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ABSTRACT 

Hepatitis viruses cause major health problems worldwide and, according to 
WHO, is the seventh leading cause of death globally. It is primarily hepatitis B 
and C virus that causes chronic hepatitis, liver damage and fibrosis, and long-
term risk of cirrhosis and liver cancer. These viruses have different spread 
globally and shown to cause the majority of deaths in liver diseases, especially in 
Asia and sub-Saharan Africa. In Rwanda, liver diseases are common and cause 
1.5% of annual deaths. As little is known if these liver diseases were caused by 
viruses or had other etiology, we investigated the presence of serologic markers 
for HBV, HCV, HDV, HEV and HAV in blood donors and liver disease 
patients and their matched controls. The persons originated from all five regions 
of Rwanda and demographic data on the patients and their controls were 
collected at the same time as they were sampled. The samples were collected 
between 2014 and 2016. All blood donor samples had been analyzed for HBV 
and HCV at the National Center for Blood and Transfusion in Kigali, Rwanda. 

HBV infection in the form of detectable HBsAg was in samples from 4.1% of 
the donors, in 3.7% in the controls, and in 31.3% of the liver disease patients. 
Anti-HBe was more common than HBeAg and was detected in about 70% of 
HBsAg positive samples. More than 60% of them had detectable HBV DNA. 
HBV DNA in the samples was sequenced in the structural gene, and family 
trees were constructed which showed that all HBV strains belonged to 
subgenotype A1 and 93% of them formed their own branch of the tree, 
indicating that it is a unique HBV strain spread in Rwanda. No one was shown 
to have hepatitis delta infection. 



For HCV, the picture was different. Primarily, 16% of blood donors’ samples 
had anti-HCV, but 67% of these had false reactivity, so only 5% remained true 
anti-HCV reactive. Among the controls, 13.4% had anti-HCV compared with 
44.3% of the liver disease patients. HCV RNA was detected in 17% of blood 
donor samples, in 56% of samples from the controls and in 84% of samples 
from liver disease patients. The virus strains were sequenced and family trees 
were constructed which showed that the majority of the strains (98.3%) were of 
genotype 4 and the remainder were genotype 3. The subtypes 4k, 4r, 4q and 
untyped genotype 4 dominated in samples from all patient groups. 

When examining for HEV and HAV markers, 11.7% of all patients had HEV 
markers. The highest prevalence was found in people from the western and 
southern provinces where there is a high density of pig breeding. No age-
dependent anti-HEV pattern could be identified as opposed to anti-HAV, 
which increased with age, with fewer anti-HAV positive in persons younger 
than 25 years compared to the elder group (p <0.0001). 

We found in these studies that both HBV and HCV are endemic in Rwanda and 
caused 74% of the liver diseases, where HCV was more common in patients 
with liver cirrhosis and liver cancer than HBV. Increased age and female sex 
were independent risk factors for HCV infection. For HBV, the risk factors 
were young age, multiple sex partners and male gender. These differences can 
explain why there were more controls than blood donors that were HCV 
infected. A risk factor for both HBV and HCV was the presence of people with 
liver disease in the same household. HEV and HAV were also shown to be 
endemic, but a decrease in exposure to HAV at younger ages was noted and 
HEV epidemiology reflected that in countries with possible spread from pigs. 
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SAMMANFATTNING PÅ SVENSKA 

Hepatitvirus orsakar stora hälsoproblem över hela världen och är enligt WHO 
den sjunde ledande dödsorsaken globalt. Det är främst hepatit B- och C-virus 
som orsakar kronisk leverinflammation, med leverskada och ärrbildning, och på 
lång sikt risk för skrumplever (cirrhos) och levercancer. Dessa virus har olika 
spridning globalt och visats orsaka flertalet dödsfall i leversjukdomar, speciellt i 
Asien och i Afrika söder om Sahara. I Rwanda är leversjukdomar vanliga och 
orsakar 1,5% av årliga samtliga dödsfall.  Då lite var känt om dessa 
leversjukdomar var orsakade av virus eller hade annan etiologi, undersökte vi 
förekomsten av serologiska markörer för HBV, HCV, HDV, HEV samt HAV i 
prov från blodgivare, och patienter med leversjukdomar och deras matchade 
kontroller.  De undersökta personerna härrörde från samtliga fem regioner i 
Rwanda och demografiska data på patienterna och deras kontroller samlades in 
samtidigt som de provtogs.  Proverna samlades in mellan 2014 och 2016. Alla 
blodgivarprov hade analyserats för HBV och HCV på blodcentralen i Kigali i 
Rwanda.  

HBV infektion i form av detekterbart HBsAg fanns i prov från 4.1% av 
blodgivarna i 3.7% hos kontrollerna, och i 31.3% av de leversjuka patienterna. 
Anti-HBe var vanligare än HBeAg och påvisades i omkring 70% av de HBsAg 
positiva proven. Drygt 60% av dem hade påvisbart HBV DNA.  Provens HBV 
DNA sekvenserades i strukturgenen och släktträd byggdes upp som visade att 
alla HBV-stammar tillhörde subgenotyp Al och 93% av dem bildade en egen 
gren på trädet, vilket pekar på att det är en unik HBV stam som sprids i 
Rwanda.  Ingen visades ha hepatit delta infektion. 

För HCV var bilden annorlunda. Primärt hade 16% av blodgivarna anti-HCV, 
men 67% av dessa hade falsk reaktivitet, så endast 5% kvarstod som sant anti-
HCV reaktiva. Bland kontrollerna hade 13.4% anti-HCV jämfört med 44.3% av 
de leversjuka patienterna. HCV RNA kunde påvisas i 17 % av proven från 
blodgivarna, i 56% av proven från kontrollerna och i 84% av proven från de 
leversjuka patienterna. Virusstammarna sekvenserades och släktträd byggdes 
upp som visade att majoriteten av HCV-stammarna (98,3%) var av genotyp 4 
och de återstående var genotyp 3. Subtyperna 4k, 4r, 4q och otypade genotyp 4 
dominerande i prov från alla patientgrupper.  

När markörer för HEV och HAV undersöktes, hade i 11,7% av alla HEV-
markörer, Den högsta prevalensen fanns hos personer från de västra och södra 
provinserna där det är en hög densitet av grisuppfödning. Inget åldersberoende 
mönster för anti-HEV kunde identifieras till skillnad från anti-HAV som ökade 



med ökande ålder på personerna, med färre anti-HAV positiva bland individer 
under 25 år jämfört med de äldre (p <0,0001).  

Vi fann i dessa studier att både HBV och HCV är endemiska i Rwanda och 
orsakade 74% av leversjukdomarna, där HCV var vanligare hos patienter med 
levercirros och levercancer än HBV. Ökad ålder och kvinnlig kön var oberoende 
riskfaktorer för HCV-infektion. För HBV var riskfaktorerna ung ålder, flera 
sexpartners och manlig kön. Dessa skillnader kan förklara varför det var fler 
kontroller än blodgivare som var HCV infekterade. En riskfaktor för både HBV 
och HCV var förekomsten av personer med leversjukdom i samma hushåll. 
HEV och HAV visades också vara endemiska, men en minskning av exponering 
för HAV i yngre åldrar noterades och HEVs epidemiologi återspeglade den hos 
länder med möjlig smittspridning från svin. 
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1. INTRODUCTION 
Hepatitis viruses are hepatotropic viruses that mainly cause acute and/or 

chronic liver inflammation, which may degenerate in some cases into 

hepatocellular carcinoma and liver cirrhosis. So far, five known hepatitis viruses, 

A, B, C, delta (D) and E can cause liver disease in humans. Of them, hepatitis B 

and C viruses (HBV and HCV) are leading causes of liver cirrhosis (LC) and 

hepatocellular carcinoma (HCC) and they are prevalent in more than 60% of 

patients with liver diseases worldwide1,2.  

Almost 2 billion of the global population has been infected by HBV and more 

than 240 million have chronic HBV infections, which cause 600,000 to 1 million 

annual deaths worldwide3-5. Chronic HCV infections are prevalent in more than 

70 million individuals in the World as well 6,7. Asian and Sub-Saharan African 

(SSA) countries are the most affected by both viruses. Prevalence of the chronic 

HBV infection are estimated to 5-8% in SSA region or even higher in some 

West-African countries6,8. The global prevalence of anti-HCV is 2.3-2.5% and is 

estimated to 2.9-3.2% in Africa with also geographical differences across the 

continent6,9,10. 

An effective HBV vaccine exists since 1986 and was recommended by the 

WHO for all neonates since 1993. Early implementation of this policy in highly 

endemic South Asian countries has resulted in a decline of HBV incidence5,11,12. 

Despite an overall worldwide decreasing prevalence of chronic HBV infections, 

the situation did not change and its prevalence is even on raise in some SSA 

countries 4,8. In this region, HBV vaccine was been introduced in National 

Expanded Programs of Immunization as late as in the beginning of 2000s and 

its impact has not yet been evaluated. Unlike for HBV, there is no vaccine 

against HCV but the infection can currently be completely cured by new direct 
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acting antivirals (DAA), which are safer and more effective than previous 

interferon-based treatments regimen13.  

The epidemiology of other hepatitis viruses in SSA is less well known. Hepatitis 

delta virus (HDV)-HBV coinfection is only reported in Central and Western 

Africa14-16. Enteric hepatitis A (HAV) and E (HEV) viruses are endemic in the 

region as well and almost all children get HAV infections at young age and 

acquire a lifelong protective immunity from this infection17,18. With improved 

socioeconomic conditions especially in urban areas, early infections may be 

infrequent. This may result in an increasing number of individuals without 

immunity and at risk to HAV infection, which can take a severe course of 

fulminant hepatitis in old adults19,20. 

HEV is also responsible of acute hepatitis with signs and symptoms similar to 

those of acute HAV infection. Both are endemic in areas with poor hygiene and 

limited access to clean water21.  Episodes of acute HEV or HAV infection are 

generally self-limiting but acute hepatitis E by genotype 1 has been fatal in more 

than 20% of infected pregnant women in India and Sudan 22,23.  In addition, 

HEV infections can take a chronic course in some immunosuppressed patients 

infected by HEV strains from pigs or acquired from blood transfusion21,24-28. 

Update prevalence of anti-HAV, HEV markers and circulating HEV genotypes 

remain poorly explored in Africa17,29.  

This thesis focused on epidemiology and molecular characterization of hepatitis 

viruses in Rwanda, one of SSA countries. It is a small country of 26,338 km2, 

located in Eastern African region boarded by Uganda, Tanzania, Democratic 

Republic of Congo and Burundi in north, east, west and south respectively.  

In 2015, the population was estimated to 11.3 million and 53.2% were younger 

than 20 years30. The country is composed of five provinces: Eastern, Western, 

Southern and Northern Provinces and Kigali city in center. The organization of 
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the health system is pyramidal and almost parallels that of the administrative 

system. It starts at community level with community health workers at each 

village who liaise with health centers. Health centers report and refer patients to 

district and provincial hospitals.  Difficult cases and patients in need of a highly 

specialized care are referred to national referral hospitals.  At national and some 

provincial hospitals, facilities to diagnose and treat HBV and HCV infections 

are now being put in place and reinforced to respond to the WHO goal for 

eradication of HBV and HCV by 203031.  

Besides this comprehensive geographical access to care, Rwanda has adopted a 

universal health insurance for all citizens since almost seven years32. Several 

other gaps remain yet to be addressed including data on epidemiology on 

hepatitis viruses. Small studies have been conducted on specific groups of 

patients in Kigali prior to 2015. Prevalence for HBsAg and anti-HCV were 5% 

and 3-5% respectively 33,34. No study has focused on HEV or anti-HAV and 

characterization of HBV and HCV strains was performed on only a small 

number of patients in Kigali city as well35,36. 
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1.1 HEPATITIS B VIRUS 

1.1.1. Structure, genome and replication 

HBV is an enveloped partially double-stranded relaxed-circular DNA virus 

belonging to Hepadnaviridae family. Its genome of about 3.2 kb pairs has four 

partially overlapping open reading frames (ORF): S or surface, C or core, P or 

polymerase and X-genes (figure 1). The S gene has three in-frame translation 

sites as preS1, preS2 and S that have S domain in common. Similarly, C gene has 

precore and core domains37. The different HBV genes encode for 6 proteins 

vital for viral structure and cycle38. 

The ORFs are encoded in different polyadenylated mRNA transcripts that have 

different lengths (figure 1)37,39.The shortest subgenomic mRNA transcript is 0.7 

kb long and encodes for the X protein. The second shortest is 2.1 kb and 

encodes for M (middle) and S (small) surface proteins depending on reading 

initiation site, at preS2 or S frame respectively. The L (large) surface protein is 

encoded by a 2.4 kb mRNA transcript whose initiation reading site is at preS1 

domain. The longest mRNA transcript has 3.5 kb and encodes for the precore 

protein. This protein is processed within the endoplasmic reticulum (ER) of the 

host cell. During this process, first 19aa at N-terminal and 34aa at C-terminal are 

cleaved off and a final product, the e-antigen (HBeAg), is secreted into plasma 

and does not take part in the structure of the virion. The core protein and viral 

polymerase are translated from pregenomic RNA (pgRNA), for which start 

points are 29-35 bp downstream from that of the precore mRNA. This pgRNA 

serves also as template for HBV DNA synthesis through reverse 

transcription37,39-41. A core promoter at nucleotide positions 1636 to 1851 of the 

HBV genome regulates both precore mRNA and pgRNA transcription. The 

basic core promoter (BCP; at position 1744 to 1851) is required to direct a 

correct initiation of transcription of those two mRNAs from cccDNA. The 
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upstream sequence of the core promoter or “core upstream regulatory 

sequence” (at position 1636 to 1744) activates the transcriptional effect of the 

BCP42. 

The different mRNAs and pgRNA result from transcription of HBV DNA 

present in infected hepatocytes. During the infection, HBV binds to hepatocytes 

via a specific receptor, NTCP (sodium taurocholate co-transporting peptide) 

and the virus enters by endocytosis into the cytoplasm. From the cytoplasm, the 

core particle containing partially double stranded HBV DNA releases the HBV 

DNA into the cellular nucleus where this viral relaxed HBV DNA is completed 

into a covalently closed circular DNA (cccDNA). The cccDNA remains in the 

nucleus as a mini-chromosome and serves as template for viral transcription 

into the different mRNAs and the pgRNA by cellular polymerase37,38,43-45. The 

pgRNA has, at its 5’end, an encapsidation ε signal, a hairpin secondary structure 

that forms with the viral polymerase a complex involved in packaging and 

pgRNA encapsidation into newly formed core particles where its reverse 

transcription into HBV DNA occurs. It is reverse transcribed into an HBV 

DNA minus strand that will serve as template for synthesis of the plus 

strand37,46. New HBV DNA-containing capsids can get enveloped by surface 

proteins and lipid bilayer within the ER to form new infective viral particles or 

the HBV DNA can be reintroduced into the cellular nucleus to replenish the 

pool of cccDNA45,47.  

The process of HBV replication relies mainly on the viral polymerase, which has 

different domains playing different roles. The terminal protein (TP) domain 

binds to 3’ end of the pgRNA in the process of encapsidation and allows 

priming for initiation of the DNA minus strand synthesis. The reverse 

transcriptase and ribonuclease H domains are involved in the reverse 

transcription and degradation of the pgRNA during the synthesis of the minus 

strand HBV DNA respectively 37,46,47.  
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Figure 1. HBV genome represented with the partially double-stranded DNA. The negative strand is complete 
while the positive one is incomplete. The different genes/ORF and their in-frame translation sites, their starting and 
ending nucleotide positions are presented. In blue color, the different mRNA transcripts are also represented with 
their respective lengths in kilobases (kb). 

 

1.1.2. Genetic variability  

Genotypes  

During the polymerase-dependent HBV replication and transcription, errors in 

nucleotide incorporation or mutations are frequent since the viral polymerase 

lacks a proofreading function. Some of the sequence diversities in the genome 

have been fixed and given rise to different HBV genotypes 37. HBV genotypes 

may differ from each other not only by differences in the sequence of 

nucleotides but also by the length of the genome37,48. HBV is classified into 9 

different genotypes, A - I, and each of them is further subdivided into 

subgenotypes designated with Arabic numbers. 
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Genotypes differ by more than >8% nucleotide sequences of the whole genome 

whereas subgenotypes are defined by 4-8% nucleotide sequences divergence 

within a same genotype. To date, subgenotypes are only known for genotypes A, 

B, C, D and F. Other genotypes do not have sufficient nucleotide sequences 

heterogeneity to be divided into subgenotypes48-50. The genotypes have specific 

geographical distribution across the globe and may affect differently the 

progression of the liver disease to severe acute HBV or LC and HCC50,51. 

HBV genotype A strains are mostly isolated in SSA including West-African 

countries, North Europe, USA, India and in African descents in Haiti and South 

America48,51,52. In Asian countries, a predominance of genotypes B and C but 

also genotype A are noted48. Genotype D is ubiquitous but mainly prevalent in 

Mediterranean countries, Africa, India and Latin America while genotype E is 

isolated among individuals from West and Central Africa48,49,51,53. Genotype G 

has been identified in France, Germany, Asia, USA, Mexico and Central 

America51,54 while genotypes F and H are respectively found in Mexico, South 

and Central America52,54. HBV genotype I, a genotype A/C recombinant, was 

found in Southeast Asia55,56. A strain of HBV not yet recognized as genotype J 

close to genotype C and gibbons’ genotypes was found from an old Japanese 

man with HCC in 200957.  

Mutat ions  and de l e t ions  

Mutations can occur along the HBV genome due to polymerase infidelity or 

immune and therapeutic pressures. Mutants with biological advantage over 

others and selective advantage over the wild type are naturally selected58,59. 

Mutations of interest are those with proven clinical and pathological effects on 

the host. 
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Point mutations at the precore/core ORF can have an impact on secretion of 

HBeAg, a soluble protein derived from translation of the precore gene that 

harbors immunomodulatory properties. HBeAg positive status is concomitant 

with a high replication rate and seroconversion to anti-HBe is generally 

associated with low levels of HBV DNA in serum. However, HBV strains with 

some mutations that abolish secretion of HBeAg are associated with high viral 

load despite anti-HBe positive status. The most common mutation responsible 

of this abolishment is a change of G to A at nucleotide (nt) 1896 in the 

encapsidation ε signal of the precore domain58. For an efficient HBV 

replication, a stable and strong ε signal needs a base pairing that stabilizes the 

hairpin secondary structure. In that regard, the nt 1896, mostly a G in wild type 

HBV, is paired with nt 1858, which is generally a T except for genotypes A, C1, 

F2 and F3 which have a C45,60. Therefore, the most commonly stable mutation 

in that region is a G to A switch at nt 1896 creating a pair stabilizing the stem 

loop of the encapsidation signal. This results in a premature stop codon (TAG) 

and synthesis of the precore protein is limited at its N-terminal 28th residue. This 

mutation is mainly found in HBV genotypes B, C, D and E for the reason 

mentioned above 37,61.  

Beside this common translational mutation in precore region, other mutations in 

the core promoter region, and particularly in the BCP, affect the transcription of 

the precore mRNA without seriously affecting that of pgRNA. Such mutations 

reduce expression of HBeAg without affecting HBV DNA replication. The 

most common mutation in the BCP is a double mutation, A1762T/G1764A41,60. 

Infection by HBV strains with reduced expression of HBeAg clinically 

predisposes to acute fulminant hepatitis and to a higher progression to LC and 

HCC62-64. 

Mutations can also occur at the level of the preS/S gene, which encodes for the 

envelope proteins or HBsAg. The surface protein harbors from its preS1-
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encoded region a site expressed at luminal side of virion surface, the NTCP, 

which serves for attachment to the specific receptor on hepatocytes65.  

Also, surface proteins are immunogenic and target of neutralizing anti-HBs. 

Epitopes recognized by neutralizing cytotoxic T-cell and B-cell are expressed at 

the C-terminal part of the pre-S1 and the N-terminal part of the pre-S2 region 

and most importantly at the S region66. Changes in the amino acids 122, 127 and 

160 in the S protein have been used to define subtypes. A substitution glycine-

arginine at amino acid position 145 has been linked with development of active 

HBV infection in vaccinated individuals (immune escape status) 59,67,68. This 

mutation is the most common escape mutation in the S-region but others like 

Pro120Thr, Gln129His, Gly130Met, Met133Leu, Ser143Leu and Asp144Ala 

have also been described69-71. 

The most selective mutations observed in the pre-S1 and pre-S2 regions are 

deletions of a number of nucleotides that can involve both the C-terminal part 

of the preS1 and preS2 parts or of the preS2 alone. These deletions may 

influence pathogenesis and outcomes of an HBV infection including prediction 

of the progression to HCC. Large surface proteins with partial deletions of pre-

S2 have had their secretion impaired with a consecutive accumulation in the 

endoplasmic reticulum. This accumulation leads to oxidative stress on the 

hepatocyte and may result in cellular DNA damage and genomic instability, and 

“ground glass hepatocytes” type II formation, which may potentially lead to 

progression to LC and HCC 72-75.  

Therapeutic agents for chronic hepatitis B infection, mainly nucleoside 

analogues polymerase inhibitors especially lamivudine, have been associated 

with generation of resistant mutants. Since the P-gene, with particularly the 

reverse transcriptase domain, fully overlaps the S-gene, some mutations in the 
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P-gene may also cause mutations in the S-gene region with potential immune 

escape status and diagnostic challenges for HBsAg-based assays 71,76-80. 

Finally, mutations can also occur in the X-gene. This gene partially overlaps the 

core promoter region. Thus, mutations in that region like A1762T/G1764A 

interfering with HBeAg secretion may also impact on the X-gene58. 

 

1.1.3. Clinical presentation of HBV infection and diagnosis 

Mode of transmission  

HBV is a blood-borne virus transmitted between humans via blood exchange or 

mucosal contact with body fluids such as blood products, semen and saliva81. 

The majority of HBV infected individuals in highly endemic countries of Asia 

have acquired the infection by vertical transmission route during birth. 

Infections acquired during birth lead to chronic hepatitis B in more than 90% 

compared to 25-50% and 6-10% when infections are acquired via horizontal 

transmission at 1-5 years of age and in childhood or adulthood respectively 81.  

The horizontal transmission predominates in the rest of the World and may 

occur through unprotected sexual intercourses with HBV-infected persons, 

contacts with infected body fluids via skin cut, scratches or other traumatic 

injuries possible at different occasions in daily life. IV drug abusers get infected 

from shared syringes with infected individuals82,83. Of note, HBV may remain 

stable for up to 7 days at room temperature and 8 months in needles81,84. 

Acute hepatitis B 

About 1-4 months after the inoculation of HBV, infected individuals may have 

clinically apparent symptoms of acute hepatitis. However, acute hepatitis B is 
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asymptomatic in more than 2/3 of the cases. The pathogenesis of HBV 

infection is immune-mediated. Due to immature cell-mediated immunity in 

neonates and young children, symptomatic acute hepatitis is most likely to 

happen in adults43. Signs and symptoms are not specific to hepatitis B and may 

include nausea, fatigue, headaches, jaundice and dark urine preceded by mild 

fever and arthralgia85. Hepatomegaly and splenomegaly can be associated. In less 

than 5% of the cases with symptomatic acute hepatitis B, fulminant hepatic 

failure may occur. It is characterized by development liver encephalopathy 

within 8 weeks of onset of jaundice and important coagulation disorders. This 

can lead to death and need for life-saving liver transplantation86,87. 

All signs and symptoms are concomitant with elevated alanine aminotransferase 

(ALT) to more than 10 times the normal values and elevated bilirubin. 

Detection of HBsAg with anti-HBc immunoglobulin (Ig) M and with or without 

HBeAg, and HBV DNA are needed to make the diagnosis of acute hepatitis B88. 

Chronic hepatitis B 

Signs and symptoms of overt acute hepatitis B last about 1-3 months except 

fatigue that may persist. This phase may be followed by a clearance of HBV 

infection materialized by HBV DNA clearance and HBsAg seroconversion to 

anti-HBs. In case of persistence of HBsAg for more than 6 months after its first 

detection, hepatitis B has followed a chronic course89. There is no positive 

correlation between severity of acute hepatitis B and the rate of progression to 

chronic hepatitis86,90. 

Chronic hepatitis B is generally asymptomatic except during flares of HBV 

reactivation involving host cell-mediated immune system that may be associated 

with minor symptoms like low-grade fever, fatigue, headaches and elevated ALT 

concomitant with loss of HBeAg positive status91. Chronic hepatitis B infections 

often have similar symptoms and laboratory findings as those of acute hepatitis 
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B. However, anti-HBc IgM titers in the chronic phase are lower or absent, and 

the HBV DNA load may be higher than in the acute hepatitis B infection86,92,93.  

Chronic hepatitis B is divided into different unpredictable and non-consecutive 

so-called “phases” based on interaction between the virus and the immune 

response of the host. They are clinically determined based on HBeAg status, 

viral load, ALT levels, presence and importance of liver fibrosis (table 1)85,89.  

Table 1. Different phases of chronic HBV infection 

Phase HBeAg Anti-
HBe 

HBV 
DNA 
level  

ALT 
levels 

Histology of 

 the liver 

Comments 

Chronic 
HBV 
infection 

Positive Negative High; 
>107 

Normal No 
inflammation 

Immune 
tolerance; Young 
patients <30years 

Chronic 
hepatitis B  

Positive Negative High; 
>104 

Elevated Inflammation 
present 

Immune reactive; 
Flares, ends with 
loss of HBeAg 

Chronic 
HBV 
infection 

Negative Positive Low; 
<103 

Normal None or 
Minimal 

Inactive carrier  

Chronic 
hepatitis B 

Negative Positive Low to 
High 

Elevated Inflammation 
or Fibrosis 

Immune escape; 
PC/BCP 
mutants  

ALT= alanine aminotransferase; PC=pre-core; BCP: basal core promoter; HBV DNA in IU/mL 

 

The immune tolerance phase is relatively longer in children who have acquired 

the infection perinatally than in adults who contracted the infection in the late 

childhood or adulthood94-96. In few cases, viraemia can coexist with loss of 

HBsAg. This status known as “occult hepatitis B infection” and is characterized 

by lack of HBsAg reactivity, presence of total anti-HBc with or without anti-

HBs. Elevated liver enzymes are observed with low viraemia and cccDNA in 
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hepatocytes raising a permanent risk of reactivation in case of immune 

suppression89,97. However, most individuals who have cleared the HBV 

infection harbor cccDNA within the hepatocytes without having active 

infection98. 

Liver cirrhosis (LC) 

One of worst outcomes of chronic hepatitis B is progression to LC, which 

occurs in 15-40% of the patients with chronic hepatitis B all life long85. Factors 

for this progression are a high viral load >2000IU/ml, male gender and old age 

with persistent infection.  HBeAg positive status, frequent flares or elevated 

ALT, BCP mutants and infection by HBV genotype C versus B or D predispose 

to a higher risk of LC as well85,96,99,100.  

LC is clinically characterized by advanced liver fibrosis with conserved liver 

functions or associated with low albumin and low platelets. Coagulation 

disorders, portal hypertension, ascites and possibly liver encephalopathy can be 

found when the cirrhosis is decompensated. A persistently high viral load is 

among the leading factors to decompensation of the cirrhosis and a factor to 

low survival rate of patients with cirrhosis101. Although HCC may occur in 

patients with or without LC, a high viral load is a risk factor to the development 

of HCC in cirrhotic patients102-104.  

Hepatocellular carcinoma (HCC) 

HCC following chronic HBV infection has been reported in up to 5% of the 

cases. However, progression to HCC can reach 15% after 13 years of follow up 

in CHB diagnosed with HBV DNA levels higher than 200,000 IU/ml. Other 

factors predisposing to HCC are smoking, intoxication with aflatoxin, alcohol 

abuse, male gender and advanced age with HBV infection 100,102. Also, diabetes 

mellitus, co-infection with HCV, HDV, HIV and HBV genotype C, mutations 
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in the pre-C/C and/or deletions in the pre-S gene are also among factors to 

HCC in chronically HBV-infected patients105,106. In SSA region, HBV-induced 

HCC tends to occur in much younger patients than in other regions in the 

world. There is a high predominance of subgenotype A1 in SSA but the 

mechanisms by which subgenotype A1 affects the development of HCC 

remains unknown and needs to be investigated107,108. 

The diagnosis of HCC is based on abdominal ultrasound with identification of a 

solid liver tumor 109. Alpha-fetoprotein levels can be useful in detecting early 

stages of HCC but have a sensitivity of as low as 66%110,111.  Strong positive 

diagnosis is therefore based on histology112. However, HCC is asymptomatic in 

its early stages and the majority of the cases are diagnosed at advanced stages 

when resectability of the tumor is impossible especially in resource-limited 

settings. Moreover, delayed diagnosis is most common when HCC occurs in 

absence of liver cirrhosis 65,113,114. 

 

1.1.4. HBV and HDV dual Infection 

HDV is a small negative sense single-strand RNA virus. Its genome of about 

1,679 nt has a single ORF encoding for two delta antigens, small (S-HDAg) that 

supports the replication in the nucleus and the large antigen (L-HDAg) needed 

for viral assembly. The virus uses cellular RNA polymerase for a rolling circle 

replication. The viral RNA encodes for a ribozyme, which cleaves and circulates 

the synthetized RNA into unit length HDV RNA.  Both S-HDAg and L-HDAg 

participate in this replication with S-HDAg being involved in its initiation while 

L-HDAg participates in the replication modulation and assembly of new 

virions115,116. These virions are enveloped by HBV surface proteins and use 

these proteins to attach to the specific receptors, NTCP, to infect the liver 

cells117. Superinfection of HBV is therefore obligatory. Simultaneous HBV-
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HDV infections lead to spontaneous resolution of the hepatitis in 95% of the 

cases while the HDV superinfection of chronic HBV causes severe acute 

chronic hepatitis and tends to lead to a higher rate of progression to LC and 

HCC than HBV monoinfection106,116,118-121.  

There are 15-20 millions of HBV/HDV-infected individuals worldwide and in 

SSA region, Central and Western parts are among the most affected122,15,106. 

 

1.1.5. Diagnostic approach to HBV-induced hepatitis 

The diagnosis of active HBV infection is made upon detection of HBsAg. This 

antigen is the first marker to appear in plasma and remains present during the 

active infection. Clearance of HBsAg and seroconversion to anti-HBs is 

generally a sign of recovery from infection while its persistence beyond 6 

months after initial diagnosis is a marker of chronic HBV infection 88. Other 

serological markers may coexist with HBsAg or anti-HBs. HBeAg is an indicator 

of an active high replicative state and infectivity as it is associated with high 

levels of HBV DNA. Seroconversion to anti-HBe generally coincides with 

clearance of HBV DNA except for infection by strains harboring the mutations 

abolishing the secretion of HBeAg in which anti-HBe positive status and high 

viral load may coexist41. During an active HBV infection, core antigens (HBcAg) 

are abundant in the hepatocytes and anti-HBc antibodies almost appear in 

plasma at the same time as HBsAg123. Anti-HBc IgM is present during the acute 

hepatitis while anti-HBc IgG remains positive in both active and cured HBV 

infection. Interpretations for different markers are summarized in table 2. 

HBV DNA levels are obtained by quantitative real-time PCR from amplification 

of highly conserved regions within the HBV genome by specific primers and 

probes124. The HBV DNA level is generally useful for the diagnosis of an active 
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infection and is essential for decision on initiation of treatment, follow-up and 

in prediction of risk to LC and HCC102,125.  

PCR amplification for whole genome sequencing and phylogenetic analysis are 

necessary for identification of a new HBV genotype or subgenotype. Partial 

sequencing of the S-gene is however reliable for already known genotypes and 

subtypes126. Mutations are identified by using PCR amplifications and 

sequencing of corresponding genes or regions 48,127.  

Table 2. Interpretations of HBV serological markers 

 HBsAg Anti-HBc Anti-HBc IgM Anti-HBs 

Acute HBV infection + + + - 

Chronic HBV infection + + +/- - 

Resolved infection with acquired immunity  - + - + 

Occult HBV infection* - + - +/- 

Immunity from the HBV vaccine - - - + 

*HBV DNA is detected generally in low viral load, which differentiates this status from a resolved infection  

 

1.1.6. Treatment of HBV infection 

Treatment of HBV is generally indicated for chronic HBV infection. The aims 

are to clear the virus, to restore the liver function to normal and to reduce the 

progression to advanced forms of liver disease95,128. Nucleoside analogs (NA) 

that inhibit viral replication by interfering with reverse transcription of the 

minus strand DNA from pgRNA are currently the cornerstone for HBV 

treatment128-131.  

Indications for treatment initiation include a persistently elevated HBV DNA 

with signs of hepatocytolysis.  Patients with a viral load >2,000 IU/ml with 
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moderate inflammation or fibrosis at liver biopsy are candidate to the initiation 

of anti-HBV therapy. However, indications are also extended to patients with 

chronic hepatitis with HBV DNA levels higher than 20,000 IU/ml without any 

need of liver biopsy89,95. Although NAs are effective in suppressing HBV 

replication, they cannot completely eradicate the infection since they do not 

have effects on the cccDNA76,132.  

To boost the immune system by conventional and pegylated interferon alpha is 

an alternative to NA133. Treatment with interferon has been associated with a 

reduced rate of progression to severe liver disease 128,134,135. However, the 

efficacy in clearing HBV DNA does not exceed 30%133,136. Interferon-based 

course of treatment is generally limited to 48 weeks89. 

 

1.1.7. Prevention of HBV infection 

Vaccination 

HBV infections are preventable by an effective vaccine. The HBV vaccine is 

particularly indicated for newborns and persons at risk such as healthcare 

professionals, support staff in health facilities, IV drug abusers or individuals 

living with infected persons137. The vaccine is based on inactivated HBsAg 

obtained by DNA recombination. WHO has recommended vaccination of all 

children since 1993 and the vaccine is generally provided in 3-doses combined 

with diphtheria-tetanus-pertussis vaccines138,139. A monovalent HBV vaccine is 

also available138. 
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Prevention of mother to child transmission of HBV 

In highly endemic areas, neonates from HBV childbearing mothers are at high 

risk to get infected at birth especially if mothers have HBeAg and consequently 

a high HBV DNA common in persons infected by genotypes B and C140,141.  

NAs administered to infected mothers during the third trimester combined with 

immediate initiation of postnatal active vaccination and immunotherapy is 

effective in reducing the vertical transmission142,143. Immunoglobulins and the 

first dose of the vaccine and are administered after birth within 24 hours, and 

remaining doses of the vaccine within the regular neonatal and infant 

immunization calendar89,143.  

 



 

 19 

1.2 HEPATITIS C VIRUS 

 

1.2.1. HCV genome structure 

HCV is a positive single-stranded RNA virus in the Hepacivirus genus within the 

Flaviviridae family144. Its genome is about 9,6 kb long with a single ORF 

encoding a polyprotein. The genome translation starts with recruitment and 

binding of 40S ribosomal subunits to an internal ribosome entry site (IRES) 

located at its 5’-untranslated region145. This translation results in the single 

3,000-aminoacids polyprotein, which is cleaved by cellular and viral proteases 

into three structural proteins forming the viral particles and seven non-structural 

proteins144.  The structural proteins are the core forming nucleocapsid, E1 and 

E2 envelope glycoproteins that play a role in viral host cell entry and are 

anchored in the lipid bilayer of the viral envelope146,147. The non-structural 

proteins include the p7 or viroporin, which is a membrane Ca ion channel, the 

NS2 protein that forms a protease with 1/3 of the N-terminal part of the NS3 

protein, and cleaves the NS2-NS3 junction.  The rest of the NS3 protein forms 

with its cofactor NS4A a complex NS3/NS4A with protease and 

helicase/NTPase activities. This complex cleaves the remaining part of the 

polyprotein into its active proteins: NS3, NS4A, NS4B, NS5A and NS5B. The 

NS4B induces membranous web formations in the cytoplasm of the infected 

hepatocyte in which the HCV replication occur protected from cellular 

nucleases. The NS5A protein modulates interferon response and is involved in 

viral replication via modulatory effects on NS5B, which is a viral RNA-

dependent RNA polymerase (figure 2) 144,145,148. 
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Figure 2: Hepatitis C virus genome in its single ORF flanked at 5’ and 3’ends by untranslated regions (UTR). 
The components of the polyprotein are represented: Core, glycoprotein E1 and E2 for structural proteins, p7 to 
NS5B for non-structural proteins. The Internal Ribosome Entry Site (IRES) that mediates the translation is also 
shown within the 5’UTR. 

 

1.2.2. Genotypes 

The HCV RNA dependent RNA polymerase encoded by NS5B lacks 

proofreading functions. Divergent strains and mutants including different 

genotypes and subtypes have arisen from this error-prone replication. 

Genotypes are distinguished by more than 30% nucleotide divergence between 

complete genomes while 15-30% difference within the same genotype is 

required to define different HCV subtypes 149,150. There are seven HCV 

genotypes, 1-7, and more than 67 alphabetically named subtypes149-152.  

HCV genotypes 1 and 3 are ubiquitous while genotype 4 is represented by the 

majority of strains isolated from Africa including Egypt, a country that 

historically has the highest prevalence in the World. Genotype 5 is also reported 

from Africa but mostly in Southern African region6,151. A high prevalence of 

genotype 2, and to the lesser extent genotypes 1 and 3, is reported from the 

West African region 6,153. HCV genotype 6 is mostly isolated in South East 

Asia151 and genotype 7 has only been recently described in 4 patients from 

Democratic Republic of Congo149,152. 

Inter-genotypic recombinants can naturally occur and recombinants 2k/1b, 

initially isolated in Russia, have also been reported from other European 

countries154,155. Other recombinants as 2b/2a, 2/5, 2/6 and 4/1 have been 
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identified in USA, France, Vietnam and Cameroon respectively and inter-

subtypes recombinants are also reported156-159. 

The clinical importance of genotypes initially resided in prediction of response 

to the interferon-based treatment regimen. HCV genotypes 1 and 4 were the 

most difficult to treat, as achievement of a sustainable viral response (SVR) was 

possible for less than 50% of cases compared to more than 75% for those 

infected with HCV genotypes 2 or 3 despite a longer course of treatment160. 

With DAAs, which have a higher antiviral response, the importance of 

genotyping remains also crucial for determination of appropriate regimen until 

an efficient pan-genotypic treatment will be found. Currently, genotype 3 has 

become the most difficult to treat with these DAAs161-164. 

The role of HCV genotypes in severity of liver disease is not elucidated165. HCV 

genotype 3 has been associated with severe forms of liver disease among IV 

drug abusers in France and genotype 1b linked to a higher rate of HCC among 

cirrhotic patients166. Likewise, in a recent study conducted in Southeast Asia, Lee 

et al. have found that genotype 6 was more likely to cause HCC than other 

genotypes167,168. All these studies have been conducted in different settings with 

divergent prevalence of HCV genotypes and genetic difference between 

populations, which makes objective comparisons of genotype-specific liver 

disease severity difficult169,170.  

1.2.3.  Clinical presentation of HCV-induced liver disease 

Mode of transmission 

HCV is a blood-borne virus and several individuals have been infected via 

unscreened blood products before systematic HCV screening of products 

before transfusion were implemented in 1990171. Sharing needles between IV 

drug abusers or sharing other sharp objects with infected individuals are 
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nowadays major routes for spreading the virus172. The main routes of HCV 

infections in resource-limited settings are probably ritual practices among 

indigenous populations, and also nosocomial infections through unsafe invasive 

procedures with reuse of contaminated or sub-optimally sterilized instruments 

173,174. Sexual transmission is lower compared to HBV but may be increased in 

HIV-infected men having sex with men (MSM)175. Vertical transmission is less 

also frequent than that of HBV but may increase if the mothers are HIV-

coinfected176. 

Acute HCV infection  

One to two weeks after exposure to a high infecting dose of HCV as by blood 

transfusion, symptoms of acute infection may occur with a high viral load with 

or without detectable anti-HCV antibodies. However, signs and symptoms are 

present in less than 20% of the cases. They are flu-like symptoms, abdominal 

pain, anorexia, icterus and dark urine with increased level of transaminases to 

more than 10-fold the upper limit of normal range and hyperbilirubinemia177. 

Acute fulminant hepatitis C is rare but more frequent in case of preexisting 

active HBV infection and vice versa86,178. This pauci-symptomatic pattern of 

acute HCV infection hinders its early diagnosis 177,179. Therefore, to make a 

diagnosis, exclusion of another potential cause of acute hepatitis is paramount as 

there is no specific marker for acute HCV infection unless lack of markers for 

HCV was identified in samples drawn within the last 6 months prior to the 

current diagnosis161. Following the acute phase, spontaneous clearance of HCV 

RNA within 6 months occurs in 15-40% while the remaining cases will progress 

to chronic infection170,180. 

Chronic HCV infection 

During the acute phase, seroconversion to anti-HCV occurs early and anti-HCV 

coexist with detectable HCV RNA161. In this phase, mildly elevated or normal 
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liver enzymes and histological damage of the liver such as necroinflammatory 

process and liver fibrosis can be observed. Other non-specific biological 

findings like a thrombocytopenia may also be observed181. The rate of 

spontaneous viral clearance in this phase is rare and the majority of the 

individuals will remain viraemic. Factors for progression to chronicity are old 

age at time of the infection, male gender, alcohol abuse and host genetic factors 

like polymorphism at interleukin 28B gene169,170,182,183.  

The development of advanced life-threatening forms of chronic liver disease is 

generally slow. Individuals with chronic HCV infection are at risk of up to 20% 

to progress to LC within 20 years with the infection184.  

HCV-induced liver cirrhosis (LC) 

Permanent HCV-induced cytolysis may lead to liver fibrosis and formation of 

regenerative nodules surrounded by fibrotic septa that characterizes the LC185. 

Chronic hepatitis C evolves towards LC in about 20-30% of cases over a period 

of 20-30 years177,184. Alcohol abuse, older age with HCV infection, coinfection 

with HIV and diabetes are major contributors to this progression186,187. 

Clinical presentation of HCV-induced LC is not specific and is generally 

indolent or subclinical until it reaches advanced stages or decompensation. 

Treatment initiated at the stage of LC has been associated with attenuated 

progression of the fibrosis and reduction of development of liver malignancy in 

patients achieving an SVR including patients with already decompensated 

cirrhosis188-190. 

Furthermore, in patients achieving the SVR, mortality related to liver disease is 

decreased but also that related to comorbidities at a comparable rate as matched 

general population thanks to curative effects on HCV extrahepatic disorders 

188,191,192.  
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HCV-induced hepatocellular carcinoma  

Individuals with HCV-related cirrhosis carry a permanent annual risk of 1-7% of 

developing an HCC. HCC is the second leading cause of cancer-related death 

worldwide and HCV is the most important cause in the World except in Sub-

Saharan African countries and in Asia where HBV is highly endemic113,193,194.  

In HCV-infected persons, HCC tends to be more associated with LC as a result 

of indirect oncogenic effect of HCV via a persistent inflammatory process, liver 

cell death and proliferation. HCC affects more females and old patients than 

HBV worldwide2,113. The age difference in HCV-induced HCC compared to 

HBV is even much more important in SSA region195.  

Although the DAAs can cure HCV-related LC, cirrhotic patients with cured 

infection continue to carry 1% yearly risk of developing HCC especially when 

factors like diabetes, metabolic syndrome or advanced age are associated 191,196-

199. Such patients should therefore remain candidate to a regular follow-up as 

those with untreated chronic HCV infection or LC112. 

1.2.4. Diagnosis of HCV infection 

The diagnosis for HCV infection is based on detection of anti-HCV antibodies 

except in case of a recent massive exposure (<4 weeks) with presence of 

symptoms as 30-50% of cases may lack the antibodies early in the infection and 

they may also be absent in immunosuppressed patients161,200. The anti-HCV 

assays use enzyme-linked immunoassays (ELISA) techniques. Anti-HCV IgM is 

present in up to 94% of acute HCV infection but also in more than 50% in 

persons with chronic HCV. Hence, this assay is unreliable for diagnosing acute 

HCV infection201. The presence of anti-HCV does not necessarily link to an 

ongoing infection, since the antibodies remain after clearance of the infection. 

Ongoing HCV is therefore rather proven by detection of HCV RNA by 
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quantitative PCR. Moreover, in some cases, there is a high rate of false positive 

results for anti-HCV by ELISA, especially in developing countries202,203. 

Therefore, anti-HCV reactive samples with no detectable HCV RNA should be 

subject to a confirmatory line immunoblot assay to confirm a cured infection or 

possible ongoing infection with low level of viraemia 204.   

During replicative phases of HCV, nucleocapsid peptides or core antigen 

(HCVcAg) are released into the plasma and their detection may be used as an 

alternative to HCV RNA for the diagnosis of active HCV infection205. These 

peptides are highly antigenic and their detection have shown a good correlation 

with HCV RNA levels except for viral loads lower than 3,000 IU/ml 206-209.The 

table 3 summarizes the interpretation of HCV markers. 

Table 3. Diagnostic approach of HCV infection 

Anti-HCV 
(ELISA) 

HCV 
core Ag 

HCV RNA Line Immunoblot assay Interpretation 

Negative Positive Positive Not recommended Recent HCV infection or infection in 
patients with immune deficiency  

Negative Negative Positive Not recommended Idem as above but with low viraemia 

Negative Negative Negative Not recommended No current or past HCV infection  

Positive Positive 
or 
negative 

Positive Not recommended Acute HCV infection if exposure 
within last 6 months, chronic HCV 
infection if more than 6 months 

Positive Negative  Negative Positive Resolved HCV infection or low level 
of HCV viraemia 

Positive Negative Negative Negative False positive anti-HCV antibodies 

 

Molecular characterization or genotyping of HCV strains is crucial for 

assignment of treatments regimen to infected patients. Genotyping is performed 

by whole genome sequencing for identification of new genotypes or 

recombinants. Sequencing on limited regions of NS5B or core is acceptable for 
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identification of known genotypes. However, sequencing the core region does 

not allow identification of subtypes as efficiently as the NS5B region210,211.   

1.2.5. Treatment of HCV infection 

About 15-40% of HCV infected patients may spontaneously clear the infection 

during the first 6 months of the infection182. The remaining patients are at risk 

to develop chronic hepatitis and are therefore candidate to treatment in order to 

prevent progression to LC and hepatocellular carcinoma. However, HCV has a 

slow progression to those life-threatening conditions and in resources-limited 

settings, priority can be given to cases with advanced fibrosis212. Nevertheless, 

the risk to develop HCC is 1% per year for patients with LC achieving a SVR, 

and this plays in favor of an earlier initiation of the treatment199. 

Effective treatment for HCV infection relied prior to 2011 on interferon-based 

regimen comprising interferon α, or polyethylene glycol (pegylated)-interferon 

for its more prolonged half-life and activity, and ribavirin. However, in these 

regimen, sustainable viral responses (SVR) could be achieved in up to 80% of 

cases infected by HCV genotypes 2, 3, 5 and 6 and in only less than 52% for 

HCV genotypes 1 or 4-infected persons213,214. Many patients could not comply 

with this 24-48 weeks course of treatment mainly because of interferon-induced 

side effects such as headaches, fatigue and depression and side effects of 

ribavirin like nausea and anemia215. 

Currently, DAA comprising different protease and enzymatic inhibitors 

targeting the main proteins involved in life cycle of HCV have been introduced 

and superseded the interferon-based regimen. They have shown improved 

tolerability and efficacy with a shortened course of treatment216. Different DAA 

exerting effects at different sites are available. They are NS3/4A protease, NS5A 

or NS5B inhibitors.  For NS3/NS4A the protease inhibitors used are telaprevir, 

boceprevir, simeprevir, grazoprevir, paritaprevir, asunaprevir, voxiprevir and 
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glecaprevir. Daclatasvir, ledipasvir, elbasvir, ombutasvir, velpatasvir, pibrentasvir 

and odalasvir are NS5A inhibitors while sofosbuvir and dasabuvir interfere with 

NS5B163,216. For current treatment guidelines, combinations of two or three 

DAA with or without ribavirin are used. Different regimens are assigned 

according to HCV genotypes and antiviral response may differ between 

different genotypes as well161,217,218. Although SVRs following DAA remain 

>90%, success of the treatment may be hindered by naturally occurring and 

drug induced resistant mutants218,219. 
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1.3 HEPATITIS E VIRUS 

Hepatitis E was first described in 1978 in Kashmir-India during an epidemic 

defined as of non-A non-B acute hepatitis involving almost 52,000 persons220,221. 

The virus was later discovered by Balayan et al. in 1983222. HEV has been 

initially thought exclusively transmitted via fecal-oral route and highly endemic 

in developing nations with poor hygiene and lack of access to clean water. It is 

nowadays recognized as an important public health problem also in the 

developed world223. Several animals are reservoir of the virus, especially swine 

and wild boar, and can transmit it to humans via direct contact or contact with 

their fecal products but the predominant route is probably via consumption of 

undercooked meat or meat products from infected animals220,224. 

1.3.1. Structure of the HEV genome 

HEV is a small single-stranded non-enveloped RNA virus belonging to 

Hepeviridae family. HEV strains infecting mammalians are classified into the 

Orthohepevirus A genus. HEV genome is about 7.2 kb long and encodes for three 

ORFs with ORF1 being the largest and coding for nonstructural proteins 

involved in viral replication and protein processing. Proteins involved in 

replication are methyltransferase (MeT), the helicase (Hel) and the RNA 

dependent RNA polymerase (RdRp).  

The papain-like cysteine protease (PCP) is another non-structural protein that 

may be responsible of processing the polyprotein derived from ORF1 into 

functional proteins. Other proteins encoded by ORF1 are Y and X domains 

whose functions are unknown and a highly variable domain (HVR) near the 

PCP 225,226. ORF2 encodes for the capsid227. ORF3 partially overlaps the ORF2 

and may encode for a small protein involved in secretion of the virions226-229. A 

junction region is located between the stop codon for ORF1 and reading 
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initiation codon for ORF2/3 and encodes a stem-loop RNA secondary 

structure involved in viral replication (figure 3)226.  

 

Figure 3: Genomic organization of the HEV showing the 3 overlapping open reading frames:ORF1 encoding for 
non-structural proteins, ORF2 for the capsid and ORF3 whose role remains elusive. (Different domains of ORF1 
here represented: MT: methyl-transferase; Y: Y-domain; PCP: papain-like cysteine protease: X domain; HVR: 
Highly Variable domain; Hel: helicase; RdRp: RNA dependent RNA polymerase; JR: Junction region) 

 

1.3.2. HEV genotypes and global distribution of HEV infecting humans 

The Orthohepevirus A genus encompasses eight different genotypes (HEV1-

HEV8) based on the sequence of whole genome with over 19% nucleotide 

divergence 225,230.  HEV1 and HEV2 are obligatory human pathogens and 

mainly transmitted via fecal-oral route. HEV3 infects both humans and animals 

such as pigs, deer, rabbits, goats and mongooses224,231,232. HEV4 circulates 

among swine and humans but has been also identified in cow milk in 

China28,225,233. HEV5 and HEV6 have been isolated from wild boars in Japan 

while HEV7 and HEV8 were found in camelids225. Recently, HEV7 has caused 

a chronic liver disease in liver transplanted patient from United Arab 

Emirates234,235. One HEV strain infecting moose has been identified, although it 

is not known if the virus can infect humans236. 

All these genotypes are differently distributed across the globe.  HEV1 has been 

reported in different outbreaks and sporadic cases of acute hepatitis in Africa 

and Asia29. HEV2 was found in Mexico and West, Central and Southern African 



  30 

countries like Nigeria, Chad and Namibia237. HEV3 has mainly been isolated in 

the USA, Western Europe, New Zealand, Japan and Korea while HEV4 was 

described from China, Taiwan, Japan and Vietnam but also from some cases in 

Europe237,238. 

1.3.3.  Clinical presentation of HEV infection 

Mode of transmission 

HEV is mainly transmitted by fecal-oral route usually from drinking unclean 

water contaminated by infected individuals or animals. HEV outbreaks have 

been reported in Asia and Africa, mostly occurring in refugee camps or zones 

where drinking water is contaminated by sewage239-242. This water-borne 

transmission is relatively common for HEV1 and HEV2 and a human-to-

human transmission remains rare but possible243. In developed countries, 

transmission via a foodborne route is the most predominant through 

consumption of raw or undercooked meat and other products from infected 

pigs 244-246. It has been shown that a complete inactivation of HEV is only 

obtained by heating at >71° degrees Celsius for at least 20 minutes244.  

However, individuals can also get infected via close contact with infected 

animals, or animal products 223,245,247. Transfusion-transmitted HEV infections 

by blood products have also been repeatedly reported in developed 

countries24,248,249. Finally, mother-to-child transmission remains not thoroughly 

explored but it has been raised that it may occur in more than 50% of babies 

born from viraemic mothers infected by HEV1250-252. 

Acute HEV infection 

After an incubation period of 15-60 days, a symptomatic acute hepatitis caused 

by HEV1 or HEV2 occurs in less than 20% of cases and remaining cases will 
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feature a subclinical course 253. Symptoms do not differ from that of acute 

hepatitis caused by hepatitis A virus (HAV), another RNA virus from the 

Picornaviridae family254,255. Signs and symptoms, when they are present, include 

fatigue, mild fever, malaise, jaundice, anorexia, vomiting, hepatomegaly and 

pruritus255,256. They are concomitant with increased liver enzymes and 

hyperbilirubinemia. In more than 98% of cases, the symptoms will resolve 

spontaneously without treatment within a period of 4-6 weeks but in HEV1-

infected pregnant women especially during the third trimester, progression to 

liver failure is relatively more common with a case-fatality rate that can be as 

high as 30% or beyond 23,29,257,258. Inhibition of estrogen receptors by HEV 

infection in pregnant women and delayed interferon β response resulting in an 

increased viral replication is putative mechanism to this progression259-261. 

Immunosuppressive therapy can also be associated with worse prognosis261,262. 

Acute manifestations for HEV3 infections were described in sporadic cases 

from developed nations with a severe clinical course in pregnant women as well 

but no death has been deplored so far. The difference in virulence or in health 

facilities settings could explain the different prognosis between HEV1 and 

HEV3 but cases of HEV3 infection in pregnant women remains sporadic263-266.  

Acute hepatitis E in patients with preexisting chronic hepatitis also features a 

severe clinical pattern as it can cause a decompensation to liver failure with 

apparent clinical jaundice, coagulation disorders and is associated with a poor 

prognosis in up to 2/3 cases25,267-269. HEV1 and HEV2 infections are also 

associated with a higher severity and poorer prognosis than HAV infection in 

acute on chronic liver failure270. 

Chronic hepatitis E 

Once infected by HEV, some patients with immune deficiency are unable to 

clear the virus, which may then persist, replicate and cause chronic hepatitis271. 
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First cases of HEV persistence for more than 6 months were described by 2008 

in France from solid-organs recipients 272. Several similar cases among solid-

organs recipients, patients with hematological cancers undergoing chemotherapy 

273,274 and HIV-infected patients with low CD4 count have been reported as 

well275-277. Chronic hepatitis E generally shows a cryptogenic clinical pattern with 

mild to moderate signs or symptoms limited to fatigue, moderately elevated liver 

enzymes and jaundice278. Cases of LC including those with rapid progression 

within less than 3 years from initial HEV infection have been reported in HIV-

infected patients279,280. The majority of these cases involved HEV3 infection. 

Limited studies in SSA where both HIV and HEV1 or HEV2 are highly 

endemic did not show any case of HEV-induced chronic hepatitis despite a 

relatively important proportion of patients with low CD4 count in a study 

conducted in Central and Western African region281. Unexpectedly, a case of 

HEV1 chronic hepatitis has been recently described in India from a 13-years old 

child diagnosed with acute lymphoblastic leukemia, indicating a possible 

involvement in chronic hepatitis of this genotype as well282. 

HEV infections and extrahepatic manifestations 

Extrahepatic clinical manifestations during the course HBV or HCV-induced 

hepatitis are known and involve immune-mediated and inflammation driven 

multisystemic manifestations. For example, chronic HCV infection can be 

associated in up to 80% with extrahepatic manifestations such as mixed 

cryoglobinemia vasculitis, B-cell lymphomas, insulin resistance and 

glomerulonephritis among others192,283. 

HEV infection may also feature extrahepatic manifestations even with non-

clinically overt hepatitis. The range of these manifestations is extended to 

different organs including mainly central and peripheral nervous system, renal 

and hematologic system among others284. Guillain-Barré syndrome, 
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meningoencephalitis, glomerulonephritis, cryoglobinemia, hemolytic anemia and 

pancreatitis have been described with HEV1 and HEV3 infections in both 

immunocompetent and immunosuppressed patients285-290. The virus has rarely 

been isolated in different organs and hypothetic link of these manifestations to 

HEV infection is supported by presence of specific signs to affected organs or 

system and HEV markers with unexplained concomitant elevated liver 

transaminases (ALT) 289,291-293.  

1.3.4. Diagnosis of HEV infection 

The diagnosis of HEV acute or chronic hepatitis may require a detection of 

HEV RNA in serum but this is present for a short period of time. Serological 

assays for anti-HEV IgM and IgG are commonly used and these antibodies are 

present during the first months after initial exposure. Anti-HEV IgM is present 

within the first week of symptoms can be used for diagnosis of acute HEV 

infection, and anti-HEV IgG for current or past infections. However, 

seroconversion to both anti-HEV IgM and IgG can be delayed for up to 30 

days or more after the first detection of HEV RNA in serum or feces in 

subclinical cases294. Immunosuppressed patients may also have a delayed anti-

HEV IgM appearance and the diagnosis of acute HEV infection cannot be 

based on this marker295. Different anti-HEV serological tests are available on the 

market but they showed variances in sensitivity, specificity and a wide inter-assay 

discordance296,297. Once HEV RNA detected by PCR, HEV genotype can be 

determined by sequencing the whole genome for phylogenetic analysis298. Partial 

sequencing of ORF1 and/or ORF2/3 can be used for typing already known 

genotypes299. 
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1.3.5. HEV infection prophylaxis and treatment 

There is no specific treatment recommended for HEV infection but in severe 

forms of acute fulminant hepatitis, acute on chronic liver failure, progressive 

chronic hepatitis and some cases of extrahepatic manifestations, off-label 

ribavirin has successfully been used and cured the infection in about 80% of the 

cases266,286,300,301. Pegylated interferon alpha associated or not with ribavirin has 

also been used278,300. Immunity acquired from cured HEV infections and from 

HEV vaccine are protective against a subsequent infection302. However, the 

currently available vaccine is not yet approved worldwide, but it has shown to 

be effective against HEV1 infections and it is not known if it is effective on 

other genotypes 303. Individuals who have cleared infection may loose antibodies 

within 15 years after a previous exposure and can become again susceptible to 

HEV new infections304. 



 

 35 

2. AIMS 
2.1. GENERAL AIM 

The overall objective of this thesis was to evaluate seroprevalence of 

hepatitis viruses among blood donors and patients and risk factors to 

get hepatitis infections in Rwanda.  The aim was also to perform 

molecular characterization of these viruses and to determine the 

circulating genotypes, subtypes, variants and implication of the 

hepatitis viruses in liver diseases in Rwanda. 

 

2.2. SPECIFIC AIMS 

• To evaluate the prevalence of HBV markers and circulating 

genotypes among Rwandan blood donors (Paper I) 

• To evaluate the seroprevalence of HCV markers and circulating 

genotypes among Rwandan blood donors (Paper II) 

• To evaluate the prevalence of HBV and HCV markers and 

respective circulating genotypes among liver disease patients and 

controls and to identify factors associated with the liver disease 

severity, HBV and HCV infections (Paper III) 

• To investigate the seroprevalence of HEV and HAV among blood 

donors, liver disease patients and controls, respective associated 

factors and circulating genotypes of HEV (Paper IV) 
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3. MATERIALS AND METHODS 

3.1. STUDY SITES, PARTICIPANTS AND SAMPLES 

We conducted studies for this thesis on volunteer blood donors and on liver 

disease patients and matched controls. Blood donors were recruited from 

different regional blood and transfusion centers of Rwanda. Patients with liver 

disease and controls were enrolled in the study from different hospitals of 

Rwanda covering the five provinces: Kigali City, Eastern, Northern, Southern 

and Western Provinces. 

In 2015, the Southern and Eastern Provinces accounted for 24.6% and 24.7% 

of 11.3 million of Rwandan population, respectively. The population in Western 

province represented 23.5% while that of Northern province and Kigali City 

accounted for 16.4% and 11% of the national population respectively30. 

 Paper I and Paper II 

In these two studies, we collected from National Centre for Blood and 

Transfusion (NCBT) aggregate data on blood donors with regard to numbers of 

HBsAg and anti-HCV positive donors among first-time and repeat donors, 

according to gender and residential origin for the year 2014. There were 45,061 

blood donations including 13,637 first-time donations and 31,424 repeat 

donations. We estimated respective prevalence of HBsAg and anti-HCV 

carriage by calculated ratios among first-time blood donors for HBsAg and anti-

HCV reactive over the total number respectively. 

We then collected 2ml x 2 of serum from each HBsAg reactive and/or anti-

HCV reactive sample available at NCBT. We prospectively collected additional 

reactive samples obtained from different regional centers and analyzed at NCBT 

during January and February 2015 to have 240 reactive samples. We collected at 
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the same time twice as many samples that were negative for both assays. All 

samples were destined for further analysis at the Laboratory of Clinical 

Microbiology and Virology (CML) at Sahlgrenska Hospital, Gothenburg, 

Sweden. Of 720 samples obtained for analysis at CML, 126 were HBsAg 

reactive, 104 anti-HCV reactive, 10 reactive to both and 480 samples were non-

reactive to any of the two assays at NCBT/Rwanda and all were HIV negative 

(figure 4). These samples were stored at -80°C and were shipped at CML on dry 

ice and kept at -80°C until they were analyzed.  

Paper III 

We enrolled 246 patients diagnosed with liver disease by physicians in Rwanda 

but with no history of any specific antiviral treatment for hepatitis (cases). We 

simultaneously enrolled 246 patients controls matched to the cases with regard 

to age (+/- 5 years), gender and province of origin and who were admitted in 

hospitals or attending outpatient clinics for other clinical conditions than liver 

disease and who had no known history of liver disease. Both cases and controls 

were recruited from six different hospitals covering the five different provinces 

during periods of February-May 2015 and January-June 2016. Of those 

hospitals, 3 are national referral hospitals: University Teaching Hospital of 

Butare (CHUB) covering Southern and Western Provinces, University Teaching 

Hospital of Kigali (CHUK) and Rwanda Military Hospital (RMH) covering 

Kigali City, Northern and Eastern Provinces. The remaining sites are Kibuye 

Provincial Hospital located in the Western province, Musanze Provincial 

Hospital in North and Nyamata District Hospital in the Eastern Province. 

Paper IV 

In this study, we analyzed for markers for HAV and HEV infection in samples 

with sufficient materials from participants enrolled in the studies for papers I, II 

and III (figure4). 
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Figure 4. Flow diagram of study participants enrolled in the 4 different studies of this thesis 

 

Data on demographic characteristics and risk factors for HBV and HCV infections 

Age, gender, occupation and province of origin were collected for papers II and 

I in addition to category of donation. The same demographic data were 

collected for paper III and additional information on risk factors for hepatitis B 

and C virus infections including sexual orientation, history of unprotected sex 

with multiple partners; history of sharing sharp objects, history of blood 

transfusion and/or of invasive procedures in health facilities; history of invasive 

procedures at home by non-professionals and history of hepatitis or unknown 

liver disease in a same household as study participant. 

3.2. SEROLOGICAL ANALYSIS OF SAMPLES FOR ALL PAPERS 

Samples obtained for papers I and II were assayed for anti-HCV, HBV markers 

and for anti-HDV in HBsAg reactive samples. Samples for paper III were 

investigated also for serological markers of HCV, HBV and HDV infections 

Patients (492): 
246 liver disease patients 
246 non-liver disease matched 
patients 

Blood donors (720): 
126 HBsAg positive 
104 anti-HCV positive 
10 HBsAg & anti-HCV positive 
480 HBsAg & anti-HCV negative 

Paper I Paper IV Paper III Paper II 
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accordingly. HEV serum markers and anti-HAV were performed on blood 

donors, liver disease patients and their matched controls with sufficient 

materials for paper IV. 

HBV and HDV serum markers  

At NCBT, automated chemiluminescent microparticle immunoassays (CMIA) 

with HBsAg qualitative II by Abbott Laboratories (Abbott Park, IL, USA) on 

Architect i2000R machine was used to investigate HBsAg. At CML, HBsAg 

assay was repeated together with total anti-HBc, anti-HBc IgM and anti-HBs 

using CMIA on Architect i4000R. HBsAg reactive sera were analyzed for 

detection of HBeAg and anti-HBe using CMIA assays as well. Also, HBsAg 

reactive samples and samples with isolated anti-HBc were analyzed for detection 

of anti-HDV using ETI-AB-DELTA K-2 ELISA kit (Diasorin, Saluggia, Italy).  

Anti-HCV serology 

Investigations of anti-HCV were performed by CMIA in Rwanda and they were 

repeated with CMIA on Architect i4000R at CML. Samples that were anti-HCV 

reactive but HCV RNA negative were re-analyzed for anti-HCV by Murex anti-

HCV Elisa version 4.0 (Diasorin, Saluggia, Italy). They were additionally 

subjected to a confirmation test using line immunoassay (INNO-LIATM HCV 

Score, Innogenetics, Gent, Belgium). Samples positive or indeterminate with 

Innolia and samples with detectable HCV RNA were considered as true reactive 

for anti-HCV and the remaining were considered as false anti-HCV positive305.  

Detection of anti-HAV and anti-HEV antibodies  

We used CMIA with anti-HAV IgG kit from Abbott Laboratories (Abbott Park, 

IL, USA) on Architect i4000R to investigate anti-HAV antibodies carriage. We 

also analyzed samples with sufficient materials for anti-HEV IgG using Enzyme 
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Linked Immunoassay (ELISA) with HEV IgG third generation kit by DiaPro 

Diagnostic Bioprobes Srl (DiaPro, Milano, Italy). Given a commonly reported 

discordance between serological assays for HEV available on market and 

possible overestimation of anti-HEV IgG by the kit used in this study295,296,306, 

we referred to in-house cut point for interpretation of anti-HEV IgG results as 

follows: 

• >1.7 sample signal OD/cut-off OD (S/CO) as anti-HEV IgG positive 

• 1-1.7S/CO as borderline anti-HEV IgG or negative 

• <1 S/CO as absolutely negative for anti-HEV IgG 

We performed analysis for anti-HEV IgM on positive samples for anti-HEV 

IgG with sufficient materials and on those with borderline results. We assayed 

anti-HEV IgM on samples from patients diagnosed with acute liver disease in 

Rwanda irrespective of their anti-HEV IgG status as well by ELISA HEV IgM 

DiaPro Diagnostic Bioprobes Srl (DiaPro, Milano, Italy). Previously described 

cut point was used and samples with titers >1 S/CO anti-HEV IgM were 

considered positive296,307. 

3.3. NUCLEIC ACIDS EXTRACTION AND QUANTITATIVE PCR 

Nucleic acids extraction 

We performed on 200µL of serum from all samples reactive for HBsAg, 

isolated anti-HBc, anti-HCV, anti-HEV IgG or IgM and borderline anti-HEV 

IgG, nucleic acids’ extraction by using NucliSENS EasyMAG automated kit and 

extractor (BioMerieux, Marcy l’Etoile, France). We obtained 110µL of product 

for each sample eluted in nuclease-free water that was stored at -80°C until 

further analyses.  
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Real-time PCR HBV DNA detection 

The extracted nucleic acids were analyzed for HBV DNA detection by using 

TaqMan qPCR assay targeting the S-region with primers HBV305S, HBV460AS 

and probe HBV-ProbeP previously described308. In this reaction, we used 5 µl 

of extracted DNA, 12.5 µl 2x universal master mix/MgCl2 and Platinum One-

Step Quantitative RT-PCR System with ROX (Invitrogen), 0.5 µM of each 

primer and 0.4 µM probe to obtain a final volume of 25 µl. The reaction was 

performed on Applied Biosystems 7300 platform (USA) in following conditions: 

initial denaturation at 50°C for 2 minutes and 95°C for 10 minutes followed by 

45 times cyclic reaction at 95°C for 15 sec, 55°C for 15 sec and 72°C for 30 

seconds. Cycle threshold (Ct) values obtained for samples were used to 

estimated viral loads by regression analysis using a standard curve generated by 

values of serial dilutions 1/10 to 1/100,000 of a sample with known HBV 

DNA. Nuclease-free water was used as negative control.  

Real-time PCR for HCV RNA detection and cDNA synthesis 

We also used TaqMan qPCR assay for HCV RNA detection with primers 

targeting nucleotide positions 180-354 in the 5´UTR of HCV genome. The 

reaction mix was composed of 20 µl of extracted RNA, 25µl of 2 × universal 

master mix/MgCl2, 40 U of RNAse OUT (Invitrogen), 200 U of Superscript-III 

Reverse Transcriptase Taq Mix (Invitrogen), 0.1 mM HCVKOD sense primer  

(5’-CTAGCCGAGTAGYGTTGGGT-3’), 0.4 mM HCVKOD antisense primer 

(5’-CATGTT GCACGGTCTACG AG-3’) and 0.2 mM probe HCVPKOD 

(FAM-5’CTCGCAAGCACCCTATCAGGCAGTAC-3’-BHQ1) in a final 

volume of 50 µl. The amplification reaction conditions consisted of initial 

reverse transcription at 50°C for 45 minutes followed by denaturation at 95°C 

for 10 minutes. The cyclic reaction was set to 45 cycles with denaturation at 

95°C for 30 sec and elongation at 60°C for 60 seconds. Serial dilutions (1/10 to 
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1/1,000) of a sample with known HCV RNA titer were used as positive controls 

and nuclease-free water as negative control.  

For samples with detectable HCV RNA, cDNA was synthetized for use in PCR 

amplifications for sequencing. In this reaction, we used 5µl of extracted RNA, 

4µg random primers, 0.5 mM of dNTP (Roche), 1× First Strand Buffer 

(Invitrogen), 5 mM of dithiothreitol (DTT) (Invitrogen), 40 U of RNAse OUT 

(Invitrogen), 200 U of Superscript III Reverse Transcriptase (Invitrogen) for a 

total volume of 25 µl. The reaction mix was incubated at 25°C for 10 min then 

at 50°C for 90 min. The resulting cDNA was stored at-80°C until it was used 

for the PCRs. 

Real-time RT-PCR HEV RNA and cDNA synthesis 

In the RT-PCR, the highly conserved overlapping regions in the ORF2/3 of the 

HEV genome was targeted using forward primer JVHEVF, reverse primer 

JVHEVR and probe JVHEVP as previously described236,309. Synthesis of cDNA 

was performed by reverse transcription on samples with detected HEV RNA as 

previously described236.  

3.4. PCR AMPLIFICATIONS AND SEQUENCING 

PCR amplification for HBV S-gene 

In paper I, HBV S-gene was amplified by PCR in a reaction volume mix of 50µl 

containing 5µl of extracted HBV DNA, 31.9 µl of RNAse-free water (Sigma), 1x 

Taq buffer (Applied Biosystems), 3 mM MgCl2 (Applied Biosystems), 0.2 mM 

dNTP, 0.3 mM of each primer, and 1 U of Taq polymerase. We used pooled 

sense primers gtA1-2792S1-S2 and anti-sense primers gtA1-356AS1-AS2 in a 

first round PCR. Amplicons from the first PCR were semi-nested in a reaction 

containing 3µl of the amplicon, primers gtA1-2809S1-S3, the anti-sense primer 
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and 2.75 mM MgCl2. Additional PCR using pairs of primers HBV-2730S1-

8/HBV-874R1-R4 in first PCR, subsequent semi-nested PCR with primers 

HBV2730S/HBV-98R1-R4 and a PCR using primers HBV3125S1-S6/548R1-

R2 and HBV464S1-S2/874R1-R4 were performed to achieve complete S-gene 

PCRs when necessary. Steps for these PCR reactions are detailed in table 4 and 

a final step of elongation at 72°C for 10 min was added to each reaction. 

Primers’ sequences are also detailed in table 5. 

In paper III, the first PCR was performed using primers 2800S/1011AS in a 

reaction mix containing 5µl of extracted HBV DNA, 1x Taq buffer (Applied 

Biosystems), 2 mM MgCl2 (Applied Biosystems), 0.25 mM dNTP, 1 mM of each 

primer, 5 U of Taq polymerase and water to a final volume of 50 µl. Amplicon 

obtained was semi-nested in 2 PCRs with primers 2800S/P8 and P7/1011AS in 

conditions presented in table 4.  For some samples, PCR amplifications with 

primers gtA1-2809S1-S3/874R1-R4 and HBV-2730S1-8/548R1-R2 were 

performed to have a complete S-gene. 

PCR amplifications for HCV Core and NS5B genes 

First and semi-nested PCRs were performed using HCV cDNA template to 

amplify 364 and 411 nucleotides of partial NS5B and core regions respectively. 

The reaction mix contained 5µl of cDNA, 1×Taq buffer (Applied Biosystems), 

0.2 mM dNTP, 0.3 mM of each primer cs1/cas1 for core region and 

ns5bs/ns5bas1 (table 5), 1 U of Taq DNA polymerase, 2.25 mM MgCl2 in a 

final volume of 50 µl.  Products from these first PCRs were semi-nested in PCR 

using primers cs2/cas1 and ns5b/ns5bas2 respectively (table 5). Steps and 

conditions for PCRs are also detailed in table 4. 
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Table 4. Conditions for HBV and HCV PCR amplifications for S-gene, core and NS5B 
regions respectively 

 

 

PCR amplifications for partial RdRp domain on HEV ORF1 and on ORF2/3  

First PCR on partial ORF1 was performed on HEV cDNA by using pooled 

forward primers ISP4232 and reverse primers EAP4576 and the amplicon was 

semi-nested in a PCR using pooled primers IASP4561 and EAP4576 as 

previously described236. We also performed PCR amplifications of partial 

ORF2/3 overlapping regions using sense primer HE361 and anti-sense primer 

HEV364 as previously described310. PCR amplicons were visualized on ethidium 

bromide-containing gel agarose electrophoresis 3% before any attempt of 

sequencing. 

 
 
 Primers 

Initialization Denaturation  Annealing  Elongation 

 Number of cycles: 40 
T° Duration T° Duration T° Duration T° Duration 

HBV PCR S-gene 

gtA1-2792S1-S2 / 
gtA1-356AS1-AS2 

95 3min 94 30 sec 60 60 sec 72 60 sec 

gtA1-2809S1-S2/ 
gtA1356AS1-S2 

95 3min 94 30 sec 59 60 sec 72 60 sec 

HBV-2730S/HBV-874R 95 3min 94 30 sec 59 60 sec 72 60 sec 

HBV2730S/HBV-98R 95 3min 94 30 sec 59 60 sec 72 60 sec 

HBV3152S/548R 95 3min 94 30 sec 59 60 sec 72 60 sec 

HBV464S /875R 95 3min 94 30 sec 59 60 sec 72 60 sec 

2800S/1011AS 94 30sec 94 40 sec 59 60 sec 72  60 sec 

2800S/P8 94 30sec 94 40 sec 57 60 sec 72  120 sec 

P7/1011AS 94 30sec 94 40 sec 55 90 sec 72  60 sec 

HCV PCR 

   N
S5

B
 ns5bs/ns5bas1 94  

 
94 
 
94 
94 

3 min 
 
3 min 
 
3 min 
3 min 

94 
 
94 
 
94 
94 

30 sec 
 
30 sec 
 
30 sec 
30 sec 

59 45 sec 72 
 
72 
 
72 
72 

75 sec 
 
75 sec 
 
75 sec 
75 sec 

ns5bs/ns5bas2 60 45 sec 

 C
or

e 

 
cs1/cas1 

 
61 

 
45 sec 

cs2/cas1 61 45 sec 

!
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Sanger Sequencing of PCR amplicons 

PCR amplicons were purified and extracted by using QIAquick PCR 

Purification Kit (Qiagen, Hilden, Germany) according to manufacturer’s 

instructions. A sample of 5.4 µL of each purified product, 1.6 µM of each 

primer used in nested PCR and 2µl of Terminator Ready Reaction Mix and 1µl 

of sequencing buffer were used for cycle PCR sequencing reactions. The 

products were sequenced using fluorescent-labeled dideoxy-chain terminators 

and reagents in the BigDye Terminator Cycle Sequencing Ready Reaction kit 

(Applied Biosystems). Analyses were performed on the 3130xl Genetic Analyzer 

(Applied Biosystems).  

 

3.5. GENOTYPE AND SUBTYPE DETERMINATION BY 

PHYLOGENETIC ANALYSIS 

Respective sequencing products were analyzed in the SeqMan section of 

DNAStar programme package version 10.1.2 (DNA Star Inc, Madison, WI 

53705, USA). Sequences of the S-gene were aligned with corresponding region 

of sequences representing HBV genotypes obtained from GenBank, including 

all HBV genotype A strains from Africa. Likewise, sequencing products for 

HCV were aligned with available sequences for HCV NS5B and core regions of 

HCV genotype 4 strains originating from Africa, Middle East, Western Europe 

and Northern America obtained from the GenBank as well. Phylogenetic 

analysis was carried out with the PHYLIP package version 3.65. Evolutionary 

distances were calculated using the F84 algorithm in the DNADIST program. 

Unweight pair-group method using arithmetic averages (UPGMA) and the 

neighbor-joining method in the NEIGHBOR program, PHYLIP package was 

used to construct the phylogenetic trees, which were visualized using the 

program Tree View, version1.6.6. 
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Table 5. List of primers used for HBV and HCV amplification and sequencing 

 

Virus Region Name Nucleotides’ sequence (5’-3’) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
HBV 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
S-gene 

2800S CAGGTAGCGCCTCATTTTGTGGGTCACCATATTCT 
1011AS CAAAAGACCCACAATTCTTTGACATACTTTCCAAT 
P8 GTGGTGGACTTCTCTCAATTTTC 
P7 CGGTAWAAAGGGACTCAMGAT 
gtA1-2792S1  GGAAACTACACGTAGCGCCTCATTTTG 
gtA1-2792S2 GGAAACTACACGTAGCGCTTCATTTTG 
gtA1-356AS1 ATTTGTCCTGGTTATCGCTGGATGTGT 
gtA1-356AS2 ATTTGTCCTGGTTATCGCTGGATGTGT 
gtA1-2809S1  CCTCATTTTGCGGGTCACCATATTCTT 
gtA1-2809S2 CCTCATTTTGCGGGTCACCATACTCTT 
gtA1-2809S3  CTTCATTTTGCGGGTCACCATATTCTT 
HBV-2730S1   CATTACTYCCAGACCCGACATTATTTACAT 
HBV-2730S2   CATTACTTCCAGACCCGACACTATTTACAT 
HBV-2730S3   CATTACTTCCAGACCCGACATTATTTGCAT 
HBV-2730S4   CATTACTTCCAGACCCGACATTAATTACAT 
HBV-2730S5   CATTACTCCCAGACCCGACCTTATTAACAT 
HBV-2730S6   CATTACTTCCAAACCCGACATTATTTACAT 
HBV-2730S7   CATGAGGCCCAGACCCGACCTTATATACAT 
HBV-2730S8   CATTACTTCCAGACTCGACATTATTTACAT 
HBV-874R1    ACCCCAACTTCCAATTACATAKCCCATGAA 
HBV-874R2    RCCCCAACTTCCAATTATRTATCCCATGAA 
HBV-874R3    ACCCCTACTTCAAATTACRTATCCCaTGAA 
HBV-874R4 GCCCCAaCTTCCAATYACATATCCcATGAA 
HBV-548R1  TTTTGTACAGCAACATGRGGGAAACATAGA 
HBV-548R2 TTTTGTACAGCAACATGAGGGAATCATAGA 
HBV-3125S1   AGTCAGGAAGGCMGCCTACTCCCAT 
HBV-3125S2   AGACAGGGAGGCAGCCTACTCCCAT 
HBV-3125S3   CCTATCGAAGGCAGCCTACTCCCAT 
HBV-3125S4   AGGCAGGAAGGCAGCCTACTCCCAT 
HBV-3125S5   AGTCACGTAGGCAGCCTACTCSCAT 
HBV-3125S6   AGTCAAGGAGGCAGCCCACTCCCAT 
HBV-98R1     TTGACGAGATGTGAGAGGCARTATT 
HBV-98R2     TTGACGATATGTGAGAGACAATATT 
HBV-98R3     TTGACGATATGTGAGAGGCAATATT 
HBV-98R4     TGGAGGAGATGGGAGAGGCAATATT 
HBV-464S1    TTGCCCGTTTGTCCTCTAATTCCAGGATCC 
HBV-464S2    TTGCCCGTTTGTCCTCTSATTCCAGGATCC 

 
 
HCV 

 
Core 

CS1 ACTGCCTGATAGGGTGCTTGC 
CS2 AGGTCTCGTAGACCGTGCA 
CAS1 ATGTACCCCATGAGGTCGGC 

 
NS4B 

NS5BS TATGAYACCCGYTGCTTTGAC 
NS5BAS GAGGAGCAAGATGTTATCAGCTC 
NS5BAS2 GAATACCTGGTCATAGCCTCCG 

!
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3.6. STATISTICAL ANALYSIS  

Prevalence of respective HBV, HCV, HEV and HAV markers in different 

groups were presented as percentages.  We performed comparisons of 

prevalence for HBsAg, anti-HCV and HCV subtypes between different groups 

using chi-square or Fisher exact tests accordingly. Odds ratio (OR) and 95% 

confidence intervals (CI) were provided where applicable. In papers III and IV, 

factors achieving a significant difference (p<0.25) in the univariate analysis were 

used in multivariable logistic regression analyses to identify independent factors 

to respective current infection or past exposure to HBV, HCV, HEV and anti-

HAV accordingly. In paper III, we controlled for age in model for comparison 

of prevalence of HCV subtypes according to severity of liver disease. All 

analyses were performed using SPSS version 24.0 (Chicago, IL) and a p< 0.05 

was considered statistically significant. 

3.7. ETHICAL CONSIDERATIONS 

The Rwanda National Ethics Committee approved the study (No 

243/RNEC/2014) and the Institutional Review Board of the College of 

Medicine and Health Sciences at University of Rwanda (IRB/CMHS-UR) 

extended that approval to 2016. Participants were at least 18 years old and 

provided informed consents when applicable. 
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RESULTS AND DISCUSSION 

4.1. PAPER I: Prevalence and characterization of HBV markers among 
blood donors in Rwanda 

4.1.1. HBsAg prevalence  

In Paper I, we investigated prevalence of past or active HBV infection in 

Rwandan blood donors. Previous estimates were based on small numbers of 

study participants or studies conducted on specific groups of patients, mainly 

HIV patients and pregnant women attending urban clinics33,34. In 2010, Rwanda 

was classified among countries with intermediate endemicity of HBV with an 

estimated HBsAg prevalence of 6.7% diverging with results from those small 

studies on HIV-infected pregnant women conducted in 2007 and on HIV 

patients carried in 2013 in Kigali city, from which prevalence of 2.4% and 5.2% 

respectively were found4,5,33,34. Results from our study on HBsAg prevalence 

among first-time blood donors have confirmed the intermediate endemicity of 

HBV infection with an estimated nationwide HBsAg prevalence of 4.1% in the 

year 2014311. Although, the prevalence of markers for past or present HBV 

infections in blood donors may be of moderate significance for population 

estimates, the financial affordability, especially in resources restricted areas, 

makes them attractive as the cheapest way to access to the prevalence for 

healthy populations. In the context of Rwanda where the majority of the 

population is not aware of its HBV serological status, prevalence among first-

time donors is a reasonable approximation of the prevalence in the adult 

population but may need adjustments for age and gender312,313. Since acute and 

chronic HBV infections are mainly asymptomatic, the majority of the first-time 

blood donors were unaware of their status and the risk to exclude an important 

proportion of infected individuals during pre-donation screening that could lead 

to an underestimation of the prevalence was then minimal 314. We could not get 

from NCBT data on age-specific HBsAg prevalence and the age distribution of 
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blood donors to adjust the overall prevalence found. Despite that, results from 

this study give added value as representatives from different regions of the 

country were included contrarily to previous studies.  

However, our results may somehow overestimate the general prevalence. We 

found the general prevalence among first time at 4.1%, but it was 5.1% among 

male first-time donors and significantly higher than 2.4% found among female 

first-time donors (p<0.001, Fisher’s exact test) while females represented only 

36.7% of first-time donors. This gender difference corroborates findings from 

other African countries from which male gender was found as an independent 

risk factor for HBV infection315-318. Hormonal effects on progression to chronic 

hepatitis B can be one explanation to this. It has been shown that estrogens 

have down-regulatory effects on HBV pgRNA transcription and HBV DNA 

replication while androgens have opposite effects 319. 

4.1.2. Prevalence of markers for previous exposure to HBV 

From analyses performed at CML on 581 HBsAg negative blood donors 

including 105 females and 476 males, we found that 122 (21%) had both anti-

HBc and anti-HBs indicating a resolved HBV infection with post-infection 

acquired immunity. Of those with these markers, 19 were females (18.1%) and 

103 (22.3%) were males and there was no significant difference with regard to 

gender (p=0.362; Fisher’s exact test). Fourteen of the 581(2.4%), all males, had 

isolated anti-HBc indicating cured or occult HBV infection as we did not find 

detectable HBV DNA in any of these samples.  The sum of those with anti-HBc 

and those with HBsAg, we showed that 27.5% of the Rwandan blood donors 

had at least one marker of active or cured HBV infection. This prevalence was 

relatively lower compared to that from neighboring countries like Uganda and 

Kenya where anti-HBc seroprevalence exceeded 50% while the highest reported 

in Rwanda was 42.9% among HIV patients34,320.  
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This indicates that more than 68% of adults in Rwanda may benefit from HBV 

immunization since we found also that few adults have been vaccinated with 

only 4.3% of the blood donors in this study having isolated anti-HBs, a marker 

of immunity acquired from vaccination against HBV. This low vaccination 

coverage in adults was confirmed in a study on healthcare workers in Rwanda 

carried out in 2013, which showed that only 4.5% of interviewed participants 

reported having had the vaccine321. The universal vaccination against HBV is 

part of the Extended Program of Immunization for all children in Rwanda since 

2003. The vaccination coverage was recently estimated at 98% among children. 

However, there is a need to expand this to adults, or at least to groups at risk, in 

effort to stop new HBV infections31,322. 

4.1.3. HBeAg and anti-HBe prevalence among HBsAg reactive donors 

Among different routes of transmission for HBV, it has been shown that 

perinatal transmission is not as important in SSA countries as in South East 

Asian countries323. High viral load and HBeAg positive status among HBV-

infected childbearing mothers are well recognized important factors for the 

mother-to-child transmission324. In this study, the overall prevalence of HBeAg 

among HBsAg positive blood donors was 24.2%, of which 97% were HBV 

DNA positive. This HBeAg positive status was more important in blood donors 

younger than 25 years with a prevalence of 35.7% while less than 4% of the 

participants older than 35 years had HBeAg. No significant difference of 

HBeAg status between the genders was found.  

The prevalence of HBeAg found in our study was in range with reports from 

other African countries and was similar to that found among HIV pregnant 

women in Kigali city 33,322,325.  The prevalence was, however, relatively lower 

compared to what is reported from Asian countries where it was over 40% for 

patients younger than 25 years326. It has been shown that an earlier clearance of 
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HBeAg is more pronounced in HBV strains of genotype A, mostly prevalent in 

Africa 327. In contrast, HBV genotype C strains that are predominant in South 

East Asian countries have rather the slowest clearance of HBeAg. HBeAg 

positive status among pregnant women, by the possibility of the antigen to cross 

the placenta, and the associated high viral load, predispose children born from 

HBeAg positive infected mothers to get infected during birth 99,140. The vertical 

transmission is thus less important in Rwanda and probably in other African 

countries, for that reason. 

Although HBeAg positive status refers to a high viral load and clearance of 

HBeAg to a low viral load, relatively high HBV DNA levels may be found in 

HBV-infected individuals harboring anti-HBe88. In this study, we found 49% 

viraemic samples while anti-HBe positive and 17% of them had an HBV DNA 

level > 4 log10 IU/ml. The high viral load in absence of HBeAg raises a 

possibility for presence of HBV strains in Rwanda expressing mutations in PC 

region or the BCP region328.  In line with patients harboring HBeAg and its high 

risk of HBV transmission to the offspring during birth, also neonates born from 

infected mothers without HBeAg but with a high viral load bear a risk estimated 

to 23% of getting infected during birth compared with up to 90% for those 

born from mothers with HBeAg positive status. Moreover, the absence of 

HBeAg, and its immunomodulatory effects in particular, predispose to massive 

liver damage of infected hepatocytes by the immune system. This can lead to 

severe forms liver disease in children such as acute fulminant hepatitis and early 

progression to LC or to HCC that can occur following the chronic cellular 

turnover 64,324,329,330. Infection by strains with mutations abolishing the 

expression of HBeAg can also predispose to LC and HCC in chronically HBV 

infected adults and the prevalence of these mutations may vary with prevailing 

genotypes64,330. 
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4.1.4. Circulating HBV genotypes and mutations in the S-gene 

Predominance of subgenotype A1 

Of 85 samples with HBV DNA, 58 could be sequenced in the S-gene and all 

clustered within genotype A, subgenotype A1. Moreover, 53 of them formed an 

isolated sub-clade with other strains previously published from Rwanda and 

some strains from Belgium, a country that shares a colonial history with Rwanda 

and that hosts an important proportion of immigrants from Rwanda. Few 

strains from neighboring countries like Democratic Republic of Congo and 

Tanzania were also within that clade311. The predominance of subgenotype A1 

was confirmed in the Central and East African Region but subgenotype A3 and 

genotype D have also been identified though in relatively small proportions, but 

we did not find any of them in this study35,331-334.  

It is indicated that strains of HBV subgenotype A1 were originated from Africa 

and have spread in some Asian countries like India and Latin American 

countries including Haiti through migrations and trades with the Central African 

region335,336. However, the limited variability of strains isolated in Rwanda 

indicates that it was rather recently introduced in the country and spread in the 

different regions of Rwanda almost without any newly introduced strain. 

Pre-S deletions 

By analyzing sequencing of the S-gene from different strains, we found deletions 

of different sizes in number of amino acids (aa) within the pre-S regions in 31% 

of 58 strains sequenced. There was predominantly a deletion of 18 aa in the N-

terminal region of the pre-S2 between residues 5 and 22 that was identified in 12 

strains. Other relatively smaller deletions of 9, 11 and 14 aa were observed in 3 

different strains. We did not find any factor associated with these pre-S2 

deletions. The HBeAg status, gender distribution, category of donors and viral 
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load were comparable between samples containing strains with deletions and 

those without. Two large deletions involving C-terminal part of the pre-

S1region were also found in two strains between amino acids 30 and 84 and 

between amino acids 67 and 86. 

These two large in-frame pre-S deletions may occur spontaneously or be 

triggered by immunotherapy or antiviral treatment. They occurred in a region 

overlapping the spacer domain of the Pol gene, which tolerates mutations, to be 

selected in vivo. Likewise, strains with partial pre-S2 deletions could also be 

selected because these deletions do not impact on the formation, secretion or 

infectivity of the virion 337. However, presence of deletions may impact on the 

severity of the liver disease. Large deletions over pre-S1 and pre-S2 have been 

associated with a defective secretion of the L mutant envelope proteins and to 

their accumulation in the ER of infected hepatocytes. This causes oxidative 

stress, DNA damage and degeneration of hepatocytes into “ground glass” 

hepatocytes type II that are potentially carcinogenetic74,338,339. With this 

oncogenic potentiality, identification of strains with pre-S2 deletions have been 

suggested to serve as a tool for prediction of progression to HCC74. Pre-S 

deletions have actually been identified as cause early development of HCC since 

they were found in samples from children with HBV-induced hepatocellular 

carcinoma in Asia340,341. This deletion being highly prevalent in HBV strains of 

genotypes B, C and subgenotype A1, the relatively high frequency of deletions 

found in our study can be one of the hypothesis to an increased rate of HBV-

induced HCC at young age in SSA region but further works are needed to 

confirm or refute this hypothesis37,107,108. 
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4.2. PAPER II: Prevalence of anti-HCV and circulating HCV genotypes 
among blood donors in Rwanda 

4.2.1. Anti-HCV prevalence among blood donors 

The main goal for this study was to estimate the prevalence of anti-HCV among 

blood donors and to perform a phylogenetic characterization of isolated HCV 

strains. Previous estimates and results from studies performed prior to 2014 on 

HIV patients in Rwanda have shown an anti-HCV prevalence of 4.9-5.7%10,33,34. 

In the present study, the anti-HCV prevalence found was 1.6% among first-time 

blood donors and it was 0.3% among repeat donors342. Although it might be 

lower compared to the previous reports, we found it somehow overestimated 

when we re-analyzed the anti-HCV reactive samples by CMIA, Elisa 3rd 

generation and confirmatory assays as Innolia HCV tests and real-time PCR at 

CML Gothenburg. Of 120 samples initially anti-HCV reactive in Rwanda, 82 

were repeatedly reactive on CMIA assay at CML. However, only 14 of these 

(17.1%) had detectable HCV RNA. Of the remaining, 11 (9.2%) were positive 

while 15 (12.5%) were indeterminate with Innolia assay. In summary, there were 

only 40/120 (33.3%) anti-HCV initially reactive samples that were confirmed 

true anti-HCV reactive (table 6). The remaining samples were categorized as 

yielding false positive reactivity for anti-HCV.  This high rate of false positive 

for anti-HCV on Elisa-based assays has been reported elsewhere in the world 

but the highest rates were found in low and middle-income countries of sub-

Saharan Africa202,343-348. Therefore, anti-HCV seroprevalence reported from 

those resource-limited settings may have been overestimated including those 

from Rwanda as no confirmatory tests were performed in previous studies349. 

Besides the overestimation of anti-HCV by ELISA and/or CMIA assays among 

the blood donors, the seroprevalence of anti-HCV in this group might also be a 

poor estimate of anti-HCV for the general population in Rwanda. We have 

found this study for instance that the seroprevalence was somehow higher in 
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females and in donors older than 40 years. These particular groups are less likely 

to donate blood and we can assume that observed prevalence might be inferior 

to real rates in general adult population in Rwanda350.  In a study conducted in 

2016 on HIV-infected individuals in Rwanda, the overall prevalence of anti-

HCV by ELISA was 4.6%. However, a gradually increasing rate with age was 

observed. The prevalence was 1.7% in participants younger than15 years and it 

reached 17.8% in patients older than 65 years351. This age-related anti-HCV 

seroprevalence was also confirmed in another small study conducted on patients 

attending the department of Medicine for day care in one hospital in Rwanda352. 

Likewise, in paper III of this thesis, we found old age and female gender as 

independent risk factors to HCV infection among others. This higher anti-HCV 

prevalence in older generations in Rwanda has probably to do with history of 

previous exposure to unsafe invasive procedures at home, within health facilities 

or shared blood at occasion of ancient ritual practices, quite common up to the 

last decades of the 19th century. It is with the discovery of HIV/AIDS and the 

awareness of its transmission routes that are shared with the blood-borne 

hepatitis viruses that has boosted preventive measures and probably allowed a 

decrease of HCV exposure and of anti-HCV prevalence in younger groups in 

Rwanda 353.  

In an effort to decrease such high rates of false positive anti-HCV among blood 

donors that certainly lead to unnecessary discard of blood products, 

psychological stress and unnecessary expenses to donors falsely diagnosed with 

possible HCV infection, specific strategies are needed at NCBT-Rwanda. The 

most affordable solution to the situation could be to identify a cut-off point that 

separates false positive from true positive anti-HCV as previously 

recommended354. However, the preconized cut-off of 5 S/CO for CMIA assays 

on Architect could not stand according to the results from our study. Three 

samples with anti-HCV titers lower than this recommended cut-off were 

confirmed true positive by Innolia although none was HCV RNA positive354.  
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Table 6. Anti-HCV reactivity by CMIA assay, Innolia and HCV RNA 

 Anti-
HCV+ in 
Rwanda 

N 

Anti-
HCV+ in 
Sweden 

N 

True anti-HCV+ Total of 
true Anti-
HCV+ 

N (%) 

 

 

 

HCV Innolia 
indeterminate 

N 

HCV 
Innolia 
positive 

N 

HCV RNA 
positive 

N 

Province       

East 41 29 6 6 3 15 (37) 

Kigali 3 2 0 0 0 0 (0) 

North 11 10 1 0 3 4 (36) 

South 53 32 6 4 5 15 (28) 

West 12 9 2 1 3 6 (50) 

Age group (years) 

19-29  72 44 12 8 6 26 (36) 

30-39 37 29 3 2 4 9 (24) 

40-60 11 9 0 1 4 5 (45) 

Sex       

Male 95 62 9 8 10 27 (28) 

Female 25 20 6 3 4 13 (52) 

Category of donors 

First 
time 

82 59 11 10 13 34 (41) 

Repeat 38 23 4 1 1 6 (16) 

TOTAL 120 82 15 11 14 40 (33) 
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However, the HCV RNA negative status could be interpreted differently. The 

samples are either from donors with cured HCV infection or with HCV RNA 

titers below the limit of detection. Admission of these products with HCV RNA 

under detection threshold could transmit HCV infection. A standard practice 

could be the investigation of HCV RNA on all anti-HCV reactive samples but 

this test might not only be time-consuming but also expensive for a resource-

limited country like Rwanda. Analysis by using HCV core Ag assay can be an 

attractive alternative to HCV RNA although this also remains less sensitive205,355. 

However, in case the HCV core Ag assay is opted for, negative samples for this 

assay but anti-HCV positive can be additionally analyzed by line immunoblot 

assay to address the challenges of the volunteer donors and of the number of 

blood products unduly discarded345,356,357. Line immunoblot assays are based on 

recombinant proteins derived from HCV, which are generally broader than 

those used in enzyme immunoassays and false positive results quite very 

rare305,347,357. 

4.2.2. Circulating HCV genotypes among blood donors 

All 14 HCV RNA positive samples could be sequenced in partial core region 

and 13 were sequenced in partial NS5B region. All but one belonged to HCV 

genotype 4 including 6 strains clustering within subtype 4k, 3 in subtype 4r, 2 in 

subtype 4q and 2 could not be classified in any of so far defined subtype from 

NS5B sequences149. One strain was clustering within subtype 4r when the core 

gene was analyzed and within subtype 4q with the NS5B region analysis and 

could have been typed as an intra-genotypic recombinant 4q/r. However, we 

could not sequence the whole genome to exclude a possible dual infection by 

strains belonging to the two different subtypes or to identify the crossover point 

for the potential recombination. 
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The predominance of HCV genotype 4 is relatively common in the Central 

African region where Rwanda is located as similar predominance of genotype 4 

have been reported from Uganda, Burundi and Democratic Republic of 

Congo358-360. However, subtypes 4k that are highly prevalent in Rwanda were 

only found predominant in the Democratic Republic of Congo where they 

formed with subtypes 4c the major strains isolated in that country. In Burundi 

and Uganda, subtypes 4h and 4a respectively accounted for majority of strains 

to show how divergent are HCV strains in that region358-360. Similarly, in a small 

study conducted in Nairobi, Kenya, authors did not find any strain of genotype 

4 but rather a predominance of genotype 2, subtype 2b346. Also, genotype 1, 2 

and 3 have been described in less than 2% of patients treated for hepatitis C 

infection in one private hospital in Rwanda but there is no further description 

neither on methods used for sequencing nor on the origin of those patients 

mentioned in that short report. These genotypes have actually been found in 

neighboring countries as Uganda and Kenya36,358,361. In the present study, we did 

not find any strain belonging to genotype 1 or 2 and it was also the case in study 

for paper III with much larger sample size performed on liver disease patients. 

One case, a young blood donor living in Western province, in this study for 

paper II was infected with HCV genotype 3 strain, subtype 3h. This strain was 

phylogenetically close to strains prevailing in Somalia and Middle East 362. 
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4.3. PAPER III: Implication of HBV and HCV in liver disease in Rwanda 
and their respective risk factors 

This study aimed to evaluate the contribution of HBV and HCV to liver 

diseases and to their severity in Rwanda. Relatively recent studies conducted in 

resource-limited areas and in developed countries concurred on that prevalence 

for both HBsAg and anti-HCV in patients with liver disease exceeds 50%. There 

are however, geographical differences with regard to the importance of the 

contribution of those viruses and to the predominance of one virus compared 

to the other1,14,114,363,364. HBV has been commonly reported as more 

predominant than HCV in SSA countries contrasting with current situation in 

developed nations195. However, relatively old studies from the SSA region have 

in some countries revealed a predominance of HCV in chronic liver disease and 

HCC but these data need to be updated203,365.  

 

4.3.1. Prevalence of HBsAg and anti-HCV among cases and controls 

In this study for paper III, we enrolled 246 patients diagnosed with liver disease 

(cases) in Rwanda and 246 controls matched with regard to age, gender and 

origin. There were 125 females (50.8%) and 121 males (49.2%) among cases and 

controls. We found both HBsAg and anti-HCV prevalent in 74% (182/246) of 

cases with liver disease and in 17% (42/246) of controls (p=0.002). A dual 

HBV-HCV infection was diagnosed in four (1.6%) patients with liver disease 

but in none among the controls. In both cases and controls, anti-HCV was 

more prevalent than HBsAg. There were 109/246 (44.3%) anti-HCV reactive 

samples from patients with liver disease and 33/246 (13.4%) from controls. 

HBsAg was prevalent in 77/246 (31.3%) of cases and in 9/246 (3.7%) of 

controls (p<0.001, tables 2, paper III). 
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4.3.2. Risk factors to HBV infection or exposure 

Cases and controls with active HBV infection were much younger than anti-

HCV positive study participants. The mean age for HBsAg carriers was 39.1+/-

14.6 years versus 59.1+/-15.5 years for anti-HCV positive patients. It was 

38.6+/-12.2 years for HBsAg positive versus 63.2 +/- 14.5 years for anti-HCV 

positive among controls (table 2, paper III). Likewise, the table 7 of this thesis 

shows that among cases who were younger than 49 years, 62 (50.4%) were 

HBsAg positive compared to 15(12.2%) in the elder group (p<0.001; Fisher’s 

exact test). Table 7 also shows a gender difference with regard to HBsAg 

carriage. Males were more represented among HBsAg reactive cases than 

females. Forty-nine (40.5%) males were HBsAg positive compared to 28 

(22.4%) females (p=0.002; Fisher’s exact test). Among the controls, nine 

participants had detectable HBsAg, five were males and four were females 

(p=0.960; Chi-square with Yates correction).  

In a multivariable logistic regression analysis controlling for age, gender and 

other risk factors for HBV infection, male gender tended to be more associated 

with HBsAg carriage (OR =1.54[0.92-2.61]; p=0.097; table 8) and so did the 

young age (OR=0.96[0.94-0.97]; p<0.001; table 8). However, this trend was not 

found when we performed the analysis for anti-HBc, a marker of exposure to 

HBV. Likewise, there was no association of age with anti-HBc serological status 

(table 8). 

This association of male gender and active HBV infection (HBsAg) contrasting 

with finding when anti-HBc markers is used in the analysis is an indication that 

HBV-infected males tend to progress to chronic hepatitis B more often than 

females. An explanation to this may be linked to the protective effects of 

estrogens for childbearing and premenopausal aged females from progression of 

the HBV infection to chronicity while androgens exert opposite effects366,367 
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Table 7. Distribution of cases and controls according to anti-HCV and HBsAg prevalence 

and with regard to age and gender 

 Cases Controls 

 Males Females Males Females 

Age 
group 

N HBsAg
+ 

Anti-
HCV+ 

N HBsAg
+ 

Anti-
HCV+ 

N HBsAg
+ 

Anti-
HCV+ 

N HBsAg
+ 

Anti-
HCV+ 

19-28 21 11(52.4) 4 (19.1) 15 7(46.7) 3(20.0) 23 1(4.3) 0 (0.0) 14 0(0.0) 0(0.0) 

29-38 24 17(70.8) 4(16.7) 20 8(40.0) 5(25.0) 29 3(10.3) 2 (6.9) 20 2(10.0) 0(0.0) 

39-48 25 13(52.0) 2(8.0) 18 6(33.3) 6(33.3) 21 0(0.0) 2(9.5) 22 1(4.6) 3(13.6) 

49-58 18 3(16.7) 8 (44.4) 21 4(19.1) 14(66.7) 18 1(5.6) 1(5.6) 20 0(0.0) 1(5.0) 

59-68 19 3(15.8) 11(57.9) 22 1(4.5) 19(86.4) 14 0(0.0) 0(0.0) 23 1(4.3) 10(43.5) 

69-78 7 1(14.3) 3(42.9) 25 1(4.0) 22(88.0) 10 0(0.0) 2(20.0) 20 0(0.0) 6(30.0) 

>79 7 1(14.3) 5(71.4) 4 1(25.0) 3(75.0) 6 0(0.0) 2(33.3) 6 0(0.0) 4(66.7) 

Total 121 49(40.5) 37(30.6) 125 28(22.4) 72(57.6) 121 5(4.1) 9 (7.4) 125 4(3.2) 24(19.2) 

 

It has been found that androgens have such effects by upregulating HBV 

enhancer I expression, which increases the HBV mRNA transcription and HBV 

DNA replication in mice at puberty. Castration of these mice and administration 

of estrogens or anti-androgens have shown opposite regulatory effects319,368. 

Another potential mechanism could rely on effects of enhancement by 

estrogens, and estradiol in particular, on immune cells that may result in more 

clearance of infectious pathogens including HBV with resulting protection of 

HBV-infected childbearing females from progression to chronic hepatitis 

B369,370. 

We also found that history of multiple sex partners was an independent factor 

to both anti-HBc and HBsAg (table 8). This confirms the sexual transmission as 

one route for HBV infection in Rwanda on top of other horizontal transmission 
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routes that are generally common in SSA countries such as shared blood via 

micro-traumatic lesions during childhood and iatrogenic transmissions323,371,372. 

Table 8. Factors to active and/or past HBV infection, HCV infection: summary of logistic 
regression analysis with 5 covariates 

 HBsAg Anti-HBc Anti-HCV 

Factors Adj. OR 
[95%CI] 

p-
value 

Adj. OR 
[95%CI] 

p-
value 

Adj. OR 
[95%CI] 

p-value 

Age (in years) 0.96[0.94-0.97] <0.001 1.00[0.99-1.01] 0.960 1.07[1.05-1.09] <0.001 

Male gender 1.54[0.92-2.61] 0.097 1.19[0.81-1.74] 0.376 0.47[0.29-0.75] 0.002 

Multiple sex partners 1.67[0.99-2.82] 0.055 1.92[1.29-2.85] 0.001 1.04[0.63-1.71] 0.882 

History of sharing 
sharp objects 

0.94[0.75-2.18] 0.371 0.98[0.67-1.45] 0.931 1.16[0.72-1.86] 0.549 

History of liver disease 
in same household 

1.62[0.95-2.77] 0.075 1.06[0.69-1.61] 0.795 2.23[1.34-3.70] 0.002 

 

4.3.3. Risk factors to HCV infection/exposure 

Age and prevalence of anti-HCV 

We found that anti-HCV reactive liver disease patients and controls were 

significantly older than nonreactive participants (p<0.001; table 8).  There were 

85/123 (69.1%) patients with liver disease older than 48 years who were anti-

HCV reactive compared to only 24/123 (19.5%) in those younger than 49 years 

(p<0.0001; Fisher’s exact test, table 7). There was also an increasing rate for 

anti-HCV carriage with age among the controls. The prevalence was 5.5% in 

participants younger than 49 years versus 22.2% in the older group (p=0.0001; 

Fisher’s exact test, table 7).  



 

 63 

Our results concur with findings from recent studies conducted in Rwanda on 

HIV patients and patients consulting for medical care in one hospital in Kigali 

city that have shown an age-dependent prevalence for anti-HCV as well351,352. 

Gender and anti-HCV prevalence 

We found in this study that female participants were more likely to be HCV 

infected than males. Among females with liver disease, 72/125 (57.6%) were 

anti-HCV reactive compared with 37/121 (30.6%) males (p<0.0001; Fisher’s 

exact test; table 7). This predominance of female gender among HCV-infected 

was also observed among controls with 19.2% of female controls being anti-

HCV reactive versus 7.4% in males (p=0.007; Fisher’s exact test; table 7).   

HCV infection and history of liver disease in same household 

More patients with liver disease reported a history of hepatitis in the same 

household than controls (30.9% vs. 18.7%; p=0.002; table 1 of paper III). Also, 

anti-HCV carriers reported more this history than anti-HCV nonreactive 

participants. There was also a trend of association of that history and HBsAg 

(table 8). In a multivariable logistic regression to investigate for the effect of age 

on HCV infection when adjusting for gender, history of multiple sex partners, 

history of shared sharp objects and history of liver disease in same household, 

we found increased age, female gender and history of liver disease in same 

household as independent factors for HCV infection.  

The mechanisms by which individuals have acquired HCV infection and 

vehicles of the current spread in SSA region and in Rwanda in particular remain 

not well understood10. In a study on blood donors in Ghana, Layden et al found 

tribal scarifications, circumcision at home and home birth as independent 

factors to HCV infection among other factors174. Iatrogenic and intra-familial 

transmissions of HCV were also stressed in a study conducted in Cairo, 

Egypt373.  Similar mechanisms may explain the transmission of HCV in Rwanda. 
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Scarifications and customs of sharing blood, invasive procedures by non-

professional healthcare providers at home for teeth extractions, intramuscular 

injections with reuse of unsterile needles and deliveries at home were quite 

common until recently when HIV/AIDS pandemic was discovered353. The age-

dependent HCV prevalence in our study could find an explanation in the 

decreasing prevalence of unsafe practices in the country since that period. 

Females may have been particularly at higher risk than males through the 

multiple occasions for invasive procedures at home during deliveries. Moreover, 

they may have been exposed to iatrogenic transmission in health facilities by 

systematic immunizations during pregnancies or by invasive procedures during 

deliveries with use of unsterile materials. 

Both HBV and HCV are more likely to be acquired when a family member in 

the same household has been infected. This risk for both HBV and HCV 

transmissions have also been described in the SSA region and among blood 

donors in USA315,323,374.  

Our results foster a systematic screening for HCV for not only individuals older 

than 50 years but also those whose family member is HCV-infected in Rwanda. 

The latter is also applicable for screening of HBV infection. In contrast, HBV 

screening should rather focus on young generations when family history is 

uneventful. 

4.3.4. HBV and HCV markers at different stages of liver disease 

We found a predominance of HCV-infected individuals among patients with 

advanced liver disease. Of 90 patients diagnosed with advanced liver disease 

including 72 cases of liver cirrhosis and 18 cases of HCC, there were 42 (58.3%) 

HCV-infected versus 13 (18.1%) HBV-infected (p=0.002; Fischer’s exact test) 

among patients with LC, and eight HCV-infected (44.4%) versus two (20%) 

HBsAg carriers among those diagnosed with HCC (table 2, paper III). These 
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findings on predominance of HCV infection among patients with advanced liver 

disease confirmed results of a study conducted from Rwanda in 1992203. 

Moreover, HCV-infected patients with advanced liver disease were more likely 

to be older and accounted more females than the HBV-infected ones (table 2, 

paper III).  

Notwithstanding the HCV predominance among liver disease patients, of 

141/246 (57.3%) diagnosed with chronic liver disease, 58 (41.1%) and 56 

(39.7%) were HBsAg and anti-HCV carriers respectively. Also, HBsAg carriers 

were much younger and accounted for more males than HCV-infected patients 

(tables 2 &3, paper III). This highlights again the predominance of HCV 

infection in liver disease in Rwanda but more specifically in advanced forms of 

cirrhosis and HCC. Such pattern is mainly reported in developed countries and 

might indicate that the implication of HCV in liver disease is probably 

underestimated in other SSA countries194,195,312,375. However, in Central and 

Western African countries highly endemic for HBV, where HDV is also 

endemic, the contribution of HBV in both advanced and non-advanced liver 

disease may supersede that of HCV 14,114. In some of countries, patients with 

HCV-induced HCC were older than patients with HBV-induced HCC probably 

due to the same age-cohort effect as that remarked in Rwanda and in developed 

nations14.  

The results in this study have particular importance for healthcare professionals 

as they may serve for guidance in elaboration of strategies for prevention and 

advocacy for HCV infections’ treatment since they can nowadays be completely 

cured. In addition, identification of HCV circulating genotypes is a useful step 

for selection of effective therapeutic anti-HCV regimen.  
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4.3.5. HCV genotypes/subtypes and phylogenetic analysis 

Of 91 HCV RNA positive samples from patients with liver disease and 19 

samples from controls, 88 (96.7%) and 16 (84.2%) could respectively be 

sequenced. All but one belonged to the genotype 4 and the majority of them or 

44.2% were clustering within subtype 4k, while 23.1% and 17.3% belonged to 

subtypes 4r and 4q respectively. One sample from a patient with liver disease 

clustered within genotype 3, subtype 3a. The overall distribution of main 

subtypes was somehow comparable among patients with liver disease, matched 

controls and blood donors. The predominance of subtypes 4k, 4r and 4q was 

found in the three groups (Figure 6). 

When distribution of the subtypes was considered in patients with liver disease 

alone, subtypes 4r, 4a and 4b combined were more likely to be isolated from 

patients with advanced liver disease than from cases with non-advanced forms. 

They were present in 41.9% among patients with LC and/or HCC versus 17.8% 

in patients with recent or chronic hepatitis respectively (OR=3.33[1.26-8.83], 

p=0.016]). This could have been linked to advanced age with HCV infection by 

those strains for those with advanced liver disease but a strong association 

persisted when we controlled for age (OR=2.96[0.98-8.93], p=0.055]). 

Moreover, we found in the phylogenetic tree that four strains in a sub-clade of 6 

HCV subtype 4r were from cases with advanced liver disease (Table 2 & Figure 

3, paper III). If these strains could be more virulent than other subtypes 

prevalent in Rwanda is subject to further studies.  To our knowledge, none has 

evaluated specific virulence of different subtypes for HCV genotype 4 to serve 

as reference in explaining the present findings.  

In contrast to HBV strains in Rwanda, the predominance and high diversity of 

HCV genotype 4 strains in Rwanda may indicate that HCV has been present in 

Rwanda for a relatively long time and the different subtypes have spread all over 
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the country (Figure 6). A hypothesis on Central African origin of HCV genotype 

4 has been raised previously, from where strains may have been spread across 

the whole region, to the North of the continent and to the Middle East in the 

period of early 20th century through invasive procedures, especially vaccination 

campaigns359,376-378. The distribution of the HCV genotype 4 strains isolated 

from Rwanda presented in this paper III and paper II shows a large spread of 

the four major subtypes across the country (figure 6).   

The predominance of subtypes 4k and 4r is shared with the Democratic 

Republic of Congo but HCV subtypes 4r strains have also been isolated in more 

distant countries like Ethiopia and Saudi Arabia but were not found in 

Burundi358,359,379,380.  Therefore, there might be multiple sources of HCV strains 

that are prevailing in Rwanda as well. All the thirteen (11%) of the HCV 

genotype 4 strains that could not be classified in any of existing class of subtypes 

were also spread into different clades to widen further the variability of these 

HCV strains isolated from Rwanda. 

 

4.3.6. HBV genotypes and subtypes circulating in liver disease patients 

Of all strains from 49 samples with detectable HBV DNA, 26 could be 

sequenced. Twenty-three were clustering in a same clade within the subgenotype 

A1 as the 53 of the 58 HBV strains from blood donors described in paper I. 

This raised at 92.9% the rates of Rwandan subgenotype A1 strains forming that 

clade (figure 2, paper III).  

This limited variability of isolated HBV strains in Rwanda can be linked to a 

possible recent introduction of this HBV subgenotype A1 strain in the country, 

which has spread all of over the country without any newly introduced strains as 

previously stated.  Unfortunately, the exclusive prevalence of HBV subgenotype 
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A1 and their low variability could not allow any evaluation of impact of 

genotypes on liver disease progression. However mutations in pre-S and BCP 

regions need to be evaluated in that regard to investigate any potential 

association of one or combined mutations and the advanced forms of HBV-

induced liver disease. 

Figure 6. Histogram illustrating the distribution of predominant HCV genotype 4 subtypes (4k, 4q, 4r and 
untyped 4) isolated from blood donors, patients with liver disease and controls in Rwanda according provinces of 
origin of samples 
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4.4. PAPER IV: Prevalence of markers for enteric hepatitis viruses in 
Rwanda and their current epidemiological patterns 

In this study we performed analyses on samples obtained from blood donors 

used in studies for papers I and II and samples collected from liver disease 

patients and matched controls used in the study for paper III.  In total, 1,212 

study participants were enrolled in this study. The median age was 33 years 

(interquartile range: 25; 45 years). Females represented 31% while almost 49% 

were farmers and 84% were living in the four rural provinces of Rwanda. Of the 

1,212 eligible samples, 1,045 could be analyzed for anti-HAV antibodies and 

1,133 samples for anti-HEV IgG. All 126 samples positive for anti-HEV IgG 

and 65 with borderline titers were subject to anti-HEV IgM assay and real-time 

PCR for HEV RNA detection (figure 1 & table 3 of paper IV). 

4.4.1. Seroprevalence of anti-HAV and associated factors 

The overall seroprevalence for anti-HAV in these study participants was 96.9% 

and the rates were increasing with age. The seroprevalence was lower in 

participants younger than 25 years (94%) compared with the older group (98%, 

p=0.001). However, no significant difference of seroprevalence was found 

between farmers and participants with other occupations after adjustment for 

age. Likewise, there was no difference with regard to province of origin, as 

between Kigali city and the rural provinces (p=0.562) (table 1, paper IV). 

Incidence of acute hepatitis A remains important among children in the SSA 

region and high seroprevalence among adults are somehow expected in this 

endemic region including Rwanda. However, relatively lower prevalence of anti-

HAV indicating a lack of HAV protective immunity found in some young adult 

participants has not been reported before in the East African region 17,381.  This 

could be linked to a possible recently arising decrease of exposure to HAV 

among children in Rwanda probably due to improved socioeconomic conditions 

and hygiene. In case that decline is sustained, an increasing number of adults 
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without anti-HAV antibodies could be expected. As the risk to contract HAV 

infection in that country remains important, those who may acquire HAV 

infection during their adulthood will bear a risk to develop severe and life-

threatening acute fulminant hepatitis A, relatively common for HAV infections 

contracted in late adulthood19,20,382-384. Therefore, there is a need to continue 

with regular surveillance and to introduce the HAV vaccine in Rwanda for 

individuals at risk to prevent them from the possible severe acute fulminant 

episodes. 

4.4.2. Prevalence and factors for current or past HEV infection markers 

Of 1,133 samples analyzed for anti-HEV IgG, 126 were positive (11.1%) and 65 

(5.7%) had borderline anti-HEV IgG titers. Only eight of 125 (6.4%) positive 

samples for IgG and five from those with borderline IgG (7.7%) had anti-HEV 

IgM, a marker of recent HEV infection (figure 1, paper IV). Three samples with 

anti-HEV IgG including one with anti-HEV IgM and four samples with 

borderline anti-HEV IgG titers, all without anti-HEV IgM, were HEV RNA 

positive. In summary, we had 135 samples (11.9%) with at least one positive 

marker of HEV current or past infection: 126 samples with anti-HEV IgG, five 

samples with anti-HEV IgM while with borderline anti-HEV IgG and four 

samples with HEV RNA without positive reactivity for anti-HEV IgG or IgM.  

This prevalence of markers for current or past HEV infection of 11.9% in 

Rwanda was somehow comparable to that reported from some European 

countries previously considered as non-endemic and from countries of 

Southeast Asian region385-387.  It was relatively lower than the prevalence 

reported from other African countries388-391. However, different reasons may 

keep this confirmation tempered. Firstly, existing serological assays for HEV are 

discordant and there is no gold standard yet to calibrate those assays. The 

seroprevalence in this study should have been overestimated at 16.9% if we 
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have used the cut point of 1 S/CO recommended by the manufacturer. This 

hinders an objective comparison of seroprevalence between studies when 

different serological assays or different cut-off points have been used296,306,392. 

Secondly, in most countries with available data on anti-HEV seroprevalence 

including SSA countries, this generally increased with age and age-differences 

between participants may impact on their comparability245,388,389,393.  

Interestingly, we did not find any age-dependent increasing prevalence of HEV 

markers in this study.  The prevalence somehow peaked at 17.7% in the age 

group of 36-45 years but remained comparable across all age groups (table 3, 

paper IV). In regression analysis, age was not found as an independent factor 

for presence of HEV markers when adjusted for gender, occupation and 

residence (adj. OR [95%CI]=1.00[0.98-1.02], p=0.836; table 3, paper IV). This 

could indicate that HEV, at least predominant prevalent strains, have been 

recently introduced in the country and almost all adult ages have had the same 

risk of exposure.   

Finally, the prevalence of HEV markers also varied with factors predisposing to 

HEV infection in different regions. These factors include, but are not limited to, 

a poorer access to clean water, high density of pigs, culinary and diet habits of 

eating raw pork meat or liver sausage and occupations exposing to zoonotic 

transmission of some specific HEV strains dominated by HEV3 to date245,394-397. 

4.4.3. High probability of HEV3 strains’ presence in Rwanda 

In this study, we observed a regional difference for prevalence of HEV markers. 

Western and Southern provinces accounted for the highest prevalence of 18.6% 

and 17.1 % respectively. The lowest prevalence was found in Eastern province 

(5.5%) while it was 5.9% in Kigali city (figure 2, paper IV).  The two provinces 

with the highest prevalence also account for the highest densities of pigs in 

Rwanda whereas this density is lowest in Eastern province, which is rather 
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known for the highest density of cattles398. Thus, there might be a 

predominance of HEV strains transmitted from swine to humans in Rwanda.  

Since the SSA region is known for different outbreaks of HEV1 and HEV 2 

strains that are endemic in the region, the lack of age-dependent pattern and the 

hypothesis of newly introduced strains could refer to a possible presence of 

HEV3 strains brought from endemic countries for HEV3 to Rwanda with the 

importation of pigs23,239,240,399. Cases of HEV3 strains closely related to strains 

infecting swine have been repeatedly isolated in developed countries400,401 and 

epidemiology of HEV3 infection has been linked to consumption of raw or not 

well cooked pig meat and/or liver sausages402.  

Recently, HEV3 strains have also been found in samples from patients with 

liver disease in South Africa and from pigs in Democratic Republic of Congo 

and Cameroun but hypothesis of their introduction in those countries with 

imported pigs from Europe could not be completely elucidated 276,391,403,404       

In Rwanda, pig breeds from Europe are common, as they have been imported 

since more than a decade to improve the national livestock. It is estimated that 

imported races represent up to 60% of pig breeds in the country405. 

Unfortunately we could not succeed to sequence any of the strains isolated from 

the 7 samples with detected HEV RNA. This can be due to low viral loads as 

the Ct values were ranging between 30.4 and 41.5 or to a possible prevalence of 

divergent strains in Rwanda that could not be amplified with the primers used. 

This deserves additional works to identify those circulating strains and compare 

them to those that may be circulating in pigs. 

4.4.4. Profile of HEV infection in Rwanda and potential consequences 

Of seven HEV RNA positive samples, four were from repeat blood donors 

who presumably did not present any symptom and who were negative for other 

markers screened for blood donation in Rwanda namely HIV, syphilis, HBsAg, 
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and anti-HCV. Blood products from these donors may have probably been used 

to patients. Recipients may incur a risk to contract HEV infection that may take 

a chronic course well described for HEV3 especially if patients are immune 

deficient227,272. On the other hand, the transfusion-transmitted HEV infection 

can cause an acute hepatitis that is generally self-limiting. However, life-

threatening acute hepatitis has been reported in SSA region and Asia for HEV1 

strains in pregnant women23,240. Severe forms of acute hepatitis due to HEV3 

infections have also been described but with a low case fatality rate in pregnant 

women from developed countries266. Moreover, acute HEV infection on 

preexisting chronic liver disease can cause decompensation of liver disease with 

an associated high mortality 25,268,269,406. Therefore, results from this paper unveil 

for the first time in Africa an additional transfusion safety of HEV transmission, 

which also deserves special considerations particularly when ordering blood 

products for patients in those categories at high risk.  

Apart from infected blood donors, three samples from patients diagnosed with 

liver disease were also HEV RNA positive. All presented with nonspecific signs 

and symptoms such as a mild fever, jaundice, fatigue, abdominal pain and 

hepatomegaly and moderately elevated liver enzymes27,255.  None of could be 

diagnosed in Rwanda probably due to lack of awareness of HEV. Then, the 

diagnosis of HEV infection needs to be emphasized on when caring patients 

with acute hepatitis in particular. 
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CONCLUDING REMARKS 
Seroprevalence of HBsAg among Rwandan blood donors in 2014 was 

intermediate while that of anti-HCV was rather low in young adults but 

increases with age. Anti-HCV prevalence might be overestimated especially in 

blood donors by up to 67% due to high rates of false positive when only Elisa-

based assays are used for screening. There was no evidence of active or past 

HDV infection in Rwanda. Seroprevalence of anti-HAV was expectedly high 

but relatively lower in younger generations due to a recent and ongoing decline 

of exposure during childhood. Prevalence of HEV markers among Rwandan 

adults was moderate with geographical discrepancies and highest prevalence in 

areas with high densities of pigs breeding.  

Hepatitis viruses have a predominant implication in liver disease in Rwanda and 

were found responsible of about ¾ of cases of liver disease. HBV and HCV 

were foremost the primary drivers with HCV being particularly more important 

in liver cirrhosis and somehow in hepatocellular carcinoma. Both HBV and 

HCV were modestly diagnosed in acute hepatitis but the role of HEV was far 

under-recognized despite its presence. 

Epidemiology of HBV in Rwanda showed predominance in young males, a 

potential sexual and intra-familial transmission. The latter is shared with HCV 

but in contrast, HCV showed an age-dependent increasing prevalence and is 

more likely to be diagnosed in females older than 49 years probably exposed 

many years back to unsafe healthcare practices at home or at health facilities 

during pregnancies and/or deliveries. The HEV epidemiological pattern in 

Rwanda features a zoonotic mode of transmission from pigs but further works 

are needed to be explored this. 
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Circulating HBV strains are exclusively of genotype A, subgenotype A1 sharing 

a same genetic origin and with limited variability. HCV strains were mainly of 

genotype 4 but with various subtypes spread across the country. Subtypes 4k, 4r, 

4q were dominant and an important proportion of untyped HCV genotype 4 

strains were identified. HCV subtypes 4r, 4b and 4a seemed to be associated 

with advanced forms of liver disease indicating a possible higher virulence but 

this needs also to be further explored. 
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FUTURE PERSPECTIVES 
Although we could hypothesize that the majority of current patients with 

advanced liver disease may have been infected during previous decades, HCV 

and HBV routes of transmission for relatively new cases need to be explored in 

a specific epidemiological study to have results that may provide an orientation 

to preventive efforts in order to expect to attain the goal of eradication of these 

viruses in Rwanda.  

In the same line, clinical researches should be performed on patients undergoing 

treatment for HCV and identify potential mechanisms of failure that may arise. 

For HBV, contribution of different mutants and variants on the progression of 

chronic hepatitis B to cirrhosis and HCC deserve specific further works as well 

with a special emphasize on identification of precore and BCP mutants and their 

impact on clinical outcome.  

For enterically transmitted viruses, there is a need to continue a regular 

evaluation of anti-HAV seroprevalence that may allow a timely recognition of 

need for introduction of the HAV vaccine to prevent severe acute hepatitis A in 

adults without immunity. 

An epidemiological study for HEV is also needed with a particular focus on 

identification of circulating strains among HEV-infected humans and pigs and 

their relationship. In the same line with HEV, a policy for prevention of 

transfusion-transmitted HEV infections to vulnerable groups is also needed in 

Rwanda since there is no screening for HEV in the country as in many other 

countries in the world.  

 

 
 
 



 

 77 

ACKNOWLEDGEMENT 

By this notes, I would like to thank and recognize everybody’s contribution to 
the achievement of this work. 

My heartfelt thanks go first to my main supervisor, Prof Heléne Norder. You 
have initiated this valuable project to Rwanda and accepted me in that important 
journey. Her diligent guidance along its different steps has been one of the most 
important assets that I build on for my future career. 

I also convey many thanks to my co-supervisor, Prof Tomas Bergström. You 
worked jointly with the main supervisor to bring the project in Rwanda and 
kindly accepted to share your knowledge and expertise for its achievement.  The 
transmission of your passion in Infectious diseases to me during different 
meetings and informal conversations has been an inspiration in that area. 

My recognition goes as well to my other co-supervisor, Prof Jean Bosco 
Gahutu. He has been a mentor since I was a medical student and played a key 
role in raising my interest in PhD studies. He went beyond the supervision of 
this work in my home country by his careful facilitation to maximize the data 
collection at the field, which allowed the completion of the thesis in time. 

 I am grateful to Prof Magnus Lindh for his great contribution to some parts 
of this thesis despite his busy schedule bringing of his outstanding expertise in 
hepatitis B virus.  

To Annette, Marie, Maria J, Carolina, Joana, Gustav and Silviu for having 
initiated my novice steps into the lab work. I promised that your efforts would 
not been vain and this must be the first testimony. 

To researchers in Virology at the third floor, your hard work, kindness and 
willingness to support have boosted my sympathy to the work. I will not forget 
words of encouragement from you, Gustaf ER, Rickard N, Simon L, 
Kristina N, Joana S, Ka-Wei T and Charles H. 

I will never forget great working and entertaining moments shared with PhD 
colleagues at third floor: Kasthuri, Maria A, Charlotta, Eric, Wang, Yarong, 
Critina, Ebba and Lin. 



  78 

I owe special recognition to you Anette, Lin, Fredy and your respective 
families for invitation and introduction to the Swedish gastronomy and for 
having me shown the beautiful city of Gothenburg on top of great working 
moments we spent in the laboratory. Our friendship will remain forever. 

To all other colleagues PhD students at Gothenburg especially the group from 
Rwanda with whom we shared mutual support that made enjoyable our life far 
from our respective families. 

To my large family, brothers, sisters and my aunt for having taken care, during 
my absence, of my beloved mom, who unfortunately passed away before the 
accomplishment of what she expected the most, my PhD degree. Her legacy 
mutual love and endless caring to the entire family will remain.  

Special thanks go to my wife Annonciata and our wonderful children, Cedric, 
Christian, Christelle and Carla for having kindly accepted my long absence 
from home and unconditional support all along this journey. Having you always 
on my side has been a blessing and brought strength I built on to accomplish 
this work. 



 

 79 

REFERENCES 
1. Perz JF, Armstrong GL, Farrington LA, Hutin YJ, Bell BP. The contributions of 

hepatitis B virus and hepatitis C virus infections to cirrhosis and primary liver 
cancer worldwide. J Hepatol 2006;45:529-38. 

2. Montalto G CM, Giannitrapani L et al. Epidemiology, risk factors, and natural 
history of hepatocellular carcinoma. Ann NY Acad Sci 2002:8. 

3. Trépo C, Chan HLY, Lok A. Hepatitis B virus infection. The Lancet 2014;384:2053-
63. 

4. Schweitzer A, Horn J, Mikolajczyk RT, Krause G, Ott JJ. Estimations of worldwide 
prevalence of chronic hepatitis B virus infection: a systematic review of data 
published between 1965 and 2013. The Lancet 2015;386:1546-55. 

5. Ott JJ, Stevens GA, Groeger J, Wiersma ST. Global epidemiology of hepatitis B 
virus infection: new estimates of age-specific HBsAg seroprevalence and 
endemicity. Vaccine 2012;30:2212-9. 

6. Petruzziello A, Marigliano S, Loquercio G, Cozzolino A, Cacciapuoti C. Global 
epidemiology of hepatitis C virus infection: An up-date of the distribution and 
circulation of hepatitis C virus genotypes. World J Gastroenterol 2016;22:7824-40. 

7. Blach S, Zeuzem S, Manns M, et al. Global prevalence and genotype distribution of 
hepatitis C virus infection in 2015: a modelling study. The Lancet Gastroenterology & 
Hepatology 2017;2:161-76. 

8. Ott JJ, Horn J, Krause G, Mikolajczyk RT. Time trends of chronic HBV infection 
over prior decades - A global analysis. J Hepatol 2017;66:48-54. 

9. Lavanchy D. The global burden of hepatitis C. Liver Int 2009;29 Suppl 1:74-81. 
10. Lavanchy D. Evolving epidemiology of hepatitis C virus. Clin Microbiol Infect 

2011;17:107-15. 
11. Hu YC, Yeh CC, Chen RY, et al. Seroprevalence of hepatitis B virus in Taiwan 30 

years after the commencement of the national vaccination program. PeerJ 
2018;6:e4297. 

12. Huang P, Zhu LG, Zhu YF, et al. Seroepidemiology of hepatitis B virus infection 
and impact of vaccination. World J Gastroenterol 2015;21:7842-50. 

13. Innes H, McDonald S, Hayes P, et al. Mortality in hepatitis C patients who achieve 
a sustained viral response compared to the general population. J Hepatol 2017;66:19-
27. 

14. Amougou MA, Noah DN, Moundipa PF, Pineau P, Njouom R. A prominent role 
of Hepatitis D Virus in liver cancers documented in Central Africa. BMC Infect Dis 
2016;16:647. 

15. Andernach IE, Leiss LV, Tarnagda ZS, et al. Characterization of hepatitis delta 
virus in sub-Saharan Africa. J Clin Microbiol 2014;52:1629-36. 

16. Stockdale AJ, Chaponda M, Beloukas A, et al. Prevalence of hepatitis D virus 
infection in sub-Saharan Africa: a systematic review and meta-analysis. The Lancet 
Global Health 2017;5:e992-e1003. 

17. Jacobsen KH, Wiersma ST. Hepatitis A virus seroprevalence by age and world 
region, 1990 and 2005. Vaccine 2010;28:6653-7. 

18. Cuthbert JA. Hepatitis A: old and new. Clin Microbiol Rev 2001;14:38-58. 
 



  80 

19. Kim YJ, Lee H-S. Increasing Incidence of Hepatitis A in Korean Adults. Intervirology 
2010;53:10-4. 

20. Wang Z, Chen Y, Xie S, Lv H. Changing Epidemiological Characteristics of 
Hepatitis A in Zhejiang Province, China: Increased Susceptibility in Adults. PLoS 
One 2016;11:e0153804. 

21. Van der Poel WH. Food and environmental routes of Hepatitis E virus 
transmission. Curr Opin Virol 2014;4:91-6. 

22. Jaiswal SPB, Jain AK, Naik G, Soni N, Chitnis DS. Viral hepatitis during 
pregnancy. International Journal of Gynecology & Obstetrics 2001;72:103-8. 

23. Boccia D, Guthmann J, Klovstad H, et al. High Mortality Associated with an 
Outbreak of Hepatitis E among Displaced Persons in Darfur, Sudan. Clin Infect Dis 
2006;42:1679-84. 

24. Hewitt PE, Ijaz S, Brailsford SR, et al. Hepatitis E virus in blood components: a 
prevalence and transmission study in southeast England. Lancet 2014;384:1766-73. 

25. Kumar A, Saraswat VA. Hepatitis E and Acute-on-Chronic Liver Failure. J Clin 
Exp Hepatol 2013;3:225-30. 

26. Kamar N, Dalton HR, Abravanel F, Izopet J. Hepatitis E virus infection. Clin 
Microbiol Rev 2014;27:116-38. 

27. Hartl J, Wehmeyer MH, Pischke S. Acute Hepatitis E: Two Sides of the Same Coin. 
Viruses 2016;8. 

28. Huang F, Li Y, Yu W, et al. Excretion of infectious hepatitis E virus into milk in 
cows imposes high risks of zoonosis. Hepatology 2016;64:350-9. 

29. Kim JH, Nelson KE, Panzner U, Kasture Y, Labrique AB, Wierzba TF. A 
systematic review of the epidemiology of hepatitis E virus in Africa. BMC Infect Dis 
2014;14:308. 

30. Rwanda Demographic Health Survey 2014-2015-Final Report. 2015. 2017 
31. WHO. Combating hepatitis B and C to reach elimination by 2030. Geneva: World 

Health Organization; 2016. 
32. Nyandekwe M, Nzayirambaho M, Baptiste Kakoma J. Universal health coverage in 

Rwanda: dream or reality. Pan Afr Med J 2014;17:232. 
33. Pirillo MF, Bassani L, Germinario EA, et al. Seroprevalence of hepatitis B and C 

viruses among HIV-infected pregnant women in Uganda and Rwanda. J Med Virol 
2007;79:1797-801. 

34. Rusine J, Ondoa P, Asiimwe-Kateera B, et al. High seroprevalence of HBV and 
HCV infection in HIV-infected adults in Kigali, Rwanda. PLoS One 2013;8:e63303. 

35. Hubschen JM, Mugabo J, Peltier CA, et al. Exceptional genetic variability of 
hepatitis B virus indicates that Rwanda is east of an emerging African genotype 
E/A1 divide. J Med Virol 2009;81:435-40. 

36. Taylor S, Simango R, Ogbolu Y, Riel R, Riedel DJ, Musabeyezu E. Hepatitis C 
Treatment Outcomes in Kigali, Rwanda. Annals of Global Health 2016;82:562. 

37. Tong S, Revill P. Overview of hepatitis B viral replication and genetic variability. J 
Hepatol 2016;64:S4-S16. 

38. Datta S, Chatterjee S, Veer V, Chakravarty R. Molecular biology of the hepatitis B 
virus for clinicians. J Clin Exp Hepatol 2012;2:353-65. 

39. Lamontagne RJ, Bagga S, Bouchard MJ. Hepatitis B virus molecular biology and 
pathogenesis. Hepatoma Res 2016;2:163-86. 

 



 

 81 

40. Hu J, Seeger C. Hepadnavirus Genome Replication and Persistence. Cold Spring 
Harb Perspect Med 2015;5:a021386. 

41. Okamoto H TF, Akahane Y et al. Hepatitis B virus with Mutations in the Core 
Promoter for an e-antigen-Negative Phenotype in Carriers with Antibody to e 
Antigen. Journal of Virology 1994;68:8102. 

42. Yuh C-H, Chang Y-L, Ting L-P. Transcriptional Regulation of the Precore and 
Pregenomic RNAs of Hepatitis B Virus. Journal of Virology 1992;66:4073-84. 

43. Liang TJ. Hepatitis B: the virus and disease. Hepatology 2009;49:S13-21. 
44. Seeger C, Mason WS. Molecular biology of hepatitis B virus infection. Virology 

2015;479-480:672-86. 
45. Tong S, Li J, Wands JR, Wen Y. Hepatitis B virus genetic variants: biological 

properties and clinical implications. Emerging Microbes and Infections 
2013;2:e10;doi:.1038/emi2013.10. 

46. Beck J, Nassal M. Hepatitis B virus replication. World Journal of Gastroenterology 
2007;13:48-64. 

47. Jones SA, Hu J. Hepatitis B virus reverse transcriptase: diverse functions as classical 
and emerging targets for antiviral intervention. Emerg Microbes Infect 2013;2:e56. 

48. Norder H, Courouce AM, Coursaget P, et al. Genetic diversity of hepatitis B virus 
strains derived worldwide: genotypes, subgenotypes, and HBsAg subtypes. 
Intervirology 2004;47:289-309. 

49. Kramvis A. Genotypes and genetic variability of hepatitis B virus. Intervirology 
2014;57:141-50. 

50. Cao G-W. Clinical relevance and public health significance of hepatitis B virus 
genomic variations. World Journal of Gastroenterology 2009;15:5761. 

51. Sunbul M. Hepatitis B virus genotypes: global distribution and clinical importance. 
World J Gastroenterol 2014;20:5427-34. 

52. Lampe E, Mello FCA, do Espirito-Santo MP, et al. Nationwide overview of the 
distribution of hepatitis B virus genotypes in Brazil: a 1000-sample multicentre 
study. J Gen Virol 2017;98:1389-98. 

53. Kramvis A, Kew MC. Epidemiology of hepatitis B virus in Africa, its genotypes 
and clinical associations of genotypes. Hepatol Res 2007;37:S9-S19. 

54. Roman S, Panduro A. HBV endemicity in Mexico is associated with HBV 
genotypes H and G. World J Gastroenterol 2013;19:5446-53. 

55. Olinger CM, Jutavijittum P, Hubschen JM, et al. Possible new hepatitis B virus 
genotype, southeast Asia. Emerg Infect Dis 2008;14:1777-80. 

56. Hannoun C, Norder H, Lindh M. An aberrant genotype revealed in recombinant 
hepatitis B virus strains from Vietnam. Journal of General Virology 2000;81:2267-72. 

57. Tatematsu K, Tanaka Y, Kurbanov F, et al. A genetic variant of hepatitis B virus 
divergent from known human and ape genotypes isolated from a Japanese patient 
and provisionally assigned to new genotype J. J Virol 2009;83:10538-47. 

58. Caligiuri P, Cerruti R, Icardi G, Bruzzone B. Overview of hepatitis B virus 
mutations and their implications in the management of infection. World J 
Gastroenterol 2016;22:145-54. 

59. Brunetto MR, Rodriguez UA, Bonino F. Hepatitis B Virus Mutants. Intervirology 
1999;42:69-80. 

60. Kramvis A, Arakawa K, Yu MC, Nogueira R, Stram DO, Kew MC. Relationship of 
serological subtype, basic core promoter and precore mutations to 
genotypes/subgenotypes of hepatitis B virus. J Med Virol 2008;80:27-46. 



  82 

61. Stuyver L, De Gendt S, Van Geyt C, et al. A new genotype of hepatitis B virus: 
complete genome and phylogenetic relatedness. Journal of General Virology 
2000;81:67-74. 

62. Kim H, Lee SA, Do SY, Kim BJ. Precore/core region mutations of hepatitis B 
virus related to clinical severity. World J Gastroenterol 2016;22:4287-96. 

63. Xu H, Zhao M, Lou G, Zheng M, Cao Q, Chen Z. New point mutations in surface 
and core genes of hepatitis B virus associated with acute on chronic liver failure 
identified by complete genomic sequencing. PLoS One 2015;10:e0123139. 

64. Zhong YW, Di FL, Liu C, et al. Hepatitis B virus basal core promoter/precore 
mutants and association with liver cirrhosis in children with chronic hepatitis B 
virus infection. Clin Microbiol Infect 2016;22:379 e1- e8. 

65. Churin Y, Roderfeld M, Roeb E. Hepatitis B virus large surface protein: function 
and fame. Hepatobiliary Surg Nutr 2015;4:1-10. 

66. Chen P, Gan Y, Han N, et al. Computational evolutionary analysis of the 
overlapped surface (S) and polymerase (P) region in hepatitis B virus indicates the 
spacer domain in P is crucial for survival. PLoS One 2013;8:e60098. 

67. Zhu HL, Li X, Li J, Zhang ZH. Genetic variation of occult hepatitis B virus 
infection. World J Gastroenterol 2016;22:3531-46. 

68. Ye Q, Shang SQ, Li W. A new vaccine escape mutant of hepatitis B virus causes 
occult infection. Hum Vaccin Immunother 2015;11:407-10. 

69. Huang CH, Yuan Q, Chen PJ, et al. Influence of mutations in hepatitis B virus 
surface protein on viral antigenicity and phenotype in occult HBV strains from 
blood donors. J Hepatol 2012;57:720-9. 

70. Ma Q, Wang Y. Comprehensive analysis of the prevalence of hepatitis B virus 
escape mutations in the major hydrophilic region of surface antigen. J Med Virol 
2012;84:198-206. 

71. Coleman PF. Detecing Hepatitis B Surface Antigen Mutants. Emerg Infect Dis 
2006;12:198-203. 

72. Chen J, Liu Y, Zhao J, et al. Characterization of Novel Hepatitis B Virus PreS/S-
Gene Mutations in a Patient with Occult Hepatitis B Virus Infection. PLoS One 
2016;11:e0155654. 

73. Coppola N, Onorato L, Minichini C, et al. Clinical significance of hepatitis B 
surface antigen mutants. World J Hepatol 2015;7:2729-39. 

74. Su I, Wang L, Hsieh W, et al. The emerging role of hepatitis B virus Pre-S2 deletion 
mutant proteins in HBV tumorigenesis. Journal of Biomedical Science 2014;21:98-105. 

75. Sugauchi F, Ohno T, Orito E, et al. Influence of hepatitis B virus genotypes on the 
development of preS deletions and advanced liver disease. J Med Virol 2003;70:537-
44. 

76. Sheldon J, Soriano V. Hepatitis B virus escape mutants induced by antiviral therapy. 
J Antimicrob Chemother 2008;61:766-8. 

77. Archampong TN, Boyce CL, Lartey M, et al. HBV genotypes and drug resistance 
mutations in antiretroviral treatment-naive and treatment-experienced HBV-HIV-
coinfected patients. Antivir Ther 2017;22:13-20. 

78. Pal A SN, Saha D et al. High Incidence of Lamivudine-resistance-associated-
vaccine-escape HBV mutants among HIV-coinfected patients on prolonged 
antiretroviral therapy. Antiviral Therapy 2015;20:545-54. 

 



 

 83 

79. Kamili S, Sozzi V, Thompson G, et al. Efficacy of hepatitis B vaccine against 
antiviral drug-resistant hepatitis B virus mutants in the chimpanzee model. 
Hepatology 2009;49:1483-91. 

80. Ly TD. Detection HBsAg mutants by immunoassays. Journal of Medical Virology 
2007;79:S37-S41. 

81. Shepard CW, Simard EP, Finelli L, Fiore AE, Bell BP. Hepatitis B virus infection: 
epidemiology and vaccination. Epidemiol Rev 2006;28:112-25. 

82. Anaedobe CG, Fowotade A, Omoruyi CE, Bakare RA. Prevalence, 
sociodemographic features and risk factors of Hepatitis B virus infection among 
pregnant women in Southwestern Nigeria. Pan Afr Med J 2015;20:406. 

83. Nelson NP, Easterbrook PJ, McMahon BJ. Epidemiology of Hepatitis B Virus 
Infection and Impact of Vaccination on Disease. Clin Liver Dis 2016;20:607-28. 

84. Thompson SC, Boughton CR, Dore GJ. Blood-borne viruses and their survival in 
the environment: is public concern about community needlestick exposures 
justified? Aust N Z Public Health 2003;27:602-7. 

85. Burns GS, Thompson AJ. Viral hepatitis B: clinical and epidemiological 
characteristics. Cold Spring Harb Perspect Med 2014;4:a024935. 

86. Coppola N, Sagnelli C, Pisaturo M, et al. Clinical and virological characteristics 
associated with severe acute hepatitis B. Clin Microbiol Infect 2014;20:991-7. 

87. Tillmann HL, Patel K. Therapy of acute and fulminant hepatitis B. Intervirology 
2014;57:181-8. 

88. Krajden M, McNabb G, Petric M. The laboratory diagnosis of hepatitis B virus. 
Can J Infect Dis Med Microbiol 2005;16:65-72. 

89. European Association for the Study of the Liver. Electronic address eee, European 
Association for the Study of the L. EASL 2017 Clinical Practice Guidelines on the 
management of hepatitis B virus infection. J Hepatol 2017;67:370-98. 

90. Ito K, Yotsuyanagi H, Yatsuhashi H, et al. Risk factors for long-term persistence of 
serum hepatitis B surface antigen following acute hepatitis B virus infection in 
Japanese adults. Hepatology 2014;59:89-97. 

91. Chang ML, Liaw YF. Hepatitis B flares in chronic hepatitis B: pathogenesis, natural 
course, and management. J Hepatol 2014;61:1407-17. 

92. Ponde RA. Acute hepatitis B virus infection or acute exacerbation of chronic 
hepatitis B infection: the differential serological diagnosis. Eur J Clin Microbiol Infect 
Dis 2016;35:29-40. 

93. Puri P. Acute exacerbation of chronic hepatitis B: the dilemma of differentiation 
from acute viral hepatitis B. J Clin Exp Hepatol 2013;3:301-12. 

94. Bertoletti A, Kennedy PT. The immune tolerant phase of chronic HBV infection: 
new perspectives on an old concept. Cell Mol Immunol 2015;12:258-63. 

95. Kennedy PTF, Litwin S, Dolman GE, Bertoletti A, Mason WS. Immune Tolerant 
Chronic Hepatitis B: The Unrecognized Risks. Viruses 2017;9. 

96. McMahon BJ. The Natural History of Chronic Hepatitis B Virus Infection. 
Hepatology 2009;49:S45-S55. 

97. Martinez MC, Kok CC, Baleriola C, Robertson P, Rawlinson WD. Investigation of 
occult hepatitis B virus infection in anti-hbc positive patients from a liver clinic. 
PLoS One 2015;10:e0117275. 

98. Dusheiko G, Wang B, Carey I. HBsAg loss in chronic hepatitis B: pointers to the 
benefits of curative therapy. Hepatol Int 2016;10:727-9. 

 



  84 

99. McMahon BJ. The influence of hepatitis B virus genotype and subgenotype on the 
natural history of chronic hepatitis B. Hepatol Int 2009;3:334-42. 

100. Lee MH, Yang HI, Liu J, et al. Prediction models of long-term cirrhosis and 
hepatocellular carcinoma risk in chronic hepatitis B patients: risk scores integrating 
host and virus profiles. Hepatology 2013;58:546-54. 

101. Ieluzzi D, Covolo L, Donato F, Fattovich G. Progression to cirrhosis, 
hepatocellular carcinoma and liver-related mortality in chronic hepatitis B patients 
in Italy. Dig Liver Dis 2014;46:427-32. 

102. Chen G, Lin W, Shen F, Iloeje UH, London WT, Evans AA. Past HBV viral load 
as predictor of mortality and morbidity from HCC and chronic liver disease in a 
prospective study. Am J Gastroenterol 2006;101:1797-803. 

103. Sinn DH, Lee J, Goo J, et al. Hepatocellular carcinoma risk in chronic hepatitis B 
virus-infected compensated cirrhosis patients with low viral load. Hepatology 
2015;62:694-701. 

104. Mendy ME, Welzel T, Lesi OA, et al. Hepatitis B viral load and risk for liver 
cirrhosis and hepatocellular carcinoma in The Gambia, West Africa. Journal of Viral 
Hepatitis 2010;17:115-22. 

105. Varbobitis I, Papatheodoridis GV. The assessment of hepatocellular carcinoma risk 
in patients with chronic hepatitis B under antiviral therapy. Clin Mol Hepatol 
2016;22:319-26. 

106. Giersch K, Dandri M. Hepatitis B and Delta Virus: Advances on Studies about 
Interactions between the Two Viruses and the Infected Hepatocyte. J Clin Transl 
Hepatol 2015;3:220-9. 

107. Kew MC, Kramvis A, Yu MC, Arakawa K, Hodkinson J. Increased 
hepatocarcinogenic potential of hepatitis B virus genotype A in Bantu-speaking 
sub-saharan Africans. J Med Virol 2005;75:513-21. 

108. Yang JD, Gyedu A, Afihene MY, et al. Hepatocellular Carcinoma Occurs at an 
Earlier Age in Africans, Particularly in Association With Chronic Hepatitis B. Am J 
Gastroenterol 2015;110:1629-31. 

109. Singal A, Volk ML, Waljee A, et al. Meta-analysis: surveillance with ultrasound for 
early-stage hepatocellular carcinoma in patients with cirrhosis. Aliment Pharmacol 
Ther 2009;30:37-47. 

110. Marrero JA, Feng Z, Wang Y, et al. Alpha-fetoprotein, des-gamma 
carboxyprothrombin, and lectin-bound alpha-fetoprotein in early hepatocellular 
carcinoma. Gastroenterology 2009;137:110-8. 

111. Chen Q, Luo X, Zhao M, Wang Q. Dynamic monitoring of serum alpha-
fetoprotein and its correlation with early hepatocellular carcinoma in patients with 
chronic hepatitis B. Biomedical Research 2017;28:8100-4. 

112. Bruix J, Sherman M, American Association for the Study of Liver D. Management 
of hepatocellular carcinoma: an update. Hepatology 2011;53:1020-2. 

113. But DYK, Lai C, Yuen M. Natural history of hepatitis-related hepatocellular 
carcinoma. World J Gastroenterol 2008;14:1652-6. 

114. Umoh NJ, Lesi OA, Mendy M, et al. Aetiological differences in demographical, 
clinical and pathological characteristics of hepatocellular carcinoma in The Gambia. 
Liver Int 2011;31:215-21. 

115. Abbas Z, Afzal R. Life cycle and pathogenesis of hepatitis D virus: A review. World 
J Hepatol 2013;5:666-75. 

 



 

 85 

116. Sureau C, Negro F. The hepatitis delta virus: Replication and pathogenesis. J Hepatol 
2016;64:S102-S16. 

117. Watashi K, Wakita T. Hepatitis B Virus and Hepatitis D Virus Entry, Species 
Specificity, and Tissue Tropism. Cold Spring Harb Perspect Med 2015;5:a021378. 

118. Abbas Z, Abbas M, Abbas S, Shazi L. Hepatitis D and hepatocellular carcinoma. 
World J Hepatol 2015;7:777-86. 

119. Negro F. Hepatitis D virus coinfection and superinfection. Cold Spring Harb Perspect 
Med 2014;4:a021550. 

120. Huang CR, Lo SJ. Hepatitis D virus infection, replication and cross-talk with the 
hepatitis B virus. World J Gastroenterol 2014;20:14589-97. 

121. Niro GA, Gravinese E, Martini E, et al. Clearance of hepatitis B surface antigen in 
chronic carriers of hepatitis delta antibodies. Liver Int 2001;21:254-9. 

122. Goyal A, Murray JM. The impact of vaccination and antiviral therapy on hepatitis B 
and hepatitis D epidemiology. PLoS One 2014;9:e110143. 

123. Chen L, Liu F, Fan X, et al. Detection of hepatitis B surface antigen, hepatitis B 
core antigen, and hepatitis B virus DNA in parotid tissues. Int J Infect Dis 
2009;13:20-3. 

124. Mendy ME, Kaye S, van der Sande M, et al. Application of real-time PCR to 
quantify hepatitis B virus DNA in chronic carriers in The Gambia. Virol J 
2006;3:23. 

125. McMahon BJ, Bulkow L, Simons B, et al. Relationship between level of hepatitis B 
virus DNA and liver disease: a population-based study of hepatitis B e antigen-
negative persons with hepatitis B. Clin Gastroenterol Hepatol 2014;12:701-6 e1-3. 

126. Habbal W, Gartner BC, Monem F. Identification of optimal target gene regions for 
hepatitis B virus genotyping by DNA sequencing. Intervirology 2013;56:325-36. 

127. Guirgis BS, Abbas RO, Azzazy HM. Hepatitis B virus genotyping: current methods 
and clinical implications. Int J Infect Dis 2010;14:e941-53. 

128. Liaw YF. Impact of therapy on the outcome of chronic hepatitis B. Liver Int 
2013;33 Suppl 1:111-5. 

129. Buti M, Tsai N, Petersen J, et al. Seven-year efficacy and safety of treatment with 
tenofovir disoproxil fumarate for chronic hepatitis B virus infection. Dig Dis Sci 
2015;60:1457-64. 

130. Marcellin P, Gane E, Buti M, et al. Regression of cirrhosis during treatment with 
tenofovir disoproxil fumarate for chronic hepatitis B: a 5-year open-label follow-up 
study. The Lancet 2013;381:468-75. 

131. Yoksuka O, Takaguchi K, Fujioka S, et al. Long-term use of entecavir in 
nucleoside-naive Japanese patients with chronic hepatitis B infection. Journal of 
Hepatology 2010;52:791-9. 

132. Allweiss L, Dandri M. The Role of cccDNA in HBV Maintenance. Viruses 2017;9. 
133. Kao JH. HBeAg-positive chronic hepatitis B: why do I treat my patients with 

pegylated interferon? Liver Int 2014;34 Suppl 1:112-9. 
134. Belloni L, Allweiss L, Guerrieri F, et al. IFN-alpha inhibits HBV transcription and 

replication in cell culture and in humanized mice by targeting the epigenetic 
regulation of the nuclear cccDNA minichromosome. J Clin Invest 2012;122:529-37. 

135. Lucifora J, Xia Y, Reisinger F, et al. Specific and Nonhepatotoxic Degradation of 
Nuclear Hepatitis B Virus cccDNA. Science 2014;343:1221-8. 



  86 

136. Kim V, Abreu RM, Nakagawa DM, Baldassare RM, Carrilho FJ, Ono SK. Pegylated 
interferon alfa for chronic hepatitis B: systematic review and meta-analysis. J Viral 
Hepat 2016;23:154-69. 

137. Coppola N, De Pascalis S, Onorato L, Calo F, Sagnelli C, Sagnelli E. Hepatitis B 
virus and hepatitis C virus infection in healthcare workers. World J Hepatol 
2016;8:273-81. 

138. WHO. Guidelines for the prevention, care and treatment of persons with chronic 
hepatitis B infection. Geneva: World Health Organisation; March 2015. 

139. Aspinall EJ, Hawkins G, Fraser A, Hutchinson SJ, Goldberg D. Hepatitis B 
prevention, diagnosis, treatment and care: a review. Occup Med (Lond) 2011;61:531-
40. 

140. Livingston SE, Simonetti JP, Bulkow LR, et al. Clearance of hepatitis B e antigen in 
patients with chronic hepatitis B and genotypes A, B, C, D, and F. Gastroenterology 
2007;133:1452-7. 

141. Sun W, Zhao S, Ma L, et al. Telbivudine treatment started in early and middle 
pregnancy completely blocks HBV vertical transmission. BMC Gastroenterol 
2017;17:51. 

142. Terrault NA, Bzowej NH, Chang KM, et al. AASLD guidelines for treatment of 
chronic hepatitis B. Hepatology 2016;63:261-83. 

143. Jourdain G, Ngo-Giang-Huong N, Harrison L, et al. Tenofovir versus Placebo to 
Prevent Perinatal Transmission of Hepatitis B. N Engl J Med 2018;378:911-23. 

144. Dubuisson J, Cosset FL. Virology and cell biology of the hepatitis C virus life cycle: 
an update. J Hepatol 2014;61:S3-S13. 

145. Lindenbach BD, Rice CM. Unravelling hepatitis C virus replication from genome to 
function. Nature 2005;436:933-8. 

146. Maurin G, Fresquet J, Granio O, Wychowski C, Cosset FL, Lavillette D. 
Identification of interactions in the E1E2 heterodimer of hepatitis C virus 
important for cell entry. J Biol Chem 2011;286:23865-76. 

147. Swann RE, Mandalou P, Robinson MW, et al. Anti-envelope antibody responses in 
individuals at high risk of hepatitis C virus who resist infection. J Viral Hepat 
2016;23:873-80. 

148. Kim CW, Chang KM. Hepatitis C virus: virology and life cycle. Clin Mol Hepatol 
2013;19:17-25. 

149. Smith DB, Bukh J, Kuiken C, et al. Expanded classification of hepatitis C virus into 
7 genotypes and 67 subtypes: updated criteria and genotype assignment web 
resource. Hepatology 2014;59:318-27. 

150. Newman RM, Kuntzen T, Weiner B, et al. Whole genome pyrosequencing of rare 
hepatitis C virus genotypes enhances subtype classification and identification of 
naturally occurring drug resistance variants. J Infect Dis 2013;208:17-31. 

151. Messina JP, Humphreys I, Flaxman A, et al. Global distribution and prevalence of 
hepatitis C virus genotypes. Hepatology 2015;61:77-87. 

152. Murphy DG, Sablon E, Chamberland J, Fournier E, Dandavino R, Tremblay CL. 
Hepatitis C virus genotype 7, a new genotype originating from central Africa. J Clin 
Microbiol 2015;53:967-72. 

153. Karoney MJ, Siika AM. Hepatitis C virus (HCV) infection in Africa: a review. Pan 
Afr Med J 2013;14:44. 

 



 

 87 

154. Kalinina O, Norder H, Mukomolov S, Magnius LO. A Natural Intergenotypic 
Recombinant of Hepatitis C Virus Identified in St. Petersburg. Journal of Virology 
2002;76:4034-43. 

155. Susser S, Dietz J, Schlevogt B, et al. Origin, prevalence and response to therapy of 
hepatitis C virus genotype 2k/1b chimeras. J Hepatol 2017;67:680-6. 

156. Bhattacharya D, Accola MA, Ansari IH, Striker R, Rehrauer WM. Naturally 
occurring genotype 2b/1a hepatitis C virus in the United States. Virol J 2011;8:458. 

157. Noppornpanth S, Lien TX, Poovorawan Y, Smits SL, Osterhaus AD, Haagmans 
BL. Identification of a naturally occurring recombinant genotype 2/6 hepatitis C 
virus. J Virol 2006;80:7569-77. 

158. Iles JC, Njouom R, Foupouapouognigni Y, et al. Characterization of Hepatitis C 
Virus Recombination in Cameroon by Use of Nonspecific Next-Generation 
Sequencing. J Clin Microbiol 2015;53:3155-64. 

159. Shi W, Freitas IT, Zhu C, Zheng W, Hall WW, Higgins DG. Recombination in 
hepatitis C virus: identification of four novel naturally occurring inter-subtype 
recombinants. PLoS One 2012;7:e41997. 

160. European Association for the Study of the L. EASL Clinical Practice Guidelines: 
management of hepatitis C virus infection. J Hepatol 2011;55:245-64. 

161. European Association for the Study of the Liver. Electronic address eee. EASL 
Recommendations on Treatment of Hepatitis C 2016. J Hepatol 2016. 

162. Pawlotsky JM, Feld JJ, Zeuzem S, Hoofnagle JH. From non-A, non-B hepatitis to 
hepatitis C virus cure. J Hepatol 2015;62:S87-99. 

163. Bidell MR, McLaughlin M, Faragon J, Morse C, Patel N. Desirable Characteristics 
of Hepatitis C Treatment Regimens: A Review of What We Have and What We 
Need. Infect Dis Ther 2016;5:299-312. 

164. Bukh J. The history of hepatitis C virus (HCV): Basic research reveals unique 
features in phylogeny, evolution and the viral life cycle with new perspectives for 
epidemic control. J Hepatol 2016;65:S2-S21. 

165. Tagger A, Donato F, Ribero ML, et al. Case-control study on hepatitis C virus 
(HCV) as risk factor for hepatocellular carcionoma: the role of HCV genotypes and 
the synergism with hepatitis B virus and alcohol. Bresciaa HCC Study. Int J Cancer 
1999;81:695-9. 

166. Larsen C, Bousquet V, Delarocque-Astagneau E, et al. Hepatitis C virus genotype 3 
and the risk of severe liver disease in a large population of drug users in France. J 
Med Virol 2010;82:1647-54. 

167. Lee MH, Hsiao TI, Subramaniam SR, et al. HCV Genotype 6 Increased the Risk 
for Hepatocellular Carcinoma Among Asian Patients With Liver Cirrhosis. Am J 
Gastroenterol 2017;112:1111-9. 

168. Bruno S, Crosignani A, Maisonneuve P, Rossi S, Silini E, Mondelli MU. Hepatitis C 
virus genotype 1b as a major risk factor associated with hepatocellular carcinoma in 
patients with cirrhosis: a seventeen-year prospective cohort study. Hepatology 
2007;46:1350-6. 

169. Thomas DL, Thio CL, Martin MP, et al. Genetic variation in IL28B and 
spontaneous clearance of hepatitis C virus. Nature 2009;461:798-801. 

170. Grebely J, Page K, Sacks-Davis R, et al. The effects of female sex, viral genotype, 
and IL28B genotype on spontaneous clearance of acute hepatitis C virus infection. 
Hepatology 2014;59:109-20. 

 



  88 

171. Donahue JG MA, Ness PM, Brown DE, Yawn DH, McAllister HA, Reitz BA, 
Nelson KE. The declining risk of post-transfusion hepatitis C infection. New 
England Journal of Medicine 1992;327:369-73. 

172. Degenhardt L, Peacock A, Colledge S, et al. Global prevalence of injecting drug use 
and sociodemographic characteristics and prevalence of HIV, HBV, and HCV in 
people who inject drugs: a multistage systematic review. The Lancet Global Health 
2017;5:e1192-e207. 

173. Zibbell JE, Asher AK, Patel RC, et al. Increases in Acute Hepatitis C Virus 
Infection Related to a Growing Opioid Epidemic and Associated Injection Drug 
Use, United States, 2004 to 2014. Am J Public Health 2018;108:175-81. 

174. Layden JE, Phillips RO, Owusu-Ofori S, et al. High frequency of active HCV 
infection among seropositive cases in west Africa and evidence for multiple 
transmission pathways. Clin Infect Dis 2015;60:1033-41. 

175. van de Laar TJ, Matthews GV, Prins M, Danta M. Acute hepatitis C in HIV-
infected men who have sex with men: an emerging sexually transmitted infection. 
AIDS 2010;24:1799-812. 

176. Tovo PA, Calitri C, Scolfaro C, Gabiano C, Garazzino S. Vertically acquired 
hepatitis C virus infection: Correlates of transmission and disease progression. 
World J Gastroenterol 2016;22:1382-92. 

177. Westbrook RH, Dusheiko G. Natural history of hepatitis C. J Hepatol 2014;61:S58-
68. 

178. Chu CM, Yeh CT, Liaw YF. Fulminant hepatic failure in acute hepatitis c: increased 
risk in chronic carriers of hepatitis B. Gut 1999;45:613-7. 

179. Chung RT. Acute Hepatitis C Virus Infection. Clin Infect Dis 2005;41:S14-S7. 
180. Micallef JM, Kaldor JM, Dore GJ. Spontaneous viral clearance following acute 

hepatitis C infection: a systematic review of longitudinal studies. J Viral Hepat 
2006;13:34-41. 

181. Kee KM, Wang JH, Hung CH, Chen CH, Lee CM, Lu SN. Improvement of 
thrombocytopenia in hepatitis C-related advanced fibrosis patients after sustained 
virological response. Dig Dis Sci 2013;58:556-61. 

182. Bulteel N, Partha Sarathy P, Forrest E, et al. Factors associated with spontaneous 
clearance of chronic hepatitis C virus infection. J Hepatol 2016;65:266-72. 

183. Gauthiez E, Habfast-Robertson I, Rueger S, et al. A systematic review and meta-
analysis of HCV clearance. Liver International 2017;37:1431-45. 

184. Freeman AJ, Dore GJ, Law MG, et al. Estimating progression to cirrhosis in 
chronic hepatitis C virus infection. Hepatology 2001;34:809-16. 

185. Spengler U, Nattermann J. Immunopathogenesis in hepatitis C virus cirrhosis. Clin 
Sci (Lond) 2007;112:141-55. 

186. Massard J, Ratziu V, Thabut D, et al. Natural history and predictors of disease 
severity in chronic hepatitis C. J Hepatol 2006;44:S19-24. 

187. Li X, Gao Y, Xu H, Hou J, Gao P. Diabetes mellitus is a significant risk factor for 
the development of liver cirrhosis in chronic hepatitis C patients. Sci Rep 
2017;7:9087. 

188. van der Meer AJ, Feld JJ, Hofer H, et al. Risk of cirrhosis-related complications in 
patients with advanced fibrosis following hepatitis C virus eradication. Journal of 
Hepatology 2017;66:485-93. 



 

 89 

189. Cheung MCM, Walker AJ, Hudson BE, et al. Outcomes after successful direct-
acting antiviral therapy for patients with chronic hepatitis C and decompensated 
cirrhosis. J Hepatol 2016;65:741-7. 

190. Foster GR, Irving WL, Cheung MC, et al. Impact of direct acting antiviral therapy 
in patients with chronic hepatitis C and decompensated cirrhosis. J Hepatol 
2016;64:1224-31. 

191. Nahon P, Bourcier V, Layese R, et al. Eradication of Hepatitis C Virus Infection in 
Patients With Cirrhosis Reduces Risk of Liver and Non-Liver Complications. 
Gastroenterology 2017;152:142-56 e2. 

192. Cacoub P, Comarmond C, Domont F, Savey L, Desbois AC, Saadoun D. 
Extrahepatic manifestations of chronic hepatitis C virus infection. Ther Adv Infect 
Dis 2016;3:3-14. 

193. Hoshida Y, Fuchs BC, Bardeesy N, Baumert TF, Chung RT. Pathogenesis and 
prevention of hepatitis C virus-induced hepatocellular carcinoma. J Hepatol 
2014;61:S79-90. 

194. Mittal S, El-Serag HB. Epidemiology of hepatocellular carcinoma: consider the 
population. J Clin Gastroenterol 2013;47 Suppl:S2-6. 

195. de Martel C, Maucort-Boulch D, Plummer M, Franceschi S. World-wide relative 
contribution of hepatitis B and C viruses in hepatocellular carcinoma. Hepatology 
2015;62:1190-200. 

196. Ravi S, Axley P, Jones D, et al. Unusually High Rates of Hepatocellular Carcinoma 
After Treatment With Direct-Acting Antiviral Therapy for Hepatitis C Related 
Cirrhosis. Gastroenterology 2017;152:911-2. 

197. Aleman S, Rahbin N, Weiland O, et al. A Risk for Hepatocellular Carcinoma 
Persists Long-term After Sustained Virologic Response in Patients With Hepatitis 
C-Associated Liver Cirrhosis. Clinical Infectious Diseases 2013;57:230-6. 

198. Lemoine M, Nayagam S, Thursz M. Viral hepatitis in resource-limited countries and 
access to antiviral therapies: current and future challenges. Future Virol 2013;8:371-
80. 

199. van der Meer AJ, Feld JJ, Hofer H, et al. Risk of cirrhosis-related complications in 
patients with advanced fibrosis following hepatitis C virus eradication. J Hepatol 
2017;66:485-93. 

200. Trepo C, Zoulim F, Alonso C, Petit MA, Pichoud C, Vitvitski L. Diagnostic 
markers of viral hepatitis B and C. Gut 1993;supplement:S20-S5. 

201. Sagnelli E, Coppola N, Marrocco C, et al. Diagnosis of hepatitis C virus related 
acute hepatitis by serial determination of IgM anti-HCV titres. J Hepatol 
2005;42:646-51. 

202. Seremba E, Ocama P, Opio CK, et al. Poor performance of hepatitis C antibody 
tests in hospital patients in Uganda. J Med Virol 2010;82:1371-8. 

203. Mets T, Smitz J, Ngendahayo P, Sabbe L, Bigilimana I, Ngirabatware B. Hepatitis C 
Virus Infection in African Patients with Liver Cirrhosis or Primary Hepatocellular 
Carcinoma. Scandinavian Journal of Gastroenterology 2009;28:331-4. 

204. Kleinman SH, Stramer SL, Brodsky JP, Caglioti S, Busch MP. Integration of nucleic 
acid amplification test results into hepatitis C virus supplemental serologic testing 
algorithms: implications for donor counseling and revision of existing algorithms. 
Transfusion 2006;46:695-702. 

 



  90 

205. Freiman JM, Tran TM, Schumacher SG, et al. Hepatitis C Core Antigen Testing for 
Diagnosis of Hepatitis C Virus Infection: A Systematic Review and Meta-analysis. 
Ann Intern Med 2016;165:345-55. 

206. Kesli R, Polat H, Terzi Y, Kurtoglu MG, Uyar Y. Comparison of a newly 
developed automated and quantitative hepatitis C virus (HCV) core antigen test 
with the HCV RNA assay for clinical usefulness in confirming anti-HCV results. J 
Clin Microbiol 2011;49:4089-93. 

207. Lamoury FMJ, Soker A, Martinez D, et al. Hepatitis C virus core antigen: A 
simplified treatment monitoring tool, including for post-treatment relapse. J Clin 
Virol 2017;92:32-8. 

208. Chevaliez S, Feld J, Cheng K, et al. Clinical utility of HCV core antigen detection 
and quantification in the diagnosis and management of patients with chronic 
hepatitis C receiving an all-oral, interferon-free regimen. Antivir Ther 2016. 

209. Tedder RS, Tuke P, Wallis N, Wright M, Nicholson L, Grant PR. Therapy-induced 
clearance of HCV core antigen from plasma predicts an end of treatment viral 
response. J Viral Hepat 2013;20:65-71. 

210. Murphy DG, Willems B, Deschenes M, Hilzenrat N, Mousseau R, Sabbah S. Use of 
sequence analysis of the NS5B region for routine genotyping of hepatitis C virus 
with reference to C/E1 and 5' untranslated region sequences. J Clin Microbiol 
2007;45:1102-12. 

211. Tong YQ, Liu B, Liu H, et al. Accurate genotyping of hepatitis C virus through 
nucleotide sequencing and identification of new HCV subtypes in China 
population. Clin Microbiol Infect 2015;21:874 e9- e21. 

212. Bethea E, Chen Q, Hur C, Chung RT, Chhatwal J. Should we treat acute hepatitis 
C? A decision and cost-effectiveness analysis. Hepatology 2017. 

213. Antaki N, Craxi A, Kamal S, et al. The neglected hepatitis C virus genotypes 4, 5 
and 6: an international consensus report. Liver Int 2010;30:342-55. 

214. Shepherd J, Brodin H, Cave C, Waugh N, Price A, Gabbay J. Pegylated interfron 
alfa-2a and -2b in combinationwith ribavirin in the treatment of chronic hepatitis C: 
a systematic review and economic evaluation. Health Technology Assessment 2004;8. 

215. Younossi ZM, Stepanova M, Henry L, Nader F, Younossi Y, Hunt S. Adherence to 
treatment of chronic hepatitis C: from interferon containing regimens to interferon 
and ribavirin free regimens. Medicine (Baltimore) 2016;95:e4151. 

216. Burstow NJ, Mohamed Z, Gomaa AI, et al. Hepatitis C treatment: where are we 
now? Int J Gen Med 2017;10:39-52. 

217. Zhang J, Nguyen D, Hu KQ. Chronic Hepatitis C Virus Infection: A Review of 
Current Direct-Acting Antiviral Treatment Strategies. N Am J Sci (Boston) 2016;9:47-
54. 

218. Dietz J, Susser S, Vermehren J, et al. Patterns of Resistance-Associated 
Substitutions in Patients With Chronic HCV Infection Following Treatment With 
Direct-Acting Antivirals. Gastroenterology 2018;154:976-88 e4. 

219. Ikram A, Obaid A, Awan FM, et al. Identification of drug resistance and immune-
driven variations in hepatitis C virus (HCV) NS3/4A, NS5A and NS5B regions 
reveals a new approach toward personalized medicine. Antiviral Res 2017;137:112-
24. 

220. Khuroo MS, Khuroo MS, Khuroo NS. Hepatitis E: Discovery, global impact, 
control and cure. World J Gastroenterol 2016;22:7030-45. 



 

 91 

221. Khuroo MS. Discovery of hepatitis E: the epidemic non-A, non-B hepatitis 30 
years down the memory lane. Virus Res 2011;161:3-14. 

222. Balayan M, Andjaparidze A, Savinskaya S, et al. Evidence for virus in non-A, non-B 
hepatitis transmitted via fecal-oral route. Intervirology 1983;20:32-1. 

223. Hartl J, Otto B, Madden RG, et al. Hepatitis E Seroprevalence in Europe: A Meta-
Analysis. Viruses 2016;8. 

224. Pavio N, Meng XJ, Doceul V. Zoonotic origin of hepatitis E. Curr Opin Virol 
2015;10:34-41. 

225. Sridhar S, Teng JLL, Chiu TH, Lau SKP, Woo PCY. Hepatitis E Virus Genotypes 
and Evolution: Emergence of Camel Hepatitis E Variants. Int J Mol Sci 2017;18. 

226. Cao D, Meng XJ. Molecular biology and replication of hepatitis E virus. Emerg 
Microbes Infect 2012;1:e17. 

227. Debing Y, Moradpour D, Neyts J, Gouttenoire J. Update on hepatitis E virology: 
Implications for clinical practice. J Hepatol 2016;65:200-12. 

228. Kamar N, Bendall R, Legrand-Abravanel F, et al. Hepatitis E. The Lancet 
2012;379:2477-88. 

229. Ding Q, Heller B, Capuccino J, et al. Hepatitis E virus ORF3 is a functional ion 
channel required for release of infectious particles. Proc Natl Acad Sci U S A 
2017;114:1147-52. 

230. Smith DB, Simmonds P, Izopet J, et al. Proposed reference sequences for hepatitis 
E virus subtypes. J Gen Virol 2016;97:537-42. 

231. Doceul V, Bagdassarian E, Demange A, Pavio N. Zoonotic Hepatitis E Virus: 
Classi fi cation, Animal Reservoirs and Transmission Routes. Viruses 2016;8. 

232. Di Martino B, Di Profio F, Melegari I, et al. Detection of hepatitis E virus (HEV) 
in goats. Virus Res 2016;225:69-72. 

233. Kumar S, Subhadra S, Singh B, Panda BK. Hepatitis E virus: the current scenario. 
Int J Infect Dis 2013;17:e228-33. 

234. Rasche A, Saqib M, Liljander AM, et al. Hepatitis E Virus Infection in 
Dromedaries, North and East Africa, United Arab Emirates, and Pakistan, 1983-
2015. Emerg Infect Dis 2016;22:1249-52. 

235. Lee GH, Tan BH, Teo EC, et al. Chronic Infection With Camelid Hepatitis E Virus 
in a Liver Transplant Recipient Who Regularly Consumes Camel Meat and Milk. 
Gastroenterology 2016;150:355-7 e3. 

236. Roth A, Lin J, Magnius L, et al. Markers for Ongoing or Previous Hepatitis E Virus 
Infection Are as Common in Wild Ungulates as in Humans in Sweden. Viruses 
2016;8. 

237. Hakim MS, Wang W, Bramer WM, et al. The global burden of hepatitis E 
outbreaks: a systematic review. Liver Int 2017;37:19-31. 

238. Aggarwal R. The Global Prevalence of Hepatitis E Virus Infection and 
Susceptibility: A Systematci Review. WHO/IVB/1014 2010:1-308. 

239. Teshale EH, Howard CM, Grytdal SP, et al. Hepatitis E epidemic, Uganda. Emerg 
Infect Dis 2010;16:126-9. 

240. Elduma AH, Zein MM, Karlsson M, Elkhidir IM, Norder H. A Single Lineage of 
Hepatitis E Virus Causes Both Outbreaks and Sporadic Hepatitis in Sudan. Viruses 
2016;8. 

 



  92 

241. Iqbal T, Idrees M, Ali L, et al. Isolation and characterization of two new hepatitis E 
virus genotype 1 strains from two mini-outbreaks in Lahore, Pakistan. Virol J 
2011;8:94. 

242. Gurley ES, Hossain MJ, Paul RC, et al. Outbreak of hepatitis E in urban 
Bangladesh resulting in maternal and perinatal mortality. Clin Infect Dis 2014;59:658-
65. 

243. Teshale EH, Grytdal SP, Howard C, et al. Evidence of person-to-person 
transmission of hepatitis E virus during a large outbreak in Northern Uganda. Clin 
Infect Dis 2010;50:1006-10. 

244. Barnaud E, Rogee S, Garry P, Rose N, Pavio N. Thermal inactivation of infectious 
hepatitis E virus in experimentally contaminated food. Appl Environ Microbiol 
2012;78:5153-9. 

245. Lucarelli C, Spada E, Taliani G, et al. High prevalence of anti-hepatitis E virus 
antibodies among blood donors in central Italy, February to March 2014. Euro 
Surveill 2016;21. 

246. Mykytczuk O, Harlow J, Bidawid S, Corneau N, Nasheri N. Prevalence and 
Molecular Characterization of the Hepatitis E Virus in Retail Pork Products 
Marketed in Canada. Food Environ Virol 2017;9:208-18. 

247. Krumbholz A, Joel S, Dremsek P, et al. Seroprevalence of hepatitis E virus (HEV) 
in humans living in high pig density areas of Germany. Med Microbiol Immunol 
2014;203:273-82. 

248. Huzly D, Umhau M, Bettinger D, et al. Transfusion-transmitted hepatitis E in 
Germany, 2013. Euro Surveill 2014;19:pil=20812. 

249. Kimura Y, Gotoh A, Katagiri S, et al. Transfusion-transmitted hepatitis E in a 
patient with myelodysplastic syndromes. Blood Transfus 2014;12:103-6. 

250. Krain LJ, Atwell JE, Nelson KE, Labrique AB. Fetal and neonatal health 
consequences of vertically transmitted hepatitis E virus infection. Am J Trop Med 
Hyg 2014;90:365-70. 

251. El Sayed Zaki M, El Aal AA, Badawy A, El-Deeb DR, El-Kheir NY. 
Clinicolaboratory study of mother-to-neonate transmission of hepatitis E virus in 
Egypt. Am J Clin Pathol 2013;140:721-6. 

252. Singh S, Mohanty A, Joshi YK, Deka D, Mohanty S, Panda SK. Mother-to-Child 
Transmission of Hepatitis E Virus Infection. Indian J Pediatr 2003;70:37-9. 

253. Pischke S, Schulze-Zur-Wiesch J, Lutgehetmann M, et al. High clinical 
manifestation rate in an imported outbreak of hepatitis E genotype 1 infection in a 
German group of travellers returning from India. Ann Hepatol 2017;16:57-62. 

254. Purcell RH, Emerson SU. Hepatitis E: an emerging awareness of an old disease. J 
Hepatol 2008;48:494-503. 

255. Donnelly MC, Scobie L, Crossan CL, Dalton H, Hayes PC, Simpson KJ. Review 
article: hepatitis E-a concise review of virology, epidemiology, clinical presentation 
and therapy. Aliment Pharmacol Ther 2017;46:126-41. 

256. Teshale EH, Hu DJ, Holmberg SD. The two faces of hepatitis E virus. Clin Infect 
Dis 2010;51:328-34. 

257. Howard CM, Handzel T, Hill VR, et al. Novel risk factors associated with hepatitis 
E virus infection in a large outbreak in northern Uganda: results from a case-
control study and environmental analysis. Am J Trop Med Hyg 2010;83:1170-3. 

 



 

 93 

258. Jilani N, Das BC, Husain SA, et al. Hepatitis E virus infection and fulminant 
hepatic failure during pregnancy. J Gastroenterol Hepatol 2007;22:676-82. 

259. Navaneethan U, Al Mohajer M, Shata MT. Hepatitis E and pregnancy: 
understanding the pathogenesis. Liver Int 2008;28:1190-9. 

260. Yang C, Yu W, Bi Y, et al. Increased oestradiol in hepatitis E virus-infected 
pregnant women promotes viral replication. J Viral Hepat 2018. 

261. Bi Y, Yang C, Yu W, et al. Pregnancy serum facilitates hepatitis E virus replication 
in vitro. J Gen Virol 2015;96:1055-61. 

262. Kar P, Jilani N, Husain SA, et al. Does hepatitis E viral load and genotypes 
influence the final outcome of acute liver failure during pregnancy? Am J 
Gastroenterol 2008;103:2495-501. 

263. Anty R, Ollier L, Peron JM, et al. First case report of an acute genotype 3 hepatitis 
E infected pregnant woman living in South-Eastern France. J Clin Virol 2012;54:76-
8. 

264. Tabatabai J, Wenzel JJ, Soboletzki M, Flux C, Navid MH, Schnitzler P. First case 
report of an acute hepatitis E subgenotype 3c infection during pregnancy in 
Germany. J Clin Virol 2014;61:170-2. 

265. Festa S, Garbuglia AR, Baccini F, et al. Acute fulminant hepatitis E virus genotype 
3e infection: description of the first case in Europe. Scand J Infect Dis 2014;46:727-
31. 

266. Lachish T, Erez O, Daudi N, Shouval D, Schwartz E. Acute hepatitis E virus in 
pregnant women in Israel and in other industrialized countries. J Clin Virol 
2015;73:20-4. 

267. Kumar Acharya S, Kumar Sharma P, Singh R, et al. Hepatitis E virus (HEV) 
infection in patients with cirrhosis is associated with rapid decompensation and 
death. J Hepatol 2007;46:387-94. 

268. De Silva S, Hassan-Ibrahim MO, Austin M, Newport M, Verma S. Hepatitis E 
infection is an under recognized cause of acute decompensation in patients with 
chronic liver disease. Dig Liver Dis 2012;44:930-4. 

269. Blasco-Perrin H, Madden RG, Stanley A, et al. Hepatitis E virus in patients with 
decompensated chronic liver disease: a prospective UK/French study. Aliment 
Pharmacol Ther 2015;42:574-81. 

270. Zhang X, Ke W, Xie J, Zhao Z, Xie D, Gao Z. Comparison of effects of hepatitis 
E or A viral superinfection in patients with chronic hepatitis B. Hepatol Int 
2010;4:615-20. 

271. Krain LJ, Nelson KE, Labrique AB. Host immune status and response to hepatitis 
E virus infection. Clin Microbiol Rev 2014;27:139-65. 

272. Kamar S, Selves J, Mansuy JM, et al. Hepatitis E Virus and Chronic Hepatitis in 
Organ-Transplant Recipients. N Engl J Med 2008;358:811-7. 

273. Bihl F, Negro F. Chronic hepatitis E in the immunosuppressed: a new source of 
trouble? J Hepatol 2009;50:435-7. 

274. Haboubi HN, Diyar R, Benton A, Ch'ng CL. A Case of Acute Hepatitis E Infection 
in a Patient with Non-Hodgkin Lymphoma Treated Successfully with Ribavirin. 
Case Rep Gastrointest Med 2017;2017:8941218. 

275. Kaba M, Richet H, Ravaux I, et al. Hepatitis E virus infection in patients infected 
with the human immunodeficiency virus. J Med Virol 2011;83:1704-16. 

 



  94 

276. Andersson MI, Preiser W, Maponga T, et al. Immune reconstitution hepatitis E: a 
neglected complication of antiretroviral therapy in Africa? AIDS 2013;27:487-9. 

277. Kuniholm MH, Ong E, Hogema BM, et al. Acute and Chronic Hepatitis E Virus 
Infection in HIV-Infected United States Women. Hepatology 2015. 

278. Kamar N, Izopet J, Dalton HR. Chronic hepatitis e virus infection and treatment. J 
Clin Exp Hepatol 2013;3:134-40. 

279. Jagjit Singh GK, Ijaz S, Rockwood N, et al. Chronic Hepatitis E as a cause for 
cryptogenic cirrhosis in HIV. J Infect 2013;66:103-6. 

280. Neukam K, Barreiro P, Macias J, et al. Chronic hepatitis E in HIV patients: rapid 
progression to cirrhosis and response to oral ribavirin. Clin Infect Dis 2013;57:465-8. 

281. Feldt T, Sarfo FS, Zoufaly A, et al. Hepatitis E virus infections in HIV-infected 
patients in Ghana and Cameroon. J Clin Virol 2013;58:18-23. 

282. Singh A, Seth R, Gupta A, et al. Chronic hepatitis E - an emerging disease in an 
immunocompromised host. Gastroenterol Rep (Oxf) 2016. 

283. Kappus MR SR. Extrahepatic Manifestations of Acute Hepatitis B Virus Infection. 
Gastroenterology & Hepatology 2013;9:123-6. 

284. Kamar N, Marion O, Abravanel F, Izopet J, Dalton HR. Extrahepatic 
manifestations of hepatitis E virus. Liver Int 2016;36:467-72. 

285. Bazerbachi F, Haffar S, Garg SK, Lake JR. Extra-hepatic manifestations associated 
with hepatitis E virus infection: a comprehensive review of the literature. 
Gastroenterol Rep (Oxf) 2016;4:1-15. 

286. Kamar N, Abravanel F, Lhomme S, Rostaing L, Izopet J. Hepatitis E virus: chronic 
infection, extra-hepatic manifestations, and treatment. Clin Res Hepatol Gastroenterol 
2015;39:20-7. 

287. Pischke S, Hartl J, Pas SD, Lohse AW, Jacobs BC, Van der Eijk AA. Hepatitis E 
virus: Infection beyond the liver? J Hepatol 2017;66:1082-95. 

288. Stevens O, Claeys KG, Poesen K, Saegeman V, Van Damme P. Diagnostic 
Challenges and Clinical Characteristics of Hepatitis E Virus-Associated Guillain-
Barre Syndrome. JAMA Neurol 2017;74:26-33. 

289. Perrin HB, Cintas P, Abravanel F, et al. Neurologic Disorders in 
Immunocompetent Patients with Autochthonous Acute Hepatitis E. Emerg Infect 
Dis 2015;21:1928-34. 

290. Geurtsvankessel CH, Islam Z, Mohammad QD, Jacobs BC, Endtz HP, Osterhaus 
AD. Hepatitis E and Guillain-Barre syndrome. Clin Infect Dis 2013;57:1369-70. 

291. Murkey JA, Chew KW, Carlson M, et al. Hepatitis E Virus-Associated 
Meningoencephalitis in a Lung Transplant Recipient Diagnosed by Clinical 
Metagenomic Sequencing. Open Forum Infect Dis 2017;4:ofx121. 

292. Deroux A, Brion JP, Hyerle L, et al. Association between hepatitis E and 
neurological disorders: two case studies and literature review. J Clin Virol 
2014;60:60-2. 

293. Shi R, Soomro MH, She R, et al. Evidence of Hepatitis E virus breaking through 
the blood-brain barrier and replicating in the central nervous system. J Viral Hepat 
2016;23:930-9. 

294. Vollmer T, Diekmann J, Eberhardt M, Knabbe C, Dreier J. Hepatitis E in blood 
donors: investigation of the natural course of asymptomatic infection, Germany, 
2011. Euro Surveill 2016;21. 

 



 

 95 

295. Pas SD, Streefkerk RH, Pronk M, et al. Diagnostic performance of selected 
commercial HEV IgM and IgG ELISAs for immunocompromised and 
immunocompetent patients. J Clin Virol 2013;58:629-34. 

296. Norder H, Karlsson M, Mellgren A, et al. Diagnostic Performance of Five Assays 
for Anti-Hepatitis E Virus IgG and IgM in a Large Cohort Study. J Clin Microbiol 
2016;54:549-55. 

297. Vollmer T, Diekmann J, Eberhardt M, Knabbe C, Dreier J. Monitoring of Anti-
Hepatitis E Virus Antibody Seroconversion in Asymptomatically Infected Blood 
Donors: Systematic Comparison of Nine Commercial Anti-HEV IgM and IgG 
Assays. Viruses 2016;8. 

298. Fan J. Open reading frame structure analysis as a novel genotyping tool for 
hepatitis E virus and the subsequent discovery of an inter-genotype recombinant. J 
Gen Virol 2009;90:1353-8. 

299. Smith DB, Simmonds P, International Committee on Taxonomy of Viruses 
Hepeviridae Study G, et al. Consensus proposals for classification of the family 
Hepeviridae. J Gen Virol 2014;95:2223-32. 

300. Peron JM, Abravanel F, Guillaume M, et al. Treatment of autochthonous acute 
hepatitis E with short-term ribavirin: a multicenter retrospective study. Liver Int 
2016;36:328-33. 

301. Kamar N, Izopet J, Tripon S, et al. Ribavirin for chronic hepatitis E virus infection 
in transplant recipients. N Engl J Med 2014;370:1111-20. 

302. Zhang J, Zhang XF, Zhou C, et al. Protection against hepatitis E virus infection by 
naturally acquired and vaccine-induced immunity. Clin Microbiol Infect 2014;20:O397-
405. 

303. Zhang J, Zhang XF, Huang SJ, et al. Long-term efficacy of a hepatitis E vaccine. N 
Engl J Med 2015;372:914-22. 

304. Khuroo MS, Khuroo MS, Khuroo NS. Transmission of Hepatitis E Virus in 
Developing Countries. Viruses 2016;8. 

305. Sillanpaa M, Melen K, Porkka P, et al. Hepatitis C virus core, NS3, NS4B and 
NS5A are the major immunogenic proteins in humoral immunity in chronic HCV 
infection. Virol J 2009;6:84. 

306. Wenzel JJ, Preiss J, Schemmerer M, Huber B, Jilg W. Test performance 
characteristics of Anti-HEV IgG assays strongly influence hepatitis E 
seroprevalence estimates. J Infect Dis 2013;207:497-500. 

307. Mellgren A, Karlsson M, Karlsson M, Lagging M, Wejstal R, Norder H. High 
seroprevalence against hepatitis E virus in patients with chronic hepatitis C virus 
infection. J Clin Virol 2017;88:39-45. 

308. Paraskevis D, Beloukas A, Haida C, et al. Development of a new ultra sensitive 
real-time PCR assay (ultra sensitive RTQ-PCR) for the quantification of HBV-
DNA. Virology Journal 2010;7:57. 

309. Jothikumar N, Cromeans TL, Robertson BH, Meng XJ, Hill VR. A broadly reactive 
one-step real-time RT-PCR assay for rapid and sensitive detection of hepatitis E 
virus. J Virol Methods 2006;131:65-71. 

310. Inoue J, Takahashi M, Yazaki Y, Tsuda F, Okamoto H. Development and 
validation of an improved RT-PCR assay with nested universal primers for 
detection of hepatitis E virus strains with significant sequence divergence. J Virol 
Methods 2006;137:325-33. 

 



  96 

311. Twagirumugabe T, Swaibu G, Walker TD, et al. Hepatitis B virus strains from 
Rwandan blood donors are genetically similar and form one clade within 
subgenotype A1. BMC Infect Dis 2017;17:32. 

312. Mora N, Adams WH, Kliethermes S, et al. A Synthesis of Hepatitis C prevalence 
estimates in Sub-Saharan Africa: 2000-2013. BMC Infect Dis 2016;16:283. 

313. Petrovic J, Salkic N, Ahmetagic S, Stojic V, Mott-Divkovic S. Prevalence of 
Chronic Hepatitis B and Hepatitis C among First Time Blood Donors in Northeast 
Bosnia and Herzegovina: An Estimate of Prevalence in General Population. 
Hepatitis Monthly 2011;11. 

314. Jang SY, Jang SI, Bae HC, Shin J, Park EC. Sex differences associated with hepatitis 
B virus surface antigen seropositivity unwareness in hepatitis B virus surface 
antigen-positive adults: 2007-2012 Korea National Health and Nutrition 
Examination Survey. J Prev Med Public Health 2015;48:74-83. 

315. Custer B, Kessler D, Vahidnia F, et al. Risk factors for retrovirus and hepatitis virus 
infections in accepted blood donors. Transfusion 2015;55:1098-107. 

316. Vermeulen M, Swanevelder R, Chowdhury D, et al. Use of Blood Donor Screening 
to Monitor Prevalence of HIV and Hepatitis B and C Viruses, South Africa. Emerg 
Infect Dis 2017;23:1560-3. 

317. Zampino R, Boemio A, Sagnelli C, et al. Hepatitis B virus burden in developing 
countries. World J Gastroenterol 2015;21:11941-53. 

318. Eko Mba JM, Bisseye C, Ntsame Ndong JM, et al. Prevalent hepatitis B surface 
antigen among first-time blood donors in Gabon. PLoS One 2018;13:e0194285. 

319. Wang SH, Chen PJ, Yeh SH. Gender disparity in chronic hepatitis B: Mechanisms 
of sex hormones. J Gastroenterol Hepatol 2015;30:1237-45. 

320. Price H, Dunn D, Zachary T, et al. Hepatitis B serological markers and plasma 
DNA concentrations. AIDS 2017;31:1109-17. 

321. Kateera F, Walker TD, Mutesa L, et al. Hepatitis B and C seroprevalence among 
health care workers in a tertiary hospital in Rwanda. Trans R Soc Trop Med Hyg 
2015;109:203-8. 

322. Breakwell L, Tevi-Benissan C, Childs L, Mihigo R, Tohme R. The status of hepatitis 
B control in the African region. Pan Afr Med J 2017;27:17. 

323. Kiire C. The epidemiology and prophylaxis of hepatitis B in Sub-Saharan Africa: a 
view from tropical and subtropical Africa. Gut 1996;38:S5-S12. 

324. Lu LL, Chen BX, Wang J, et al. Maternal transmission risk and antibody levels 
against hepatitis B virus e antigen in pregnant women. Int J Infect Dis 2014;28:41-4. 

325. Forbi JC, Iperepolu OH, Zungwe T, Agwale SM. Prevalence of hepatitis B e 
antigen in chronic HBV carriers in North-central Nigeria. J Health Popul Nutr 
2012;30:377-82. 

326. Wu CH, Hsu TY, Kung FT, ChangChien CC, Tsai CC, Lu SN. Changes in the 
Prevalence of HBsAg and HBeAg: a Study of 8696 Parturients in a Well Vaccinated 
Area. Sci Rep 2017;7:1212. 

327. Tanaka Y, Hasegawa I, Kato T, et al. A case-control study for differences among 
hepatitis B virus infections of genotypes A (subtypes Aa and Ae) and D. Hepatology 
2004;40:747-55. 

328. Tong S, Kim K-H, Chante C, Wands J, Li J. Hepatitis B Virus e Antigen Variants. 
Int J Med Sci 2005;2:2-7. 

 



 

 97 

329. Ren X, Xu Z, Liu Y, et al. Hepatitis B virus genotype and basal core 
promoter/precore mutations are associated with hepatitis B-related acute-on-
chronic liver failure without pre-existing liver cirrhosis. J Viral Hepat 2010;17:887-
95. 

330. Arankalle VA, Gandhi S, Lole KS, Chadha MS, Gupte GM, Lokhande MU. An 
outbreak of hepatitis B with high mortality in India: association with precore, basal 
core promoter mutants and improperly sterilized syringes. J Viral Hepat 
2011;18:e20-8. 

331. Forbi JC, Ben-Ayed Y, Xia GL, et al. Disparate distribution of hepatitis B virus 
genotypes in four sub-Saharan African countries. J Clin Virol 2013;58:59-66. 

332. Ochwoto M, Kimotho JH, Oyugi J, et al. Hepatitis B infection is highly prevalent 
among patients presenting with jaundice in Kenya. BMC Infect Dis 2016;16:101. 

333. Ochwoto M, Chauhan R, Gopalakrishnan D, et al. Genotyping and molecular 
characterization of hepatitis B virus in liver disease patients in Kenya. Infect Genet 
Evol 2013;20:103-10. 

334. Shindano TA, Horsmans Y, Kabamba BM. Genetic and phylogenic 
characterization of hepatitis B virus in the eastern part of the Democratic Republic 
of Congo. J Med Virol 2017. 

335. Kramvis A, Paraskevis D. Subgenotype A1 of HBV-tracing human migrations in 
and out of Africa. Antiviral Therapy 2013;18:513-21. 

336. Lago BV, Mello FC, Kramvis A, Niel C, Gomes SA. Hepatitis B virus subgenotype 
A1: evolutionary relationships between Brazilian, African and Asian isolates. PLoS 
One 2014;9:e105317. 

337. Pollicino T, Cacciola I, Saffioti F, Raimondo G. Hepatitis B virus PreS/S gene 
variants: pathobiology and clinical implications. J Hepatol 2014;61:408-17. 

338. Zhang D, Dong P, Zhang K, et al. Whole genome HBV deletion profiles and the 
accumulation of preS deletion mutant during antiviral therapy. BMC Microbiology 
2012;12:307-16. 

339. Lin CM, Wang GM, Jow GM, Chen BF. Functional analysis of hepatitis B virus 
pre-s deletion variants associated with hepatocellular carcinoma. J Biomed Sci 
2012;19:17. 

340. Abe K, Thung SN, Wu HC, et al. Pre-S2 deletion mutants of hepatitis B virus could 
have an important role in hepatocarcinogenesis in Asian children. Cancer Sci 
2009;100:2249-54. 

341. Huang H, Hsu H, Chen C, et al. Pre-S2 Deletions of Hepatitis B Virus and 
Hepatocellular Carcinoma in Children. Paediatric Research 2010;67:90-4. 

342. Twagirumugabe T, Swaibu G, Bergstrom T, Walker TD, Gahutu JB, Norder H. 
Low prevalence of hepatitis C virus RNA in blood donors with anti-hepatitis C 
virus reactivity in Rwanda. Transfusion 2017;57:2420-32. 

343. Mullis CE, Laeyendecker O, Reynolds SJ, et al. High frequency of false-positive 
hepatitis C virus enzyme-linked immunosorbent assay in Rakai, Uganda. Clin Infect 
Dis 2013;57:1747-50. 

344. Chasela CS, Wall P, Drobeniuc J, et al. Prevalence of hepatitis C virus infection 
among human immunodeficiency virus-1-infected pregnant women in Malawi: the 
BAN study. J Clin Virol 2012;54:318-20. 

345. Raghuraman S, Subramaniam T, Daniel D, Sridharan G, Abraham P. Occurrence 
of False Positives during Testing for Antibodies to Hepatitis C Virus among 
Volunteer Blood Donors in India. Journal of Clinical Microbiology 2003;41:1788-90. 



  98 

346. Mwangi J, Nganga Z, Mpoke S, et al. Hepatitis C virus genotypes in Kenya. Archives 
of Virology 2015;161:95-101. 

347. Schröter M, Feucht H-H, Schäfer P, Zöllner B, Polywka S, Laufs R. Definition of 
False Positive Reactions in Screening for Hepatitis C Virus Antibodies. Journal of 
Clinical Microbiology 1999;37. 

348. Moorman AC, Drobenuic J, Kamili S. Prevalence of false-positive hepatitis C 
antibody results, National Health and Nutrition Examination Study (NHANES) 
2007-2012. J Clin Virol 2017;89:1-4. 

349. Rao VB, Johari N, du Cros P, Messina J, Ford N, Cooke GS. Hepatitis C 
seroprevalence and HIV co-infection in sub-Saharan Africa: a systematic review 
and meta-analysis. Lancet Infect Dis 2015;15:819-24. 

350. Riou J, Aït Ahmed M, Blake A, et al. Hepatitis C virus seroprevalence in adults in 
Africa: a systematic review and meta-analysis. Journal of Viral Hepatitis 2016;23:244-
55. 

351. Umutesi J, Simmons B, Makuza JD, et al. Prevalence of hepatitis B and C infection 
in persons living with HIV enrolled in care in Rwanda. BMC Infect Dis 2017;17:315. 

352. Umumararungu E, Ntaganda F, Kagira J, Maina N. Prevalence of Hepatitis C Virus 
Infection and Its Risk Factors among Patients Attending Rwanda Military Hospital, 
Rwanda. Biomed Res Int 2017;2017:5841272. 

353. Simonsen L, Kane A, Llyod J, Zaffran M, Kane M. Unsafe injections in the 
developing world and the transmission of bloodborne pathogens: a review. Bulletin 
of the World Health Organization 1999;77:789-800. 

354. Kamili S, Drobeniuc J, Araujo AC, Hayden TM. Laboratory diagnostics for 
hepatitis C virus infection. Clin Infect Dis 2012;55 Suppl 1:S43-8. 

355. Tillmann HL. Hepatitis C virus core antigen testing: role in diagnosis, disease 
monitoring and treatment. World J Gastroenterol 2014;20:6701-6. 

356. Bar-Shany S, Green MS, Shinar E. False Positive Tests for Anti-Hepatitis C 
Antibodies and the Problem of Notifying Blood Donors. International Journal of 
Epidemiology 1996;25:674. 

357. Rafik M, Bakr S, Soliman D, et al. Characterization of differential antibody 
production against hepatitis C virus in different HCV infection status. Virol J 
2016;13:116. 

358. Ntagirabiri R, Poveda JD, Mumana A, Ndayishimiye H. Genotypes and subtypes of 
hepatitis C virus in Burundi: a particularity in sub-Saharan Africa. Pan Afr Med J 
2014;19:69. 

359. Iles JC, Raghwani J, Harrison GL, et al. Phylogeography and epidemic history of 
hepatitis C virus genotype 4 in Africa. Virology 2014;464-465:233-43. 

360. Biggar RJ, Ortiz-Conde BA, Bagni RK, et al. Hepatitis C Virus Genotype 4 in 
Ugandan Children and their Mothers. Emerg Infect Dis 2006;12:1440-3. 

361. O'Reilly JI, Ocama P, Opio CK, et al. Risk Factors and Seroprevalence of Hepatitis 
C among Patients Hospitalized at Mulago Hospital, Uganda. Journal of Tropical 
Medicine 2011;2011:1-6. 

362. Li C, Lu L, Murphy DG, Negro F, Okamoto H. Origin of hepatitis C virus 
genotype 3 in Africa as estimated through an evolutionary analysis of the full-length 
genomes of nine subtypes, including the newly sequenced 3d and 3e. J Gen Virol 
2014;95:1677-88. 

363. Blankson A, Wideru EK, Gyasi RK, Adjei A, Tettey Y. Serprevalence of hepatitis B 
and C viruses in cirrhosis of the liver in Accra, Ghana. Ghana Med J 2005;39:132-7. 



 

 99 

 
364. Ayele AG, Gebre-Selassie S. Prevalence and Risk Factors of Hepatitis B and 

Hepatitis C Virus Infections among Patients with Chronic Liver Diseases in Public 
Hospitals in Addis Ababa, Ethiopia. ISRN Tropical Medicine 2013;2013:1-7. 

365. Tsega E, Nordenfeit E, Hansson BG. Hepatitis C virus infection and chronic liver 
disease in Ethiopia where hepatitis B infection is hyperendemic. Transactions of the 
Royal Society of Tropical Medicine and Hygiene 1995;89:171-4. 

366. Shimizu I, Kohno N, Tamaki K, et al. Female hepatology: Favorable role of 
estrogen in chronic liver disease with hepatitis B virus infection. World J Gastroenterol 
2007;13:4295-305. 

367. Baig S. Gender Disparity in Infections of Hepatitis B Virus. Journal of the College of 
Physicians and Surgeons Pakistan 2009;19:598-600. 

368. Tian Y, Kuo CF, Chen WL, Ou JH. Enhancement of hepatitis B virus replication 
by androgen and its receptor in mice. J Virol 2012;86:1904-10. 

369. Giefing-Kröll C, Berger P, Lepperdinger G, Grubeck-Loebenstein B. How sex and 
age affect immune responses, susceptibility to infections, and response to 
vaccination. Aging Cell 2015;14:309-21. 

370. Montella M, D'Arena G, Crispo A, et al. Role of Sex Hormones in the 
Development and Progression of Hepatitis B Virus-Associated Hepatocellular 
Carcinoma. Int J Endocrinol 2015;2015:854530. 

371. Inoue T, Tanaka Y. Hepatitis B virus and its sexually transmitted infection - an 
update. Microb Cell 2016;3:420-37. 

372. Ly KN, Kim AA, Umuro M, et al. Prevalence of Hepatitis B Virus Infection in 
Kenya, 2007. Am J Trop Med Hyg 2016;95:348-53. 

373. Paez Jimenez A, Sharaf Eldin N, Rimlinger F, et al. HCV iatrogenic and 
intrafamilial transmission in Greater Cairo, Egypt. Gut 2010;59:1554-60. 

374. Shimakawa Y, Lemoine M, Bottomley C, et al. Birth order and risk of 
hepatocellular carcinoma in chronic carriers of hepatitis B virus: a case-control 
study in The Gambia. Liver Int 2015;35:2318-26. 

375. Ali H, Giama NH, Mohammed HFA, et al. Hepatocellular Carcinoma 
Characteristics and Outcomes among Somali Immigrants vs. Non-Hispanic Whites. 
Gastroenterology 2016;150:S249-S50. 

376. Kamal SM, Nasser IA. Hepatitis C genotype 4: What we know and what we don't 
yet know. Hepatology 2008;47:1371-83. 

377. Njouom R, Caron M, Besson G, et al. Phylogeography, risk factors and genetic 
history of hepatitis C virus in Gabon, central Africa. PLoS One 2012;7:e42002. 

378. Ndong-Atome GR, Makuwa M, Njouom R, et al. Hepatitis C virus prevalence and 
genetic diversity among pregnant women in Gabon, central Africa. BMC Infect Dis 
2008;8:82. 

379. Shier MK, Iles JC, El-Wetidy MS, Ali HH, Al Qattan MM. Molecular 
characterization and epidemic history of hepatitis C virus using core sequences of 
isolates from Central Province, Saudi Arabia. PLoS One 2017;12:e0184163. 

380. Hundie GB, Raj VS, GebreMichael D, Pas SD, Haagmans BL. Genetic diversity of 
hepatitis C virus in Ethiopia. PLoS One 2017;12:e0179064. 

381. Neffatti H, Lebraud P, Hottelet C, Gharbi J, Challouf T, Roque-Afonso AM. 
Southern Tunisia: A still high endemicity area for hepatitis A. PLoS One 
2017;12:e0175887. 



  100 

382. Ren X, Wu P, Wang L, et al. Changing Epidemiology of Hepatitis A and Hepatitis 
E Viruses in China, 1990–2014. Emerging Infectious Diseases 2017;23:276-9. 

383. Lee HW, Chang DY, Moon HJ, et al. Clinical Factors and Viral Load Influencing 
Severity of Acute Hepatitis A. PLoS One 2015;10:e0130728. 

384. Kim JI, Kim YS, Jung YK, et al. Factors influencing the severity of acute viral 
hepatitis A. Korean J Hepatol 2010;16:295-300. 

385. Juhl D, Baylis SA, Blumel J, Gorg S, Hennig H. Seroprevalence and incidence of 
hepatitis E virus infection in German blood donors. Transfusion 2014;54:49-56. 

386. Baylis SA, Gartner T, Nick S, Ovemyr J, Blumel J. Occurrence of hepatitis E virus 
RNA in plasma donations from Sweden, Germany and the United States. Vox Sang 
2012;103:89-90. 

387. Xu C, Wang RY, Schechterly CA, et al. An assessment of hepatitis E virus (HEV) 
in US blood donors and recipients: no detectable HEV RNA in 1939 donors tested 
and no evidence for HEV transmission to 362 prospectively followed recipients. 
Transfusion 2013;53:2505-11. 

388. Stoszek SK, Abdel-Hamid M, Saleh DA, et al. High prevalence of hepatitis E 
antibodies in pregnant Egyptian women. Trans R Soc Trop Med Hyg 2006;100:95-101. 

389. Abebe M, Ali I, Ayele S, Overbo J, Aseffa A, Mihret A. Seroprevalence and risk 
factors of Hepatitis E Virus infection among pregnant women in Addis Ababa, 
Ethiopia. PLoS One 2017;12:e0180078. 

390. Adjei AA, Tettey Y, Aviyase JT, et al. Hepatitis E virus infection is highly prevalent 
among pregnant women in Accra, Ghana. Virol J 2009;6:108. 

391. Madden RG, Wallace S, Sonderup M, et al. Hepatitis E virus: Western Cape, South 
Africa. World J Gastroenterol 2016;22:9853-9. 

392. Meldal BH, Sarkodie F, Owusu-Ofori S, Allain JP. Hepatitis E virus infection in 
Ghanaian blood donors - the importance of immunoassay selection and 
confirmation. Vox Sang 2013;104:30-6. 

393. Obiri-Yeboah D, Asante Awuku Y, Adu J, et al. Sero-prevalence and risk factors 
for hepatitis E virus infection among pregnant women in the Cape Coast 
Metropolis, Ghana. PLoS One 2018;13:e0191685. 

394. Mansuy JM, Legrand-Abravanel F, Calot JP, et al. High prevalence of anti-hepatitis 
E virus antibodies in blood donors from South West France. J Med Virol 
2008;80:289-93. 

395. Mansuy JM, Sauné K, Rech H, et al. Seroprevalence in blood donors reveals 
widespread, multi-source exposure to hepatitis E virus, southern France, October 
2011. Euro Surveill 2015;20:pii=21127. 

396. Amanya G, Kizito S, Nabukenya I, et al. Risk factors, person, place and time 
characteristics associated with Hepatitis E Virus outbreak in Napak District, 
Uganda. BMC Infect Dis 2017;17:451. 

397. Slot E, Zaaijer HL, Molier M, Van den Hurk K, Prinsze F, Hogema BM. Meat 
consumption is a major risk factor for hepatitis E virus infection. PLoS One 
2017;12:e0176414. 

398. NISR. National agricultural survey 2008 (NAS 2008), February 2010  
http://harvestchoice.org/sites/default/files/downloads/publications/Rwanda_200
8.pdf. Accessed on April12, 2018. 

399. Isaäcson M, Frean J, He J, Seriwatana J, Innis BL. An outbreak of hepatitis E virus 
in Northern Namibia, 1983. Am J Trop Med Hyg 2000;62:619-25. 

 



 

 101 

400. Widen F, Sundqvist L, Matyi-Toth A, et al. Molecular epidemiology of hepatitis E 
virus in humans, pigs and wild boars in Sweden. Epidemiol Infect 2011;139:361-71. 

401. Xia H, Liu L, Linde AM, Belak S, Norder H, Widen F. Molecular characterization 
and phylogenetic analysis of the complete genome of a hepatitis E virus from 
European swine. Virus Genes 2008;37:39-48. 

402. Said B, Usdin M, Warburton F, Ijaz S, Tedder RS, Morgan D. Pork products 
associated with human infection caused by an emerging phylotype of hepatitis E 
virus in England and Wales. Epidemiol Infect 2017;145:2417-23. 

403. Kaba M, Colson P, Musongela JP, Tshilolo L, Davoust B. Detection of hepatitis E 
virus of genotype 3 in a farm pig in Kinshasa (Democratic Republic of the Congo). 
Infect Genet Evol 2010;10:154-7. 

404. de Paula VS, Wiele M, Mbunkah AH, Daniel AM, Kingsley MT, Schmidt-Chanasit 
J. NHepatitis E Virus Genotype 3 Strains in Domestic Pigs, Cameroon. Emerg Infect 
Dis 2013;19:666-8. 

405. Mbuza F, Majyambere D, Ayabagabo JdD, Dutuze MF. Inventory of pig 
production systems in Rwanda. International Journal of Livestock Production 2016;7:41-7. 

406. Cheng SH, Mai L, Zhu FQ, et al. Influence of chronic HBV infection on 
superimposed acute hepatitis E. World J Gastroenterol 2013;19:5904-9. 

 

 

 

 

 


