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Seroprevalence and Genotype Distribution of Hepatitis C Virus in
Mogadishu, Somalia: A Comprehensive Study
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Abstract

Liver cancer is the second-most common form of cancer among men in Somalia. However, data on
the epidemiology of hepatitis C virus (HCV) infections are limited. This study aimed to examine the basic
epidemiological characteristics of HCV infections, in Mogadishu, Somalia. In this study, anti-HCV seropositivity
was investigated in participants who applied to a tertiary care hospital in Mogadishu between 2015 and 2019
using an Architect anti-HCV immunoassay. HCV genotype determinations were performed in two different
accredited external laboratories located in Turkey. A total of 115,659 tests were included the study reported
for 102,601 different individuals and anti-HCV seropositivity were found for 1,447 different patients (1.41%).
Seropositivity was found as 0.26% among healthy individuals (20/7,789), which is a subgroup of the study
population. Furthermore, seropositivity was found in 0.26% (55/20,784) of individuals under the age of 20
years and 6.2% (424/6,837) of aged >70 years. Finally, seropositivity was significantly more prevalent among
men than among women (1.64% and 1.15%, respectively; p<0.0001). Seventy-three HCV genotypes were
determined in 71 patients, including Genotype 1la (5.48%), Genotype 1b (10.96%), Genotype 3 (31.5%),
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Genotype 4 (49.3%), and Genotype 5 (2.74%). Mixed genotypes (Genotypes 3 and 4) were detected in two
patients. This study is the most comprehensive epidemiological study carried out in Somalia since the discovery
of HCV, and also it is the first study to investigate HCV genotypes among Somali residents. We believe that
the data presented herein will contribute to the development of preventive health policies.

Keywords: Anti-HCV, Architect, Seroprevalence, Liver cancer.

Ozet

Karaciger kanseri, Somali'de erkekler arasinda en yaygin ikinci kanser tlrtdur. Ancak, hepatit C virusu
(HCV) enfeksiyonlarinin epidemiyolojisine iliskin veriler sinirlidir. Bu cgalisma, Somali Mogadisu’da HCV
enfeksiyonlarinin temel epidemiyolojik 6zelliklerini incelemeyi amaclamistir. Bu galismada 2015-2019 yillarn
arasinda Mogadisu'da lglinci basamak bir hastaneye basvuran katilmcilarda Architect anti-HCV immunoassay
ile anti-HCV seropozitifligi arastirilmistir. HCV genotip tayinleri Turkiye'de bulunan iki ayri akredite dis
laboratuvarda gergeklestirilmistir. Calismaya 102.601 farkh birey icin rapor edilen toplam 115.659 test dahil
edilmis ve 1.447 farkli hastada (%1.41) anti-HCV seropozitifligi bulunmustur. Calisma popllasyonunun bir alt
grubu olan saglikh bireylerde seropozitiflik %0.26 (20/7.789) olarak bulundu. Seropozitiflik ayrica 20 yas alti
bireylerde %0.26 (55/20.784) ve 70 yas Ustl bireylerde %6.2 (424/6.837) olarak saptandi. Son olarak,
seropozitiflik erkeklerde kadinlara gbére anlaml derecede daha ylksekti (sirasiyla %1.64 ve %1.15;
p<0.0001). Genotip 1a (%5.48), Genotip 1b (%10.96), Genotip 3 (%31.5), Genotip 4 (%49.3) ve Genotip 5
(%2.74) olmak lizere 71 hastada 73 HCV genotipi belirlendi. Iki hastada coklu genotip (Genotip 3 ve 4) varlidi
tespit edildi. Bu galisma, HCV'nin kesfinden bu yana Somali'de yuritilen en kapsamli epidemiyolojik calisma
olup, Somali‘de yerlesik halk arasinda HCV genotiplerini arastiran ilk galismadir. Burada sunulan verilerin
koruyucu saglik politikalarinin gelistirilmesine katki saglayacagina inaniyoruz.

Anahtar Kelimeler: Anti-HCV, Architect, Seroprevalans, Karaciger kanseri.

Introduction

Hepatitis C virus (HCV), which was identified
as the main cause of non-A, non-B chronic
hepatitis in 1989, is a flavivirus with a single-
stranded positive-sense RNA genome [1,2]. This
virus can lead to serious complications, such as
cirrhosis and hepatocellular carcinoma (HCC),
with a high rate of chronicity (55-85%);
furthermore, this virus is the most common
indication for chronic liver failure requiring
transplantation (40-50%) [3,4]. Although the
precise prevalence of chronic HCV infection is not
yet known, it is estimated that more than 71
million people live with chronic hepatitis C
worldwide, and this infection causes
approximately 400,000 deaths each year [5,6].
The development and successful clinical use of
direct-acting antiviral (DAA) drugs
milestones in the treatment of chronic hepatitis C
infections [7,8]. An infection with any of the HCV
genotypes can now be eliminated in more than
95% of infected people with short-term courses of
well-tolerated drugs taken orally [9,10]. The idea
that "HCV can be eradicated,” which emerged due
to the success of DAAs, was pioneered by the

were

World Health Organization (WHO) in its mission to
support health strategies with the aim of
eliminating the virus globally by 2030 [5,11].
However, the reported number of new infection
cases was higher than the number of treated
cases in 2016 [12]. It is estimated that only 20%
(14 million) of HCV cases are diagnosed
worldwide; the infection will continue to spread
through individuals who remain undiagnosed and
may remain asymptomatic for years as well as
marginalized groups who engage in risky
behaviors and often have limited access to HCV
screening and treatment [5,8]. In recent years,
the diagnostic paradigm has changed in parallel
with changing clinical needs [13]. Molecular
diagnostic tests that can determine genotypes
and provide quantitative results in the
management of HCV infections (i.e., antiviral
treatment planning and follow-up) have become
critical [14]. However, the effects of these positive
developments have remained minimal in Somalia.
Developing countries, such as Somalia, face major
challenges in achieving the diagnosis of infected
people, widespread treatment access, and
reduced treatment costs. The present study
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aimed to produce epidemiological data that can be
used to predict the prevalence of HCV infection in
Somali society and contribute to the development
of preventive public health policies. In addition,
this study aimed to present field observations of
the difficulties encountered in the diagnosis and
treatment of HCV infections in Somalia.

Material and Method

This study was approved by the Ethics
Committee of Somalia Turkey Recep Tayyip
Erdogan Education and Research Hospital
(reference numbers: MSTH/2724 for
seroprevalence research and MSTH/3399 for
genotype distribution research). Given the
retrospective nature of this study (i.e., the data
was obtained from medical records), the ethics
committee’s informed consent requirement was
waived for the present study population.

This retrospective cross-sectional study
included all patients who requested HCV tests
between June 2015 and November 2019 at
Mogadishu Somalia-Turkey Recep Tayyip Erdodan
Training and Research Hospital. Data regarding
the frequency and distribution of HCV infections
were recorded and stratified by age and gender.
Age was stratified into groups of 1-20, 21-40,
41-60, 41-60, 61-70, and >70 years old for
statistical analysis. Patients with duplicate test
results or incomplete data related to the studied
variables were excluded from the analysis.

Serological tests

Anti-HCV serological tests were performed
using an Architect anti-HCV chemiluminescence
microparticle immunoassay (Abbott Diagnostics,
Germany) on the Architect I 2000 SR system
(Abbott Diagnostics, USA). The results were
interpreted as follows: S/Co = 1.00, reactive;
S/Co < 1.00, non-reactive [15]. Some cases were
re-tested, and further controls were performed
using Healgen HCV One-Step Rapid Test Kits
(Zhejiang Orient Gene Biotech, China).

Real-time reverse transcriptase polymerase chain
reactions (PCRs) and genotyping

Tests for HCV-RNA (quantitative real-time
polymerase chain RT-PCRs) and
genotyping were performed in two external
laboratories (accredited by the Turkey Ministry of

reactions,

Health) located in Istanbul, Turkey. The
quantitative PCRs were performed with Cobas
AmpliPrep and Cobas Tagman 48 systems (Roche
Diagnostics, Germany). For the genotyping, PCR
products amplified by Montania 4896 (Anatolia
Geneworks, Turkey) and Applied Biosystems
thermal cyclers were resolved on an ABI 3130
Genetic Analyzer (Life Technologies, USA).

Statistical analysis

The data were compiled and analyzed using
SPSS v. 22.0 (IBM SPSS Statistics Version 22.0,
Armonk, NY: IBM Corp.). Chi-square tests and
Fisher's exact probability tests were used to
assess the associations of the age and gender
groups with seropositivity for the anti-hepatitis C
antibody and its genotypic distribution. Results
were considered statistically significant when
p<0.05 with a 95% confidence interval (CI).

Results
Over a four-year period, 116,721 anti-HCV
requests were identified retrospectively for

103,116 individuals. However, 458 patients did
not provide any samples, and 57 patients
provided insufficient samples and did not agree to
provide new samples. Moreover, 547 duplicate
test results were excluded from the analysis.

A total of 115,659 anti-HCV test results for
102,601 patients (54,416 male and 48,185
female) were eligible for the present study. Single
tests were reported for 94,590 individuals, and
multiple tests (ranging from 2 to 19) with
intervals longer than at least a week were
reported for 8,011 individuals. The mean age of
the participants was 36.34 * 20 years, with a
range of 0 to 109 years. Positive results were
found for 1,447 patients (1.41%), and negative
results were found for the remaining 101,154
patients. The rate of anti-HCV positivity was found
to increase with age in both men and women.

A subgroup of study participants were healthy
individuals (7,789) without any complaints. These
healthy participants request HCV testing for
different purposes including (i) candidate student
screenings, (ii) job applications, and (iii) visa
permit requirements; the majority of those in the
last group were seeking visa permits for Saudi
Arabia and Qatar.
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Table 1. Anti-HCV seropositivity by age* groups and gender in 102,601 different individuals.

41-50 51-60 61-70 71-100+ Total

F M F M F M F M F M

61 76 115 126 140 257 125|299 554 893

0.24 0.41 0.280.19 0.35 0.29 0.51 0.74 1.04 1.44 2.41 2.57 3.77 6.15 4.4 7.48 1.15 1.64

Age groups — 0-10 11-20 21-30 31-40

Anti-HCV F M F M F M F

status

Seropositive

individuals 6 16 18 15 51 50 38 54

(n: 1,447)

f/fmpos't""ty 0.34 0.23 0.32 0.62
0.26 0.42

Total tested 2,548

(n: 102,601)

1.23 2.49
1.82

5.03 6.2
5.57

1.41

3,895 6,468 7,873 14,507/16,950 7,480 7,336 5,859 5,292 4,765 4,895 3,717 4,179 2,841 3,996 48,185 54,416

*In repeat tests of the same patient, the patient’s age at the date of the first test was selected. F: female, M: male.

Table 2. Distribution of anti-HCV seropositivity in different groups by gender.

Anti-HCV status — Seropositive

F M total (%)
Patients referred from other
hospitals 3 12 15 (7.01)
Patients from refugee camps 1 2 3 (0.64)
Healthy individuals (students and 0 8 8 (0.24)
officers) ’
Healthy individuals (those seeking
international travel/work permits, 5 7 12 (0.27)

including Hajj pilgrims)
All study groups 554

F: female, M: male.

Seropositivity  was  significantly  more
prevalent among men (893/54,416 ; 1.64%) than
among women (554/48,185 ; 1.15%; p<0.0001).
Seropositivity in healthy individuals was 0.26%
(20/7,789), when two different healthy groups
(Table 2) were pooled.

A total of 73 HCV genotypes were found in 71
patients (35 female and 36 male). Genotype 1la
was found in 4 patients (5.48%), Genotype 1b
was found in 8 (10.96%), Genotype 2 was not
found, Genotype 3 was found in 23 (31.5%),
Genotype 4 was found in 36 (49.3%), and
Genotype 5 was found in 2 (2.7%). Mixed
infections (Genotypes 3 and 4) were detected in
two patients (one female and one male). The
frequency of Genotype 1b was significantly higher
among men (n=7) than among women (n=1;
p=0.030). The frequency of Genotype 3 was
higher among women (n=14) than among men
(n=9), but this difference was not statistically
significant (p=0.180).

893 1,447 (1.41) 47,631 53,523 101,154

Seronegative
F M

Total tested Age distribution

total n

5-92 (mean:
36.99 £17.6,
median 30)
0-85 (mean:
30.43 £23.5,
median 26)
14-64 (mean:
23.5 £4.8,
median 22)
0-76 (mean:
27.56 £8.2,
median 25)
0-109 (mean:
36.34 +£20,
median 30)

79 120 199 214

224 243 467 470

28 3246 3274 3282

2603 1892 4495 4507

102,601

Discussion

Approximately 1% of the world’s population
is infected with HCV, and the highest prevalence
(2.3%) of HCV infection was observed in the
Eastern Mediterranean Region (EMR),
includes Somalia [5,6]. In a 2019 study, policy
indicators for the elimination of viral hepatitis
were examined in 66 countries and 11 regions
with the heaviest infection burdens; Somalia
received the lowest score for HBV, and Somalia,
Sudan, and Yemen received the lowest scores for
HCV (no policy indicator) [16]. It is difficult to
determine the frequency of HCV infections and the
burden of related diseases in Somalia due to the
limited number of relevant studies in the
literature, many of which involved small groups
and were carried out 25-30 years ago [17]. The
difficulties limiting the determination of HCV
prevalence in this region led researchers to create
meta-analysis models with the aim of
investigating population subgroups to guide

which
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research, policy, and programming priorities for
HCV prevention, control, and treatment [18]. In
an EMR report published by the WHO in November
2020, an anti-HCV seroprevalence of 0.9% was
estimated for the general population of Somalia
[19].

In a systematic review and meta-analysis
conducted in 2018 [20], which covered 12 studies
of HCV conducted in Somalia or with Somali
immigrants, the overall combined prevalence of
HCV was estimated to be 4.84% (95% CI: 3.02-
7.67%). In this review [20], the sizes of the study
groups examined for HCV varied between 76 and
2,012 individuals. The high estimates of this
review may have been due to the fact that many
Somali immigrants are patients. In this review,
the prevalence rates of blood donors, risk groups,
children, and patients with chronic liver disease
were 0.87%, 2.43%, 1.37%, and 29.8%,
respectively [20].

The present study was conducted in the
community of Mogadishu—Somalia’s most
populous city—and included more individuals than
all previous studies of HCV in this area combined.
The study group included more than 100,000
people from different age groups and had a
general anti-HCV seroprevalence of 1.41%.
Considering that 6,443 individuals were screened
(0.34% positivity), including the population under
10 years old, we can say that these data are
valuable in understanding the prevalence of HCV
infection in the general population. Although the
vast majority of our study group consisted of
people who applied to the hospital for the
treatment of other diseases, this group was
epidemiologically valuable because it included
7,789 healthy people as well as many people who
were screened prior to medical procedures,
including surgical procedures (Table 2). When the
study group was examined in 20-year age
intervals, we observed a regular increase in
seropositivity from 0.26% to 0.42%, 1.82%, and
finally 5.57% (Table 1). Anti-HCV test results
indicating low positivity (close to the cut-off
value) are common problems in routine diagnostic
laboratories and are especially common in regions
with low HCV seroprevalence (<3%) [21-24]. One
recent (2019) study examined samples with low
positivity to compare several widely used anti-

HCV test platforms and arrived at an S/Co value
of 3.13 (95% CI: 2.69-3.65) for the Architect
anti-HCV test; the test repetitions were
significantly reduced, achieving an absolute
positivity rate of 97.35% [15]. The small number
of low positive results in our study were re-tested
and re-evaluated.

Another approach to understanding the
epidemiology of infectious diseases in the Somali
population is to consider data obtained from
Somali immigrants who settled mainly in
American and European countries. One study
conducted in 2012 examined immigrant patients
from Somalia (854 patients) and other countries
(12,654 patients) who were living in Minnesota
and treated for various diseases at Mayo Clinic
[25]. The highest seropositivity rate in non-
Somali immigrants was
between the ages of 40 and 60 years, and a
decline in seropositivity was observed in those
over the age of 60; in contrast, Somali immigrants
exhibited increased seropositivity with age (from
0.00% to 0.27%, 13.1%, and finally 30.9% in 20-
year age intervals), as in the present study [25].
In a study conducted in 1994 [26], the rate of
seropositivity among immigrants from Somalia in
Italia under the age of 40 years was very low
(2.2%), while that of individuals over the age of
40 years was significantly higher (15.4%). These
findings may indicate that a factor related to HCV
transmission in Somalia existed in the past and
that its effect has decreased in recent years.

observed in those

The WHO reported [19] that many countries
in the EMR, including Somalia, face difficulties in
the implementation of healthcare safety
measures, including blood donation screenings,
medical equipment sterilization, and single-use
needles and syringes. This is a major risk factor
for HCV transmission in these countries. It should
be noted that our hospital meets all the standards
for tertiary inpatient treatment centers in Turkey.
The implementation of common traditional
practices (e.g., traditional phlebotomy called
hijama) and emergency blood transfusions in
unfavorable conditions has also been associated
with HCV transmission in the Somali population
[17,27,28]. In a previous study, the anti-HCV
seropositivity rate in Somalia was found to be
1.7% (4/236) in a group exhibiting risky
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behaviors for sexually transmitted diseases, and
it was concluded that sexual transmission of HCV
is a low probability for Somalia [29]. Although
there is evidence of intravenous drug use in
Somalia, the ratio of intravenous drug users to the
total population in Somalia is estimated to be the
lowest among the EMR countries (0.02%) [19].
The use of khat (chat or khat; Catha edulis
Forsskal)—an addictive stimulant plant—is
common in Somalia, but intravenous drug use is
rare [19,30,31]. Although the use of khat is more
common among people with HCV infections [32],
it is also common in the general population
(especially among people who exhibit risky
behaviors) and is not a strong risk factor like
intravenous drug use.

Of all the cancers seen in Somalia, HCC is the
second-most common in men (10.5%) and the
sixth-most common in women (4.8%) [31]; this
may indicate that HCV infections are more
common in Somali men than in Somali women.
Compared to the worldwide (HCC is fifth and ninth
most common cancer in men and women), HCC is
more common among all cancers in Somalia; this

may be related to limited treatment access in
Somalia [33].

Determining the pre-treatment HCV
genotype is one of the most important steps in
HCV infection management, as it guides the
determination of treatment duration and is
accepted as the strongest indicator of a persistent
viral response [14,34]. While the most common
genotype in the world is Genotype 1, with a
prevalence of 46.2%, data obtained from
neighboring countries and studies of Somali
immigrants have indicated that Genotypes 3 and
4 are more common in Somalia (Table 3)
[25,30,34,35]. The present study was the first
genotyping study performed in a population living
in Somalia. The most common genotype in the
present study was Genotype 4, and the second-
most common was Genotype 3;
consistent with the results of previous studies of
Somali immigrants. Furthermore, the present
study included the first data on the subtypes of
Genotype 1 (Table 3). The frequency of Genotype
1b was significantly higher in men than in women
(p=0.030).

this was

Table 3. Genotype distribution in the present study and the results of other studies of Somali immigrants.

Genotypes Genotype distribution Genotype distribution in Somali immigrants Worldwide
P(ﬁzzra‘zlsst:j)y A% B* o pooled (A+B+C)  D*
Genotype 1 12 (16.4%) 8 (22.2%) 18 (23.1%) 8 (15.1) 34 (20.4%) 46.2%
Genotype 2 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 9.1%
Genotype 3 23 (31.5%) 10 (27.8%) 20 (25.6%) 12 (22.6%) 42 (25.1%) 30.1%
Genotype 4 36 (49.3%) 17 (47.2%) 38 (48.7%) 29 (54.7%) 84 (50.3%) 8.3%
Genotype 5 2 (2.74%) 1 (2.78%) 2 (2.56%) 3 (5.66%) 6 (3.59%) 0.8%
Genotype 6 0 (0.0%) 0 (0.0%) Not studied 0 (0.0%) 0 (0.0%) 5.4%
Unknown - - - 1 (1.89%) 1 (0.6%) -
Total 73 36 78 53 167 ~ 71 million

F: female, M: male. *References; A [25], B [35], C [30], D [34].

The use of HCV-RNA tests is becoming more
widespread in the verification of suspicious
positive serological test results; these tests are
more sensitive than serological methods and
enable more accurate evaluations of infected and
immunocompromised individuals during the
window period [21,13]. The determination of
basal viral load with quantitative HCV-RNA tests,
antiviral resistance monitoring, and HCV genotype
determination have also become routine parts of

HCV diagnosis, as these methods may serve to
guide treatment decisions [14,21]. However, the
use of molecular diagnostic tests is not common
in Somalia, only applied for tuberculosis in WHO
Tuberculosis Treatment Centers and for SARS-
CoV-2 in a state laboratory. Some routine
molecular diagnostic testing are carried out with
great difficulty in external laboratories located in
other countries (e.g., Turkey and Kenya), even for
major infectious agents such as hepatitis B and C.
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Conclusion

The present study reflected upon the
distribution of HCV infection among several
groups in the Somali population, including:
different age, year, and gender groups; healthy
students; a healthy group of official employees
(the majority of which were young men); and a
healthy group of individuals who applied for travel

permits ranging widely in age (the majority of
Furthermore, genotype
distribution data was revealed for the first time for
the settled Somali population. We believe that our
comprehensive study results will contribute to the
development of preventive policies and priorities
for the reduction of HCV infections and the
associated disease burden in Somalia.

which were women).

Conflict of interest: The authors declare that there is no conflict of interest. The authors alone are responsible
for the content and writing of the paper. Financial disclosure: There is no financial support to this study.

References

1. Choo QL, Kuo G, Weiner AJ, Overby LR, Bradley DW,
Houghton M. Isolation of a cDNA clone derived from a
blood-borne non-A, non-B viral hepatitis genome.
Science 1989; 244(4902): 359-62. [Crossref]

2. Cebeci I, Tanoglu A, Sahiner F, Ozel M, Oncii K,
Yazgan Y, et al. Evaluation of the parameters that can
be effective on the response to antiviral treatment in
patients with chronic hepatitis C. Gulhane Med ] 2015;
57(4): 373-7. [Crossref]

3. Zingaretti C, De Francesco R, Abrignani S. Why is it
so difficult to develop a hepatitis C virus preventive
vaccine? Clin Microbiol Infect 2014; 20 Suppl 5: 103-9.
[Crossref]

4. Wilkins T, Akhtar M, Gititu E, Jalluri C, Ramirez J.
Diagnosis and Management of Hepatitis C. Am Fam
Physician 2015; 91(12): 835-42.

5. World Health Organization (WHO), Geneva,
Switzerland. Global Hepatitis Report, 2017. Available
at: https://www.who.int/hepatitis/publications/global-
hepatitis-report2017/en/ [Accessed November 11,

2020].
6. World Health Organization (WHO), Geneva,
Switzerland. Hepatitis C. Available at:

https://www.who.int/news-room/fact-
sheets/detail/hepatitis-c  [Accessed November 11,
2020].

7. Zoulim F, Liang TJ, Gerbes AL, Aghemo A, Deuffic-
Burban S, Dusheiko G, et al. Hepatitis C virus treatment
in the real world: optimising treatment and access to
therapies. Gut 2015; 64(11): 1824-33. [Crossref]

8. Bailey JR, Barnes E, Cox AL. Approaches, Progress,
and Challenges to Hepatitis C Vaccine Development.
Gastroenterology 2019; 156(2): 418-30. [Crossref]

9. Bartenschlager R, Baumert TF, Bukh ], Houghton M,
Lemon SM, Lindenbach BD, et al. Critical challenges and
emerging opportunities in hepatitis C virus research in
an era of potent antiviral therapy: Considerations for
scientists and funding agencies. Virus Res 2018; 248:
53-62. [Crossref]

10. Franco RA, Galbraith JW, Overton ET, Saag MS.
Direct-acting antivirals and chronic hepatitis C: towards
elimination. Hepatoma Res 2018; 4: 74. [Crossref]

11. WHO. Global health sector strategies on viral
hepatitis 2016-2021. Available from:
https://www.who.int/hepatitis/strategy2016-
2021/ghss-hep/en/. [Accessed November 28, 2018].
12. Hill AM, Nath S, Simmons B. The road to elimination
of hepatitis C: analysis of cures versus new infections in
91 countries. J Virus Erad 2017; 3(3): 117-23.

13. Cloherty G, Talal A, Coller K, Steinhart C, Hackett ]
Jr, Dawson G, Rockstroh J, Feld J. Role of Serologic and
Molecular Diagnostic Assays in Identification and
Management of Hepatitis C Virus Infection. ] Clin
Microbiol 2016; 54(2): 265-73. [Crossref]

14. Shah H, Bilodeau M, Burak KW, Cooper C, Klein M,
Ramji A, et al; Canadian Association for the Study of the
Liver. The management of chronic hepatitis C: 2018
guideline update from the Canadian Association for the
Study of the Liver. CMAJ] 2018; 190(22): E677-E687.
[Crossref]

15. Ha J, Park Y, Kim HS. Signal-to-cutoff ratios of
current anti-HCV assays and a suggestion of new
algorithm of supplementary testing. Clin Chim Acta
2019; 498: 11-15. [Crossref]

16. Palayew A, Razavi H, Hutchinson SJ], Cooke GS,
Lazarus JV. Do the most heavily burdened countries
have the right policies to eliminate viral hepatitis B and
C? Lancet Gastroenterol Hepatol 2020; 5(10): 948-53.
[Crossref]

17. Chaabna K, Kouyoumjian SP, Abu-Raddad LJ.
Hepatitis C Virus Epidemiology in Djibouti, Somalia,
Sudan, and Yemen: Systematic Review and Meta-
Analysis. PLoS One 2016; 11(2): e0149966. [Crossref]
18. Chaabna K, Mohamoud YA, Chemaitelly H, Mumtaz
GR, Abu-Raddad LJ. Protocol for a systematic review
and meta-analysis of hepatitis C virus (HCV) prevalence
and incidence in the Horn of Africa sub-region of the
Middle East and North Africa. Syst Rev 2014; 3: 146.
[Crossref]

121


https://doi.org/10.1126/science.2523562
https://doi.org/10.5455/gulhane.157282
https://doi.org/10.1111/1469-0691.12493
https://doi.org/10.1136/gutjnl-2015-310421
https://doi.org/10.1053/j.gastro.2018.08.060
https://doi.org/10.1016/j.virusres.2018.02.016
https://doi.org/10.20517/2394-5079.2018.94
https://doi.org/10.1128/JCM.02407-15
https://doi.org/10.1503/cmaj.170453
https://doi.org/10.1016/j.cca.2019.08.002
https://doi.org/10.1016/S2468-1253(20)30011-X
https://doi.org/10.1371/journal.pone.0149966
https://doi.org/10.1186/2046-4053-3-146

Ali Adam A, et al. J Mol Virol Immunol 2021; 2(3): 115-122.

19. World Health Organization (WHO), Geneva,
Switzerland. AIDS and sexually transmitted diseases:
Epidemiology of hepatitis C virus in the WHO Eastern
Mediterranean Region. Available at:
http://www.emro.who.int/asd/asd-
infocus/epidemiology-of-hepatitis-c-virus-in-the-who-
eastern-mediterranean-region.html [Accessed
November 13, 2020].

20. Hassan-Kadle MA, Osman MS, Ogurtsov PP.
Epidemiology of viral hepatitis in Somalia: Systematic
review and meta-analysis study. World J Gastroenterol
2018; 24(34): 3927-57. [Crossref]

21. Sahiner F, GUmral R. Laboratory Diagnosis of
Hepatitis C Infections, Difficulties and Current
Diagnostic Algorithm. Flora 2020; 25(2): 139-53.
[Crossref]

22, Alter MJ, Kuhnert WL, Finelli L; Centers for Disease
Control and Prevention. Guidelines for laboratory
testing and result reporting of antibody to hepatitis C
virus. Centers for Disease Control and Prevention.
MMWR Recomm Rep 2003; 52(RR-3): 1-13.

23. Centers for Disease Control and Prevention (CDC),
Atlanta, Georgia, USA. Interim U.S. Morbidity and
Mortality Weekly Report (MMWR): Testing for HCV
Infection: An Update of Guidance for Clinicians and
Laboratorians. Available at:
https://www.cdc.gov/mmwr/preview/mmwrhtml|/mm6
218a5.htm [Accessed November 11, 2020].

24. Kim S, Kim JH, Yoon S, Park YH, Kim HS. Clinical
performance evaluation of four automated
chemiluminescence immunoassays for hepatitis C virus
antibody detection. J Clin Microbiol 2008; 46(12): 3919-
23. [Crossref]

25. Shire AM, Sandhu DS, Kaiya JK, Oseini AM, Yang
JD, Chaiteerakij R, et al. Viral hepatitis among Somali
immigrants in Minnesota: association of hepatitis C with
hepatocellular carcinoma. Mayo Clin Proc 2012; 87(1):
17-24. [Crossref]

26. Faustini A, Franco E, Saitto C, Cauletti M, Zaratti L,
Papini P, et al. Hepatitis A, B, C and D in a community
in Italy of immigrants from NE Africa. J Public Health
Med 1994; 16(1): 71-8. [Crossref]

27. Abid K, Quadri R, Veuthey AL, Hadengue A, Negro
F. A novel hepatitis C virus (HCV) subtype from Somalia
and its classification into HCV clade 3. J Gen Virol 2000;
81(Pt6): 1485-93. [Crossref]

28. Adair R, Nwaneri O. Communicable disease in
African immigrants in Minneapolis. Arch Intern Med
1999; 159(1): 83-5. [Crossref]

29. Watts DM, Corwin AL, Omar MA, Hyams KC. Low
risk of sexual transmission of hepatitis C virus in
Somalia. Trans R Soc Trop Med Hyg 1994; 88(1): 55-6.
[Crossref]

30. Elwir S, Anugwom C, Connor EK, Giama NH,
Ndzengue A, Menk ], et al. Barriers in Hepatitis C
Treatment in Somali Patients in the Direct Acting
Antiviral Therapy Era. J Natl Med Assoc 2018; 110(6):
556-9. [Crossref]

31. Tahtabasi M, Mohamud Abdullahi I, Kalayci M, Gedi
Ibrahim I, Er S. Cancer Incidence and Distribution at a
Tertiary Care Hospital in Somalia from 2017 to 2020:
An Initial Report of 1306 Cases. Cancer Manag Res
2020; 12: 8599-611. [Crossref]

32. Bile K, Aden C, Norder H, Magnius L, Lindberg G,
Nilsson L. Important role of hepatitis C virus infection
as a cause of chronic liver disease in Somalia. Scand J
Infect Dis 1993; 25(5): 559-64. [Crossref]

33. World Health Organization (WHO), Geneva,
Switzerland. Cancer Today: Estimated age-
standardized incidence rates (World) in 2018. Available
at: https://gco.iarc.fr/today/home [Accessed
November 13, 2020].

34. Daw MA, El-Bouzedi A, Ahmed MO, Dau AA, Agnan
MM; In association with the Libyan Study Group of
Hepatitis & HIV. Epidemiology of hepatitis C virus and
genotype distribution in immigrants crossing to Europe
from North and sub-Saharan Africa. Travel Med Infect
Dis 2016; 14(5): 517-26. [Crossref]

35. Messina JP, Humphreys I, Flaxman A, Brown A,
Cooke GS, Pybus OG, et al. Global distribution and
prevalence of hepatitis C virus genotypes. Hepatology
2015; 61(1): 77-87. [Crossref]

122


https://doi.org/10.3748/wjg.v24.i34.3927
https://doi.org/10.5578/flora.69018
https://doi.org/10.1128/JCM.01603-08
https://doi.org/10.1016/j.mayocp.2011.08.001
https://doi.org/10.1093/oxfordjournals.pubmed.a042938
https://doi.org/10.1099/0022-1317-81-6-1485
https://doi.org/10.1001/archinte.159.1.83
https://doi.org/10.1016/0035-9203(94)90495-2
https://doi.org/10.1016/j.jnma.2018.02.002
https://doi.org/10.2147/CMAR.S277202
https://doi.org/10.3109/00365549309008543
https://doi.org/10.1016/j.tmaid.2016.05.020
https://doi.org/10.1002/hep.27259

