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BaCKGrOUnD

Of an estimated 71  million individuals with chronic 
hepatitis C virus (HCV) infection worldwide, 10 to 15 mil-
lion are estimated to live in sub-Saharan Africa (SSA).1 
Despite recommendations for a “treat-all” public health 
approach to reach elimination by 2030,2,3 national treat-
ment programs in many African countries and other re-
source-constrained settings still might have to prioritize 
HCV treatment for individuals with advanced liver fibrosis 
and cirrhosis.

In settings with limited resources, there is little or no 

access to liver biopsy and transient elastography (TE) to 

determine fibrosis stage. Noninvasive tests, such as the 

aspartate aminotransferase (AST)-to-platelet ratio index 

(APRI) and Fibrosis-4 (FIB-4) score, have demonstrated 

acceptable sensitivity and specificity to detect advanced 

fibrosis and cirrhosis in chronic hepatitis C (CHC).4 

However, there are limited data on the performance of 

these tests in SSA, where endemic conditions such as 

malaria, schistosomiasis, and human immunodeficiency 
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virus (HIV) conferring thrombocytopenia might interfere 
with the performance of such tests.5 In this study, we 
prospectively evaluated the performance of APRI and 
FIB-4 compared with TE in patients with CHC at a refer-
ral hospital in Ethiopia.

MeTHODs

Study Setting and Participants
Ethiopia is a low-income country in east Africa with a total 

population of 114 million, making it the second most popu-
lous country in SSA.6 This study was nested in a prospec-
tive observational treatment study for patients with CHC 
presenting to St. Paul’s Hospital Millennium Medical College 
in Addis Ababa, Ethiopia, between August 2018 and July 
2019. Inclusion and exclusion criteria are depicted in Table 1. 
Data collected about the study participants and relevant 
laboratory procedures are summarized in Table 2. Written 
informed consent was obtained from all participants, and 
the study protocol was approved by the St. Paul’s Hospital 
Millennium Medical College Institutional Review Board.

Liver Fibrosis Assessment
TE was used to assess liver fibrosis stage in all participants. 

The procedure was done by local clinical staff with certified 
training in TE. Patients were instructed to fast for a minimum 
of 2 hours prior to the examination. The median of 10 read-
ings was used, and the result was discarded if the interquar-
tile range (IQR) divided by the median exceeded 30%, as 
recommended by the manufacturer. The following cutoffs 
were used to define stages of fibrosis: no fibrosis (≤7.9 kPa), 
significant fibrosis (>7.9 kPa), and cirrhosis (>11.7 kPa).7

APRI and FIB-4 were derived from standard blood test 
results by the following formulas, using 40  U/L as the 
upper limit of normal for AST8,9:

• APRI: (AST [U/L]/upper limit of normal for AST)/platelet 
count (109/L) × 100

• FIB-4: (age [years] × AST [U/L])/(platelet count [109/L] × 
(ALT [U/L])½)

Statistical Analysis
Individuals with ascites were excluded from the analysis 

because TE is erratic in these patients. Baseline data were 
summarized using descriptive statistics. Chi-square test 
was used to compare groups with categorical variables. 
The sensitivity, specificity, negative predictive value (NPV), 
positive predictive value (PPV), and area under the receiver 
operating characteristic curve (AUROC) of APRI and FIB-4 
were calculated using TE as the gold standard. SPSS ver-
sion 23.0 software (SPSS Inc., Chicago, IL, USA) was used 
to analyze the data. The level of significance was set at 
P < 0.05.

resUlTs

Eighty patients with CHC were enrolled, of whom 51 
(64%) were women and the median age was 50 (IQR 
38-57) years. Two patients (3%) had coinfection with 
hepatitis B and three (4%) with HIV. The median (IQR) 
alanine aminotransferase (ALT), AST, platelet count, and 
HCV viral load were 44 (28-74) U/L, 46 (29-80) U/L, 
178 × 109/L (122-232 × 109/L), and 762,000 (198,000-
2,730,000 IU/mL), respectively. The median (IQR) values 
for APRI and FIB-4 were 0.62 (0.35-1.50) and 2.04 (1.22-
3.79), respectively. Fifty-three patients (66%) had signifi-
cant fibrosis, and 40 (50%) had cirrhosis by TE. None of 
the patients were pregnant or had signs of congestive 
heart failure, conditions known to interfere with elastog-
raphy measurements. Characteristics of the study partici-
pants are summarized in Table 3.

The test characteristics of APRI and FIB-4 compared 
with TE are given in Table 4. Although the sensitivity of 
APRI was poor using the higher thresholds, a reasonably 
fair precision was found using the lower thresholds (0.5 
for significant fibrosis and 1.0 for cirrhosis). For FIB-4, the 
lower threshold (1.45) yielded a poor specificity at only 
52% to detect significant fibrosis, whereas the higher 
threshold (3.25) had a poor sensitivity at only 55% to de-
tect cirrhosis. The AUROC analyses are shown in Fig. 1.

In a sensitivity analysis, we excluded patients coinfected 
with HBV or HIV; however, the test characteristics of APRI 
and FIB-4 were unchanged (data not shown).

DisCUssiOn

In this study, we found that the APRI score had good per-
formance for the detection of both fibrosis and cirrhosis in 

TaBle 1. inClUsiOn anD eXClUsiOn CriTeria

Inclusion Criteria Exclusion Criteria

• 18 years of age or older
• Anti-HCV positive
• HCV RNA positive

• Previous HCV therapy
• Hepatocellular carcinoma
• Other comorbidity that could interfere with 

HCV therapy
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CHC, with acceptable test characteristics at a cutoff of 0.5 
for significant fibrosis (sensitivity 75% and specificity 78%) 
and 1.0 for cirrhosis (sensitivity 75% and specificity 95%). 
The APRI score appeared to be slightly more reliable than the 
FIB-4 score for the detection of both significant fibrosis and 
cirrhosis. To our knowledge, this is the first prospective study 
to report the performance of commonly used noninvasive 
fibrosis tests in patients with chronic HCV infection in SSA.

Our results strongly suggest that the higher cutoffs 
recommended by the World Health Organization are not 
appropriate for CHC care in Ethiopia and possibly other 
SSA countries. It is unclear why the APRI cutoff needs 
adjustment in African viral hepatitis cohorts,10-12 but bio-
logical differences cannot be excluded because the valida-
tion of APRI and FIB-4 has been carried out mainly among 
Caucasian and Asian patients.4

Our findings have certain implications for HCV treatment 
initiation in resource-limited settings to reduce CHC-related 
mortality and advance progress toward hepatitis elimina-
tion.2,3 For national hepatitis treatment programs that cur-
rently have limited access to direct-acting antivirals (DAAs), 
rapid assessment of fibrosis stage using APRI may be a valid 
measure to prioritize treatment for patients with cirrhosis. In 
most settings in SSA where publicly provided or subsidized 
treatment programs do not exist, DAA access is primarily 
through private pharmacies, and costs are fully out of pocket 
for patients. Reliable assessment of fibrosis stage with non-
invasive tests may provide additional guidance to providers 
and patients as to the relative urgency of DAA treatment.

Our study had certain limitations. First, the sample 
size was relatively small. These study results should be 

TaBle 2. DaTa COlleCTiOn anD laBOraTOrY 
MeTHODs

Medical history and physical examination
• Sociodemographic data
• Symptoms and signs of liver disease

Blood samples
• Hematology (HumaCount 30; Human, Germany)
• Biochemistry (Humalyzer 3000; Human)
• Serology

◦ Anti-HCV (Elisys Uno; Human)
◦ Hepatitis B surface antigen (determine rapid diagnostic test; Alere, 

Waltham, MA, USA)
◦ Anti-HIV (KHB HIV 1+2 rapid diagnostic test; Shanghai Kehua Bio-

engineering, Shanghai, China)
• HCV RNA and genotype (Abbott Real-Time HCV assay; Abbott Molecular, 

Des Moines, IA, USA)
Imaging

• Abdominal ultrasound
• TE (FibroScan 402; Echosens, France)

TaBle 3. Baseline CHaraCTerisTiCs OF THe sTUDY 
sUBJeCTs (n = 80)

Characteristics n %

Women 51 64
Age (years)

<40 21 26
40-54 32 40
≥55 27 34

ALT (U/L)*
<40 35 44
40-79 29 37
≥80 15 19

AST (U/L)*
<40 35 44
40-79 25 32
≥80 19 24

Platelets (×109/L)*
<110 14 18
150-300 36 46
≥300 29 37

HCV viral load (IU/mL)†

<800,000 39 51
≥800,000 37 49

HCV genotype†

1 20 26
2 5 7
4 40 53
5 2 3
Indeterminate 9 12

TE (kPa)
≤7.9 27 34
8.0-11.7 13 16
>11.7 40 50

Coinfections‡

Hepatitis B 2 3
HIV 3 4

APRI, median (IQR)* 0.62 0.35-1.50
FIB-4, median (IQR)* 3.06 1.22-3.79

*Missing one value.
†Missing four values.
‡Missing two values.

TaBle 4. DiaGnOsTiC PerFOrManCe OF aPri anD 
FiB-4 COMPareD wiTH Te TO DeTeCT siGniFiCanT 
FiBrOsis (FiBrOsCan > 7.9 KPa) anD CirrHOsis 
(FiBrOsCan > 11.7 KPa)

Normal Versus 
Significant Fibrosis

Noncirrhosis 
Versus Cirrhosis

APRI
AUROC (95% CI) 0.84 (0.76-0.93) 0.90 (0.83-0.97)
Cutoff values 0.5 1.5 1 2
Sensitivity/Specificity 75/78 39/100 75/95 30/100
PPV/NPV 87/62 100/46 94/79 100/58

FIB-4
AUROC (95% CI) 0.79 (0.69-0.89) 0.87 (0.80-0.95)
Cutoff values 1.45 3.25
Sensitivity/Specificity 77/52 55/97
PPV/NPV 76/54 96/68
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confirmed in larger CHC cohorts in SSA. Second, there 
were few patients with coinfections with HIV or hepatitis 
B, and few patients were from malaria- and schistosomia-
sis-endemic regions, which may limit the generalizability to 
other geographical areas in SSA.

COnClUsiOn

We found that APRI and FIB-4 had good diagnostic 
properties in Ethiopian patients with CHC. APRI at a cutoff 
of 0.5 to detect significant fibrosis and 1.0 to detect cir-
rhosis appeared to have reasonable test performance to be 
used in clinical practice in the absence of TE or liver biopsy.

eTHiCs, COnsenT, anD PerMissiOns

The study was conducted in accordance with the 1975 
Declaration of Helsinki and was approved by the St. Paul’s 
Hospital Millennium Medical College Institutional Review 
Board. Written informed consent was obtained from all 
study subjects. Consent for publication was not applicable.
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The datasets used and/or analyzed during this study are 
available from the corresponding author on reasonable 
request.

Acknowledgments: We are indebted to the patients who 
participated in this study. We also acknowledge the hospi-
tal administration for support during the program and the 
nursing staff of the liver clinic for their help in recruitment 
and follow-up of patients.

COrresPOnDenCe

Asgeir Johannessen, Department of Infectious Diseases, Vestfold Hospital 
Trust, PO Box 2168, 3103 Tønsberg, Norway. E-mail: uxasoh@siv.no

reFerenCes

 1) Polaris Observatory HCV Collaborators. Global prevalence and gen-
otype distribution of hepatitis C virus infection in 2015: a modelling 
study. Lancet Gastroenterol Hepatol 2017;2:161-176.

 2) World Health Organization. Combating hepatitis B and C to reach 
elimination by 2030. Geneva: WHO; 2016.

 3) Sonderup MW, Afihene M, Ally R, et al. Hepatitis C in sub-Saharan 
Africa: the current status and recommendations for achieving elimi-
nation by 2030. Lancet Gastroenterol Hepatol 2017;2:910-919.

 4) European Association for the Study of Liver; Asociacion 
Latinoamericana para el Estudio del Higado. EASL-ALEH Clinical 
Practice Guidelines: non-invasive tests for evaluation of liver disease 
severity and prognosis. J Hepatol 2015;63:237-264.

 5) Johannessen A, Lemoine M. Is AST-to-platelet ratio index a reliable 
tool in HIV patients in Africa? Liver Int 2015;35:2059.

 6) World Population Review. Ethiopia Population 2020 (Live). Available 
from: https://world popul ation review.com/count ries/ethio pia-popul 
ation/. Published June 12, 2020.

 7) Chon YE, Choi EH, Song KJ, et al. Performance of transient elas-
tography for the staging of liver fibrosis in patients with chronic 
hepatitis B: a meta-analysis. PLoS One 2012;7:e44930.

 8) Wai CT, Greenson JK, Fontana RJ, et al. A simple noninvasive index 
can predict both significant fibrosis and cirrhosis in patients with 
chronic hepatitis C. Hepatology 2003;38:518-526.

 9) Sterling RK, Lissen E, Clumeck N, et al. Development of a simple 
noninvasive index to predict significant fibrosis in patients with HIV/
HCV coinfection. Hepatology 2006;43:1317-1325.

FIG 1 Receiver operating curves for APRI and FIB-4 to detect 
(A) significant fibrosis (FibroScan  >  7.9  kPa) and (B) cirrhosis 
(FibroScan > 11.7 kPa) in patients with CHC in Ethiopia.

mailto:uxasoh@siv.no
https://worldpopulationreview.com/countries/ethiopia-population/
https://worldpopulationreview.com/countries/ethiopia-population/


172  | CliniCal liver Disease, vOl 16, nO 4, OCTOBer 2020 An Official Learning Resource of AASLD

Noninvasive Markers of Liver Fibrosis in HCV   Desalegn et al.review

 10) Desalegn H, Aberra H, Berhe N, et al. Are noninvasive fibrosis mark-
ers for chronic hepatitis B reliable in sub-Saharan Africa? Liver Int 
2017;37:1461-1467.

 11) Lemoine M, Shimakawa Y, Nayagam S, et al. The gamma-glu-
tamyl transpeptidase to platelet ratio (GPR) predicts significant liver 

fibrosis and cirrhosis in patients with chronic HBV infection in West 
Africa. Gut 2016;65:1369-1376.

 12) Aberra H, Desalegn H, Berhe N, et al. The WHO guidelines for 
chronic hepatitis B fail to detect half of the patients in need of treat-
ment in Ethiopia. J Hepatol 2019;70:1065-1071.


