odds ratio; CI: Confidence interval; SHF: Schistosomal hepatic fibrosis,* Significant association (P
<0.05), ** Two cases with family history of chronic hepatitis and one with HCC,† Ascitis was selected
out of other complications of hepatosplenic schistosomiasis e.g. organomegaly, oesophageal varices
with or without haematemesis … etc,‡ Past history of parenteral tartar emetic anti-schistosomal drug

treatment.

3.3.4 Multivariate Analysis for the Risk Factors of HBV seropositivity

The results of a multiple logistic regression analysis for the different possible risk factors that
contribute to the development of HBV seropositivity revealed four variables that were
retained in the final model as significant risk factors for HBV seropositivity. Those variables
are a family history of a household member suffering with cirrhosis (OR=4.34; 95% CI=1.98,
6.94), family history of a household member suffering with SHF (OR=3.41; 95% CL=1.16,
11.23), a personal history of jaundice (OR=1.94; 95% CI=1.12, 5.57) and a personal history
of schistosomal illness (OR=1.88; 95% CI=1.09, 12.14). Other factors including a personal
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history of dental manipulations, multiple parenteral injections, diabetes and the subjects
socioeconomic class were removed from the final logistic regression model.

3.4 Further Analyses for The Association of Schistosomiasis and Diabetes
with HBV Seropositivity

The distribution of the studied population according to their age group, their history of
schistosomiasis and the results of the EIA anti-HBV seropositivity were analyzed further with
the results being shown in Table 5.

It was found that the percentages of HBV seropositivity increased significantly with age
among those who had a history of schistosomiasis, with the percentages among those aged
<=30, 31-50, and >50 years being 12.8%, 35.9%, and 51.3%, respectively (P<0.002). On the
other hand, the pattern of association between HBV seropositivity and age among the non
schistosomal cases was not statistically significant (P=0.343).

Table 4. Associations of hepatitis B virus seropositivity with factors related to
diabetes mellitus (n=300)

Variables Anti-HBV EIA OR (95% CI)
No. examined Positive N (%)

Family history of DM
No 176 38 (21.6) 1.0
Yes 124 22 (17.7) 0.78 (0.44, 1.40)
Personal history of DM
No 81 19 (19.0) 1.0
DM type 1 81 19 (19.0) 1.00 (0.47, 2.15)
DM type 2 78 22 (22.0) 1.20 (0.57, 2.53)
Age of onset
<= 40 years 94 20 (17.5) 1.0
> 40 years 65 21 (24.4) 1.52 (0.76, 3.02)
Duration
<= 10 years 97 30 (23.6) 1.0
> 10 years 62 11 (15.1) 0.57 (0.25, 1.30)
Secondary cause of DM†
No 153 40 (20.7) 1.0
Yes 6 1 (14.3) 0.64 (0.07, 5.45)
Gestational diabetes
No 146 35 (19.3) 1.0
Yes 13 6 (31.6) 1.93 (0.68, 5.42)
Control of DM (Glycated Hb A1c)
Good 32 5 (13.5) 1.0
Fair 46 10 (17.9) 1.39 (0.39, 5.23)
Poor 81 26 (24.3) 2.05 (0.67, 6.71)
Diabetic complications‡
No 19 8 (29.6) 1.0
Yes 140 33 (19.1) 0.56 (0.23, 1.39)
OR: Odds ratio; CI: Confidence interval, † Secondary causes of DM e.g. steroids intake, ‡ Diabetic

complications: (infection, microangiopathy, and macroangiopathy)
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With regards to the diabetes illness aspects, the mean values of blood glucose among the
studied population in relation to anti-HBcAb EIA results were compared (Table 6). Among
non diabetic cases, the mean values of fasting blood glucose and glucose levels after 2
hours of 75gm oral glucose challenge were found to be lower in anti-HBV EIA positive cases
than their negative counterparts, however the differences were not statistically significant (P
> 0.05). Among 200 diabetic cases, almost similar levels of 2 hours post prandial mean
glucose were found among HBV seropositive and negative cases (275.85 mg/dl vs 271.33
mg/dl).

When the 100 cases with a history of both schistosomiasis and diabetes mellitus illnesses
were compared with the 50 individuals free from both diseases (control/reference), the
results showed that 27 (27%) individuals were anti-HBV EIA seropositive in those with a
history of both illnesses, compared to only 7 individuals (14%) in the control group. The risk
of being HBV positive was higher in the illness group (OR=2.27; 95% CI=0.85, 6.29)
compared to the control group, however the difference was not statistically significant.

Finally, the fraction attributable risk of the most influential risk factors for developing an HBV
seropositive was calculated. It is evident that the highest values of attributable fraction were
due to a family history of a household member with chronic liver disease (SHF or cirrhosis)
(61.6%), followed by being a member of the very low socioeconomic class (60.0%), with a
personal history of jaundice (50.0%) also being a significant indicator of risk. The lowest
value of attributable fraction was due to the presence of diabetes mellitus (7.3%).

Table 5. Distribution of the studied population according to their HBcAb EIA
seropositivity, history of schistosomiasis and age group

Age group
(years)

Schistosomiasis
Negative (N=150) Positive (N=150)

-ve HBcAb EIA
N (%)

+ve HBcAb EIA
N (%)

-ve HBcAb EIA
N (%)

+ve HBcAb EIA
N (%)

N 129 21 111 39
<= 30 29 (22.5) 3 (14.3) 12 (10.8) 5 (12.8)
31-50 52 (40.3) 12 (57.1) 74 (66.6) 14 (35.9)
> 50 48 (37.2) 6 (28.6) 25 (22.5) 20 (51.3)
χ2 2.14 12.72
P - value 0.343 0.002

Table 6. Comparison of blood glucose levels between studied cases according to
HBcAb EIA seropositivity

HBcAb EIA FBG*
(Mean±SD)

PGL**
(Mean±SD)

2PPG***
(Mean±SD)

Negative (n=240) 89.47±19.49 140.27±30.12 271.33±100.69
Positive (n=60) 82.26±15.08 136.42±20.76 275.85±106.91
t-value 1.51 0.53 0.25
P-value 0.135 0.599 0.800

*Fasting blood glucose measurement done for non-diabetic cases; **Two hours after 75gm oral
glucose challenge (Load) done for non-diabetic cases; ***Two hours post prandial serum glucose

assessment done for diabetic patients
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4. DISCUSSION

Hepatitis B virus infection, schistosomiasis and diabetes mellitus are major global public
health problems, especially in developing countries. The interactions between these
diseases are still unclear and of great interest.

The findings of the present study show that 20% of the participants tested positive using the
total HBcAb EIA test. Many previous studies conducted in Yemen revealed that the
prevalence of HBV infection ranges between 1.8% and 34% based on the subjects being
studied. A community-based study in Ibb, Gacche and Kaid found that the prevalence of
HBV among 554 participants was 1.8% when examined for hepatitis B surface antigen
(HBsAg) [34]. However, a recent community-based study conducted in the Taiz province
showed a higher HBsAg prevalence at 16.9% [35]. A similar level of prevalence (16%) was
reported by a hospital-based study in Aden city based on anti-HBV core antibodies (antiHBc)
and HBsAg [23]. However, a comparable higher prevalence was reported among liver
disease patients (33.6%) and among blood donors (28.8%) [36,37]. Moreover, a lower
HBsAg prevalence was reported among schoolchildren in Taiz (10.6%), pregnant women in
Sana’a (10.8%) and among mothers and their infants in Sana’a (13.2% and 4%,
respectively) [21,26,38]. In agreement with previous studies, our findings confirm that Yemen
is an area of intermediate endemicity for HBV infection (10%-60%). Moreover, only 5% of
the patients recruited to the present study had declared prior hepatitis B vaccination.

The findings of the current study also show that the seropositivity of HBV based on total
HBcAb was higher among participants aged >50 years when compared to younger
participants, however the difference is not statistically significant. Previous studies from
Yemen and other countries showed that the prevalence of HBV has an age-dependency
factor, with infection patterns increasing with age, the highest prevalence being among
subjects aged >40 years [23,24,35,39].

We found similar levels of HBcAb seropositivity among both male and female participants,
which is in agreement with previous studies conducted in Yemen [34,35]. However, it is
worth noting that some studies in Yemen and other countries have shown a significantly
higher prevalence of HBV among males than females [24,40]. On the other hand, a WHO
collaborative study on HBV in which 20 countries participated did not find a statistically
significant difference in the prevalence of HBsAg between males and females [41].

Furthermore, the present study investigated the possible factors associated with HBcAb
seropositivity among the participants and revealed that a personal history of juandice, a
family history of schistosomal hepatic fibrosis (SHF), as well as a personal history of
schistosomiasis and using IV anti-schistosomal drugs were key factors found to be
associated with HBV seropositive results. Participants who had a history of juandice were at
higher risk of HBV seropositivity than their counterparts. These finding are consistent with
results reported previously in Thailand, Morocco and Bangladesh [40,42,43]. Juandice is a
classical sign of liver diseases, therefore a history of juandice may indicate the high
succeptablitity of individuals to these diseases.

In addition, our findings show that participants who live in houses with family members who
have a history of SHF were at 3 folds higher risk of being HBcAb seropositive. This is in
agreement with previous reports from other countries [44]. The results of the logistic
regression also show that a history of household members having liver cirrhosis increases
the risk of participants being infected with HBV. Although liver cirrhosis is present in the
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majority of patients with HBV, an increased risk for hepatitis B-related liver cirrhosis in
relatives of patients with hepatocellular carcinoma was reported in Taiwan, which may
indicate familial clustering of hepatitis B-related liver cirrhosis [45].

An earlier serological survey for hepatitis B markers was carried out in Yemen among 654
individuals (243 pregnant females, 294 male blood donors and 108 patients with chronic liver
disease), which found that the detection rate of HBsAg was significantly higher among
patients with chronic liver diseases (including liver cirrhosis) compared to healthy individuals
(24.1% vs 18.5%). There was also significantly higher evidence of  HBV infection among the
chronic liver diseases patients than their healthy counterparts (75.9% vs 59.8%) [46].

The findings of the present study show significant associations between the high prevalence
of HBV seropositivity and several aspects of schistosomiasis, including history of
schistosomiasis onset and the use of intravenous schistosomiasis treatment. We found that
participants with a history of being infected with Schistosoma species are at double the risk
of HBV seropositivity compared to those never infected with Schistosoma. Co-infection of
HBV and Schistosoma is of significant concern, as patients with both infections have been
shown to have increased histological activity, as well as higher incidences of liver cirrhosis
and hepatocellular carcinoma (HCC), with a greater mortality rate when compared with
patients suffering from only a single infection [47].

It has been previously reported that patients with hepatosplenic schistosomiasis were at an
increased risk from other infections, including a 10-fold higher risk for co-infection with HBV,
as well as an increased frequency of liver failure when compared to healthy individuals
[12,48]. Similarly, Pereira et al. reported that co-infection of Schistosoma mansoni and other
liver disease, particularly HBV or HCV infections, will trigger the progression of hepatic
fibrosis into cirrhosis and hepatocellular carcinomacan, occuring within a few years [49].
Such co-infections were reported in Egypt and Brazil [47,50,51]. Furthermore, HCV but not
HBV has been reported to influence the severity of schistosomiasis among Egyptian patients
[52]. In Yemen, the only study on the co-infection of schistosomiasis and HBV was
conducted in Taiz and reported that 10.6% of schoolchildren diagnosed as having
schistosomiasis were also found to be positive for HBV, though it is worth noting that the
percentage was as high as 22.2% in some areas [38].

In contrast, previous studies found no association between these two diseases [44,53].
Interestingly, when the association between HBcAb seropositivity and a history of
schistosomiasis was stratified with age our findings revealed that the frequency of HBcAb
seropositivity among participants with a history of schistosomiasis increased significantly
with age. This might be attributed to the age-dependency pattern of both diseases.

Our findings also show that participants with a history of using intravenous schistosomal
drug (tartar emetic or potassium antimony tartrate) were at 3-folds higher risk of HBV
seropositivity compared to their counterparts. The underlying association could be attributed
to the concomitant schistosomiasis or to the risk of HBV transmission due to contaminated
needles. Using IV tartar emetic to treat schistosomiasis has been implicated as the primary
factor behind the high prevalence rates of HBV and HCV in Egypt, where this drug was used
by the schistosomiasis control programme between the 1950s and 1980s, the ultimate result
of which was that the hepatitis viruses has now replaced schistosomiasis as the predominant
cause of chronic liver disease [54,55].
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With regards to diabetes mellitus, none of the diabetes-related factors showed a significant
association with the HBcAb seropositivity. Many previous studies have examined the
relationship between HBV and DM, but the results were not consistent. For instance, some
studies have reported blood glucose abnormalities [13] while others have not [15]. An
indirect explanation for the association between HBcAb seropositivity and DM was
suggested as being because during the course of their disease diabetic patients would be
subjected to frequent intravenous and subcutaneous injections (for the purpose of blood
testing and insulin therapy), which may possibly increase risk of exposure to HBV.

A previous study among 210 Nigerian diabetics and 210 non-diabetic controls found a
significantly higher detection rate of HBsAg among diabetic participants than controls, which
was attributed to the common practice of injudicious administration of insulin injections
among Nigerian diabetics [56]. In contrast, other reports showed no association [57,58]. On
the other hand, the unexpected lower prevalence of HBsAg in diabetic patients than in
controls was reported by a large-scale study of 2,465 individuals in Italy [59].

Our findings show that diabetic patients with poor control of blood glucose are at almost
double risk of HBcAb seropositivity when compared to those with good or fair control levels.
However, the difference was not significant. This is in agreement with a previous study from
Nigeria [56]. We also compared the level of blood glucose between HBcAb seropositive and
negative participants, and found no significant difference between both groups. In the
present study, the results of the multivariate logistic regression analysis confirmed that a
family history of a household member suffering cirrhosis, a family history of a household
member suffering with SHF, a personal history of jaundice, and a personal history of
schistosomiasis were the significant risk factors of anti-HBV EIA positive results among
these participants.

The findings of the present study further revealed that the presence of concomitant
schistosomiasis and DM did increase the risk of HBcAb seropositivity by more than 48%,
and the increment was greatly attributed to the schistosomal impact of this association. We
also found a higher anti-HBV EIA positivity (28%) among type 2 dieabetic participants who
also had SHF (group 5), followed by those with type 1 DM and SHF (group 4), when
compared with the lowest positivity rate of 12% among participants with type 1DM (group 1).
However, these differences were not statistically significant when compared with the control
group.

Although the interaction between schistosomiasis and DM is still unclear, previous studies
revealed a protective role for Schistosoma infection, reporting a lower prevalence of diabetes
and a better metabolic profile among Chinese participants with previous schistosome
infection [60]. Moreover, a previous study showed that S. mansoni soluble egg antigens can
profoundly regulate the immune system of the infected host and thus can be used to prevent
type 1 diabetes in non-obese diabetic mice [61].

The findings of the present study should be interpreted with caution due to few limitations.
First, this study had to rely on the results of total HBcAb while HBsAg was not examined.
Data for HBsAg detection would be essential in order to identify positive patients as those
with past or current HBV infection. Second, majority of the participants were from rural areas
this could explain the absence of prior hepatitis B vaccination. Third, the hospital-based
design limits the interpretation of our findings, and a community-based study is required.
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5. CONCLUSION

The findings of this study revealed high HBV seropositivity among the participants.
Schistosomiasis was found to be associated with HBV, particularly among individuals who
are older in age, received parenteral anti-schistosomal treatment, have a history of clinical
jaundice, and have a household member with a history of SHF. There was no association
between HBV and DM among the subjects, with no additional risk being reported when DM
was considered in examining the relationship between schistosomiasis and HBV. Large-
scale community-based studies are needed to investigate the epidemiology of HBV infection
and to evaluate its relationship with other diseases. Proper attention should be given to the
high seropositivity rate of HBV, and effective measures should be implemented in order to
reduce the prevalence of this life-threatining infection in Yemen.
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