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Abstract: Only a minority of the patients with acute febrile jaundice evaluated through the Yellow
Fever surveillance program were found positive for antibodies against Yellow Fever Virus (YFV).
In order to characterize patients with acute febrile jaundice negative for YFV, we collected 255 sera
between January to December 2019. We screened for HBV antigens, and antibodies against HCV and
HEV. The seroprevalences observed were 10.6% (27/255) for HBV, 2% (5/255) for HCV, 17.3% (44/255)
for HEV IgG, 4.3% (11/255) for HEV IgM, and 12.5% (32/255) for both IgG and IgM HEV. Prevalence
of HEV was significantly higher in females than males (p < 0.01). HEV IgG prevalence was highest
in those 20–29 years old, but the highest incidence rate (IgM positive) was in children 0–9 years old.
Exposure to HEV was higher in the Sahelian zone (55.8%, 95%CI: 40.97–70.66) than in the Sudanese
zone (30.2%, 95% CI: 24.01–36.37, p = 0.003). The high prevalence rates and hepatitis virus diversity
underline the challenge of routine clinical diagnosis in Chad’s Yellow Fever surveillance program.

Keywords: hepatitis virus; Yellow Fever Virus; Yellow Fever surveillance program; Chad

1. Introduction

Yellow Fever (YF) is a viral hemorrhagic disease transmitted by infected Aedes
mosquitoes [1,2]. A total of 47 countries in Africa and Central and South America are
considered endemic for YF, and the WHO estimates an annual burden of 200,000 severe
Yellow Fever cases with a case-fatality rate of up to 60,000 deaths [3,4]. Since the beginning
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of the 21st century, outbreaks have been reported in five African countries, including
Nigeria, Côte d’Ivoire, Liberia, Senegal, and Guinea with a total of 840 cases, including 216
deaths [5]. More recently, in 2016–2017 large outbreaks occurred in Angola and the neigh-
boring RDC with a total of 4306 suspected cases and 376 deaths, producing a case fatality
rate (CFR) of 8.8%. This epidemic spilled over to China where 11 cases were reported [6].
YF surveillance in Eastern Senegal detected a small number of cases at the end of 2020 [7].
In Chad, as requested by WHO, YF is a disease notifiable to the Ministry of Public Health.
Clinical cases of acute febrile jaundice or suspected of YF are routinely screened annually
for specific immune responses. Between 2013 and 2020, hundreds of samples were sent
to N’Djamena for confirmatory testing. Among these samples, only 4 cases of YF were
confirmed by biological tests [8].

YF causes jaundice which stems from an accumulation of bilirubin, a degradation
product of heme metabolism in the blood [9,10]. This clinical syndrome is common to
several other endemic diseases affecting the liver, particularly viral infections, such as
hepatitis A virus (HAV), hepatitis B virus (HBV), hepatitis C (HCV), hepatitis D virus
(HDV), and hepatitis E virus (HEV) [11,12]. HBV and HCV are transmitted by parenteral,
sexual, or mother-to-child routes. They usually evolve into chronic hepatitis, liver cirrhosis,
and hepatocellular carcinoma resulting in high mortality and morbidity rates [12]. HEV is
spread mainly via fecal–oral transmission route [13]. Thus, although acute febrile jaundice
strongly suggests infection with hepatitis viruses in medical practice, the patients’ sera that
are retrospectively tested negative for yellow fever are never screened for these viruses.
Because of the very different impact of hepatitis virus on public health management, we
investigated the burden of other pathogens associated with jaundice. This retrospective,
cross-sectional study was performed to show the diversity of hepatitis viruses associated
with acute febrile jaundice so as to inform and potentially modify the YF surveillance
program and to improve patient referral care.

2. Materials and Methods
2.1. Study Setting and Samples

The study was performed between January and December 2019 in Chad. Four hun-
dred and five patients with acute fever followed by jaundice within 2 weeks of showing the
first symptoms who were suspected of yellow fever, were investigated in all the 23 regions
of Chad. Among these patients, some were under anti-malarial treatment with no im-
provement of their health condition. A volume of 2–3 mL of blood from each patient was
collected by venepuncture using a dry tube and an EDTA tube. The samples were then
centrifuged at 3000× g for 10 min. The sera collected were kept at a temperature of 2–8 ◦C
and sent to the laboratory of the General Hospital of N’Djamena (GHN). Each serum was
initially screened for yellow fever using an IgM Enzyme Linked Immunosorbent Assay (YF
MAC-HD ELISA (BioMARC, Fort Collins, CO, USA), according to the CDC protocol [14].
The information collected from the patient demographic were age, sex, locality or city, re-
gion, and YF symptoms such as yellowing of the skin and eyes, dark urine, and abdominal
pain with vomiting.

2.2. Laboratory Analysis

All sera that tested negative for YF were transferred to the Laboratory of Hemorrhagic
Fever and Respiratory Viruses, and the presence of HBV, HCV, and HEV was investigated
in 255 randomly selected sera. HBV antigen was first assayed using Abbott Determine TM
HBsAg and total antibodies against HCV were tested using the Abbott SD BIOLINE test
(STANDARD DIAGNOSTIC inc., Yongin-si, Korea). We then tested for the presence of IgG
and IgM anti-HEV using the commercial kit HEV ELISA EUROIMMUN (Medizinische
Labordiagnostika AG, Lübeck, Germany). All analyses were performed in accordance with
the manufacturers’ instructions.
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2.3. Statistical Analysis

Analyses were performed using IBM SPSS statistical software(IBM SPSS, Chicago, IL,
USA), version 20. Prevalences were described with 95% confidence intervals (CIs). χ2 test
of Pearson were performed to evaluate the difference in the prevalence of viral markers
among sex, age, region, and geographical zone. Univariate analysis using the χ2 test and
multivariate logistic regression analysis was performed to identify potential risk factors for
HEV infection by calculating odds ratios (ORs) and 95% CI. For all analyses, p-value < 0.05
was considered statistically significant.

3. Results
3.1. Seroprevalence of HEV, HBV and HCV

The overall seroprevalence of positive IgG and/or IgM anti-HEV was 34.1% (87/255;
CI 95% [28.3–39.9]). Of these, 16.9% (43/255; CI 95% [12.3–21.5]) and 17.3% (44/255; CI
95% [12.6–21.9]) were indicative of recent infection (positive for IgM anti-HEV) and past
infection (positive for IgG anti-HEV only), respectively. The other hepatitis virus infections
detected were HBV and HCV. We found that 10.6% (27/255 CI 95% [6.8–14.36]) of patients
were exposed to HBV and 2.0% (5/255 CI 95% [0.3–3.7]) were exposed to HCV. Of the
168 patients that were HEV negative, 13 were infected with HBV and 3 were infected with
HCV (Table 1). There were no samples positive for either HBV or HCV. There were 5 HBV
positive sera, among which one was positive for HEV IgM, and 4 were both HEV IgM and
IgG positive, indicating ongoing HBV infection and recent HEV exposure. Nine sera with
HEV IgG+ only were also positive for HBV antigen.

Table 1. Prevalence of anti-HEV markers and co-detection of HBV antigen (HBsAg) and antibody
against HCV (HCV IgG).

Markers of HEV Total HEV Tested %
n = 255 AgHBs HCV IgG

Positive for anti-HEV IgM 11 (4.3%) 1 0
Positive for anti-HEV IgM and IgG 32 (12.5%) 4 1

Positive for anti-HEV IgG 44 (17.3%) 9 1
HEV positive total 87 (34.1%) 14 2
Negative for HEV 168 (65.9%) 13 3

3.2. Geographical Distribution of Hepatitis Viruses

Hepatitis viruses were detected in patients from almost all the sampled provinces in
Chad except the regions of Boukou, Ennedi East, Ennedi West, and Tibesti (Figure 1). Most
of the cases recorded in this study originated from the provinces of south and center of the
country. Hepatitis E markers were most often detected with various level of Anti-HEV IgG
depending on the province. HBV antigen was detected in 10 out of 23 regions (Figure 2A).
However, anti-HCV antibodies were rare and found only in the regions of Batha and
Logone. Taken together, the data show that hepatitis E is a national infection occurring in
almost all regions of Chad (Figure 2B).

The seroprevalences of hepatitis markers in the 23 regions of Chad were grouped into
4 domains roughly defined according to the amount of rainfall per year (Figure 1, Table 2).
Domain A has 1100 to 900 mm/year, domain B has 900 to 600 mm/year, domain C has
600 to 200 mm/year, and domain D less than 200 mm/year (Figure 1). The observed level
of anti-HEV IgG or IgM was high in domain D (but only 4 patients were tested), followed
by domains C (18/55; 32.7%, CI 95% [20.3–45.1]), B (29/61; 47.5%, CI 95% [35.0–60.1]), and
A (37/135; 27.41%, CI 95% [19.9–34.9]), but the variation between the domains was not
significant. The rate of HBsAg positive samples was around 10% in domains A, B, C, and
0% in domains D. HCV antibodies were rare and found only in domains A and C. Details
of the statistical comparison are given in Table 3.
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Table 2. Distribution of hepatitis markers in the geographic domains.

Domains Total HBsAg (%) Ab HCV (%)
HEV (%)

Neg of All (%)
IgM+ and IgG− IgM+, IgG+ IgM− and IgG+

Domain A 135 15 (11.1) 4 (3.0) 8 (5.9) 9 (6.7) 20 (14.8) 79 (58.5)
Domain B 61 7 (11.5) 0 (-) 3 (4.9) 13 (21.3) 13 (21.3) 25 (41.0)
Domain C 55 5 (9.1) 1 (1.8) 0 (-) 9 (16.4) 9 (16.4) 31 (56.4)
Domain D 4 0 (-) 0 (-) 0 (-) 1 (25.0) 2 (50.0) 1 (25.0)

Total 255 27 (10.6) 5 (2.0) 11 (4.3) 32 (12.5) 44 (17.3) 136 (53.3)
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Table 3. Characteristics of study subjects and comparison of different variables and hepatitis markers.

Variables Anti-HEV IgG+ IgM− Anti-HEV IgM+ IgG+ Anti-HEV IgM+ IgG− HBsAg + Antibodies HCV

Total N (Rate%) OR [CI 95%] p-Value N (Rate%) OR [CI 95%] p-Value N
(Rate%)

OR [CI
95%] p-Value N (Rate%) OR [CI 95%] p-Value N (Rate%) OR [CI 95%] p-Value

Sex 0.90 0.004 0.83 0.41 0.91
Male 147 36 (24.49) 11 (7.48) 6 (4.08) 14 (9.52) 3 (2.04)

Female 108 40 (37.04) 2.0
[1.10–3.64] 21 (19.44) 2.98

[1.39–6.7] 5 (4.63) 1.14
[0.32–3.87] 13 (12.03) 1.39 [0.61–3.18] 2 (1.85)

Age 0.12 0.03 0.29 0.01
≤9 years 113 13 (11,50) 10 (8.85) 10 (8.85) 0.02 7 (6.19) 0 (0.0)

[10–20] 59 11 (18.64) 1.50
[0.68–3.32] 5 (8.47) 3.85

[1.24–13.41] 1 (1.69) 9 (15.52) 3.14 [1.06–9.35] 1 (1.72)

[20–30] 38 10 (26.31) 4.04
[1.77–9.23] 10 (26.31) 1.04

[0.35–3.51] (0) 5 (12.82) 2.36 [0.69–8.09] 1 (2.56) 1.65
[0.06–40.4]

≥30 years 45 10 (22.22) 2.69
[1.21–6.02] 7 (15.56) 1.99

[0.59–7.17] (0) 6 (13.33) 2.56 [0.79–8.22] 3 (6.66) 1.75
[0.06–45.43]

Ggeograpical
zone 0.09 0.003 0.22 0.81 0.59

Soudanese 212 33 (15.56) 20 (9.43) 3.24
[1.39–7.29] 11 (5.16) 23 (10.95) 4 (1.9)

Sahelian 43 12 (27.90) 1.93
[0.86–4.15] 12 (27.90) (0) 4 (9.52) 0.61 [0.15–2.60] 1 (2.3)

Domains 0.21 0.01 0.31 0,95 0,46
A 135 20 (14.8) 9 (6. 7) 8 (5.9) 15 (11.1) 4 (3.0)

B 61 13 (21.3) 13 (21.3) 3.79
[1.53–9.74] 3 (4.9) 7 (11.5) 0 (0)

C 55 9 (16.4) 9 (16.4) 2.73
[1.01–7.43] 0 (0) 5 (9.1) 1 (1.8)

D 4 2 (50) 1 (25) 4.67
[0.22–41] 0 (0) 0 (0) 0 (0)
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3.3. Distribution of Hepatitis Markers in Geographical Zones

The distribution of hepatitis markers by geographical zone is presented in Table 4.
These results show that the observed level of double positive anti-HEV IgG and IgM
was higher in the Sahelian zone (26.2%; IC95% [14.9–34.5]) as compared to the Sudanese
zone (9.9%; IC95% [5.9–13.9]) (p = 0.003) but the 11 patients with single anti-HEV IgM+
were found only in Sudanese zone. There was no correlation for HBV exposure with the
geographical zone as 23 (10.8% of patients tested in this zone) were in the Sudanese zone
and 4 (9.5% of this zone tested patients) in the Sahelian zone (p > 0.5). Regarding HCV
antibodies, the 5 positive patients (2.0%) were all found in the Sudanese zone.

Table 4. Distribution of hepatitis markers in Sahelian and Sudanese area.

Number
Per Zone

Total
Tested

HBsAg (%) Ab HCV (%)
Positive for Anti-HEV (%)

Neg of All (%)
IgM+ and IgG− IgM+, IgG+ IgM− and IgG+

Soudanian 212 23 (10.8) 4 (1.9) 11 (5.2) 20 (9.4) 33 (15.6) 121 (57.1)
Sahelian 43 4 (9.3) 1 (2.3) 0 (-) 12 (27.9) 12 (27.9) 14 (32.6)

Both 255 27 (10.6) 5 (2.0) 11 (4.3) 32 (12.5) 45 (17.6) 135 (52.9)

3.4. Potential Risk Factors for Hepatitis Infection

To investigate the potential risk factors for hepatitis virus exposure, the samples pos-
itive for anti-HEV antibodies (IgG and IgM), HBV antigen, and HCV antibodies were
analyzed. Univariate analysis revealed that sex, age, and geographical zones were signif-
icantly associated with hepatitis viruses. HEV IgM and IgG positivity was significantly
higher in women (19.4%) than in men (7.5%) (OR: 2.8. 95% CI: 1.39–6.7, p = 0.004). Both
IgM and IgG anti-HEV positivity were also higher in 20–29-year-olds as compared to other
age groups (OR: 3.8, 95% CI: 1.24–13.41, p = 0.02). However, the 0–9 years age group was
significantly associated with HEV IgM level. It is also interesting to note that the geographi-
cal zone significantly associated with double HEV IgG and IgM positivity was the Sahelian
zone (OR: 3.24, 95% CI: 1.39–7.29, p = 0.003). For HCV infection, the prevalence was only
high in those aged 30 years and older compared to other age groups (p = 0.006). However,
no statistically significant risk factors were observed between HBV antigen prevalence and
the other analyzed variables (p > 0.05).

4. Discussion

This study brought to light a number of samples with evidence of exposure to different
hepatitis viruses in patients sampled as part of Yellow Fever surveillance program. All
three hepatitis viruses tested for were detected by serology. Of these, HEV antibodies were
the most prevalent. This result indicates that hepatitis E virus was the primary pathogen
associated with acute febrile jaundice in the YF negative cohort. The crude rate positive
for IgM anti-HEV (16.9%) was higher than that reported by Vernier et al. [13] at the end of
the 2017 HEV epidemic (7.7%) and lower than that recorded by Spina et al. [15] for HEV
infections in the urban area in Am Timan, Chad (40%). An older study showed that 3.3% of
patients hospitalized without evidence of acute hepatitis between 1993 and 1994 had IgM
anti-HEV infections [16]. These different studies show that HEV infections are endemic
in the country and that the prevalence of infections can vary depending on the year, the
types of patients studied, and the study sites. Other similar studies have shown that HEV
IgM seroprevalence is generally between 0–34% in sub-Saharan Africa [17]. The HEV IgM
rates detected in other endemic countries were 2.6% in Burkina Faso [18], 10.4% in the
Demographic Republic of Congo [12], 38.4% in Niger [19], 22% in Cameroon [20], 0.34% in
Algeria [21], and 4.4% in Sudan [22].

According to literature data, numerous factors favor the transmission of HEV to
humans. The most common are poor hygiene measures such as open defecation [23];
washing hands together [24]; not washing utensils [25]; water storage in open-mouth
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containers [24]; eating roadside food [25]; and eating unwashed vegetables [23]. Zoonotic
links of this disease have been documented. The people most at risk were those who had
regular contact with animals such as domestic pigs and wild boars, which are the main
reservoirs of the virus [26,27]. Geographically, IgG and IgM antibodies to hepatitis E were
found in samples from 20 out of 23 regions in Chad. The three regions where they were
absent, Borkou, Ennedi East, and Ennedi West, are located in far north of Chad and have
a true desert climate with hot and arid conditions with almost no rain. The absence of
hepatitis virus markers we observed in these regions, can be explained by the small number
of samples collected in these localities as part of the YF surveillance program. Mosquitoes
are very rare and there are no cases of local malaria. Furthermore, the distribution of HEV
markers by geographical zone showed that the Sahelian zone had a higher prevalence of
HEV infection (IgG and IgM positive) as compared to that of the Sudanese zone (p = 0.03).

This zone, arid in the north and semi-arid in the south, which is characterized by
average annual rainfall ranging from 200 to 900 mm, constitutes a favorable environment
and may account for the endemicity of HEV infections. Indeed, the Sahelian zone is
an area where livestock breeding is highly developed, and where pastoralists regularly
move livestock between the north and the south [28]. In the rainy season, this area
becomes the preferred area for livestock grazing and a refuge for wild animals fleeing
floods in the southern regions. The animals mainly share the surface water with the human
population [28]. Water from different sources, especially untreated water, is commonly
reported as a source of human HEV exposure [25,29–34]. These conditions and practices
could explain the high level of risk of HEV infection in the Sahelian zone, and thus support
the relatively high level of antibodies (IgG and IgM) in domains B and C as compared to
that in domain A (p = 0.01).

Regarding the sex of the patients, the seroprevalence of IgM and IgG anti-HEV was
significantly higher in women than in men (p = 0.004). One explanation may be associated
that in Chad, as in most countries in Central Africa, women are more engaged in different
activities such as water transport from at risk sources.

HBV and HCV markers were also detected in this study. As expected, the rate of HCV
infection increases with age (p = 0.006) though the number of positive patients we detected
was low. The test we employed is more specific for older exposure and less suited to the
detection of a potential relationship with recent jaundice.

The HCV prevalence obtained corroborates the results of a meta-analysis which re-
ported an overall HCV seroprevalence of 2.98% in sub-Saharan Africa [35]. HBV cases are
more numerous and were detected in samples from several provinces showing a distribu-
tion unrelated to the climate. To note, previous studies targeting HIV-infected individuals
and populations have shown that among HIV-infected individuals in N’Djamena, 13.5%
were infected with HBV [36]. This HIV+HBV+ seroprevalence was similar to our results
but lower than the rate of 22.9% obtained in the population of Southern Chad [37]. These
geographic and temporal variations in prevalence could be related to differences in the
number of samples analyzed and the type of patients sampled that are rarely representative
of the same population and that dependent of population clusters. Finally, co-infections
with hepatitis B and E, or C and E viruses have been observed. These co-infections can
accelerate the risk of rapid destruction of the liver which can quickly progress to cirrhosis
or liver cancer. This result was similar to that reported by Makiala Mandanda et al. [12]
in the Democratic Republic of Congo where co-infections with HAV and HBV, HEV and
HBV, and HBV and HCV were noted. Similarly pregnant women seropositive for HEV in
Burkina Faso in, the co-infection rate reached 21% with HIV, HBV, and HCV [38].

Fifty-three per cent (53%) of the jaundiced patients we tested were negative for hepati-
tis B, C, and E. In sub-Saharan Africa, one of the first cause for jaundice might be malaria
infection, which we did not test for. Indeed, some patients in the study were under anti-
malarial treatment with no improvement of their health condition. Also, in this study, we
did not evaluate hepatitis A virus (HAV), a virus transmitted via fecal-oral route like HEV.
Taking into account that in Chad HAV seroprevalence was estimated to be at a saturation
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level (≥80%) as infection occurred in young infant, we did not examine the prevalence of
recent HAV infection. However, a recent meta-analysis questioned the epidemiological
status of HAV in Africa and even indicated a higher prevalence of anti-HAV IgM in adults
than in children in some countries [39]. This recent observation in other African countries
questioned the importance to evaluate HAV in our samples.

5. Conclusions

This study, despite its limitations, showed that viral hepatitis may explain up to 47%
of acute febrile jaundice outside YF in Chad. We showed that there is a higher risk of
acquiring HEV infection in the subtropical and Sahelian zones compared to the Saharan
zone. These high hepatitis prevalence rates highlight the necessity to include screening for
hepatitis viruses in the YF surveillance program in Chad.
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