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ABSTRACT The majority of patients with acute febrile jaundice (>95%) identified
through a yellow fever surveillance program in the Democratic Republic of Congo
(DRQ) test negative for antibodies against yellow fever virus. However, no etiological
investigation has ever been carried out on these patients. Here, we tested for hepa-
titis A (HAV), hepatitis B (HBV), hepatitis C (HCV), hepatitis D (HDV), and hepatitis E
(HEV) viruses, all of which can cause acute febrile jaundice, in patients included in
the yellow fever surveillance program in the DRC. On a total of 498 serum samples
collected from suspected cases of yellow fever from January 2003 to January 2012,
enzyme-linked immunosorbent assay (ELISA) techniques were used to screen for an-
tibodies against HAV (IgM) and HEV (IgM) and for antigens and antibodies against
HBV (HBsAg and anti-hepatitis B core protein [HBc] IgM, respectively), HCV, and HDV.
Viral loads and genotypes were determined for HBV and HVD. Viral hepatitis serolog-
ical markers were diagnosed in 218 (43.7%) patients. The seroprevalences were
16.7% for HAV, 24.6% for HBV, 2.3% for HCV, and 10.4% for HEV, and 26.1% of HBV-
positive patients were also infected with HDV. Median viral loads were 4.19 X 10°
IU/ml for HBV (range, 769 to 9.82 X 10° IU/ml) and 1.4 X 10 IU/ml for HDV (range,
3.1 X 102 to 2.9 X 108 IU/ml). Genotypes A, E, and D of HBV and genotype 1 of
HDV were detected. These high hepatitis prevalence rates highlight the necessity to
include screening for hepatitis viruses in the yellow fever surveillance program in
the DRC.
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ellow fever is one of the most lethal viral diseases transmitted by infected Aedes

mosquitos (1). It is caused by the yellow fever virus, a reemerging virus that is
endemic in several sub-Saharan and South American countries. Due to its severity and
the high risk of widespread outbreaks, most countries where it is endemic implement
yellow fever surveillance. In this surveillance, yellow fever is often associated with
clinical cases of acute febrile jaundice (2). However, this clinical syndrome is common
to several endemic diseases, particularly viral hepatotropic infections (3).
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There are currently five main unrelated hepatotropic viruses, referred to as the
hepatitis A virus (HAV), the hepatitis B virus (HBV), the hepatitis C virus (HCV), the
hepatitis D virus (HDV), and the hepatitis E virus (HEV) (4). HAV and HEV are waterborne
viruses that usually cause acute hepatitis without progressing to chronic liver diseases
(5, 6). According to the Global Burden of Disease study, 101.7 million cases of HAV and
28.4 million cases of HEV infection occurred worldwide in 2013 (7). Both viruses cause
sporadic cases and outbreaks, most of which occur in under-resourced settings (8, 9).
In Africa, HEV outbreaks are reported nearly every year, and some outbreaks involved
more than 10,000 cases (5, 10). HAV is highly endemic in sub-Saharan Africa where most
children have serological evidence of a prior infection by their fifth birthday (11). Given
that long-term immunity is conferred after HAV infection, epidemics are uncommon in
such areas where this virus is endemic (8). However, the lack of systematic monitoring
suggests that HAV and HEV prevalences are underestimated in Africa (5, 12).

HBV, HCV, and HDV 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 (13-15). Moreover, superinfection of HBV
patients with HDV, a small defective virus that requires the HBV envelope for its
replication, frequently accelerates the progression of HBV disease to liver cirrhosis,
considerably increasing the burden of HBV-related chronic liver diseases (14, 16).
Worldwide, more than 350 million people are chronically infected with HBV, 150 million
with HCV, and 15 million with HDV (13-15). Sub-Saharan Africa has some of the highest
hepatitis prevalence rates in the world, ranging from 3 to 20% for the HBV surface
antigen (17) and from 1 to 7% for HCV (18) in the general population. Similarly, HDV
prevalence estimates have revealed large disparities among countries in which carriers
of the HBV surface antigen (HBsAg) reside, ranging from 0% in Mozambique to 70.6%
in an urban area in Gabon (19, 20).

In the Democratic Republic of Congo (DRC), the Ministry of Health began yellow
fever surveillance in 2003 as part of an integrated disease surveillance program. Case
detection is based on a standard case definition, and reporting occurs at the local
health zone level.

Blood samples from suspected cases of yellow fever are collected and forwarded to
the national reference laboratory in Kinshasa, which is responsible for the laboratory
diagnosis of all samples from the integrated disease surveillance in the DRC. Acute
febrile jaundice cases have frequently been reported from the yellow fever surveillance
program. Of these suspected cases of yellow fever, very few (<5%) are actually
confirmed by laboratory testing (i.e., by enzyme-linked immunosorbent assay [ELISA]).
Although acute febrile jaundice strongly suggests infection with hepatitis viruses in
medical practice, patients who test negative for yellow fever are never screened for
these viruses. Furthermore, viral hepatitis prevalence data in the DRC are either absent
(HDV), scarce (HEV) (21), old (HAV) (22), or limited to asymptomatic patients in urban
areas (HBV and HCV) (23-25). Little is known about the prevalence and genetic diversity
of these viruses in symptomatic patients. The aim of this study was to screen for HAV,
HBV, HCV, HDV, and HEV in patients included in the yellow fever surveillance program
in the DRC and who tested negative for the yellow fever virus by ELISA and PCR.

RESULTS

Serological and virological findings. A total of 43.7% (218/498) of serum samples
were infected with at least one of the five investigated hepatitis viruses; this value is
nearly identical to the prevalence of infection among samples successfully tested for all
four independent viruses (45.9% [185/403]). The most prevalent virus was HBV with
22.3% (105/470) of HBsAg-positive individuals and 11.0% (49/444) with anti-hepatitis B
core protein (HBc) IgM antibodies, of which 22.4% (11/49) of patients were HBsAg-
negative (Table 1). HBV DNA was quantified in 83 serological HBV-positive samples. The
majority of patients positive for either HBsAg or anti-HBc IgM (95.0% [n = 83]) had
detectable levels of HBV DNA (>100 IU/ml). The median value was 4.19 X 105 |U/ml
(range, 769 to 9.82 X10° IU/ml). Most HBc IgM-positive samples (82.3%) carried viral
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TABLE 1 Prevalence and demographic characteristics of viral hepatitis markers among patients with jaundice who tested negative for
yellow fever in the DRC

HBV surface Anti-HBc< IgM HDV Ag + total HCV Ag + total HAV IgM HEV IgM
Characteristic AgP® (n = 470) (n = 444) Ab? (n = 84) Ab (n = 379) (n = 432) (n = 365)
Overall prevalence 22.3 (18.5-26.0) 11.0 (8.1-13.9) 26.1 (16.6-35.5) 2.3 (0.8-3.8) 16.7 (13.2-20.2) 10.4 (7.3-13.5)
(% [95% Cl)
Sex (female/male, 0.8:1)
Male 65/257 (25.2) 23/243 (9.4) 13/49 (26.5) 5/201 (2.4) 39/233 (16.7) 25/195 (12.8)
Female 40/213 (18.7) 26/201 (12.9) 9/35 (25.7) 4/178 (2.2) 33/199 (16.5) 13/170 (7.6)
Age (mean, 22.4 yr; range,
4 mo to 77 yr)
0-5 yr 13/118 (11) 7/107 (6.5) 2/10 (20) 2/90 (2.2) 46/108 (42.5) 0/87 (0)
6-15 yr 14/78 (17.9) 6/76 (7.8) 2/12 (16.6) 0/64 (0) 21/74 (28.3) 2/67 (2.9)
16-40 yr 59/184 (32) 29/176 (16.4) 12/45 (26.6) 3/146 (2) 4/166 (2.4) 22/142 (15.4)
>40 yr 19/90 (21.1) 7/85 (8.2) 6/17 (35.2) 4/79 (5) 1/84 (1.1) 14/69 (20.2)
Province of origin
Bandundu 9/34 (26.4) 8/34 (23.5) 0/8 (0) 0/22 (0) 4/32 (12.5) 0/29 (0)
Bas-Congo 4/14 (28.5) 2/13 (15.3) 0/3 (0) 0/10 (0) 5/13 (38.4) 0/11 (0)
Equateur 31/121 (25.6) 11/112 (9.8) 9/27 (33.3) 1/99 (1) 12/116 (10.3) 28/98 (28.5)
Kasai-Occidental 12/48 (25) 7/47 (14.8) 0/13 (0) 1/31 (3.2) 4/45 (8.8) 8/37 (21.6)
Kasai-Oriental 9/52 (17.3) 6/54 (11.1) 1/8 (12.5) 1/40 (2.5) 8/54 (14.8) 1/44 (2.2)
Katanga 0/6 (0) 0/6 (0) 0/0 0/6 (0) 0/6 (0) 0/3 (0)
Kinshasa 3/21 (14.2) 2/21 (9.5) 1/2 (50) 0/14 (0) 4/21 (19) 0/15 (0)
Maniema 0/11 (0) 0/11 (0) 0/0 1/10 (10) 2/11 (18.1) 0/9 (0)
Nord-Kivu 0/11 (0) 0/11 (0) 0/0 0/10 (0) 1/11 (9) 0/11 (0)
Orientale 37/152 (24.3) 13/135 (9.6) 11/23 (47.8) 5/137 (3.6) 32/123 (26) 1/108 (0.9)

9Data are number of samples testing positive/total number of antibodies tested (%) unless stated otherwise.
bAg, antigen.

“Hbc, hepatitis B core protein.

9Ab, antibody.

loads higher than 10 [lU/ml. Three of 11 HBsAg-negative and HBc IgM-positive samples
tested had viral DNA levels higher than 103 IU/ml. Unfortunately, there was not enough
sera to analyze the eight remaining samples. Twenty-two HBsAg-positive patients
(26.1%) tested positive for HDV, of which 15 (68.2%) were positive for anti-HDV
antibodies and 7 (31.8%) were positive for the HDV antigen, suggesting primary HDV
infection (26). HBV viremia was higher in HBV mono-infected patients (mean, 2.9 X 108
IU/ml) than in HBV-HDV coinfected patients (mean, 9.6 X 107 IU/ml), but the difference
was not significant (Wilcoxon test, W = 412.5, P = 0.729). A total of 13 samples were
tested for HDV RNA, 12 (92.3%) had detectable levels of RNA, and viral load was
quantified for 10 samples at a median value of 1.4 X 10° IU/ml (range, 3.1 X 102 to
2.9 X 108 IU/ml). Among samples with detectable RNA, three were positive for HBc IgM.

Presumed acute infection with HAV and HEV, as defined by the presence of anti-HAV
IgM and anti-HEV IgM, which predominate the primary immune response, was revealed
in 72 (16.7%) and 38 (10.4%) patients, respectively. A total of 9 (2.3%) patients showed
evidence of serological HCV infection. We also observed 17 (3.4%) cases of concomitant
infections among independent viruses (Table 2). Of 72 patients infected with HAV, 7
(9.7%) were coinfected with HBV, and among HEV-infected patients, 9 (23.6%) were
coinfected with HBV. One patient was coinfected with HBV and HCV, and another
showed a triple infection with HBV, HDV, and HEV.

Sociodemographic characteristics of positive viral hepatitis samples.

Demographic results. Analysis of the prevalences of HBV and HEV among age
groups revealed statistically significant differences in the patterns of occurrence (HBV:
x2 = 21.3,df = 3, P < 0.001; HEV: y2 = 25.2, df = 3, P < 0.001) (Table 1). Although HAV
infection occurred mostly in children 15 years old or younger (x> = 894, df = 1, P <
0.001), HEV infection was observed widely in adults older than 15 years (2 = 22.1, df =
1, P < 0.001). HBV and HDV coinfections were most frequently found in adults aged 16
years or older (18 of 22 cases), but this pattern was not statistically significant (P = 0.48),
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TABLE 2 Hepatitis virus identities in coinfected patients?

Patient ID Date collected HBV HDV HCV HAV HEV
218 24 October 2011 1 NA 0 1 0
331 1 September 2006 1 1 NA 0 1
443 5 July 2009 1 0 NA 1 0
118 3 August 2010 1 0 0 1 0
335 18 September 2006 1 0 NA 0 1
407 28 November 2008 1 0 NA 0 1
316 31 August 2006 1 0 NA 0 1
301 31 August 2006 1 0 NA 0 1
326 31 August 2006 1 0 NA 0 1
337 26 December 2006 1 0 NA 1 NA
2 8 January 2010 1 0 1 0 0
420 5 January 2009 1 0 NA 0 1
378 8 May 2008 1 0 NA 1 0
372 3 May 2008 1 0 NA 0 1
160 13 August 2010 1 0 0 1 0
144 10 August 2010 1 NA 0 1 0
455 20 September 2009 1 0 NA 0 1

aID, identification; NA, not analyzed; 1, positive; 0, negative.

because HBV was also common among adults (x? = 13.4, df = 1, P < 0.001). There were
no differences in HCV, HDV, or HAV prevalences between men and women. Likewise,
the sex difference observed in HBV and HEV prevalence was not statistically significant
(P > 0.05).

Geographical distribution. Hepatitis viruses were detected in patients from almost
all sampled provinces of the DRC except in Katanga (Fig. 1). Most of the cases recorded
in this study originated from the two northern-most provinces of Equateur and
Orientale, where 66 (30.3%) and 75 cases (34.4%), respectively were infected with at
least one hepatitis virus (see Fig. S1 in the supplementary material). There were
nonsignificant trends for geographic structure in HBV prevalence among provinces
(x? = 1457, df = 9, P = 0.103; Table 1), but we observed a significantly higher HAV
prevalence in Orientale (2 = 9.9, df = 1, P = 0.0016) and higher HEV prevalence in
Equateur and Kasai-Occidental (together, x> = 58.0, df = 1, P < 0.001) than the rest of
the country, especially in the town of Gemena (Equateur), where 22 of 28 patients were
HEV positive. Unlike HBV distribution, HDV-positive cases were found almost exclusively
in the two northern-most provinces of the country (Fig. 1; Equateur and Orientale
versus the rest of the country, x> = 1049, df = 1, P = 0.0012).

Prevalence trends over time. HAV cases were always detected without significant
geographic concentrations during the study period. Among patients enrolled in July
and August 2010, 21.4% and 32.1%, respectively, were positive for HAV and all came
from the towns of Titule and Buta (Orientale). The overall HEV frequency was very high
in 2006 compared with during the rest of the study period (Fig. 2). All 25 HEV cases
detected in 2006 were from Equateur. A total of 22 HEV-positive patients, representing
78.5% of patients enrolled in August 2006, came from the town of Gemena. HBV, HDV,
and HCV prevalences remained relatively stable over time (Fig. 2).

HBV and HDV genotyping and phylogenetic analyses. The HBV S fragment
(nucleotide [nt] 278 to 775) was successfully amplified and sequenced from 48 HBV
DNA-positive samples. As shown in Fig. 3, we detected the HBV-E (n = 31), HBV-A (n =
13), and HBV-D (n = 4) genotypes. The identified HBV-E strains were from six different
DRC provinces, including northern provinces (Equateur and Orientale) and southwest-
ern provinces (Bas-Congo, Bandundu, Kasai-Occidental, and Kasai-Oriental). These HBV-E
strains all clustered together regardless of their province of origin. Within genotype D,
all four sequences formed a distinct subcluster, supported by a high bootstrap value of
94 and clustered with the D6 subgenotype reference strains. Among the 13 genotype
A isolates, 4 clustered with subgenotype A1, 8 with subgenotype A4, and the last one
clustered within subgenotype quasi-A3. In general, sequences from the DRC were
closely related to the corresponding sequences from neighboring countries or other
African countries.
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For sequencing and phylogenetic characterization, the HDV RO region was success-
fully amplified from 12 samples from the two northern provinces. As shown in Fig. 4,
all sequences belonged to HDV clade 1 and clustered together with African reference
isolates from the “African-Middle East” branch of the HDV 1 tree as described previously
(27). We found two identical DRC sequences (HDV_ORT_6 and HDV_ORT_5), which
were characterized from patients from the same city. We also isolated two other very
similar sequences, HDV_EQT_21 from Equateur and HDV_ORT_19 from Orientale, indi-
cating intensive and ongoing HDV transmission throughout the northern part of the
country. The complete HDV genome sequence was obtained for one of the strains and
the phylogenetic analysis confirmed its African HDV-1 lineage (Fig. 4).

DISCUSSION

Nearly 10 years of monitoring yellow fever has shown that the large majority of
samples collected from patients with acute febrile jaundice in the DRC are not diag-
nosed with yellow fever. However, this disease shares the same symptoms with several
other diseases, such as viral hepatitis, which are not routinely investigated in undiag-
nosed patients. The aim of the present study was to screen for HAV, HBV, HCV, HDV, and
HEV infections in patients with acute febrile jaundice detected through the yellow fever
surveillance program in the DRC.

In total, 218 of the 498 patients (43.7%) of the yellow fever-negative cohort (IgM and
PCR negative) were positive for at least one hepatitis virus, with most of the cases
originating from the two northern-most provinces of Equateur (30.3%) and Orientale
(34.4%). HBV infection was predominant, with virtually half of the infected patients
being in the acute phase, whereas only a few cases of HCV infection were identified. We
also found a high proportion of HDV infection in HBsAg-reactive patients, almost
exclusively from the northern provinces of the country. Acute HAV and HEV infections
were detected in 16.7% and 10.4% of patients tested, respectively.

Hepatitis viruses were mostly associated with acute febrile jaundice in the yellow
fever-negative cohort, especially in the two northern provinces of the DRC. The
potentially explanatory epidemiological data and sociocultural factors were not docu-
mented, because—in accordance with WHO recommendations—yellow fever suspi-
cions are based on the standard case definition. Only minimal information, such as age,
sex, date of collection, and the collection site, are recorded. Nevertheless, the majority
of samples included in the yellow fever surveillance were collected in the two northern
provinces, mainly during a laboratory-confirmed outbreak of yellow fever that hit Titule
and Buta health zones in 2010 (Orientale) from June to August. Sporadic yellow fever
cases and outbreaks are frequently reported in these two provinces, heightening
awareness among the population and health care staff in this area. Therefore, yellow
fever diagnosis is readily suspected at the slightest warning sign, resulting in high rate
of reported suspected cases of yellow fever compared with in the other provinces that
do not experience yellow fever outbreaks. In addition, yellow fever surveillance uses a
broad case definition that further increases the probability of encompassing several
diseases with similar clinical symptoms, such as acute viral hepatitis, especially because
differential laboratory diagnosis is not often available, due either to the lack of
equipped laboratories or to the prohibitive cost of analyses.

HBV infection still threatens Congolese public health despite all efforts deployed in
the DRC. In our cohort, HBsAg prevalence (22.3%) was higher than that previously
reported in asymptomatic blood donors in Kinshasa town and Lubumbashi (more than
9%) (28, 29), Kisangani (5.4%) (30), and Bukavu (4.8%) (25). Although HBV infection
often becomes chronic, we revealed a high rate of acute HBV infection based on
anti-HBc IgM reactivity (11.0%) along with high HBV DNA levels (82.3%). This result
suggests that the clinical symptoms of acute febrile jaundice observed in these
patients, initially suspected of yellow fever, may be associated with HBV infection. The
prevalence of HBsAg and anti-HBc IgM increased with age and was significantly high
among adults older than 15 years (P < 0.001). Therefore, HBV horizontal transmission
appears to be high, with sexual transmission and high-risk behavior potentially playing
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a major role in the DRC (13). Horizontal transmission appears to predominate in several
sub-Saharan African countries, such as Gabon (13, 31). Government policy has focused
primarily on screening blood donors. The introduction of an HBV vaccine in the routine
immunization schedule dates only from 2008. It is a three-dose vaccine, the first
administered 45 days after birth. However, according to WHO estimations, vaccine

FIG 1 Legend (Continued)

Journal of Clinical Microbiology

specific health zones in which positive samples were detected are shaded in purple. Green lines delimit administrative provinces. (A)
Distribution of hepatitis A virus IgM antibodies in suspected cases of yellow fever by province. Buta and Titule are two cities in which
cases of HAV were detected during the yellow fever epidemic in 2010. (B) Distribution of hepatitis B virus in suspected cases of yellow
fever by province. (C) Distribution of hepatitis C virus in suspected cases of yellow fever by province. (D) Distribution of hepatitis D
virus in suspected cases of yellow fever by province. (E) Distribution of hepatitis E virus IgM antibodies in suspected cases of yellow
fever by province. The city of Gemena, where a high number of cases of HEV were recorded in August 2006, is identified on the map.
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FIG 3 Phylogenetic tree of a 497-bp fragment of the HBV S gene obtained from 48 patients with acute
febrile jaundice and from 48 reference HBV sequences. Only bootstrap values =70 are shown (500
(Continued on next page)
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coverage is low (70% in 2012), and infants under 45 days of age are at risk. In light of
our results, extensive health education combined with vaccination and blood screening
measures must be implemented to limit disease transmission in the current unimmu-
nized population, i.e., the vast majority of Congolese people. A study conducted in 2004
in seven sub-Saharan African countries reported the presence of three genotypes (E, A,
and D) in six samples collected from the DRC (32). Here, we confirmed these data and
demonstrated that genotype E was the most prevalent, being detected in 65.9%
genotyped samples collected from 6 of the 10 sampled provinces. This genetic diversity
is consistent with the geography of the DRC, located at the crossroads of regions where
HBV genotypes E, A, and D have been reported, namely, HBV/E in West and Central
Africa, HBV/A in southern, East, and Central Africa, and HBV/D in North Africa (33).
Neighboring countries such as Angola, the Central African Republic (CAR), Uganda, and
Sudan have also reported the presence of these three genotypes (33-36). Based on
phylogenetic analysis of the S gene fragment, HBV/A sequences clustered with the A1,
quasi-A3, and A4 subgenotype reference groups, and HBV/D sequences formed a
distinct cluster close to the D6 reference subgenotype. However, this position was not
supported by significant bootstrap values (less than 70%). Further studies with full
genome characterization are needed to accurately identify the relationships among
subgenotypes, especially because recombinant strains have been reported in neigh-
boring countries, such as Sudan, the CAR, Kenya, Gabon, and Cameroon (35, 37-40).

In this study, we described the prevalence, genotype, and geographic distribution of
HDV infection in the DRC for the first time. We found 26.1% HDV seropositivity in
HBsAg-reactive patients of the negative yellow fever cohort. High rates of HDV anti-
bodies have been reported also in patients with hepatocellular carcinoma in the CAR
(53%) (41) and in rural Uganda (30.6%) (42). Although HBV and HDV are strongly related
and have the same transmission routes, the prevalence pattern of HDV did not
geographically match that of HBV. Almost all HDV-positive patients (20/22) were from
the northern DRC and phylogenetic analysis of HDV RO sequences, confirmed by the
analysis of the complete genome, showed that DRC sequences belonged to genotype
1 and were similar to the neighboring CAR strain. The northern DRC seems to be a
hotspot for HDV infection, being close to the CAR and Uganda where HDV is endemic.
Although none of the factors associated with high transmission were identified in this
study, it is possible that sociocultural factors contribute to this high rate of transmission,
owing to the cultural and linguistic communities of ethnic groups living in the northern
DRC. This finding is in agreement with results from previous studies that have shown
that HDV prevalence varies greatly among and within countries and, even in regions of
high endemicity, the prevalence of HDV is not necessarily proportional to that of HBV
(43). Large geographical differences in HDV prevalence have also been observed in
sub-Saharan Africa. Prevalence rates of 15.6% in Gabon (44), 17.6% in Cameroon (45),
and 31.0% in northern Kenya (46) have been reported, whereas no patients tested
positive for HDV antibodies in Burundi (personal data), Tanzania, or Mozambique (19).
However, as most patients in this study were from the northern part of the country,
more extensive epidemiological studies are needed to verify this geographic distribu-
tion and assess the extent and the characteristics of HDV infection in the DRC.

HCV seroprevalence (2.3%) was similar to the rates reported in asymptomatic blood
donors and pregnant women from sub-Saharan African countries (47). A systematic
review of HCV published studies in the DRC has reported large differences in anti-HCV
prevalence between blood donors (0.2 to 4.1%) and some high-risk populations such as
military personnel (13.7%). Nevertheless, the overall prevalence of 2.9% estimated in
the reviewed studies was similar to our finding (48). Since most of these studies were
performed in asymptomatic people, our finding may be explained by the fact that

FIG 3 Legend (Continued)

replicates). Sequences from this work are shown in red and reference sequences are labeled with their
accession numbers and country of origin. The letters A, B, C, D, E, F, G, H, and | indicate the HBV genotype
and the numbers indicate the subgenotypes.
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FIG 4 Phylogenetic tree of a 329-bp fragment of the HDV RO region using the neighbor-joining algorithm. For phylogenetic analysis, 12 HDV
sequences from the DRC (shown in red) were aligned with 45 available full-length genomic sequences using MEGA7 software. Numbers on the
nodes of the tree give the bootstrap values of the nodes (500 replicates). The inset shows a rooted phylogenetic tree of the complete genome
determined from one HDV sequence with the 45 available full-length sequences using the neighbor-joining method. The complete genome

analysis confirmed the analysis based on the RO gene.

acute HCV infection is asymptomatic in the majority of cases (49, 50). Screening for HAV
and HEV is rare, even in areas where they are endemic, because the infection is
generally asymptomatic and self-limited. In this study, HAV was the most important
cause of acute infection identified in acute febrile jaundice patients detected through
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the yellow fever surveillance program. The virus was detected throughout the country,
mainly in children 15 years of age and under. To our knowledge, only one study has
reported a 99% prevalence of anti-HAV antibodies in a rural population in the northern
DRC in 1985 (22). These results show that HAV is likely endemic to the DRC. Here, we
also reported a high prevalence of HEV infection. This rate was likely due to the increase
in HEV infection in August 2006 in the town of Gemena observed in our study. With the
exception of this period of increase, the rate of HEV infection remained at a background
level. The cause of this sudden increase is unknown, but it appears that a hepatitis E
outbreak went unnoticed in this city. In a context in which access to diagnostic testing
is relatively limited, such epidemiological findings are of general interest and further
emphasize the need for including routine serological tests for HAV and HEV for
differential diagnosis of viral hepatitis in the DRC, especially during outbreaks. Early
diagnosis of these infections during outbreaks enables timely intervention to control
transmission.

In conclusion, we showed that viral hepatitis types A, B, C, D, and E are very
important causes of acute febrile jaundice in patients included in the yellow fever
surveillance program in the DRC. This finding highlights the necessity to also screen for
hepatitis viruses in the yellow fever surveillance program. To reduce the spread of these
serious diseases, an effective viral hepatitis control program needs to be implemented.
This program should not only include prevention strategies, but also should strive to
enhance diagnostic capabilities and organize the follow-up of patients. Therefore,
further epidemiological studies are required to determine the specific areas where
HBV/HDV is highly endemic in particular and to identify the risk factors behind
transmission.

MATERIALS AND METHODS

Sample characterization. Samples were collected in the yellow fever surveillance program from
suspected cases of yellow fever, defined as patients with an acute onset of fever followed by jaundice
within 2 weeks of the first symptoms. Of the 652 samples collected in 10 of the 11 DRC provinces from
January 2003 to January 2012, 498 samples that had a volume sufficient for at least biological exploration
were included in this study. The majority of patients were from the two northern provinces, including 175
(35.1%) patients from the Orientale province and 123 (24.7%) patients from the Equateur province. In the
other provinces, the number of patients ranged from 6 to 54. The male-to-female ratio was virtually 1:1
with 269 (54.0%) male patients and 229 (46.0%) female patients. Patient ages ranged from 4 months to
77 years (mean, 22.4 years). The recruitment rates varied over the study years, being very high in 2010
(35.1%), followed by 2009 (12.9%), 2008 (10.2%), and 2006 (11.0%). For the remaining years, the
recruitment rate was lower than 10%. In 2010, most of the patients were enrolled in July (48.5%) and in
August (20%), mostly from two neighboring cities, Titule and Buta (Orientale), during a laboratory-
confirmed outbreak of yellow fever. In 2006, 63.6% of patients were enrolled in the town of Gemena
(Equateur) in August. During the rest of the study period, there was no obvious concentration of cases.

Preliminary laboratory analysis. Each case was initially screened for malaria using the thick
blood smear method. Then, samples that tested negative for malaria and those collected from
patients whose illness failed to respond to antimalarial drugs were transferred to the Institut
National de Recherche Biomédicale (INRB), the national public health laboratory, to screen for yellow
fever antibodies using the IgM-capture ELISA. Positive samples were sent to the regional reference
laboratory for yellow fever at the Institut Pasteur in Dakar, Senegal for confirmation with more specific
tests (i.e., plaque-reduction neutralization test). The remaining positive sera were used as internal positive
controls, and they were therefore not included in this study. Negative sera were stored at —20°C until
their transfer to the Centre International de Recherches Médicales de Franceville (CIRMF) in Gabon where
they were screened for hepatitis viruses after confirming the negative yellow fever status using
semiquantitative TagMan PCR as described elsewhere (51).

Ethical considerations. The study was conducted with the authorization of the DRC Ministry of
Health and the WHO to supplement yellow fever surveillance data in the DRC. Data collected from the
INRB laboratory database of yellow fever surveillance remained confidential and, at the end of the study,
results were made available to the Ministry of Health.

Serological tests. We first determined the presence of three chronic hepatitis viruses, namely, HBV,
HDV, and HCV. HBsAg was first assayed using the VIDAS HBsAg ultra (bioMérieux, Lyon, France)
commercial enzyme-linked fluorescence assay (ELFA) and the presence of anti-HBc IgM was determined
using the Monolisa HBc IgM plus kit (Bio-Rad, Marnes-la-Coquette, France). HDV antibodies and antigen
status were determined using the ETI-AB-DELTAK-2 (P2808; DiaSorin, Saluggia, Italy) and ETI-DELTAK-2
(P002097; DiaSorin) kits, respectively, in HBsAg-positive patients. Antigen and total antibodies against
HCV were tested using the Monolisa HCV Ag-Ab ultra kit (Bio-Rad). We then tested for the presence of
two acute hepatitis viruses, HAV and HEV. HAV IgM antibodies were screened using the Monolisa HAV
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IgM plus kit (Bio-Rad), and HEV IgM antibodies were tested using the HEV-IgM ELISA kit (Wantai, Beijing,
China). All analyses were performed according to the manufacturers’ instructions.

RNA and DNA isolation. Due to insufficient amounts of sera, RNA and DNA extractions were
performed only on HBV-infected patients. Viral DNA and RNA were extracted from 200 ul of serum and
eluted in 120 ul of elution buffer using the EZ1 advanced XL BioRobot (Qiagen, CA, USA) with the EZ1
virus minikit v2.0 (Qiagen) according to the manufacturer’s instructions.

HBV and HDV quantification. To determine the HBV viral load using real-time PCR, we used forward
primer primHBV1 (5'-GTGTCTGCGGCGTTTTATCA-3’) and reverse primer primHBV2 (5'-AGGCATAGCAGC
AGGATGAA-3') with a probe (5'-FAM-TGCGGCGTTTTATCAT-MGB-3-"). This primer/probe set was de-
signed during the Agence Nationale de Recherches sur le Sida et les hépatites virales (ANRS 12187)
project; it targets a conserved region in the HBV S gene (nt positions 379 to 426). Amplification was
performed as described previously (52).

To determine the HDV viral load, we used the protocol described in 2005 by Le Gal et al. (53). Briefly,
cDNAs were synthesized with random hexamers and purified with Montage PCR centrifugal filter devices
(Millipore, Molsheim, France). Real-time PCRs were then performed in an ABI7500 thermocycling system
(Applied Biosystems, Courtaboeuf, France) using the TagMan universal PCR master mix (Applied Biosys-
tems) and specific primers and probes designed to target the two ribozymes.

Phylogenetic analysis. The HBV genotype was determined by phylogenetic analysis of a 497-bp
fragment of the HBV S gene. The fragment was obtained by PCR and nested PCR using Taq DNA Core
kit 25 (MP Biomedicals, France) and primers PS1F (5'-TCACAATACCGCAGAGTCT-3’) and PS1R (5'-AACA
GCGGTATAAAGGGACT-3') for the first round and PS2F (5'-GTGGTGGACTTCTCTCAATTTTC-3') and PS2R
(5'-CGGTATAAAGGGACTCACGAT-3’) for the second round of PCR. Amplifications were performed using
the same conditions as described elsewhere (54). PCR products were sequenced bidirectionally using
BigDye terminator technology. The sequences obtained were compared to 48 previously published
sequences representing each HBV genotype, from A to H.

The HDV genotype was determined by phylogenetic analysis of the RO region of the genome as
described previously (55). Amplification of this region used primers 1289as (5'-GAAGGAAGGCCCTCGA
GAACAAGA-3') and 920s (5'-CATGCCGACCCGAAGAGGAAAG-3'), covering the 19 specific amino acids of the
large delta protein that discriminates the eight known HDV genotypes. PCR products were sequenced
bidirectionally using BigDye terminator technology and were compared to 45 reference HDV sequences,
including known genotypes 1 to 8. The complete sequence of the genome was fully characterized by
amplification and sequencing of four overlapping regions (RO, nt 889 to 1,289; R1, nt 320 to 1,289; R2, nt 889
to 420; and R3, nt 200 to 560) as described elsewhere (56). Phylogenetic analysis was performed on the
obtained sequences as well as the 45 available full-length genomic sequences representing the eight HDV
genotypes.

Raw HDV and HBV sequences were edited and manually corrected using Genious R7. Maximum-
likelihood trees and genetic distances were calculated using MEGA?7 software with the Kimura 2-param-
eter/gamma model for HBV and Hasegawa-Kishino-Yano for HDV RO, and 500 bootstrap replicates (57).
For the complete genome, we used the neighbor-joining (NJ) method and the Kimura 2-parameter
model.

Statistical analysis. Prevalences are described with 95% confidence intervals (Cls), and chi-square
test was used to compare the proportions of infection according to age, sex, and geographical region.
For quantitative variables, the medians were calculated and the Wilcoxon test was used to compare HBV
viral loads in HDV-positive and HDV-negative patients. Statistical significance was assessed at a P value
of <0.05. Analyses were performed using IBM SPSS statistics software, version 20.

Accession number(s). The new HBV strains and HDV sequences obtained in this study are available
under European Nucleotide Archive (ENA) accession numbers LT714643 to LT714690 and LT703299 to
LT703311, respectively.
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