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Abstract: Though there has been a decline in the number of new cases of viral hepatitis-induced
acute liver failure in Europe and the United States of America, viral hepatitis still remains the lead-
ing cause of acute liver failure in Asia-Pacific and South America. However, the epidemiology of
viral-hepatitis-induced acute liver failure in sub-Saharan Africa-the world epicenter of viral hepati-
tis-is unclear. The aim of this review was to collate data on the incidence, prevalence, specific etio-
logic agents, features/diagnosis, treatment and prognosis of viral-induced acute liver failure in sub-
Saharan Africa. One hundred and forty-seven cases of viral-induced acute liver failure were rec-
orded in 11 studies conducted in six countries between 1981-2020. Etiological agents were: Hepatitis
viruses A, B, C, and E, as well as Adenovirus, Enterovirus, Parvovirus, Herpes Simplex Virus (HSV)
and EBV. HAV was the most frequent in paediatric subjects: (11/16) 69% and (19/30) 63%. HBV was
the only etiological agent in the study that only included adults. HEV (genotype 2 in one study)
contracted amidst hepatitis E outbreaks was the most commonly reported cause of ALF in pregnant
women. Treatment was mainly supportive, and liver transplantation reported only in South Africa.
Where reported, case fatality rates were high. In conclusion, viral-hepatitis induced acute liver fail-
ure is largely understudied in sub-Saharan Africa. The few available data are consistent with litera-
ture from the other parts of the world regarding aetiologic agents. Liver transplantation is not avail-
able in most sub-Saharan African countries, and short-term case fatality rates of individuals with
acute liver failure could outstrip current rates from the other world regions.
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1. Introduction

Acute liver failure (ALF) is commonly defined as the concomitant presence of a co-
agulation abnormality evidenced by an international normalized ratio (INR) value >1.5,
and any degree of mental alteration (encephalopathy), in a patient without pre-existing
cirrhosis and with an illness of <26 week's duration [1,2]. However, the presence of hepatic
encephalopathy is not required to define ALF in pediatric cases [3,4]. Causes of ALF are:
infections (mainly viruses), drugs/toxins/herbal supplements, vascular conditions (Budd
Chiari syndrome and hypoxic hepatitis), pregnancy, immune-mediated (e.g. autoimmune
hepatitis, hemophagocytic lymphohistiocytosis), malignancies (e.g. lymphomas), and
metabolic (e.g. Wilson disease, mitochondrial hepatopathy) [1,4-7].

Viral-induced ALF is mostly due to hepatitis A virus (HAV), hepatitis B virus (HBV)
and hepatitis E virus (HEV) [7,8], but hepatitis C virus (HCV), hepatitis D virus (HDV),
cytomegalovirus (CMV), Epstein Barr Virus (EBV), Herpes Simplex Virus (HSV), Parvo-
virus B19 and adenovirus have also been incriminated [8-10]. Though there has been a
decline in the number of new cases of viral hepatitis-induced ALF in Europe and the
United States of America (USA) partly due to universal HBV and HAV immunization
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programs [7], viral hepatitis still remains the leading cause of ALF in Asia and South
America [11,12]. In sub-Saharan Africa (SSA) which is the epicenter of viral hepatitis
worldwide [13-17], the epidemiology of viral hepatitis-induced ALF is not well known, as
data from individual studies have not been synthesized so far [8].

In this review, we provide a summary of data on the incidence, prevalence, specific etiologic
agents, features, treatment and prognosis of viral hepatitis-induced acute liver failure in
SSA.

2. Methods

We carried out this narrative review using widely accepted methods [18,19]. We con-
ducted an electronic search of MEDLINE (PubMed), EMBASE, SCOPUS, and African jour-
nals online (AJOL) databases for all relevant studies published from inception to January
27%, 2023. The search strategy included three main concepts: ALF, viral hepatitis, and SSA
countries based on the United Nations Statistics Division' (UNSD) classification [20]. The
search query was built in PubMed (Table 1) and then adapted to the other databases. We
included peer-reviewed full-text articles of observational studies reporting on viral-at-
tributable ALF and including > 10 individuals living in SSA, irrespective of the language
of publication. The minimum eligible sample size was 10 as 10 is an accepted minimum
study sample size [21].
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Table 1: PubMed search strategy

Query

Fields

Search term

#1

All fields

"acute liver failure” OR "fulminant hepatitis" OR "fulminant hepatic failure” OR "acute hepatic failure" OR "ALF"

#2

All fields

"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 ("herpesvirus 4, human"[MeSH Terms] OR "human herpesvirus 4" OR "ebv" OR "CMV" OR

("cytomegalovirus“[MeSH Terms] OR "cytomegalovirus” OR “cytomegaloviruses® OR (“adenoviridae"[MeSH Terms] OR “adenoviridae" OR "adenovirus"

#3

All fields

"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 (“comoros"[MeSH Terms] OR "comoros" OR "comoro"[All Fields]) OR "djibout*" OR
"eritrea*" OR "ethiopia*"[All Fields] OR "French southern territories” OR "kenya* " OR "madagasca*"OR "malaw*" OR "mauriti*" OR (“comoros"[MeSH Terms] OR
"comoros” OR "mayotte"[All Fields]) OR "mozambi*" OR (“reunion”[MeSH Terms] OR "reunion" OR "reunions” OR "rwanda*" OR ("seychelles"[MeSH Terms] OR
"seychelles" 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 ("chad"[MeSH Terms] OR "chad") OR "congo*" OR "equatorial guinea" OR (“"gabon"[MeSH Terms]
OR "gabon" OR "sao tome and principe" OR "southern africa" OR "southern african" OR "bostwana" OR (“eswatini"[MeSH Terms] OR "eswatini" OR ("lesotho"[MeSH
Terms] OR “lesotho" OR "namibia*" OR "south africa” OR "south african" OR "west african” OR "west africa” OR "western africa” OR "western african” OR
("benin"[MeSH Terms] OR "benin" OR "benin s" OR ("burkina faso"[MeSH Terms] OR (“burkina" AND "faso"OR "burkina faso" OR "cabo verde" OR (“cote d
ivoire"[MeSH Terms] OR (“cote" AND "d ivoire" OR "cote d ivoire" OR "ghana*"[All Fields] OR "guinea*" OR (“guinea bissau"[MeSH Terms] OR "guinea bissau" OR

("guinea™ AND "bissau" OR "guinea bissau™ OR "liberia*" OR "mali*" OR "mauritania*" OR "niger*" OR "Saint helena" OR "senegal*" OR "sierra Leone" OR "togo*"

#4

N/A

#1 AND #2 AND #3
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Of 15052 articles identified from the initial search, we finally included 11 records of 5
11 studies conducted in urban healthcare facilities of six SSA countries between 1981-2020: 6
Central African Republic, Chad, Namibia, Somalia, South Africa, Sudan [5,22-31]. Five 7
studies included only pediatric participants, two included only pregnant women, two in- 8
cluded both pediatric and adult patients, one included only adults, and the other one in- 9
cluded all participants of all age groups. The study selection process is detailed in Figure 10
1. General characteristics of included studies are summarized in Table 2. 11
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-EBV
(n=1)
AASLD American Association for the Study of Liver Disease; ALF acute liver failure; CFR case fatality rate; EASL European Asso-
ciation for the Study of Liver; HAYV hepatitis A virus; HBV hepatitis B virus; HEV hepatitis E virus; HSV Herpes Simplex Virus;
INR International Normalized Ratio; LT liver transplantation; 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 encephalopathy (n=5) as ALF cases.
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3. Body of the review
3.1. Incidence and prevalence of viral-attributable acute liver failure

In USA, Europe and United Kingdom (UK), viruses account for 7-37% cases of ALF
[6]. In Asia-Pacific and South America regions, viruses are responsible for the vast major-
ity (up to 68%) of ALF cases [6,11,12].

Two hundred and eleven cases of ALF are reported in the 11 studies from SSA
herein discussed. Of these 211 ALF cases, 147 had viral-attributable ALF. However, it is
worth mentioning that some patients are counted twice, because the series by Walabh et
al [31] includes 20 patients who underwent liver transplantation (LT) at the Wits Donald
Gordon Medical Centre (WDGMC) transplant center from whose activity is reported in the article
by Bruckmann et al [27] as is discussed going forward. Among paediatric subjects with ALF from
South Africa, 59.3% [27] to 66.7% [22,31] had viral-attributable ALF. In the study from North
Sudan that only involved adult participants (including pregnant women), 10 (27%) of the 37 ALF
cases had viral-attributable ALF.

There is a need for population-based incidence and prevalence estimates of ALF and
viral-attributable ALF specifically in all age groups and pregnant women in SSA.

3.2. Pathogenicity of viral-attributable acute liver failure
3.2.1. Etiologic agents

Globally, the combined prevalence of HAV-induced ALF in countries without rou-
tine vaccination is 27% (95% CI 13% to 43%) as compared to 2% (95% CI 1% to 3%) for
countries practicing routine immunisation. The pooled prevalence of HBV-induced ALF
varies from 22% (95% CI 16% to 30%) in countries without routine immunization to 20%
(95% CI 8% to 35%) in countries practicing routine immunization. Regarding non-vaccine-
preventable viral causes of ALF, pooled prevalence rates are: 32% (95% CI 24% to 41%)
for HEV-induced ALF, 13% (95% CI 1% to 35%) for CMV-induced ALF, 9% (95% CI 1% to
21%) for HCV-induced ALF, 6% (95% CI 1% to 12%) for Herpes viruses-induced ALF, 6%
(95% CI 0% to 24%) for EBV-induced ALF, and 4% (95% CI 0% to 13%) for HDV-induced
ALF [8].

Hepatitis viruses A, B, C, and E, as well as Adenovirus, Enterovirus, Parvovirus, Her-
pes Simplex Virus (HSV) and EBV are the viruses that were incriminated in the ALF cases
from SSA reported here. Among those viruses, HAV was the most frequent in paediatric
subjects [24,27,28,31]: (11/16) 69% [27] and (19/30) 63% [31] in studies from South Africa.
In the North Sudan's study with exclusively adult participants, HBV was the only viral
cause of ALF [5]. HEV contracted amidst hepatitis E outbreaks was the most commonly
reported cause of ALF in pregnant women [5,23,25,26,29], with HEV genotype 2 being the
specific agent in the study from Namibia [28]. Interestingly, the most common causes of
ALF in pregnancy i.e., Hemolysis-Elevated Liver enzymes-Low Platelets and pregnancy-associ-
ated steatosis, were excluded in pregnant women from the study by Mudawi et al [5]. Further cap-

tivating, concomitant inherited/acquired immunodeficiencies were not reported in individuals with
HSV, EBV, Adenovirus or Parvovirus [6,27,31].

3.2.2. Pathogenesis

The pathogenesis of ALF is incompletely understood [6,7,32]. For the case of viral-
induced ALF and potentially ALF due to some other causes as well, available evidence
suggests that liver injury/regeneration/metabolic disturbances and secondary multiple or-
gan dysfunction syndrome (MODS) result from exaggerated local and systemic innate and
humoral adaptive immune responses [7,32-39]. Accordingly, the immune cascade likely
starts by contact of the culprit hepatotropic virus with hepatocytes and liver-resident im-
mune cells (Kupffer cells, natural killer T cells, dendritic cells). The pattern recognition
receptors (PRRs) of these host cells are then sensed by viral pathogen-associated molecu-
lar patterns (PAMPs)/damage-associated molecular patterns (DAMPs) [32-34]. This re-
sults in the production of three types of factors whose synergistic action leads to
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inflammation, oxidative stress and a reprogramming of functional pathways of metabo-
lites (e.g. amino acids): IFN, other pro-inflammatory cytokines (e.g. interleukins 1 and
6), and reactive oxygen species [32,35]. IFNs may further prime (e.g. by enhancing cellular
expression of HLA molecules) virally infected cells for lysis by the complement system
(which mainly originates from the liver), thus perpetuating inflammation [33,36-38]. In
addition, IFN and complement-both bridging systems between innate and adaptive im-
mune responses-may stimulate the humoral adaptive immune response [37,39,40]. The
initial intrahepatic immune cascade could secondarily spread to the whole body through
the circulatory system (including the blood brain barrier) in a “cytokine-storm manner”:
is (viral-induced) ALF a cytokine storm syndrome? [41,42].

Among the 11 studies from SSA considered in this review, that from South Africa
published in 1982, aimed to assess the pattern of immune response in paediatric subjects
with HBV-induced ALF [22]. Interestingly, levels of complement components C3, C4,
CHS50, factor B and alternative pathway were significantly lower in this patient group
(n=8) than in normal control subjects (n=15): 17+16 vs 119+17 (mg/100 ml; p<0.002), 516 vs
54+14 (mg/100 ml; p<0.002), 14.5%+25 vs 68%=7.5 (p<0.002), 0 vs 39+9 (mg/100 ml), 11%=+24
vs 100% respectively. In addition, the HBV surface antigen AgHBs preparation abrogated
leukocyte migration (observed in vivo during the inflammatory process [43]) on agarose
medium significantly less for ALF patients than for normal control subjects [22]. Moreo-
ver, both AgHBs and phytohaemagglutinin preparations failed to significantly activate
ALF patients' lymphocytes in vitro when compared to normal control subjects [22]. Whilst
phytohaemagglutinin is an obsolete measure of lymphoid mass that provides pointless
information on immune response [44,45], failure to activate lymphocytes with the AgHBs
preparation could reminisce an indirect activation of the humoral immune response in
viral (at least HBV)-induced ALF as discussed earlier. There is a crucial need to deeply
assess the immunometabolism underlying viral-induced ALF, using appropriate modern
immunological techniques [32,35,46,47].

3.3. Features and diagnosis of viral-attributable acute liver failure

ALF has mainly three groups of manifestations: those expressing liver injury, those
expressing metabolic disturbances, and MODS' features [1,3,4,6,7,40]. Manifestations of
liver injury are: biochemical (elevated serum liver enzymes including serum glutamic-
oxaloacetic acid [SGOT] and serum glutamic pyruvic transaminase [SGPT]) and histo-
logical (liver necrosis and apoptosis) [6,7]. Any hepatic metabolic function can be pertur-
bated, but most frequently reported disturbances are coagulopathy and abnormal biliru-
bin processing (reflected by increased serum bilirubin and jaundice) [3,4,6,7,48,49]. The
coagulopathy is conventionally defined as an elevated INR>1.5 [1,3,4,6,7], although the
accuracy of this biomarker is disputed, and a subset of patients present with a hypercoag-
ulable state [50,51]. Any sign of the MODS (reviewed in [41]) can be observed in ALF
patients, but most frequent ones are encephalopathy (any degree of mental alteration) and
acute kidney injury (AKI) with consequential electrolyte imbalance [1,3,4,6,7].

ALF diagnostic criteria for adults (mentioned at the onset of the introduction) were
coined by Trey and Davidson in 1970 [52] and have gained wide acceptance, though the
maximal duration of manifestations compatible with a diagnosis of ALF remains a matter

of pervasive debate [1,2,6,7,53]. The criteria for pediatric subjects differing from
those for adults by the non-necessity of encephalopathy, were published in
2006 by the Pediatric Acute Liver Failure Study group (PALFSG) [3].

In SSA, ALF manifestations were neither consistently reported across studies, nor
categorized according to ALF aetiology in studies with ALF from different causes
[5,22,27,31]. Nevertheless, criteria sets used to diagnose ALF in paediatric subjects was in
agreement with PALFSG criteria [22,24,27,28,31]. Apart from the reference [26] where di-
agnostic criteria were unspecified and references [23] and [29] where authors added raised
serum transaminase values to the presence of encephalopathy as requirements for the
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diagnosis of ALF, adults were equally diagnosed with accepted criteria sets [1,6], the
global discrepancy about the maximal duration of ALF manifestations at presentation be-
ing apparent in these studies from SSA as well [5,24,25,30]. Noteworthy, five (18.5%) of
the 27 pediatric cases of ALF in the study by Bruckmann et al equally had severe AKI
[8,27], and pregnant women from the study by Heemelaar et al [29] were mostly in the
third trimester, as described in Western series [6,7]. It is also interesting that the study that
assessed the immune response in ALF patients as discussed above, reported acute mas-
sive liver necrosis in all the eight tested patients as well [22].

3.4. Treatment of viral-attributable acute liver failure
3.4.1. Medical treatment

Globally, the management of ALF aims to provide patients with: supportive and pre-
ventive care, specific treatment in the case where the aetiology is known , and manage-
ment of complications [1,4,6,7,49]. Supportive and preventive care involve maintaining
hemodynamic stability, normal electrolytes, normal acid base equilibrium, work up for
fever and eventually starting antibiotics when necessary, monitoring for bleeding, hepatic
encephalopathy and hypoglycaemia. Prophylactic protein pump inhibitors should be
given and adequate nutrition (1-1.5g/kg/day of protein) [1,6,7,49]. Pregnant women pre-
senting in the third trimester should be promptly delivered. With regards to specific treat-
ment, viral hepatitis A and E have no specific antiviral agents and as such should receive
supportive treatment [1,6,7,49]. Patients with HBV induced ALF should receive nucleo-
tide analogues , those with HSV acyclovir (5-10mg/kg every 8 hours intravenously) while
those with CMV ganciclovir [1,6,7,49].

Treatment options for complications range from fluid resuscitation to renal replace-
ment therapy (RRT) in the case of AKI, broad spectrum antibiotics in the case of sepsis,
correction of electrolyte imbalance, intubation of patients with advanced hepatic enceph-
alopathy associated with intravenous mannitol therapy and management of coagulopa-
thy with platelet or plasma transfusions in case of overt bleeding or invasive procedures
[49].

Literature on the medical management of viral-attributable ALF in SSA is scant. In
daily clinical practice in SSA, the management is mainly supportive. The five children
who developed severe AKI in the study by Bruckmann et al underwent the (type unspec-
ified) dialysis mode of RRT [27]. Pregnant women with viable foetuses were delivered as
recommended, in the relevant studies [26,28]. No information is available about the anti-
viral drugs used.

3.4.2. Liver transplantation

Liver Transplantation (LT) is the ultimate treatment of ALF, applicable to patients of
all age groups [4,7,54-57]. There are case-series reporting the effectiveness of ALF in
pregnant women as well [58]. It is recommended to discuss all ALF cases with a trans-
plantation center once the patient is hemodynamically stable [4,6,7,54-57]. Survival anal-
yses from Western, Asian and South American countries where it is widely available, sug-
gest that LT has dramatically improved the initial short-term survival rate of ALF patients,
which was only 20%-25% in adults and 5%-30% in pediatric subjects in the pre-LT era
[4,12,59-61]. Besides patient's survival, graft survival is another desired outcome of LT,
justifying the instauration of a lifelong immunosuppressive drug treatment in a vast ma-
jority of patients, mainly aiming to quench the memory T cell activation that often leads
to donor liver rejection [60,63,64]. Important considerations about LT for ALF patients
compared to LT for those with chronic conditions are revisited in Table 3 [11,54-
56,59,60,61,65-70].
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Table 3: Considerations about liver transplantation for acute liver failure compared to chronic hepatic and non-hepatic conditions 1
Variable Acute liver failure Chronic hepatic and non-hepatic conditions References
Proportion of LT procedures ~10% ~90% [55,56,61]
Before Indication Virtually all patients * ESLDS§ [54-56,60]
surgery Prognostic scoring systems No consensus for both adults and pediatric | -Adult: MELD/MELD-Na, UKELD, [6,7,54-56,65]
subjects: KCC, CV criteria... -Pediatric subject: PELD
Aim Lifesaving Life-prolonging [56,61]
Recipients' demographic | -Adult: typically young females -Adult: no age or gender predilection [59]
characteristics -Pediatric subject: unspecified -Pediatric subject: NR
Living donors' demographic Gender: [66]
characteristics -Females: 52%
-Males: 48%
Mean age: 41+16 years in in Europe Mean age: unspecified [59]
Standard type of donor liver Adults: [11,54-56,67]

-Western world: whole cadaveric donor

-Global South: whole living donor

Pediatric subjects: living split liver transplant (left lateral segment) globally

During Surgical stages All age groups: [60]
surgery -Pre-hepatic: recipient hepatectomy
-Anhepatic: implantation of the donor liver

-Neohepatic: revascularization

After Standard immunosuppressive drug Induction [54-56,60]
surgery | regimens -Corticosteroids: Methylprednisolone, Prednisone/prednisolone
-T-cell depleting antibody: alemtuzumab,

-Anti-interleukin 2 receptor antibody: basiliximab, daclizumab

-Rabbit Anti-thymocyte globulin
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Maintenance drugs:
-Corticosteroids: Methylprednisolone, Prednisone, prednisolone
-calcineurin inhibitor: tacrolimus, ciclosporine
-Antimetabolites: azathioprine, mycophenolate mofetil

-mTOR inhibitors: sirolimus, everolimus

Specific physiological populations:
-Pediatric recipients of ABO-incompatible LT:
plasmapheresis, intravenous immunoglobulins, rituximab

-Post-partum: TAC, corticosteroids

1-year survival Adult [59,60,68-70]

-Recipient (all-cause LT): > 80%-100%
-ALF recipients in Europe: 74%
-Graft (all-cause LT): >80%-96%

-Graft for ALF recipients in Europe: 63%

Pediatric subject:
-Recipient (all-cause LT): 86-95%
-Graft (all-cause): 73%

CV Clichy-Villejuif; ESLD end-Stage Liver Disease; KCC King's College Hospital Criteria; LT liver transplantation; MELD model of ESLD; mTOR 2
mammalian target of rapamycin; NR not reported; PELD pediatric ESLD; UKELD United Kingdom ESLD; *except those with absolute contraindica- 3
tions (severe cardiopulmonary disease, active malignancy (except liver cancer inside criteria), anatomic barriers to liver surgery, uncontrolled active 4
infection, ongoing illicit drug use) or high likelihood of spontaneous recovery: hepatitis A virus infection, ischemia, acetaminophen intoxication. § 5
sometimes, LT is performed to prevent ESLD. 6

7
8
9
10

11
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Data on LT in SSA patients with viral-induced ALF came from only one center
[27,31], the Wits Donald Gordon Medical Centre (WDGMC) transplantation center situ-
ated in  Johannesburg, South Africa (http://www.dgmc.co.za/highly-specialised-
unit/transplant). From 2005 to 2019, they administered LT to 27 children and adolescents
with ALF [27] who, based on London (UK) King's College Hospital criteria (KCC) [71],
needed LT [65]. Of the 27 LT recipients [27], 15 received the standard living split liver
transplant [54-56], including 12 from specified direct donations i.e. from close relatives,
and one from a specified indirect donation i.e. from an unrelated intended donor [72]. The
remaining subjects received cadaveric grafts. The one-year-post-LT survival rate for
both the recipient and the graft was 81% (95% CI 61% to 92%). Five (18.5%) recipients died
within one month, due to: graft rejection (n=2) and septic shock/cardiac tamponade/acute respira-
tory distress syndrome (n=1 for each). However, all the five recipients of ABO-incompatible LT
[73] were still alive at the end of the study. Non-fatal LT complications were: leaks (n=12), biliary
(n=9) and vascular (n=5; including two cases of hepatic artery thrombosis). The type of death
(brainstem or circulatory) after which cadaveric grafts were collected, surgical and immunosup-
pressive drug protocols used, the delay and type (acute/chronic, T-cell-/antibody-mediated) of re-
jection of the two grafts, and specific outcomes of recipients with viral-attributable ALF, were not
documented [54-57,60,63,64].

3.4.3. Artificial and bioartificial liver support systems

Liver support devices were created to detoxify the blood or plasma while waiting for
LT (in keeping with the demand/supply imbalance), or to obviate LT in subjects of all age
groups. A device only made up of physical and chemical materials is artificial, whereas a
device combining physical and chemical materials with bioreactors hosting cells is a bio-
artificial device (e.g. human hepatoblastoma cells) [4,74,75]. The five most commonly
used artificial systems are: molecular adsorbent recirculating system (MARS), single-pass
albumin dialysis (SPAD), Prometheus, selective plasma filtration therapy (SEPET), and
hemodiafiltration [4,75]. Whilst artificial and bioartificial devices are gaining the momen-
tum in Western countries [75,76], their clinical efficacy remains limited to transient ame-
lioration of biochemical parameters [4,6,7,76].

Artificial and bioartificial liver support devices are not readily available in SSA.

3.5. Outcomes

Establishing the prognosis is another area of unmet need in the management of ALF
in all age groups [4,6,7,68]. However, LT-free survival is mainly affected by ALF aetiology
and degree of encephalopathy at presentation [7], whereas in LT recipients, survival heav-
ily depends on LT-related matters: recipient's pre-operative health status and ethnicity,
donor characteristics (including age, type of graft, health status for living donors), and the
donor-recipient compatibility measured by degrees of ABO blood group and HLA match-
ing [59,77-80]. Contemporaneous survival rates are available in Table 3.

In pregnant women with pregnancy-induced ALF, a survival rate of 83% has been
reported [7], raising to 100% in LT recipients [58], but the live birth rate has been estimated
at only 64% [58]. Additionally, the survival rate of pregnant women with ALF from other
causes is not well known.

In SSA, 31 (84%) adults with all-cause ALF died after in-hospital admission in the
study by Mudawi et al [5]. In pediatric subjects who did not undergo LT, one death was
recorded in a series of five HAV-induced ALF cases [30], two deaths in another series of
two HAV-induced ALF cases [24], and eight deaths in a series of eight HBV-induced ALF
cases [22]. Noteworthy, all deaths of pediatric subjects occurred during admission, nota-
bly after 72 hours for patients with HBV-induced ALF [22]. Strikingly, the short-term case
fatality rate was 18.5% among pediatric subjects who underwent LT [27]. All the 11 preg-
nant women who developed ALF during the 2010-2011 hepatitis E outbreak in Eastern
Sudan succumbed during their in-hospital admission [26], whereas 13 of the 28 who de-
veloped ALF during the 2017-2019 hepatitis E outbreak in Namibia demised [29]. Among
pregnant women with HEV-induced ALF of the study from Namibia, six developed post-
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partum hemorrhage, two pregnancy-related arterial hypertension. Pregnant women with
HEV-induced ALF also had a fourfold (OR 4.63, 95% CI 1.20 to 17.93) higher odds of mis-
carriage than women with acute hepatitis E.

3.6. Comorbidities

Data on comorbidities in patients with viral-attributable ALF are scant.

In SSA, concomitant Human Immunodeficiency Virus was documented in five
(17.9%) of the 28 women with HEV-induced ALF, including four who had previously in-
terrupted their antiretroviral drugs [28]. Other comorbidities were not documented.

3.7. Closing remarks and outlook

Overall, epidemiological data on viral-attributable ALF in SSA are limited, highlight-
ing a dire need for high-quality regional and national population/registry-based studies
including individuals from both urban and rural/semi-rural areas [7,59]. Besides incidence
and prevalence estimates, other desired data are: detailed serotype and genotypic charac-
terization of causal viruses, extensive assessment and consistent report of disease features
beyond classifying manifestations, clear specification of the management strategies used
in articles, LT data from transplantation centres/units outside South Africa, reliable case
fatality/survival rates (at 21-days, 28-days, 3-months, 1-, 5-, 10-, 20-years), extensive report
of maternofoetal complications occurring in affected pregnant women, comorbidities,
quality of life, sexual function, physical activity, employment rates and cost of disease
[6,7,30,59,81,82]. All those data are necessary to enable local and international policy mak-
ers to build targeted prevention and treatment strategies, given the current high burden
of viral hepatitis in SSA which in combination with data herein reported, theoretically
forecast an increase in the number of cases of viral-induced ALF in SSA over the coming
years with improved awareness for ALF in the region [83-88].

The preliminary data from SSA presented in this review also stress the need to devise
strategies targeting the prevention of ALF during viral outbreaks in the region, since ALF
occurred during outbreaks of viral hepatitis E in studies in three studies [25,26,29]. Data
from those hose outbreaks also highlight the urge for policies on routine screening for
HEV in HEV endemic areas, as this is not a common practice in SSA. On the other hand,
the high frequency of HAV-attributable ALF in pediatric subjects herein reported calls for
the implementation of routine HAV immunization in childhood expanded programs on
immunization available in SSA countries [8,30].

Finally, the high burden of viral-induced ALF observed in only six of the 47 SSA
countries and the success of LT at the WDGMC Transplant center comparable to that ob-
served in studies from Western countries [27,60], highlight the demand for a wide imple-
mentation and sustainability of LT in SSA [82,89-92]. Fortunately, the present time offers
a unique opportunity to achieve this goal, thanks to the ongoing 2022-2030 World Health
Organization (WHO) strategic plan of action to address global and region-specific barriers
to the implementation of human organ and tissue transplantation [93], the will of African
health experts to do so [82,89-92], as well as the possibility to: insert LT programs within
the WHO strategic plan of action for viral hepatitis eradication by 2030 which is in pro-
gress in SSA [94], and learn from enduring experiences of both LT services in some SSA
countries (e.g. South Africa, Nigeria) [82,95] and kidney transplantation programs which
are expanding in the region [82,92].

Three areas mainly need to be addressed for a wide dissemination and sustainability
of LT in SSA. First, SSA countries need to abide by the 2010 World Health Assembly
(WHA) resolutions WHA57/18 and WHAG3/22 on human organ tissue and transplantation
related to the availability and convenient use of human organs and tissues [96,97]. Second,
there is an urge for SSA countries to fill the gaps in: regional/national ALF management
guidelines, regional/national organ transplantation programs/legislations, adequate ethi-
cal frameworks, organ procurement/allocation frameworks, universal health insurance
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schemes, trained health experts/legislators, availability and affordability of relevant im-
munosuppressants [89-92,95,98-101]. Third, there is a need for regional/national stake-
holders and health experts to educate the population in order to improve their awareness
for ALF, ESLD, organ/tissue transplantation and ethical principles governing organ do-
nation and procurement, as well as upgrade their perception of well-being and healthcare
[82,91,102-104]. If SSA countries break through those barriers, there is a potential for im-
proved health of the general (not just individuals with ALF) SSA population, and eco-
nomic growth in the region, as a result of decreased both brain drain of health experts/leg-
islators and LT tourism [89,105,106].
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