
Introduction

Visceral leishmaniosis (VL) is a tropical disease
that represents a public health problem in East
Africa with increasing incidence in new areas [1–3].
The disease is associated with high mortality rates,
and Sudan is among the six countries with more
than 90% of global VL cases, and thousands of
cases and deaths occur annually. The reported VL
cases in Sudan are likely lower than the true number
of cases [4]. 

VL can appear as a co-infection with other
diseases (e.g., human immunodeficiency virus HIV
and viral hepatitis) that are highly prevalent in many
endemic areas and are associated with high
mortality from VL [5]. Leishmania invades the body

through the lymphovascular system and infects
many cells of the body including the liver. In
addition, some anti-Leishmania drugs affect liver
cells and cause hepatocellular damage. This can
facilitate infection by pathogens such as hepatitis B
virus (HBV) and hepatitis C virus (HCV) [6]. The
co-infection of VL with HIV and viral hepatitis is
now recognized as a major problem and it attracting
considerable attention. VL is an opportunistic
infection associated with HIV-infected subjects.
HIV infection increases the risk of developing
symptomatic VL, and Leishmania infection speeds
up the progression of HIV by promoting viral
persistence and replication, which leads to less
efficient viral control and immunodeficiency [7]. In
addition, VL/HIV co-infected patients may have
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Leishmania antibodies, thus alternative methodologies (e.g., antigen tests) may help the diagnosis.

Keywords: Leishmania donovani, hepatitis, HIV, Eastern Sudan



atypical clinical presentation, which complicates the
clinical diagnosis of the disease. 

Co-infections of VL with HIV and/or viral
hepatitis vary from country to country based on
predisposing factors and endemicity of pathogens.
In Sudan, studies have shown that VL co-infections
with HIV and viral hepatitis are an emerging health
problem, which requires the routine testing of VL
patients for possible co-infections [8]. To develop
better strategy for VL control, it is important to
assess the occurrence of co-infections among VL
patients. In Eastern Sudan, the Gedaref State is the
main endemic area of VL. The Gedaref State is
located hundreds of kilometers to the south-east of
the capital. The endemic areas with high incidence
of VL are situated between Atbarah and Rahad
rivers [4]. This area lacks studies on the prevalence
of co-infections with VL. The aim of this study was
to determine VL co-infections with HIV and
hepatitis B/C in the Gadaref State and to investigate
the effect of co-infections on antibody levels to
Leishmania.  

Materials and Methods

Ethical consideration. Analysis was performed
on archived and stored sera at the Laboratory for
Biomedical Research (LBR). The laboratory
performs routine investigations of VL. The sera
were previously collected from patients referred to
LBR and used in previous studies [9,10]. All
procedures were performed in accordance with local
and international ethical standards on human
experimentation and the Helsinki Declaration of
1975, as revised in 2000 (available at http://www.
wma.net/e/policy/17-c_e.html). The study was
approved by the Research Ethical Committee of the
Federal Ministry of Health to be carried out in
Sudan (23-06-2005). The patients were informed,
and consent was obtained before sample collection. 

Study design. This is a retrospective study
where the sera of confirmed VL cases and non-VL
cases were analysed. Sera were screened for co-
infections using immunochromatographic rapid test
kits to detect antibodies against HIV-1+2 and HCV.
Screening for HBV was performed using ICT kits,
which are based on the detection of HBsAg. All
serological reactive sera were confirmed by ELISA.
Anti-Leishmania donovani antibodies in the sera of
VL alone were assessed and compared to the sera of
co-infected cases using DAT. 

Testing algorithm and the collection of sera.

Two hundred sera of VL (n=100) and non-VL
(n=100) were obtained from the serum bank facility
at LBR of Ahfad University. VL was diagnosed by
detecting Leishmania parasites in lymph node
aspirates. Testing was done as part of the routine
diagnosis at the time of diagnosis. Lymph node
aspirates were collected from enlarged inguinal
lymph nodes; smears were made, fixed by
methanol, stained with a Giemsa stain, and
examined by two experienced laboratory
technicians. Blood specimens were collected from
VL and controls; sera were separated by
centrifugation and kept at −20°C at LBR. Serology
using DAT was performed according to the standard
method that has been previously described  by
Harith et al. [11]. Briefly, a serum diluent containing
0.2% gelatin (Difco Laboratories) was dissolved by
heating in physiological saline with 0.8% (v/v) 2-
mercaptoethanol (Sigma, USA). All sera were
tested using two-fold serial dilutions from 1:100 up
to 1:102400 in V-shaped microtiter plates (Greiner,
Frickenhausen, Germany). After the addition of
antigen (50 μL/well), the plates were carefully
shaken by hand on a level surface for 30 s and then
covered and left for 18 h at room temperature. The
test was read visually against a white background,
and the end-point reaction was localized as a blue
spot similar to the control well. A titer of 1:˃3200
was considered positive.  

HIV testing algorithm. The detection of HIV
infection was performed according to the guidelines
of the Sudanese Ministry of Health. The VL and
control sera were tested using a serial testing
algorithm; specifically, the reactive sera from the
first test were subsequently retested using a second
test to confirm the positive result. The first test used
was the rapid HIV test (Biorex diagnostic, United
Kingdom). This is a rapid immunochromatographic
test device for the qualitative detection of antibodies
to HIV-1 and HIV-2 in human blood or sera. The test
was used and interpreted as described by the
manufacturer. Ten µL of serum specimens was
added to the device using a plastic dropper. Then,
few drops of serum diluents were added, and the
results were read after 15 min as reactive if both red
test and control bands appeared. Sera were
considered non-reactive if only one band appeared.
The test was considered invalid if no control band
appeared, and the test was repeated with a new test
device. All reactive sera from the first test were
subsequently retested with an anti-HIV (1 and 2)
ELISA kit (Enzygnost®, Germany). This test is an
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indirect ELISA assay for the quantitative detection of
circulating antibodies to human immunodeficiency
virus type 1 (HIV-1) and/or human immuno -
deficiency virus type 2 (HIV-2). The test uses
synthetic peptides and recombinant antigens of the
HIV-1 and HIV-2 envelope and core proteins. Sera
were tested according to manufacturer’s instruction,
and reactive sera were retested twice. 

Viral hepatitis testing protocol. The VL and
control sera were tested for HCV and HBV via the
serial testing algorithm; the reactive sera from the
first test were subsequently retested using the
second test to confirm the positive result. The first
test used the rapid HCV antibody test (Biorex
diagnostics, United Kingdom) and the rapid HBsAg
test strips (Biorex diagnostics, United Kingdom),
which are rapid immunochromatographic tests for
the qualitative detection of antibodies to HCV and
HBV surface antigens in human blood or sera. The
tests were used and interpreted according to the
description by the manufacturer. Sera were
considered non-reactive if only one band appeared;
the test was considered invalid if no control band
appeared, and the test was repeated with a new test
device. All reactive sera from the first test were
subsequently retested with the anti-HCV ELISA kit
(Biorex diagnostics, United Kingdom) and HBsAg
ELISA kit (Biorex diagnostic, United Kingdom).
The sera were tested according to manufacturer’s

instruction, and reactive sera were tested twice. 
Data analysis. Descriptive data were presented

as frequency, where variables were summarized in
cross tables. Anti-Leishmania antibodies in sera
were assessed by DAT and expressed as antibody
titers, as previously reported [11]. 

Results

The sera used in this study were collected from
the Algadaref State, which is a known VL-endemic
area in Eastern Sudan. The sera included 100
confirmed VL patients (case) and 100 non-VL cases
(control). The latter sera were collected from the
same endemic area as that of VL. Most members of
the study population were 1–15 years old; there
were more males than females (62.9% and 37.1%,
respectively). The following clinical features were
observed: splenomegaly (25%), hepatomegaly
(5%), lymphadenopathy (5%), splenomegaly and
hepatomegaly (27.5%), splenomegaly and lympha -
denopathy (17.5%), splenomegaly, and hepato -
megaly and lymphadenopathy (20%). 

All VL and non-VL sera were initially screened
for co-infections with HBV, HCV, and HIV using
rapid immunochromatographic tests (ICT) that are
based on the detection of HBsAg, anti-HCV, and
anti-HIV, respectively. Reactive sera were
confirmed by ELISA tests. The occurrence of HBV,
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Table 1. Human immunodeficiency virus and hepatitis B/C co-infections among the VL and control sera detected by
the rapid immunochromatographic test 

VL, visceral leishmaniosis; HBsAg, hepatitis B surface antigen; HCV, hepatitis C virus; HIV, human
immunodeficiency virus. The values are the number positive/total (%).

Study groups Immunochromatographic Test (Biorex Diagnostics, UK)

HBsAg HCV antibody HIV  antibody 

VL (n=100) 11/100 (11%) 32/100 (32%) 7/100 (7%)

Non-VL (n=100) 8/100 (8%) 17/100 (17%) 6/100 (6%)

Table 2. Human immunodeficiency virus and hepatitis B/C co-infections among the VL and control sera detected by
ELISA 

VL, visceral leishmaniosis; HBsAg, hepatitis B surface antigen; HCV, hepatitis C virus; HIV, human
immunodeficiency virus. The values are the number positive/total (%).

Patient group

ELISA

HBsAg HCV antibody HIV antibody

Biorex diagnostic, UK Biorex diagnostic, UK Enzygnost, Germany

VL (case) 6/100 (6%) 0/100 (0%) 1/100 (1%)

Non-VL (control) 5/100 (5%) 0/100 (0%) 1/100 (1%)



HCV, and HIV co-infections among the two cohorts
is shown in Tables 1 and 2. Eleven (11%) sera of VL
patients were reactive for HBV when screened
using ICT; this value was lower (8%) in the sera of
the control group. HBV infection was confirmed in
6 (6%) VL patients and in 5 (5%) patients in the
control group. Screening for HCV by the rapid test
showed positive reactivity in 32 (32%) and 17
(17%) sera of VL and control groups, respectively.
However, all reactive sera tested negative in ELISA.
The reactive sera from the initial screening were
retested by another rapid test (InTec Products, INC,
Xiamen, China). The results were similar to those
obtained by ELISA. Positive reactivity for HIV
infection by ICT was demonstrated in 7 (7%) and 6
(6%) sera of VL and controls, respectively. Of these,
only one patient from each group showed a positive
result by ELISA. 

Table 3 shows the levels of Leishmania

antibodies, as measured by DAT in VL or co-
infected sera. Out of the 93 VL sera, 75 (80.6%) had
strong DAT titers (1:˃102400), 2 (2.1%)
demonstrated the lowest DAT titers (1:≤800), and 5
(5.4%) had marginal DAT titers (1:1600). Of note,
the VL/HIV co-infected serum had a negative
antibody titer (1:1600). Out of the 6 VL/HBV co-
infected sera, 1 (16.7%) and 5 (83.3%) demonstrated
moderate (1:12800-1:51600) and strong (1:≥102400)
DAT titers, respectively. Strong DAT titers, which
were observed in the VL/HBV co-infected sera, were
comparable to the DAT titers of the VL sera.

Discussion

VL co-infections with HIV and hepatitis B/C
have been reported in several countries including
resource-limited regions. This imposes an
additional burden on the people in endemic areas
where various infectious diseases are encountered
due to many predisposition factors. These factors

increase morbidity and mortality of infectious
diseases [12]. The endemic areas of VL and other
infections overlap [13–15], and the cases of VL co-
infected with HIV and viral hepatitis have been
extensively reported in several countries. 

In this study, the prevalence of HBV among VL
and controls was relatively low. This agrees with
previously published data for the same region; for
Gadaref, the value is 1.9% [16]. The same author
has also reported the low prevalence of VL/HCV
(1.3%) and VL/HIV (3.8%) co-infections. However,
for other countries with a high endemicity of HBV,
the higher prevalence of co-infections has been
reported [17]. The low prevalence of co-infections
reported in this study may be due to the difference
in the accuracy of detection systems. It is known
that the accuracy of different HBV assays
considerably varies [18]. Indeed, the difference in
HBV prevalence in various regions can be related to
the variation in the degree of endemicity and the
prevalence of diseases. Because in Sudan the
prevalence of HBV is higher than that of HCV [15],
it is not surprising that we did not detect HCV co-
infection among the VL and control groups. In a
previous study performed in Elobeid in Western
Sudan, all screened specimens were non-reactive to
HCV and considered negative [19]. However, in
other studies, HCV infection was determined to be
at a low level, i.e., 2.2–4.8% in the Gezira State in
Sudan [20]. It has been shown that the
seroprevalence of the HCV infection varied from
region to region depending on the local medical
practices and socioeconomic status of the countries.
In India, the high prevalence of the HCV infection
has been reported [21]. 

HIV co-infection with VL represents a major
challenge in endemic areas, which considerably
increases the risk of conversion from asymptomatic
VL to clinical disease; HIV considerably
contributed to the spread of leishmaniosis in Europe
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Table 3. Comparison of antibody levels for Leishmania in visceral leishmaniosis and co-infected patients

DAT, direct agglutination test; HIV, human immunodeficiency virus; HBV, hepatitis B virus. The sera were
categorized according to the level of antibodies measured by DAT as follows: 1:≤800, negative; 1:1600, marginal;
1:3200–6400, weak; 1:12800–51600, moderate; 1:≥102400 strong.

Patient group DAT titer 

1:≤800 1:1600 1:3200–1:6400 1:12800–1:51600 1:≥102400 

VL (n=93) 2 (2.1%) 5 (5.4%) 5 (5.4%) 6 (6.5%) 75 (80.6%) 

VL /HIV (n=1) – 1 (100%) – – – 

VL/HBV (n=6) – – – 1 (16.7%) 5 (83.3%) 



[22,23]. In India, which is another hyperendemic
country, HIV co-infection with VL represents
approximately 5.5% of cases, with a high
percentage of cases reported among sexually active
men [24]. In the hyperendemic areas of VL in
Ethiopia, up to 40% of VL patients may be co-
infected with HIV [22,25,26]. In the hypoendemic
areas of VL, such as in South Europe, the
prevalence of HIV among leishmaniosis patients is
believed to be high, i.e., 37% [27]. 

Serological tests vary in their accuracy and are
less sensitive in immunocompromised hosts. Few
studies have focused on the performance of
serology in immunocompromised patients co-
infected with VL and HIV in East Africa. In general,
the sensitivity of serology in HIV patients is lower
than that in HIV-negative cases. However, the
Leishmania antibody response does not seem to be
affected by HBV co-infection. In a study from
Ethiopia, both DAT and rK39 immuno chroma -
tographic tests showed lower sensitivity when the
sera of VL and HIV co-infection were used [28]. In
Sudan, similar findings have been reported, which
demonstrated a considerable decrease in the
Leishmania antibodies in VL/HIV co-infected
subjects from France and thus a low sensitivity for
VL [10]. Herein, the serological evidence of low
antibodies to Leishmania in VL/HIV co-infection
was reported. Indeed, the decreased detectable level
of specific antibodies in VL may affect the
performance of Leishmania serology. Considering
the low sensitivity, serological tests should not be
used alone to confirm the diagnosis of VL in known
HIV cases. Such co-infected patients tend to
produce low titers [29]. However, other studies have
shown the potential of DAT for detecting VL in HIV
co-infected subjects [30–32]. Nevertheless, there is
considerable variation in the sensitivity of
serological tests for VL in HIV co-infected patients;
the tests are better in East Africa than in Europe
[33].

VL co-infection with HIV and hepatitis B/C is
low in endemic areas in Eastern Sudan but may
create a diagnostic difficulty. VL/HIV co-infected
patients may have low levels of Leishmania

antibodies; thus, alternative methodologies (e.g.,
antigen tests) may help the diagnosis.
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