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Abstract

Viral hepatitis remains the leading cause of acute liver failure (ALF) in Asia and Africa, Sub-Saharan Africa
(SSA) inclusive. Data on viral hepatitis-induced ALF is scarce, and systematic screening for rare viral causes is
infrequent. This systematic review aims to determine the epidemiological, clinical, therapeutic, and prognostic
profiles of viral hepatitis-induced ALF in SSA in the last four decades. We conducted a systematic review using
the 2020 Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines. Records
were obtained through an electronic search of MEDLINE (PubMed), EMBASE, SCOPUS, and African Journals
Online (AJOL) databases for all relevant studies published from database inception to September 21st, 2023.
A total of 16,059 articles were identified from our initial search and 11 studies from 6 countries were included
in our final analysis. One hundred and fifty-two cases of viral hepatitis-induced ALF were recorded from 1982-
2022. The most frequent causes were hepatitis A virus (HAV) with 62 cases (40.8%), hepatitis E virus (HEV)
with 54 cases (35.5%), and hepatitis B virus (HBV) with 18 cases (11.8%). HAV was the most frequent cause in
children, HEV in pregnant women, and HBV and HEV in adults in general. Treatment was mainly supportive
and liver transplantation was only reported in studies from South Africa. In the last four decades, HAV has
been the leading cause of viral hepatitis-induced ALF in the pediatric population. HEV and HBV account for
cases in adults while HEV is frequently reported in pregnant women. Treatment is mainly supportive; liver
transplantation is not readily available, and the case fatality rate remains high. These findings highlight the
need for implementing routine HAV immunization in expanded programs on immunization available in SSA,
especially for children, and routine screening for HEV in pregnant women in HEV endemic zones.
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1. Introduction

Acute liver failure (ALF) is commonly defined as the concomi-
tant presence of a coagulation abnormality evidenced by an in-
ternational normalized ratio (INR) value >1.5 and any degree of
mental alteration (encephalopathy) in a patient without cirrhosis
or pre-existing liver disease and with an illness of <26 week's
duration [1,2]. In paediatric subjects, hepatic encephalopathy
is not a mandatory definition criterion [3-5]. Drug-induced and
viral hepatitis are the most common causes of ALF worldwide
[6]. The main viruses responsible for ALF are Hepatitis A Virus
(HAV), Hepatitis B Virus (HBV), and Hepatitis E Virus (HEV)
[7,8]. However, hepatitis C virus (HCV), hepatitis D Virus
(HDV), cytomegalovirus (CMV), Epstein Barr Virus (EBV),
Herpes Simplex Virus (HSV), Parvovirus B19, and adenovirus
have also been incriminated [8-11]. Other causes of ALF include
vascular disorders, toxins, herbal supplements, pregnancy-relat-
ed disorders (HELLP syndrome and pregnancy-associated ste-

atosis), immune-mediated disorders, malignancies, and meta-
bolic disorders like Wilson disease [1,4,5,7].

The global annual incidence of ALF ranges from 62.9 per
1000,000 to 1.13 per 100,000 population [12,13]. In the Euro-
pean population, viral hepatitis-induced ALF accounts only for
19% of all ALF cases [8]. This is largely due to the implemen-
tation of universal HBV and HAV immunization programs in
Europe and the United States [7]. In Asia and South America by
contrast, the frequency of viral infections among causes of ALF
remains high, with viral infections being the first cause of ALF
[14,15].

Population-and/or registry-based studies on the incidence and
prevalence of viral hepatitis-induced ALF in sub-Saharan Africa
(SSA) are scarce as systematic screening for rare viral causes
is infrequent. However, SSA, Asia, and South America remain
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epicenters of the most common viral infections responsible for
ALF [16-19]. The burden of viral hepatitis-induced ALF in SSA
may therefore be at least as high as in Asia and South America.
Considering the lack of comprehensive data synthesis on viral
hepatitis-induced ALF in SSA, we conducted this systematic re-
view to provide data on the overall frequency, etiology, clinical
features, treatment and outcomes of ALF attributable to viral in-
fections in sub-Saharan Africa.

2. Methods

2.1. Design

We conducted this systematic review using the 2020 Preferred
Reporting Items for Systematic Reviews and Meta-Analy-
ses (PRISMA) guidelines [20]. This review was registered in
The International Prospective Register of Systematic Reviews
(PROSPERO, CRD42023399270).

2.2. Data sources and literature search

Records were obtained through an electronic search of MED-
LINE (PubMed), EMBASE, SCOPUS, and African Journals
Online (AJOL) databases for all relevant studies published from
database inception to September 21st, 2023. The search of arti-
cles in Google Scholar proved inefficient as previously observed
by other authors [21]. The search strategy was initially built for
PubMed following recommendations for developing effective
search strategies and then adapted to the other databases (sup-
plementary data table I) [21]. Briefly, the core of the search in-
cluded a combination of acute liver failure, viral hepatitis, and a
list of sub-Saharan African countries as key terms and/or Med-
ical Subject Headings (MeSH). No language restrictions were
used [22].

"acute liver failure"[All Fields] OR "fulminant hepatitis"[All Fields] OR "fulminant hepatic
failure"[All Fields] OR "acute hepatic failure"[All Fields] OR "ALF"[All Fields]

‘acute liver failure' OR 'fulminant hepatitis' OR 'fulminant hepatic failure' OR 'acute hepatic

“acute liver failure” OR “fulminant hepatitis” OR “fulminant hepatic failure” OR “acute he-

"hepatitis"[All Fields] OR "viral hepatitis"[All Fields] OR "hepatitis A"[All Fields] OR
“HAV”[All Fields] OR "hepatitis B"[All Fields] OR "HBV"[AII Fields] OR "hepatitis C"[All
Fields] OR "HCV"[AIIl Fields] OR "hepatitis D"[All Fields] OR "HDV"[AIl Fields] OR
"hepatitis E"[All Fields] OR "HEV"[AII Fields] OR "herpes simplex virus"[All Fields] OR
"HSV"[AIl Fields] OR "Epstein-Barr virus"[All Fields] OR ("herpesvirus 4, human"[MeSH
Terms] OR "human herpesvirus 4"[All Fields] OR "ebv"[All Fields]) OR "CMV"[All Fields]
OR ("cytomegalovirus"[MeSH Terms] OR "cytomegalovirus"[All Fields] OR "cytomegalo-
viruses"[All Fields]) OR ("adenoviridae"[MeSH Terms] OR "adenoviridae"[All Fields] OR

hepatitis OR 'viral hepatitis' OR 'hepatitis a' OR 'hepatitis b' OR hbv OR 'hepatitis ¢' OR hcv
OR 'hepatitis d' OR hdv OR 'hepatitis e' OR hev OR 'herpes simplex virus' OR hsv OR 'ep-
stein-barr virus' OR ebv OR 'Epstein Barr virus'/exp OR cmv OR cytomegalovirus OR 'Cyto-
megalovirus'/exp OR adenoviridae OR adenovirus OR 'Adenoviridae'/exp

#1 PubMed
Embase
failure' OR alf
Scopus
patic failure” OR alf
#2 PubMed
"adenovirus"[All Fields])
Embase
Scopus

"hepatitis" OR "viral hepatitis" OR "hepatitis A" OR “HAV” OR "hepatitis B" OR "HBV"
OR "hepatitis C" OR "HCV" OR "hepatitis D" OR "HDV" OR "hepatitis E" OR "HEV" OR
"herpes simplex virus" OR "HSV" OR "Epstein-Barr virus" OR "human herpesvirus 4" OR
"ebv" OR "CMV" OR "cytomegalovirus" OR "adenoviridae" OR "adenovirus"
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#3

PubMed

"sub-saharan africa"[All Fields] OR "Sub-saharan african"[All Fields] OR "SSA"[ALIl Fields]
OR "subsaharan africa"[All Fields] OR "subsaharan african"[All Fields] OR "africa*"[All
Fields] OR "Eastern Africa"[All Fields] OR "east african"[All Fields] OR "east africa"[All
Fields] OR "Eastern african"[All Fields] OR "British indian ocean territory"[All Fields] OR
"burund*"[All Fields] OR ("comoros"[MeSH Terms] OR "comoros"[All Fields] OR "co-
moro"[All Fields]) OR "djibout*"[All Fields] OR "eritrea*"[All Fields] OR "ethiopia*"[All
Fields] OR "French southern territories"[All Fields] OR "kenya*"[All Fields] OR "madagas-
ca*"[All Fields] OR "malaw*"[All Fields] OR "mauriti*"[All Fields] OR ("comoros"[MeSH
Terms] OR "comoros"[All Fields] OR "mayotte"[All Fields]) OR "mozambi*"[All Fields]
OR ("reunion"[MeSH Terms] OR "reunion"[All Fields] OR "reunions"[All Fields]) OR
"rwanda*"[All Fields] OR ("seychelles"[MeSH Terms] OR "seychelles"[All Fields]) OR
"somalia*"[All Fields] OR "south sudan"[All Fields] OR "south sudanese"[All Fields] OR
"uganda*"[All Fields] OR "tanzania*"[All Fields] OR "zambia*"[All Fields] OR "zimba-
bw*"[All Fields] OR "middle africa"[All Fields] OR "Middle african"[All Fields] OR "an-
gola*"[All Fields] OR "cameroon*"[All Fields] OR "Central african republic"[All Fields]
OR ("chad"[MeSH Terms] OR "chad"[All Fields]) OR "congo*"[All Fields] OR "equatorial
guinea"[All Fields] OR ("gabon"[MeSH Terms] OR "gabon"[All Fields]) OR "sao tome and
principe"[All Fields] OR "southern africa"[All Fields] OR "southern african"[All Fields] OR
"bostwana"[All Fields] OR ("eswatini"[MeSH Terms] OR "eswatini"[All Fields]) OR ("leso-
tho"[MeSH Terms] OR "lesotho"[All Fields]) OR "namibia*"[ All Fields] OR "south africa"[All
Fields] OR "south african"[All Fields] OR "west african"[All Fields] OR "west africa"[All
Fields] OR "western africa"[All Fields] OR "western african"[All Fields] OR ("benin"[MeSH
Terms] OR "benin"[All Fields] OR "benin s"[All Fields]) OR ("burkina faso"[MeSH Terms]
OR ("burkina"[All Fields] AND "faso"[All Fields]) OR "burkina faso"[All Fields]) OR "cabo
verde"[All Fields] OR ("cote d ivoire"[MeSH Terms] OR ("cote"[All Fields] AND "d ivo-
ire"[All Fields]) OR "cote d ivoire"[All Fields]) OR "ghana*"[All Fields] OR "guinea*"[All
Fields] OR ("guinea bissau"[MeSH Terms] OR "guinea bissau"[All Fields] OR ("guinea"[All
Fields] AND "bissau"[All Fields]) OR "guinea bissau"[All Fields]) OR "liberia*"[All Fields]
OR "mali*"[All Fields] OR "mauritania*"[All Fields] OR "niger*"[All Fields] OR "Saint
helena"[All Fields] OR "senegal*"[All Fields] OR "sierra Leone"[All Fields] OR "togo*"[All
Fields]

Embase

‘sub-saharan africa’ OR ‘sub-saharan african’ OR ssa OR ‘subsaharan africa’ OR ‘subsaharan
african’ OR africa* OR ‘eastern africa’ OR ‘east african’ OR ‘east africa’ OR ‘eastern african’
OR ‘british indian ocean territory’ OR burund* OR djibout®* OR eritrea* OR ethiopia* OR
‘french southern territories’ OR kenya* OR madagasca®* OR malaw* OR mauriti* OR mo-
zambi* OR rwanda* OR somalia* OR ‘south sudan’ OR ‘south sudanese’ OR uganda* OR
tanzania®* OR zambia* OR zimbabw* OR ‘middle africa’ OR ‘middle african’ OR angola*
OR cameroon* OR ‘central african republic’ OR congo* OR ‘equatorial guinea’ OR ‘sao
tome and principe’ OR ‘southern africa’ OR ‘southern african’ OR bostwana OR namibia* OR
‘south africa’ OR ‘south african’ OR ‘west african’ OR ‘west africa’ OR ‘western africa’ OR
‘western african’ OR ‘cabo verde’ OR ghana* OR guinea* OR liberia* OR mali* OR mauri-
tania* OR niger* OR ‘saint helena’ OR senegal®* OR ‘sierra leone’ OR togo* OR 'comoros'/
exp OR 'mayotte'/exp OR 'reunion'/exp OR 'seychelles'/exp OR 'chad'/exp OR 'gabon'/exp OR
‘eswatini'/exp OR 'benin'/exp OR 'cote d ivoire'/exp OR 'guinea-bissau'/exp OR 'burkina faso'/
exp OR ‘lesotho’/exp
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Scopus

“sub-saharan africa” OR “sub-saharan african” OR ssa OR “subsaharan africa” OR “subsaha-
ran african” OR africa* OR “eastern africa” OR “east african” OR “east africa” OR “eastern
african” OR “british indian ocean territory” OR burund* OR djibout* OR eritrea* OR ethio-
pia* OR “french southern territories” OR kenya* OR madagasca* OR malaw* OR mauriti*
OR mozambi* OR rwanda* OR somalia* OR “south sudan” OR “south sudanese” OR ugan-
da* OR tanzania* OR zambia* OR zimbabw* OR “middle africa” OR “middle african” OR
angola* OR cameroon* OR “central african republic” OR congo* OR “equatorial guinea”
OR “sao tome and principe” OR “southern africa” OR “southern african” OR bostwana OR
namibia* OR “south africa” OR “south african” OR “west african” OR “west africa” OR
“western africa” OR “western african” OR “cabo verde” OR ghana* OR guinea* OR liberia*
OR mali* OR mauritania* OR niger* OR “saint helena” OR senegal* OR “sierra leone” OR
togo* OR “comoros” OR “mayotte” OR “reunion” OR “seychelles” OR “chad” OR “gabon”
OR “eswatini” OR “benin” OR “cote d'ivoire” OR “Ivory coast” OR “guinea-bissau” OR

“burkina faso” OR “lesotho”

#1 AND #2 AND #3

#4 Pubmed, Embase, Scopus

Supplementary Table 1: Detailed Search Strategy by Database

2.3. Study Selection

Two reviewers (BN and KM) independently performed the study
selection using the Rayyan online software by screening titles
and abstracts. They then read full-text articles after removing
duplicates. Discrepancies were resolved through consensus with
the third reviewer (LN). We included peer-reviewed full-text ar-
ticles of observational studies (cross-sectional, case-control, and
cohort) on viral hepatitis-induced ALF in SSA that used either
widely accepted criteria for the diagnosis of ALF or had enough
information to imply the presence of ALF [1,3]. We excluded
abstracts for conferences, editorials, reviews, and studies that
did not define ALF diagnostic criteria or whose full texts could
not be retrieved. We also excluded studies involving participants
with multiple potential causes of ALF and did not consider mul-
tinational studies whose data from the SSA region could not be
disentangled from those of other regions.

2.4. Data Extraction and Evaluation of the Risk of Bias in
Individual Studies

We predesigned Google form to extract the last name of the first
author, year of publication, the country where the study was car-
ried out, study design, study period, the timing of data collec-
tion, study population, sample size, median or mean age, ALF
diagnosis criteria, number of viral-induced ALF cases, causal
virus, number of deaths, treatment and other outcomes like de-
livery. This form was piloted using 4 randomly selected eligible
articles. The methodological quality of the included articles was
assessed using the Joanna Briggs Institute (JBI) critical appraisal
tool for reporting prevalence and incidence data or case-control
studies as appropriate [23]. KM and BN independently assessed
the quality of the included articles and resolved disagreements
with LN. (Supplementary data Tables 2A and 2B).

First Au- | 1. Was the | 2. Were 3. Was the |4. Were 5. Was 6. Were 7. Was the | 8. Was ap- | 9. Was the
thor sample study par- | sample the study [ data valid condition | propriate | response
frame ap- | ticipants size ade- | subjects analysis methods mea- statistical | rate ade-
propriate | recruited | quate? and setting [ conduct- | used for sured in a | analysis quate, and
to address | in an ap- described | ed with the identi- | standard, | used? if not, was
the target | propriate in detail? | sufficient |fication of [ reliable the low
popula- way? coverage [ the condi- | way for all response
tion? of the tion? partici- rate
identified pants? managed
sample? appropri-
ately
Mudawi | Yes Yes Unclear Yes Yes Yes Yes Yes Yes
Solomons | Yes Yes Unclear Yes Yes Yes Yes Yes Unclear
Goumba | Yes Yes Unclear Yes Yes Yes Yes Yes Yes
Bruck- Yes Yes Yes Yes Yes Yes Yes Yes Yes
mann
Keles Yes Yes Yes Yes Yes Yes Yes Yes Yes
Heemelaar | Yes Yes Yes Yes Yes Yes Yes Yes Yes
Patterson | Yes Yes Yes Yes Yes Yes Yes Yes Yes

J Gastro & Digestive Systems, 2024

Volume 8 | Issue 2 | 04




Walabh Yes Yes Not appli- | Yes Yes Yes Yes Yes Unclear
cable
Rayis Yes Yes Yes Yes Yes Yes Yes Yes Yes

Supplementary Table 2A: Risk Of Bias Assessment Using The Joanna Briggs Institute (JBI) Critical Appraisal Tool For

Studies Reporting Prevalence and Incidence

First 1. Were |2.Were |3.Were |[4.Was 5. Was 6. Were |7.Were |[8. Were |9.Was 10. Was
Author the cases and | the same | exposure |exposure [ con- strategies | outcomes | the appro-
groups controls | criteria measured | measured | founding | to deal assessed | exposure | priate
compara- | matched |used for |[ina in the factors with con- |ina period of | statistical
ble other | appropri- | identifi- [ standard, |same identi- founding | standard, [ interest analysis
than pres- | ately? cation of | valid and | way for | fied? factors valid and | long used?
ence of cases and | reliable | cases and stated? reliable | enough to
disease in controls? | way? controls? way for | be mean-
cases or cases and | ingful?
absence controls?
of disease
in con-
trols?
Coursag- | No No No Yes Yes Unclear | Unclear | Yes Yes Unclear
et
Macken- | Yes Yes Yes Yes No Unclear | Unclear | Yes Yes Yes
jee

2.5. Data Synthesis
Data was synthesized narratively.

3. Results

3.1. Study Selection
We identified 16,059 citations from our initial search of databases. We removed duplicates and then screened 15,148 titles and
abstracts for inclusion. Finally, 48 full texts were sought for retrieval, and eleven were included in this review. Figure 1 details the
study selection process [24-34].

Supplementary Table 2B: JBI Critical Appraisal for Case-Control Studies

Figure 1: PRISMA flow chart for Study Selection

!
5 Rocords idontified via databasa
ﬁ search
% {n = 16 059)
g Duplicate records removed
—_— (n=911)
e
-
~ .
Records scraenad
(n=15 148)
Rocords excludoed
based on tithe or abstract
- {n =15 100)
E Records sought for retreval.
E (n=48)
o
W Records not retrieved
(n=4)
-
Full texts assossed for eligibility
(n=44)
Full toxts axcluded for
b A wrong population or
S GO
T,
E (= 33)
»
= Studies included
o (n=11)
=
| SESSEEREREE Y
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Number of publications

1553 1598 2007 2008

Year of publication

Figure 2: Timeline of publications on ALF in sub-Saharan Africa over the last 40 years

3.2. Characteristics of Included Studies

The studies included in this review were carried out between
1982 and 2022 (Figure II) in South Africa, Chad, Sudan, Cen-
tral African Republic, Somalia, and Namibia [24-34]. The study
population also varied between and within the studies. Five
studies focused only on the pediatric age group, one on adults
only, two on both pediatric and adult, two on pregnant and/or

women within 42 days post-partum, and one on all three [24-
28,30,31,33,34]. They were all conducted in urban health facil-
ities using non-random sampling methods. Two of these studies
were case-control and the rest were cross-sectional. Data col-
lection was retrospective except for two studies where it was
prospective. These characteristics are detailed in Table 1.

ALF cases Viral-induced ALF
Author, Coun- | Study Study Tim- |Typeof |Sam- | Diagnostic|n Mean/ n (% | Causal | Deaths
Year of try design period ing of | popula- | ple criteria Median of virus | (CFR %)
publication data tion size age in ALF (n)
collec- years cases)
tion (range)

Mackenjee, | South [Case-con- |NR Retro- | Pediatric | 46 Jaundice, |11 NR (3- 8 HBV |6
1982 Africa | trol spec- encepha- 11) (72.7) 1 (8) (66.7)
tive lopathy, no

previous
liver
disease,
Illness of <
8-weeks
Coursaget, Chad [ Case-con- | 1/1993- | Retro- | Pediatric | 127 SGOT > 14 29.3 12 HEV [12
1998 trol 12/1993 | spec- | Adults 100 U/L, (16-64) 85.7) (B (100)
tive Pregnant encepha- HBV
women lopathy 2)
HCV
2
Mudawi, North | Cross-sec- | 7/2003- pro- Adults 37 Jaundice, |37 38 10 HBV |7
2007 Sudan | tional 10/2004 | spec- enceph- (19-75) (27.0) | (8) (70.0)
tive alopathy HEV
occurring 2)
within 12
weeks of
the onset
of jaundice
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Solomons, South | Cross-sec- | 1/2001- | Retro- | Pediatric | 184 INR >2 2 NR (< 2(100) [HAV |2
2008 Africa | tional 8/2004 spec- non-re- 13) 2) (100)
tive sponsive to
vitamin K,
encepha-
lopathy, no
previous
liver dis-
ease, clin-
ical liver
disease of
< 8 weeks
Goumba, Central | Cross-sec- | 6/2004- | pro- Pedi- 411 NR* 5 NR 5 HEV [NR
2011 Af- tional 9/2005 spec- | atric, (100) | (5
rican tive Adult
Repub-
lic
Rayis, 2013 | East- | Cross-sec- | 11/2010- [ Retro- | Pregnant | 39 Fulminant | 11 NR 11 HEV 11
ern tional 3/2011 spec- | women hepati- (100) | (11) (100)
Sudan tive tis with
encepha-
lopathy
Bruckmann, | South [ Cross-sec- | 11/2005- | Retro- | Pediatric | 193 PALFSG |27 3.7 (un- 16 HAV | NR
2020 Africa | tional 9/2019 spec- criteria clear) (59.3) | (11)
tive En-
terovi-
rus (2)
Ade-
novi-
rus (1)
Par-
vovi-
rus (1)
EBV
O]
Keles, 2021 | Soma- | Cross-sec- | 6/2019- Retro- | Pediatric | 219 PALFSG 25 6.7 25 HAV | NR
lia tional 12/2019 | spec- criteria (NR) (100) | (25)
tive
Heemelaar, | Na- Cross-sec- | 10/2017- | Retro- | pregnant | 70 Acute 28 NR 28 HEV 13
2021 mibia | tional 5/2019 spec- | women elevation (100) |(28) (46.4)
tive and of serum
women transam-
within inases,
42days encepha-
post-par- lopathy of
tum any grade,
INR>1.5
Patterson, South | Cross-sec- | 1/2008- [ Retro- | Pedi- 451 2005 AAS- |5 NR 5 HAV |4 (80.0)
2022 Africa | tional 3/2018 spec- | atric, LD criteria (100) | (5
tive Adult
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Walabh,
2022

South
Africa

Cross-sec-
tional

1/2015-
10/2020

Retro-
spec-
tive

Pediatric | 45

PALFSG |45
criteria

3.3 30
(NR) (66.7)

HAV
(19)
Ade-
novi-
rus (5)
HSV
(3) En-
terovi-
rus (2)
EBV
()

NR**

AASLD: American Association for the Study of Liver Disease, ALF: acute liver failure, CFR: case fatality rate, HAV: hepatitis A virus, HBV:
hepatitis B virus, HCV: hepatitis C virus, HEV: hepatitis E virus, HSV: Herpes Simplex Virus, INR: International Normalized Ratio, NR: not
reported, PALFSG: pediatric acute liver failure study group, SGOT: serum glutamate oxaloacetic transaminase.

*The authors did not formally report ALF in any patient, but we classified the five patients who had a positive anti-HEV IgM serology and en-
cephalopathy (n=5) as ALF cases,
**The authors reported 19 deaths due to ALF but did not specify the etiology of ALF

Table 1: Acute liver failure of viral origin in sub-Saharan Africa: General characteristics of included studies, demographics

of affected populations, diagnostic criteria and case fatality rate

3.3. Frequency of Viral-Induced ALF

As shown in Table 2, one hundred and fifty-two of the 210 cases
(72.4%) of ALF in sub-Saharan Africa were attributed to viral in-
fections. There is possibly an overlap of patients who underwent
LT in the same institution as data were collected over almost the

same period [30,34]. Fifty-five percent (84/152) of viral-induced
ALF cases were reported in children and twenty-eight percent
(42/152) in pregnant women and/or those within the 6-week
postpartum period.

Pediatric n (%) Adult n (%) Pregnant women or Total
post-partum n (%)

HAV 58 (69.0) 4(15.4) 0 (0) 62
HBV 9 (10.7) 9(34.6) 0(0) 18
HCV 0 (0) 2(7.7) 0(0) 2
HEV 1(1.2) 11(42.3) 42 (100) 54
Adenovirus 6(7.1) 0 (0) 0(0) 6
HSV 3(3.6) 0(0) 0(0) 3
Enterovirus 3(3.6) 0(0) 0(0) 3
EBV 2(2.4) 0(0) 0(0) 2
Parvovirus B19 2(2.4) 0(0) 0(0) 2
Total 84 26 42 152
HAV: Hepatitis A Virus, Hbv: Hepatitis B Virus, Hev: Hepatitis C Virus,
HSV: Herpes Simplex Virus, Ebv: Epstein-Barr Virus, Alf: Acute Liver Failure

Table 2: Etiology of Viral-Induced ALF by Study Population

3.4. Etiology of Viral-Induced ALF

HAV (40.8%), HEV (35.5%), HBV (11.8%), Adenovirus (3.9%),
Enterovirus and Herpes Simplex (2.0%), and Parvovirus virus
B19, EBV and HCV (1.3%), were all reported as ALF triggers
in SSA. HAV (69.0%) was the most reported virus in paediatric
subjects. In adults, HEV (42.3%) and HBV (34.6) were the most
reported viruses while HEV infection was the only incriminated
cause in pregnant women (Table 2).

3.5. Clinical Features and Diagnostic Criteria
Signs and symptoms of ALF attributable to viral infections in

sub-Saharan Africans were not well specified across studies.
However, clinical manifestation (encephalopathy) from the ALF
diagnostic criteria was reported in all studies. Regarding non-di-
agnostic ALF manifestations, increased serum bilirubin and
liver enzymes were frequently reported in the studies. Though
standard diagnostic criteria were used in most of the studies, the
study from Chad used only raised serum transaminase values
instead of INR alongside encephalopathy for diagnosis and we
classified the five patients who had a positive anti-HEV IgM se-
rology and encephalopathy as ALF in the study from Central
African Republic [25,28]. The stated duration of manifestation
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of clinical symptoms considered to diagnose viral-induced ALF
across the studies varied from 8 to 26 weeks as shown in Table 1.

Table 3 summarizes the clinical and laboratory features reported
across the studies.

Organ/System Signs and symptoms

Hepatoenteric Hepatalgia, Hepatomegaly, ascites, nausea, vomiting, epigastric/abdominal pain/tender-
ness, diarrhea, constipation

Neurological Headaches, Drowsiness,

Immuno Bleeding/DIC, splenomegaly, hypovolemic shock, postpartum hemorrhage

Renal Dark urine, acute kidney injury

Skin Jaundice, pruritus, unspecified rash

Musculoskeletal joint pains, myalgia

Respiratory ARDS

General Fever, weight loss, limb edema

Abnormal Laboratory findings

increased serum bilirubin, Serum glutamic oxaloacetic transaminase (SGOT), serum glutamate py-
ruvate transaminase (SGPT), alpha-fetoprotein (AFP), alkaline phosphatase (AP), Lactate,
NH4+, activated partial thromboplastin time (aPTT), (prothrombin time (PT)

decreased serum albumin, complements C3, C4, CH50, and Factor B, clotting factor V, serum glyce-
mia

Table 3: Non-ALF Diagnostic Criteria Signs, Symptoms, and Laboratory Findings Associated with Viral-Induced Alf Re-

ported in One or More Studies

3.6. Treatment

The main reported treatment was supportive care [24,31,33,34].
Pregnant women with viable foetuses were offered delivery and
dialysis was administered to subjects with associated acute kid-
ney injury [30,34]. No precision was made on the supportive
care provided to patients. Liver transplantation was done in two
studies from one health facility in South Africa [30,34]. In one
of the studies, 27 LTs were carried out between 2005 and 2019
[30]. Fifteen of the patients received the standard living split
liver transplant and the remaining subjects received cadaveric
grafts.

3.7. Outcomes

The case fatality rate (CFR) of viral hepatitis-induced ALF
was not reported in all the studies. For the studies that report-
ed deaths [24-27,29,32-34], the overall CFR was 72/106 (68%).
It was higher in adults 17/21 (81.0%). In pregnant women, the
CFR was 100% among 11 pregnant women who developed ALF
during the 2010-2011 hepatitis E outbreak in Eastern Sudan,
and 46.4% among 28 women who developed ALF during the
2017-2019 hepatitis E outbreak in Namibia [29,32]. The report-
ed adverse pregnancy outcomes were post-partum hemorrhage,
pregnancy-related arterial hypertension, and miscarriages. In
pediatric subjects, CFR was 29/46 (63.0%) when reported. Im-
portantly, all deaths of pediatric subjects also occurred shortly
after hospital admission [24]. The one-year post-LT survival rate
was 81% (95% CI 61%- 92%) [30]. Five (18.5%) recipients died
within one month, due to graft rejection, septic shock, cardiac
tamponade, or acute respiratory distress syndrome. However, all
five recipients of ABO-incompatible LT were still alive at the
end of the study. Non-fatal LT complications included bowel and
anastomotic leaks, and biliary or vascular complications.

4. Discussion

In this systematic review, one hundred and fifty-two cases of
viral hepatitis-induced ALF were recorded in the 11 included
studies. The most frequent causes of ALF were HAV, HEV and
HBV. The other reported viruses included Adenovirus, HSV,
Enterovirus, EBV, HCV and Parvovirus. The widely accepted
diagnostic criteria were used in most of the studies and the most
common treatment modality was supportive care. The overall
case fatality rate was high (68%).

Viruses account for 7-37% of ALF in the USA, Europe, and the
United Kingdom (UK) and up to 68% in Asian-Pacific and South
American regions [5,14,15]. In the last four decades, viral hep-
atitis accounted for close to 75% of ALF cases in SSA. ALF
induced by HAV was more common among children (58/62
cases), while HEV was more frequent in pregnant women and
HBV(9/26 cases) and HEV(11/26 cases) were the most frequent
in adults. In Africa, IgM anti HAV seroprevalence was 7% in
children and adolescents and 5% in adults between 2008 and
2018 [35]. Globally, the combined prevalence of HAV-induced
ALF in countries without routine vaccination is 27% (95% CI
13% to 43%) as compared to 2% (95% CI 1% to 3%) for coun-
tries practicing routine immunisation [8]. Though hepatitis A is
a vaccine-preventable virus, as of 2018, no African country has
included routine hepatitis A vaccination as part of its expand-
ed program on immunization [36]. Furthermore, WHO does not
recommend routine immunization against Hepatitis A in high
endemic areas [37].

This could explain the high prevalence of HAV in this popu-
lation. Hepatitis E virus was the second most frequent virus in
this review and was most common in pregnant women and as-
sociated with miscarriages and intrauterine death. HEV IgM se-
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roprevalence ranged from 0 to 85% in pregnant women during
outbreaks between 1990 and 2018 in SSA Routine screening for
hepatitis E virus is not a common practice in most countries in
SSA and thus could highlight the need for policies on routine
screening in HEV endemic areas [38]. For non-vaccine-related
viral infections, the pooled prevalence for HCV-induced ALF
is 9% (95% CI 1% to 21%) and the combined prevalence rates
for HDV, HHV/HSV, CMYV, and EBYV are respectively 4% (95%
CI 0% to 13%), 6% (95% CI 1% to 12%), 13% (95% CI 1% to
35%) and 6% (95% CI 0% to 24%) [12]. The very low point
frequencies of ALF induced HSV, EBYV, parvovirus, adenovirus,
and enterovirus could be attributed to the fact that they require
PCR testing which is not readily available in most of our hospi-
tal settings in SSA.

In most of the included studies, detailed clinical features were
not always reported but the diagnosis of ALF in adults was based
on widely accepted criteria [1,3]. The pathogenesis and clinical
features of ALF depend on the aetiology and include both di-
rect liver and systemic immune-mediated injury [39]. Hepato-
tropic viruses trigger innate immunity via pathogen-associated
molecular patterns whereas endogenous signals derived from
injured cells called damage-associated molecular patterns are
more frequent with toxins [39]. Most patients with ALF have
consistent clinical features, acute loss of hepatocellular func-
tion, systemic inflammatory response, and multi-organ system
failure. SIRS reflect the release of pro-inflammatory cytokines
which contributes to cerebral oedema by decreasing cerebral
vascular tone thus increasing thus causing cerebral hyper-perfu-
sion [40]. Cerebral oedema and multiple organ failure mediated
by SIRS are the two main causes of death in patients with ALF
[40]. Common para-clinical features associated with ALF in-
cluded elevated INR>1.5, elevated bilirubin and liver enzymes,
anemia, thrombocytopenia, electrolyte imbalance, and features
of acute kidney injury [6]. The exact mechanism of coagulopa-
thy in ALF remains unclear. However, several hypotheses have
been put forward to explain this. On the one hand, decreased
synthesis of procoagulant and anticoagulant factors and on the
other hand defective platelets and/or thrombocytopenia and im-
paired fibrinolytic systems. Though INR values are elevated in
ALF, spontaneous bleeding is usually mucosal and of gastroin-
testinal origin [41].

Globally, the management of ALF includes supportive and pre-
ventive care, management of complications, and specific treat-
ment in the case where the aetiology is known [6]. Supportive
and preventive care involves maintaining hemodynamic stabili-
ty with adequate fluid resuscitation, normal electrolytes, normal
acid-base equilibrium, workups for fever and eventually starting
antibiotics when necessary, and monitoring for bleeding, hepatic
encephalopathy, and hypoglycaemia. Prophylactic protein pump
inhibitors should be given adequate nutrition (1-1.5g/kg/day of
protein) and renal replacement therapy in case of AKI [6]. With
regards to specific treatment, viral hepatitis A and E have no spe-
cific antiviral agents, and as such patients diagnosed with these
viruses should receive supportive treatment [6]. Patients with
HBV-induced ALF should receive nucleotide analogues, those
with HSV acyclovir (5-10mg/kg every 8 hours intravenously),
and those with CMV ganciclovir [6]. Over the last 40 years, the

management of ALF in SSA has been mainly unspecified sup-
portive care and no precisions were given with regards to spe-
cific antiviral therapies. Furthermore, children who developed
severe acute kidney injury were dialysed and pregnant women
with viable foetuses had deliveries [30,31,33].

Though no treatment has been shown to improve the outcome of
all patients with ALF, liver transplantation (LT) remains the ul-
timate treatment in patients without spontaneous recovery [42].
Selection criteria for liver transplantation varies from centre to
centre. However, some factors such as multiple organ failure,
severe sepsis, uncontrolled septic shock, brain death, patients
aged above 70 years, and certain malignancies are considered
to exclude ALF patients from liver transplantation [43]. Several
criteria and prognostic scores exist to ascertain which patients
need liver transplantation but they are not universally accepted
hence the clinical judgement of clinicians and surgeons coupled
with various prognostic indices could be used to determine the
timing and appropriateness of LT [6]. In SSA, the suboptimal
management of patients with an indication for liver transplan-
tation LT may be accounted for by the fact that LT is mostly
performed only in a few countries like South Africa.

In this review, the main outcomes explored were case fatality
and the materno-foetal outcomes for pregnant women. Globally,
case fatality associated with ALF varies from 60 to 80% depend-
ing on the cause and access to care [44]. Several factors could
account for this high fatality in SSA from late referral of ALF
patients to hospitals to insufficient specialists for appropriate
diagnosis and the unavailability of LT when indicated. Further-
more, the lack of routine screening for rare viral causes of ALF
makes management difficult and could also account for the high
fatality rate.

This review is limited by the fact that only 6 sub-Saharan Afri-
can countries had data on viral hepatitis-induced ALF with close
to 50% being from South Africa. It is thus difficult to conclude
that these findings reflect the reality in other countries. The low
number of published articles within the last 40 years might be
due to underreporting and thus highlight the need for better data
collection and reporting methods within the region. Also, we did
not include Google Scholar as one of the searched databases due
to the lack of stored searches, filters, indexing, and replicability
[21].

5. Conclusion

Over the last four decades, only 11 articles from 6 countries re-
ported epidemiological data on viral hepatitis-induced ALF in
SSA. HAV remains the leading cause of viral hepatitis-induced
ALF in the pediatric population, HEV and HBV account for
cases in adults while only HEV has been reported in pregnant
women. Treatment is mainly supportive; liver transplantation
is not readily available, and the case fatality rate remains high.
These findings highlight the need for the implementation of rou-
tine HAV immunization in expanded programs on immunization
available in SSA and routine screening for HEV in HEV endem-
ic zones especially for pregnant women.

J Gastro & Digestive Systems, 2024

Volume 8 | Issue 2 | 10



Ethical Approval
This systematic review was registered in PROSPERO and no
ethical board was required.

Authors' Contributions

LN: study conception, selection of studies, screening, and ex-
traction of data, writing of manuscript.

KM: Study selection, screening, and review of manuscript.

BN: study search, screening, and extraction of data, reviewing of
selected studies, review of the initial draft.

Conflicts of Interests
All authors have read the final manuscript and declare no con-
flict of interest.

Data Availability
All supplementary tables and search queries used have been
made available in the manuscript.

References

1. Polson, J., & Lee, W. M. (2005). AASLD position paper:
the management of acute liver failure. Hepatology, 41(5),
1179-1197.

2. Wlodzimirow, K. A., Eslami, S., Abu-Hanna, A., Nieu-
woudt, M., & Chamuleau, R. A. F. M. (2012). Systematic
review: acute liver failure—one disease, more than 40 defi-
nitions. Alimentary pharmacology & therapeutics, 35(11),
1245-1256.

3. Squires Jr, R. H., Shneider, B. L., Bucuvalas, J., Alonso, E.,
Sokol, R. J., Narkewicz, M. R., ... & Hynan, L. S. (2006).
Acute liver failure in children: the first 348 patients in the
pediatric acute liver failure study group. The Journal of pe-
diatrics, 148(5), 652-658.

4. Squires, J. E., Alonso, E. M., Ibrahim, S. H., Kasper, V.,
Kehar, M., Martinez, M., & Squires, R. H. (2022). North
American Society for Pediatric Gastroenterology, Hepatol-
ogy, and Nutrition position paper on the diagnosis and man-
agement of pediatric acute liver failure. Journal of pediatric
gastroenterology and nutrition, 74(1), 138-158.

5. Wendon, J., Cordoba, J., Dhawan, A., Larsen, F. S., Manns,
M., Nevens, F., ... & Bernardi, M. (2017). EASL Clinical
Practical Guidelines on the management of acute (fulmi-
nant) liver failure. Journal of hepatology, 66(5), 1047-1081.

6. N.J. Shah, A. Royer, S. John, Acute Liver Failure, in: Stat-
Pearls, StatPearls Publishing, Treasure Island (FL), 2023.

7. Stravitz, R. T., & Lee, W. M. (2019). Acute liver failure. The
Lancet, 394(10201), 869-88]1.

8. Patterson, J., Hussey, H. S., Silal, S., Goddard, L., Setshedi,
M., Spearman, W., ... & Muloiwa, R. (2020). Systematic
review of the global epidemiology of viral-induced acute
liver failure. BMJ open, 10(7), €037473.

9. Bihari, C., Rastogi, A., Saxena, P., Rangegowda, D., Chow-
dhury, A., Gupta, N., & Sarin, S. K. (2013). Parvovirus B19
associated hepatitis. Hepatitis Research and Treatment,
2013.

10. Rabaan, A. A., Bakhrebah, M. A., Nassar, M. S., Natto,
Z. S., Al Mutair, A., Alhumaid, S., ... & Alshahrani, F. S.
(2022). Suspected adenovirus causing an emerging hepatitis
among children below 10 years: a review. Pathogens. 2022;

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

11: 712.

Manka, P., Verheyen, J., Gerken, G., & Canbay, A. (2016).
Liver failure due to acute viral hepatitis (AE). Visceral med-
icine, 32(2), 80-85.

Thanapirom, K., Treeprasertsuk, S., Soonthornworasiri,
N., Poovorawan, K., Chaiteerakij, R., Komolmit, P., ... &
Pinzani, M. (2019). The incidence, etiologies, outcomes,
and predictors of mortality of acute liver failure in Thailand:
a population-base study. BMC gastroenterology, 19, 1-7.
Weiler, N., Schlotmann, A., Schnitzbauer, A. A., Zeuzem,
S., & Welker, M. W. (2020). The epidemiology of acute liv-
er failure: Results of a population-based study including 25
million state-insured individuals. Deutsches Arzteblatt In-
ternational, 117(4), 43.

Jindal, A., & Sarin, S. K. (2022). Epidemiology of liver fail-
ure in Asia-Pacific region. Liver International, 42(9), 2093-
21009.

Diaz, L. A., Ayares, G., Arnold, J., Idalsoaga, F., Corsi, O.,
Arrese, M., & Arab, J. P. (2022). Liver diseases in Latin
America: current status, unmet needs, and opportunities for
improvement. Current Treatment Options in Gastroenterol-
0gy, 20(3), 261-278.

Lanini, S., Pisapia, R., Capobianchi, M. R., & Ippolito, G.
(2018). Global epidemiology of viral hepatitis and national
needs for complete control. Expert review of anti-infective
therapy, 16(8), 625-639.

Zeng, D. Y., Li, J. M., Lin, S., Dong, X., You, J., Xing, Q.
Q., ... & Pan, J. S. (2021). Global burden of acute viral hep-
atitis and its association with socioeconomic development
status, 1990-2019. Journal of hepatology, 75(3), 547-556.
Banach, M. (2022). Global, regional, and national burden of
hepatitis B, 1990-2019: a systematic analysis for the Glob-
al Burden of Disease Study 2019. GBD 2019 Hepatitis B
Collaborator. The Lancet Gastroenterology and Hepatolo-
2, 7(9).

Cao, G., Jing, W., Liu, J., & Liu, M. (2021). The global
trends and regional differences in incidence and mortality
of hepatitis A from 1990 to 2019 and implications for its
prevention. Hepatology international, 15(5), 1068-1082.
Page, M. J., McKenzie, J. E., Bossuyt, P. M., Boutron, .,
Hoffmann, T. C., Mulrow, C. D., ... & Moher, D. (2021).
The PRISMA 2020 statement: an updated guideline for re-
porting systematic reviews. Bmyj, 372.

Giustini, D., & Boulos, M. N. K. (2013). Google Scholar is
not enough to be used alone for systematic reviews. Online
Jjournal of public health informatics, 5(2), 214.

Bramer, W. M., De Jonge, G. B., Rethlefsen, M. L., Mast,
F., & Kleijnen, J. (2018). A systematic approach to search-
ing: an efficient and complete method to develop litera-
ture searches. Journal of the Medical Library Association:
JMLA, 106(4), 531.

United Nations Statistics Divisions. New York, USA 2020,
(n.d.).

Munn, Z., Moola, S., Lisy, K., Riitano, D., & Tufanaru, C.
(2015). Methodological guidance for systematic reviews of
observational epidemiological studies reporting prevalence
and cumulative incidence data. JBI Evidence Implementa-
tion, 13(3), 147-153.

Mackenjee, M. K., Kiepiela, P., Cooper, R., & Coovadia, H.

J Gastro & Digestive Systems, 2024

Volume 8 | Issue 2 | 11


https://doi.org/10.1002/hep.20703.
https://doi.org/10.1002/hep.20703.
https://doi.org/10.1002/hep.20703.
https://doi.org/10.1111/j.1365-2036.2012.05097.x
https://doi.org/10.1111/j.1365-2036.2012.05097.x
https://doi.org/10.1111/j.1365-2036.2012.05097.x
https://doi.org/10.1111/j.1365-2036.2012.05097.x
https://doi.org/10.1111/j.1365-2036.2012.05097.x
https://doi.org/10.1016/j.jpeds.2005.12.051
https://doi.org/10.1016/j.jpeds.2005.12.051
https://doi.org/10.1016/j.jpeds.2005.12.051
https://doi.org/10.1016/j.jpeds.2005.12.051
https://doi.org/10.1016/j.jpeds.2005.12.051
https://doi.org/10.1097/MPG.0000000000003268
https://doi.org/10.1097/MPG.0000000000003268
https://doi.org/10.1097/MPG.0000000000003268
https://doi.org/10.1097/MPG.0000000000003268
https://doi.org/10.1097/MPG.0000000000003268
https://doi.org/10.1097/MPG.0000000000003268
https://doi.org/10.1016/j.jhep.2016.12.003
https://doi.org/10.1016/j.jhep.2016.12.003
https://doi.org/10.1016/j.jhep.2016.12.003
https://doi.org/10.1016/j.jhep.2016.12.003
http://www.ncbi.nlm.nih.gov/books/NBK482374/
http://www.ncbi.nlm.nih.gov/books/NBK482374/
https://doi.org/10.1016/S0140-6736(19)31894-X
https://doi.org/10.1016/S0140-6736(19)31894-X
https://doi.org/10.1136/bmjopen-2020-037473
https://doi.org/10.1136/bmjopen-2020-037473
https://doi.org/10.1136/bmjopen-2020-037473
https://doi.org/10.1136/bmjopen-2020-037473
https://doi.org/10.1155/2013/472027
https://doi.org/10.1155/2013/472027
https://doi.org/10.1155/2013/472027
https://doi.org/10.1155/2013/472027
https://doi.org/10.3390/pathogens11070712
https://doi.org/10.3390/pathogens11070712
https://doi.org/10.3390/pathogens11070712
https://doi.org/10.3390/pathogens11070712
https://doi.org/10.3390/pathogens11070712
https://doi.org/10.1159/000444915
https://doi.org/10.1159/000444915
https://doi.org/10.1159/000444915
https://doi.org/10.1186/s12876-019-0935-y
https://doi.org/10.1186/s12876-019-0935-y
https://doi.org/10.1186/s12876-019-0935-y
https://doi.org/10.1186/s12876-019-0935-y
https://doi.org/10.1186/s12876-019-0935-y
https://doi.org/10.3238/arztebl.2020.0043
https://doi.org/10.3238/arztebl.2020.0043
https://doi.org/10.3238/arztebl.2020.0043
https://doi.org/10.3238/arztebl.2020.0043
https://doi.org/10.3238/arztebl.2020.0043
https://doi.org/10.1111/liv.15328
https://doi.org/10.1111/liv.15328
https://doi.org/10.1111/liv.15328
https://doi.org/10.1007/s11938-022-00382-1
https://doi.org/10.1007/s11938-022-00382-1
https://doi.org/10.1007/s11938-022-00382-1
https://doi.org/10.1007/s11938-022-00382-1
https://doi.org/10.1007/s11938-022-00382-1
https://doi.org/10.1080/14787210.2018.1505503
https://doi.org/10.1080/14787210.2018.1505503
https://doi.org/10.1080/14787210.2018.1505503
https://doi.org/10.1080/14787210.2018.1505503
https://doi.org/10.1016/j.jhep.2021.04.035
https://doi.org/10.1016/j.jhep.2021.04.035
https://doi.org/10.1016/j.jhep.2021.04.035
https://doi.org/10.1016/j.jhep.2021.04.035
https://doi.org/10.1016/S2468-1253(22)00124-8
https://doi.org/10.1016/S2468-1253(22)00124-8
https://doi.org/10.1016/S2468-1253(22)00124-8
https://doi.org/10.1016/S2468-1253(22)00124-8
https://doi.org/10.1016/S2468-1253(22)00124-8
https://doi.org/10.1007/s12072-021-10232-4
https://doi.org/10.1007/s12072-021-10232-4
https://doi.org/10.1007/s12072-021-10232-4
https://doi.org/10.1007/s12072-021-10232-4
https://doi.org/10.1186/s13643-021-01626-4
https://doi.org/10.1186/s13643-021-01626-4
https://doi.org/10.1186/s13643-021-01626-4
https://doi.org/10.1186/s13643-021-01626-4
https://doi.org/10.5210/ojphi.v5i2.4623
https://doi.org/10.5210/ojphi.v5i2.4623
https://doi.org/10.5210/ojphi.v5i2.4623
https://doi.org/10.5195/jmla.2018.283
https://doi.org/10.5195/jmla.2018.283
https://doi.org/10.5195/jmla.2018.283
https://doi.org/10.5195/jmla.2018.283
https://doi.org/10.5195/jmla.2018.283
https://unstats.un.org/unsd/methodology/m49/
https://unstats.un.org/unsd/methodology/m49/
https://doi.org/10.1097/XEB.0000000000000054
https://doi.org/10.1097/XEB.0000000000000054
https://doi.org/10.1097/XEB.0000000000000054
https://doi.org/10.1097/XEB.0000000000000054
https://doi.org/10.1097/XEB.0000000000000054
https://doi.org/10.1136/adc.57.4.277

26.

27.

28.

29.

30.

31.

32.

33.

M. (1982). Clinically important immunological processes
in acute and fulminant hepatitis, mainly due to hepatitis B
virus. Archives of Disease in Childhood, 57(4), 277-282.
Coursaget, P., Buisson, Y., N'Gawara, M. N., Van Cuy-
ck-Gandre, H. E. L. E. N. E., & Roue, R. (1998). Role of
hepatitis E virus in sporadic cases of acute and fulminant
hepatitis in an endemic area (Chad). The American journal
of tropical medicine and hygiene, 58(3), 330-334.

Mudawi, H. M. Y., & Yousif, B. A. (2007). Fulminant he-
patic failure in an African setting: etiology, clinical course,
and predictors of mortality. Digestive diseases and sciences,
52, 3266-3269.

Solomons, R. S., Rabie, H., Nel, E., & Cotton, M. (2008).
An overview of Hepatitis A at Tygerberg Children\'s Hos-
pital. South African Journal of Child Health, 2(2), 43-45.
Goumba, A. 1., Konamna, X., & Komas, N. P. (2011). Clin-
ical and epidemiological aspects of a hepatitis E outbreak in
Bangui, Central African Republic. BMC infectious diseases,
11, 1-6.

Rayis, D. A., Jumaa, A. M., Gasim, G. 1., Karsany, M. S., &
Adam, I. (2013). An outbreak of hepatitis E and high mater-
nal mortality at Port Sudan, Eastern Sudan. Pathogens and
global health, 107(2), 66-68.

Bruckmann, E. K., Beretta, M., Demopolous, D., Bran-
nigan, L., Bouter, C., Maher, H., ... & Botha, J. F. (2020).
Minding the gap—Providing quality transplant care for
South African children with acute liver failure. Pediatric
Transplantation, 24(8), e13827.

Keles, E., Hassan-Kadle, M. A., Osman, M. M., Eker, H.
H., Abusoglu, Z., Baydili, K. N., & Osman, A. M. (2021).
Clinical characteristics of acute liver failure associated with
hepatitis A infection in children in Mogadishu, Somalia: a
hospital-based retrospective study. BMC infectious diseas-
es, 21, 1-7.

Heemelaar, S., Hangula, A. L., Chipeio, M. L., Josef, M.,
Stekelenburg, J., van den Akker, T. H., ... & Mackenzie, S.
B. (2022). Maternal and fetal outcomes of pregnancies com-
plicated by acute hepatitis E and the impact of HIV status:

A cross-sectional study in Namibia. Liver International,
42(1), 50-58.

34. Patterson, J., Cleary, S., Silal, S. P., Hussey, G. D., Enoch,
A., Korsman, S., ... & Muloiwa, R. (2022). A retrospective
study assessing the clinical outcomes and costs of acute
hepatitis A in Cape Town, South Africa. BMC infectious
diseases, 22(1), 45.

35. Walabh, P., Meyer, A., de Maayer, T., Moshesh, P. N., Has-
san, [. E., Walabh, P., & Hajinicolaou, C. (2022). Prognostic
factors and scoring systems associated with outcome in pe-
diatric acute liver failure. BMC pediatrics, 22(1), 516.

36. Patterson, J., Abdullahi, L., Hussey, G. D., Muloiwa, R., &
Kagina, B. M. (2019). A systematic review of the epidemi-
ology of hepatitis A in Africa. BMC infectious diseases, 19,
1-15.

37. WHO position paper on hepatitis A vaccines - June 2012,
(n.d.).

38. Bagulo, H., Majekodunmi, A. O., & Welburn, S. C. (2020).
Hepatitis E in sub Saharan Africa—A significant emerging
disease. One Health, 11, 100186.

39. Szabo, G., Mandrekar, P., & Dolganiuc, A. (2007, Novem-
ber). Innate immune response and hepatic inflammation. In
Seminars in liver disease (Vol. 27, No. 04, pp. 339-350). ©
Thieme Medical Publishers.

40. O’Grady, J. G. (2005). Acute liver failure. Postgraduate
medical journal, 81(953), 148-154.

41. Kim, A., Niu, B., Woreta, T., & Chen, P. H. (2020). Clinical
considerations of coagulopathy in acute liver failure. Jour-
nal of Clinical and Translational Hepatology, 8(4), 407.

42. Lee, W. M., Stravitz, R. T., & Larson, A. M. (2012). Intro-
duction to the revised American Association for the Study
of Liver Diseases Position Paper on acute liver failure 2011.
Hepatology, 55(3), 965-967.

43. Akamatsu, N., Sugawara, Y., & Kokudo, N. (2013). Acute
liver failure and liver transplantation. Intractable & rare
diseases research, 2(3), 77-87.

44. Bernal, W., & Wendon, J. (2013). Acute liver failure. New
England Journal of Medicine, 369(26), 2525-2534.

Copyright: ©2024 Larry N Tangie, et al. This is an open-access article
distributed under the terms of the Creative Commons Attribution
License, which permits unrestricted use, distribution, and reproduction
in any medium, provided the original author and source are credited.

J Gastro & Digestive Systems, 2024

https://opastpublishers.com Volume 8 | Issue 2 | 12


https://doi.org/10.1136/adc.57.4.277
https://doi.org/10.1136/adc.57.4.277
https://doi.org/10.1136/adc.57.4.277
https://doi.org/10.4269/ajtmh.1998.58.330
https://doi.org/10.4269/ajtmh.1998.58.330
https://doi.org/10.4269/ajtmh.1998.58.330
https://doi.org/10.4269/ajtmh.1998.58.330
https://doi.org/10.4269/ajtmh.1998.58.330
https://doi.org/10.1007/s10620-006-9730-z
https://doi.org/10.1007/s10620-006-9730-z
https://doi.org/10.1007/s10620-006-9730-z
https://doi.org/10.1007/s10620-006-9730-z
https://www.ajol.info/index.php/sajchh/article/view/41839
https://www.ajol.info/index.php/sajchh/article/view/41839
https://www.ajol.info/index.php/sajchh/article/view/41839
https://doi.org/10.1186/1471-2334-11-93
https://doi.org/10.1186/1471-2334-11-93
https://doi.org/10.1186/1471-2334-11-93
https://doi.org/10.1186/1471-2334-11-93
https://doi.org/10.1179/2047773213Y.0000000076
https://doi.org/10.1179/2047773213Y.0000000076
https://doi.org/10.1179/2047773213Y.0000000076
https://doi.org/10.1179/2047773213Y.0000000076
https://doi.org/10.1111/petr.13827
https://doi.org/10.1111/petr.13827
https://doi.org/10.1111/petr.13827
https://doi.org/10.1111/petr.13827
https://doi.org/10.1111/petr.13827
https://doi.org/10.1186/s12879-021-06594-7
https://doi.org/10.1186/s12879-021-06594-7
https://doi.org/10.1186/s12879-021-06594-7
https://doi.org/10.1186/s12879-021-06594-7
https://doi.org/10.1186/s12879-021-06594-7
https://doi.org/10.1186/s12879-021-06594-7
https://doi.org/10.1111/liv.15076
https://doi.org/10.1111/liv.15076
https://doi.org/10.1111/liv.15076
https://doi.org/10.1111/liv.15076
https://doi.org/10.1111/liv.15076
https://doi.org/10.1111/liv.15076
https://doi.org/10.1186/s12879-021-06993-w
https://doi.org/10.1186/s12879-021-06993-w
https://doi.org/10.1186/s12879-021-06993-w
https://doi.org/10.1186/s12879-021-06993-w
https://doi.org/10.1186/s12879-021-06993-w
https://doi.org/10.1186/s12887-022-03574-x
https://doi.org/10.1186/s12887-022-03574-x
https://doi.org/10.1186/s12887-022-03574-x
https://doi.org/10.1186/s12887-022-03574-x
https://doi.org/10.1186/s12879-019-4235-5
https://doi.org/10.1186/s12879-019-4235-5
https://doi.org/10.1186/s12879-019-4235-5
https://doi.org/10.1186/s12879-019-4235-5
https://www.who.int/publications-detail-redirect/who-wer8728-29-261-276
https://www.who.int/publications-detail-redirect/who-wer8728-29-261-276
https://doi.org/10.1016/j.onehlt.2020.100186
https://doi.org/10.1016/j.onehlt.2020.100186
https://doi.org/10.1016/j.onehlt.2020.100186
https://doi.org/10.1055/s-2007-991511
https://doi.org/10.1055/s-2007-991511
https://doi.org/10.1055/s-2007-991511
https://doi.org/10.1055/s-2007-991511
https://doi.org/10.1136/pgmj.2004.026005
https://doi.org/10.1136/pgmj.2004.026005
https://doi.org/10.14218/JCTH.2020.00058
https://doi.org/10.14218/JCTH.2020.00058
https://doi.org/10.14218/JCTH.2020.00058
https://doi.org/10.1002/hep.25551
https://doi.org/10.1002/hep.25551
https://doi.org/10.1002/hep.25551
https://doi.org/10.1002/hep.25551
https://doi.org/10.5582/irdr.2013.v2.3.77
https://doi.org/10.5582/irdr.2013.v2.3.77
https://doi.org/10.5582/irdr.2013.v2.3.77
https://doi.org/10.1056/NEJMra1208937
https://doi.org/10.1056/NEJMra1208937

