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Short Communication

Spatial analysis of viral hepatitis and schistosomiasis
coinfection in an endemic area in Northeastern Brazil

Marcio Bezerra Santos!"''?,, Allan Dantas dos Santos'?''3), Patricia Pereira da Silva,
Aline Silva Barreto'?, Erlon Oliveira dos Santos', Alex Vianey Callado Fran¢a'®,
Constanca Simoes Barbosa'", and Karina Conceicdo Gomes Machado de Araujo'?®

[1]. Departamento de Educagdo em Satde, Universidade Federal de Sergipe, Campus Prof. Antonio Garcia Filho, Lagarto, SE, Brasil. [2]. Programa de Pds-
Graduagao Stricto Sensu em Ciéncias da Saude, Universidade Federal de Sergipe, Campus Prof. Jodo Cardoso Nascimento, Aracaju, SE, Brasil.
[3]. Departamento de Enfermagem, Universidade Federal de Sergipe, Campus Prof. Antonio Garcia Filho, Lagarto, SE, Brasil. [4]. Programa de Po6s-graduagao
Stricto Sensu em Biologia Parasitaria, Universidade Federal de Sergipe, Cidade Universitaria Prof. José Aloisio de Campos, Sdo Cristovao, SE, Brasil.

[5]. Departamento de Biologia, Universidade Estadual de Alagoas, Arapiraca, AL, Brasil. [6]. Departamento de Medicina, Universidade Federal de Sergipe,
Campus Prof. Jodo Cardoso Nascimento, Aracaju, SE, Brasil. [7]. Laboratorio de Referéncia em Esquistossomose, Centro de Pesquisa Aggeu Magalhaes,
Fundag@o Oswaldo Cruz, Recife, PE, Brasil. [8]. Departamento de Morfologia, Universidade Federal de Sergipe, Cidade Universitaria
Prof. José Aloisio de Campos, Sao Cristovao, SE, Brasil.

Abstract

Introduction: This cross-sectional study analyzed the spatial distribution of hepatitis B or C virus (HBV/HBC) and schistosomiasis
coinfection. Methods: Serum samples were collected from patients with Schistosoma mansoni infection. These were tested
for serological markers of HBV/HCV infection. The spatial distribution of coinfection was analyzed using intensity kernel
estimation. Results: Overall, 9.4% of individuals had contact with HBV and 1.7% of samples tested positive for anti-HCV
antibodies. We identified clusters of risk located in the central region. Conclusions: Spatial analysis allowed visualization of
high-risk areas, leading to a definition of priority areas to be targeted for intensification of control interventions.
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Schistosomiasis, a serious parasitic disease, is prevalent
in tropical and subtropical regions, especially in communities
with inadequate water and sanitation services. It is caused by
trematode worms of the genus Schistosoma, and both acute and
chronic infection occurs. The disease is found in 78 countries
across Latin America, Africa, and Asia'. Brazil is the worst
affected country in the Americas®, with 42.9 million people
exposed to the risk of infection and approximately 6.8 million
infected individuals®>.

Another important infection, especially in schistosomiasis
endemic areas, is viral hepatitis, particularly that caused
by hepatitis B virus (HBV) and hepatitis C virus (HCV)®.
Viral hepatitis is a serious public health problem, not only in
Brazil but also in many other countries worldwide’®. Despite
the controversies in the literature about the prevalence of
schistosomiasis and viral hepatitis coinfection, some reports
have indicated that the presence of both infections accelerates
and aggravates the process of fibrosis in the liver and can lead
to the development of cirrhosis and hepatocellular carcinoma®.
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A high prevalence of Schistosoma mansoni and hepatitis
virus coinfection has been reported, mainly in Egypt where
19.6-64.0% of individuals infected with S. mansoni are HBV
coinfected and 10.3-67.0% are HCV coinfected’. In Brazil, most
surveys have been conducted in referral centers that manage
patients with chronic schistosomiasis®!'®!". Because the treatment
of chronic schistosomiasis often requires transfusion of blood
products and the use of parenterally administered drugs, there
is an increased risk of infection with HBV/HCV. However,
few studies have investigated the associations between these
infections in areas endemic for schistosomiasis®.

Studies using geographical information systems (GIS)
have mapped the spatial distribution of schistosomiasis and
the intermediate host (snails Biomphalaria sp.) in Brazil>'2,
However, none have been conducted to determine the spatial
distribution of schistosomiasis and viral hepatitis coinfection.
Therefore, this study aimed to analyze the spatial distribution of
HBV/HCYV infection in patients with S. mansoni infection in an
area of Northeastern Brazil where schistosomiasis is endemic.

A cross-sectional epidemiological study was conducted in
an endemic area in Aracaju city (Santa Maria neighborhood).
Data from the Schistosomiasis Control Program Information
System [Sistema de Informag¢do do Programa de Controle da
Esquistossomose (SISPCE)] identified 398 patients who tested
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positive for S. mansoni (using the Kato-Katz method) from an
inquiry conducted from March 2010 to July 2011. These patients
were invited to participate in the study and were included in the
study if they signed an informed consent form.

A total of 187 individuals agreed to participate in
the study. Data were collected using a questionnaire that
included identifying variables and variables pertaining to
epidemiological risk factors for HBV/HCV infection. A 10mL
sample of peripheral blood, collected from each participant
by venipuncture, was sent to the Health Foundation Parreiras
Horta [Fundagdo de Saude Parreiras Horta (FSPH)], Central
Laboratory of the State of Sergipe [Laboratorio Central de
Saude Publica de Sergipe (LACEN/SE)] for serological testing
to detect the following markers of HBV and HCV infection: total
immunoglobulin G (IgG), hepatitis B core antibody (anti-HBc),
hepatitis B surface antibody (anti-HBs), hepatitis B surface
antigen (HbsAg), and hepatitis C virus antibody (anti-HCV),
using chemiluminescence immunoassays. Of the 187 serum
samples collected, 170 were considered suitable for laboratory
testing; 17 had hemolyzed and were discarded.

The spatial analysis was performed using the participants’
data and the municipal grid. To determine the spatial
location of each participant’s address, the absolute method of
instantaneous positioning was used. This was done using the
Global Positioning System navigation receiver that captures
geographical coordinates on the Universal Transverse Merchant
projection system and the ellipsoidal reference geodectic datum,
South American Datum 1969. To construct the maps, we used
the Aracaju cartographic base obtained from the GIS service
of Aracaju. The maps were constructed and analyzed using the
TerraView program (http://www.dpi.inpe.br/terraview_eng/
index.php). Data availability was determined by means of a
GIS-based query system. The GIS enabled the stored data to be
connected to the corresponding geographical features, allowing
visualization and spatial analysis!; results were obtained in
the form of thematic maps. We used the Kernel method with
an adaptive radius of influence; this system is able to describe
how the density at one point can influence a neighborhood. All
statistical analyses were performed using BioEstat, version 5.0.

To test the hypothesis of no association between two categorical
variables, we used the y? test of equality (for two categories)
or the G-test (for more than two categories). We used multiple
logistic regression to study the relationship between serological
positivity for HBV infection and risk factors for HBV infection.

Overall, 12.8% of participants or their relatives had had
hepatitis before the study period. The majority (66.8%) of
participants were aged 15-42 years. Half originated from other
cities. In total, 16 (9.4%) participants tested anti-HBc positive
(Table 1), suggesting that they had had contact with HBV. Three
(1.7%) serum samples were anti-HCV positive. Moreover, 32
serum samples were anti-HBs positive (18.8%), indicating a low
proportion of HBV-vaccinated individuals in this population.
One (0.6%) serum sample presented isolated reactivity to anti-
HBc. Eleven (6.5%) serum samples were positive for anti-HBc
and anti-HBs, indicating that these participants had had contact
with HBV and had developed spontaneous disease remission
and immunity. One (0.6%) participant tested positive for both
anti-HBc¢ and anti-HCV antibodies. Furthermore, acute HBV
infection was found in 1.7% of participants; these patients were
only positive for HBsAg and anti-HBc.

We analyzed the association between HBV infection and
the following factors: age, level of education, and income. The
age group 29-56 years had a significantly higher prevalence of
HBYV infection than other age groups (p < 0.0001) (Figure 1A).
The prevalence of HBV infection was high among illiterate
participants (0 years of schooling; prevalence, 37.5%) and among
those with a basic level of education (1-4 years of schooling;
prevalence, 37.5%) (Figure 1B). The prevalence decreased
significantly as the number of completed years of education
increased: 5-8 (12.4%) years, 9-11 (6.3%), and > 12 (6.3%)
years (p < 0.0001). Participants with a monthly income less than
one minimum wage had a greater (87.5%) prevalence of HBV
infection than those with higher incomes (p=0.007) (Figure 1C).
We observed no anti-HBc-positive cases among participants with
a monthly income of three or more minimum wages. Although
37.9% of participants stated that they had been vaccinated against
HBYV, only 40.9% of these participants had anti-HBs antibodies
detected on serological testing (p < 0.0001) (Figure 1D).

TABLE 1
Frequency of HBV and HCV serological markers.

Serological marker Number Percentage
No markers 120 70.6
Anti-HBc only 1 0.6
HBsAg and anti-HBc 3 1.7
Anti-HBs only 32 18.8
Anti-HBs and anti-HBc 11 6.5
Anti-HCV only 2 1.2
Anti-HCV and anti-HBc 1 0.6

HBYV: hepatitis B virus; HCV: hepatitis C virus; Anti-HBc: hepatitis B virus core antigen; HBsAg: hepatitis B surface antigen; Anti-HBs: hepatitis B surface

antibody; Anti-HCV: hepatitis C virus antibody.
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FIGURE 1 - (A): Association between patient age and HBV infection (anti-HBc positive) (*p < 0.0001). (B): Association between years of schooling
and HBYV infection (anti-HBc positive) (*p < 0.0001). (C): Association between monthly income and HBV infection (anti-HBc positive) (*p = 0.007).
(D): Percentage of patients that were anti-HBs positive because of being vaccinated against HBV (*p <0.0001). HBV: hepatitis B virus; anti-HBc: hepatitis

B virus core antigen

Using a multiple logistic regression model, we identified
the following important risk factors for HBV infection: having
undergone surgery [p = 0.002; odds ratio (OR), 4.39; confidence
interval (CI), 1.51 - 12.74], having received a blood transfusion
(p=0.02; OR, 2.66; CI, 0.51 - 13.87), having required sutures
(p = 0.01; OR, 2.66; CI, 1.09 - 12.05), having been exposed
to blood (p = 0.02; OR, 4.84; CI, 0.61 - 1.17), and not using
condoms (p = 0.04; OR, 3.04; CI, 0.09 - 1.37).

To understand the distribution dynamic of these infections,
we analyzed the spatial distribution of cases of schistosomiasis
and HBV/HCV coinfection in the study area. Figure 2A
shows the spatial analysis of the density of schistosomiasis
cases in the neighborhood of Santa Maria, estimated by the
Kernel estimator. The regions marked in blue are areas where
schistosomiasis is rare. A proportional increase in the number

of schistosomiasis cases is represented by the change from
green to yellow and from orange to red. The hottest areas
are in the most central neighborhood region, close to the
Unidade de Satde Celso Daniel. We observed a similar spatial
distribution for schistosomiasis and HBV coinfection (Figure 2B)
and for participants with a positive anti-HBs serum marker
alone (indicative of having been vaccinated against HBV)
(Figure 2C). The red areas in Figure 2D indicate the domiciles
of participants who tested positive for anti-HCV antibodies.

Our data revealed a high prevalence of HBV infection
(9.4% anti-HBc positive) in the population with S. mansoni
infection. This is higher than the estimated HBV prevalence in
the general population (7.9%) and is extremely high compared
with the prevalence in northeastern Brazil (1.2%) and in the
state of Sergipe (2.38%)* In terms of HCV infection, 1.7%
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FIGURE 2 - Kernel maps of the neighborhood of Santa Maria: (A): Spatial analysis of individuals with schistosomiasis. (B): Spatial analysis of anti-
HBc/HBsAg positive individuals. (C): Spatial analysis of individuals positive for anti-HBs alone (indicative of having been vaccinated against HBV).
(D): Spatial distribution of place of residence (in red) of anti-HCV positive individuals. anti-HBc: hepatitis B virus core antigen; HBsAg: hepatitis B surface
antigen; anti-HBs: hepatitis B surface antibody HBV: hepatitis B virus; HCV: hepatitis C virus.

of participants tested positive for anti-HCV antibodies; this
prevalence is higher than the estimated prevalence of HCV
infection in the blood donor population (0.49-0.69%)>'%!".
Although our findings are slightly above the estimated
prevalences for the population, we cannot infer that individuals
with schistosomiasis are more susceptible to HBV or HCV
infection. Moreover, the statistical analysis showed that in this
study population, the risk factors for HBV transmission were
related both to health services and to behavioral factors (no
condom use). Silva et al.? identified a high (11.9%) prevalence
of anti-HCV positivity among patients with hepatosplenic illness
who were managed at a schistosomiasis referral center at the
Hospital das Clinicas, Universidade Federal de Pernambuco/
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UFPE. In that study, the authors also reported high levels of
coinfection, with a prevalence of 30% for anti-HBc and/or
HBsAg markers and 7.4% for anti-HCV. Although the work
conducted in schistosomiasis-endemic areas mainly involved
patients with the acute or hepatointestinal form schistosomiasis,
correlations between schistosomiasis and the viral hepatitis
were significantly lower than those observed among patients
receiving treatment for severe forms of schistosomiasis®; this
corroborates our findings.

We observed a high anti-HBc prevalence among participants
aged 29-42 years. This is probably because the sexual activity
is more frequent in this age group as well as a longer time of
virus exposure. Other studies identified a direct relationship
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between HBV positivity and older people®!®. Our results showed
that engaging in sex without using a condom was a risk factor
for HBV infection. We did not detect any cases of anti-HBc
positivity in the group of participants aged 0-14 years.

A history of surgery, sutures, blood transfusion, and
blood exposure were statistically significant risk factors for
HBYV transmission. Some authors have suggested that blood
transfusion is the most efficient viral transmission pathway'*.
The higher prevalence of schistosomiasis and HBV/HCV
coinfection in Egypt was related to the indiscriminate use of
unsterilized injections with tartar emetic'®.

Our study was conducted during an HBV vaccination
campaign. In the study interview, 37.9% of participants reported
having been vaccinated against HBV. However, serological
testing revealed that only 18.8% of all participants were anti-
HBs (only) positive (indicating previous vaccination). Hence,
participants either did not actually know whether they had been
vaccinated or they had not completed the vaccination schedule.
These findings highlight a serious public health problem —
that most of those people residing in Santa Maria were not
immunized against HBV.

There is much published research on the spatial distribution
of schistosomiasis and other diseases'>'’. However, the
present study is the first to determine the spatial distribution of
schistosomiasis and viral hepatitis coinfection in northeastern
Brazil. The spatial analysis of schistosomiasis revealed a
concentration of cases in central neighborhood areas and a
progressive decrease in the suburbs. There are several water
reservoirs that provide conditions suitable for S. mansoni
transmission'?. A similar spatial distribution pattern was
observed for schistosomiasis — HBV coinfection. Given that
the central region has a greater population density, the spatial
analysis most likely reflects this distribution profile.

The Kernel analysis showed that the majority of vaccinated
individuals resided close to the Unidade de Saude Celso Daniel,
indicating those living within close proximity of a health unit
have better access to health services, such as vaccination. The
spatial distribution scenario showing a low (18.8%) proportion
of HBV vaccinated individuals in the population indicates
that a large proportion of individuals in this neighborhood
is susceptible to HBV infection. These spatial distribution
studies can support public health programs to control, prevent,
and monitor infections. Finally, understanding the prevalence
of viral hepatitis in areas endemic for schistosomiasis can be
used to inform disease control programs, thereby potentially
preventing clinical conditions that carry a poor prognosis,
such as chronic hepatitis, liver cirrhosis, and hepatocellular
carcinoma.
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