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Abstract

Background: Transfusion transmissible infections (TTls) remain a major public health problem in developing coun-
tries including Ethiopia. In Ethiopia, comprehensive information about sero-epidemiology of major TTls is lacking at
the national level. Therefore, this systematic review and meta-analysis was aimed at providing the pooled estimate of
human immunodeficiency virus (HIV), hepatitis B virus (HBV), hepatitis C virus (HCV) and syphilis among blood donors
in Ethiopia.

Methods: Relevant studies published until May 31, 2019 were searched through PubMed/Medline, EMBASE, SCO-
PUS, HINARI, Cochrane database library, Web of Science, Google Scholar and Google. The methodological quality of
articles was assessed using Joanna Brigg’s Institute critical appraisal checklist for prevalence and analytical studies. The
pooled sero-epidemiology of HIV, HBV, HCV and syphilis were determined using the random-effects model. Heteroge-
neity between the studies was assessed using the |2 statistics. Publication bias was assessed by visual inspection of the
funnel plot and Egger’s statistics.

Results: A total of 7921 articles were retrieved, and 7798 were screened for eligibility after duplicates removed. Forty-
nine full-text articles were assessed for eligibility; of which 45 were eligible for qualitative and quantitative synthesis:
categorized as 36, 34, 31 and 23 studies for estimations of HBV, HIV, HCV and syphilis, respectively. In the random-
effects model, the pooled sero-epidemiology of HBV, HIV, HCV and syphilis was 5.20, 2.83, 0.93 and 1.50%, respectively.
Moreover, being a male blood donor was significantly associated with HBV and syphilis infection, whereas being a
replacement blood donor was significantly associated with a high burden of HIV, HBV and HCV infections.

Conclusion: The pooled sero-epidemiology of major TTls among blood donors was high. Therefore, there is a need
to design prevention and control strategies in a comprehensive approach to reduce the burden.
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part of the standard care to save a life. Because of this,
blood transfusion is considered as an integral and essen-
tial element of a health care system [1, 2]. Though blood
transfusion is one of the ways to save patients’ life in
many cases, sometimes it poses the risk of TTIs. Supply-
ing safe blood and preventing the transmission of infec-
tious diseases are among the utmost important goals for
blood transfusion organization [1]. Transfusion-trans-
missible infectious agents mainly HIV, HBV, HCV, and
syphilis are among the greatest threats for the receivers if
not rigorously screened [3].

According to the World Health Organization (WHO)
2016 report, the reactivity for markers of TTIs, out-
dated stock, and incomplete collection were the main
reasons for the discard of donated blood. The median
total discard rate was 10.9, 9.0, 6.7 and 5.7% in lower-
middle-income, low-income, upper-middle-income, and
high-income countries, respectively. Markers of TTIs
are the most common reason for the discard, which
accounted for a median discard rate of 7.4, 5.1, 3.9 and
1.1% in low-income, lower-middle-income, upper-mid-
dle-income, and high-income countries, respectively.
Globally, it is estimated that 1.8 million donated blood
were discarded due to TT1Is reactivity in 2013 [4].

On another hand, according to the WHO report of
2020, 37.6 million people were living with HIV globally,
with over two-thirds of who are living in the WHO Afri-
can region. Some portion of HIV infection was through
transfusion of blood and blood products. Similarly,
reports from Sub-Saharan Africa showed that the median
overall risk of becoming infected with HIV from a blood
transfusion is 1 infection per 1000 units [5], and risk for
12.5% of post-transfusion viral hepatitis infection [6].

Viral hepatitis is the other global health burden. More
than one million people die each year from HCV and
HBV infections. According to the WHO 2017 report,
chronic HBV infection affects over 257 million people
worldwide. On the other hand, HCV is a leading cause
of chronic liver disease, and persistent HCV infection is
associated with cirrhosis, hepatocellular carcinoma, liver
failure, and death [7]. Globally, the sero-prevalence of
HCV ranges from 2 to 3%, with an estimated 71.1 mil-
lion patients with active viremia, where 10.15 million are
from sub-Saharan Africa [8]. Recent systematic review
and meta-analysis showed that HCV was estimated to be
1.78% among blood donors in sub-Saharan Africa [9]. On
the other hand, syphilis was also associated with blood
donation, and its sero-prevalence among blood donors
varies in Africa [10-13].

Implementing rigorous screening algorism of donated
blood and blood products for markers of TTIs is the
strategy to ensure the safety of blood donation. How-
ever, the risk of post-transfusion hepatitis and HIV
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is challenging in Sub-Saharan African countries; and
patients who received blood transfusion develop post-
transfusion hepatitis and HIV [5, 6]. Therefore, pre-
vention and control of TTIs is the leading concern and
priority agenda of WHO in Sub-Saharan Africa [14] and
also the Ethiopian Federal Ministry of Health [15].

Systematic review and meta-analysis generates pooled
and concrete evidence that would help to determine the
distribution of the TTIs and contributes to planning the
national strategies for containment and awareness-rais-
ing campaigns as well as to design specific preventive
measures. As to the authors’ knowledge, limited system-
atic and meta-analysis were reported, each focusing on a
single TTI type [16, 17]. Thus, systematically organized
and strong evidence with regard to the sero-epidemiology
and associated factors of the major TTIs among blood
donors in Ethiopia is crucial. Therefore, the aim of this
review was to estimate the epidemiology of TTIs among
blood donors in Ethiopia by: (a) performing a systematic
literature review, and (b) performing a meta-analysis on
TTIs sero-prevalence and commonly reported risk fac-
tors of TTIs.

Methods

Context of the review

The context of this systematic review was limited to
blood donors in Ethiopia. Ethiopia is one of the devel-
oping countries located in the sub-Saharan and horn of
Africa having more 100 million people with an area of
1,100,000 km™.

Design and protocol registration

The Preferred Reporting Items for Systematic Reviews
and Meta-Analysis Protocols (PRISMA-P 2015 Guide-
lines) was used for this review [18]. The protocol had
been registered in the PROSPERO with a registration
number CRD42018076616.

Eligibility criteria

Primary studies with full-text original articles written in
English up to May 31, 2019 and having extractable data
on sero-epidemiology of and/or factors associated with
HIV, HBV, HCV and syphilis among blood donors in
Ethiopia were included in the review. However, studies
conducted among Ethiopian blood donors living abroad,
repeated studies used the same dataset, and studies
focused on the molecular Epidemiology of TTIs, case—
control studies, case reports, case series and editorials
were excluded from this review.

Outcomes of the review
This review had two outcomes. The first outcome was to
determine the pooled sero-epidemiology of HIV, HBV,
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HCYV and syphilis among blood donors in Ethiopia. The
secondary outcome was to identify factors associated
with the sero-epidemiology HBV, HIV, HCV and syphilis.

Search strategy

All relevant articles published were searched in Pub-
Med/Medline, EMBASE, HINARI, SCOPUS, Cochrane
database library, Google Scholar and Web of Sciences
electronic databases. In addition, we searched grey lit-
erature in Goggle. The search terms were developed in
accordance with the Medical Subject Headings Thesau-
rus (MeSH), and Boolean operators (AND, OR) were
used for searching the articles. The following terms in
combination with free text key terms; “transfusion trans-
missible infections’, “transfusion transmissible diseases’,
“transfusion transmissible viral hepatitis’, “Transfusion
transmitted infections”, “Transfusion transmitted viral
hepatitis’, “HIV’, “Hepatitis B virus’, “TTIs” “Hepatitis C
virus” “Syphilis’, “T.pallidum’, “blood donor” and “Ethio-
pia” were used. Also, hand searching of articles published
in the Ethiopian Journal of Health Sciences, Ethiopian
Medical Journal, Ethiopian Journal of Health and Devel-
opment, and Ethiopian Journal of Health and Biomedi-
cal Sciences was conducted. Reference lists of relevant
retrieved articles were used to identify any studies that
were not retrieved through electronic database searching.

Study selection and quality appraisal

First, retrieved articles were imported to EndNote X7
(Thomson Reuters, New York, USA), and duplicated
articles were removed electronically, and manually if the
citation style variation of different databases were noted.
Then, articles were screened by their title and abstract
independently by two groups comprising four authors
each: group one (MM, ZA, MA, BB), and group two (SA,
ES, BW, DG). Similarly, the two groups of authors had
appraised the full-texts of the studies and in case of dis-
crepancies, it was resolved by the third group of authors
(BE, BT, TD, DD, TT, AK). In the case of articles eligible
for full-text appraisal but not accessible in full text, the
corresponding author communicated with the journal
editorial office and/or publishers via email and/or phone.
For assessment of the methodological quality of articles,
the Joanna Brigg’s Institute critical appraisal tools for
prevalence and analytical studies were used [19, 20].

Data extraction

The data were extracted using Microsoft Excel format.
Accordingly, the following pieces of information were
collected: first author’s name, year of publication, year of
data collection, length of the data collection period, sam-
pling techniques (blood donors recruitment strategy), a
diagnostic method used, total population participated,
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the number of blood donors who were sero-reactive
for HIV, HBV, HCV and syphilis, blood donors type,
median/mean age of the study participants, sex of study
participants, and the number of male and female blood
donors who were sero-reactive and non-reactive, sero-
reactivity for each TTIs by donor type, and the reported
odds ratio (OR) for the respective TTIs.

Data analysis and interpretation

We used STATA version 14 software (Stata Corp LLC,
Texas, USA) for analysis. The magnitude of heterogene-
ity between included studies was quantitatively measured
by the index of heterogeneity (I* statistics) [21]. Low,
medium and high heterogeneities were noted where the
I? values are 25%, 50% and 75%, respectively. The signifi-
cance of heterogeneity was determined by the P-value
of I? statistics and a P-value of <0.05 was considered as
evidence of heterogeneity. In the case of a medium and
high level of heterogeneity between the included studies,
Dersimonian and Laird random-effects model [22], sensi-
tivity and subgroup analysis were used for estimating the
pooled effect size. Considering the median year of sample
collection as a factor, univariable random-effects meta-
regression was performed to evaluate the trend of TTIs
sero-prevalence over time.

Similarly, small-study effect or publication bias was
evaluated using the visual funnel plot test, and Egger’s
statistics. In the case of small-study effect, trim and fill
analysis (Duval and Tweedie’s methods) was used to
adjust the pooled estimates [23]. The ORs were extracted
from the articles when reported, or calculated for each
of the reported variables and pooled in a meta-analy-
sis. Then OR with its 95% confidence interval was used
to estimate the association between each TTIs and the
reported factors. The results were presented using text
and plots.

Results

Characteristics of included studies

A total of 7921 records were retrieved; of which 123
articles were removed due to duplication. During title/
abstract screening, 7749 articles were also removed as
their titles and abstracts were not relevant to the cur-
rent review. One article eligible for full-text appraisal was
excluded as the full-text article was not accessible after
repeated contact of the corresponding author via email,
and the journal editorial office [24]. The remaining 49
full-text articles were assessed for eligibility.

Out of the total studies that underwent critical
appraisal, 4 were excluded: 1 study did not report the epi-
demiology HBV infection [25]; 1 study the sample size
is too small for epidemiological estimation [26]; 1 study
did not clearly report the outcome interest [27], and the



Melku et al. BMC Infect Dis (2021) 21:778

other study authored by Dessie et al. in 2008 [28] was a
duplicate publication from the same dataset published in
2007 [29]. The remaining 45 studies were included in the
qualitative and quantitative synthesis (Fig. 1).

Regarding the type of literature included in this review,
43 (95.6%) articles were published studies, and the rest
were grey literature [30, 31], which involved a total
4,441,920 study participants. Twenty-four (53.3%) and
21 (46.7%) of the included studies were retrospective and
prospective studies, respectively. Concerning the regions
where these studies conducted, 17 (37.8%), 6 (13.3%), 6
(13.3%) and 5 (11.1%) of the studies were conducted in
Ambhara, Addis Ababa, South Nations and Nationalities,
and Oromia regional state, respectively; whereas 4 (8.9%)
of the studies were sub-national level studies.

Of all included studies, 36 reported HBV [3, 13,
29-62]; 34 reported HIV [3, 13, 29-33, 35-38, 42, 43,
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45, 46, 48-58, 60-68]; 31 reported HCV [3, 13, 29-33,
35-38, 41-43, 45-51, 54, 55, 57, 58, 60-62, 69, 70];
and 23 reported syphilis [3, 13, 29-31, 33, 35, 36, 38,
42, 43, 45, 46, 49-52, 54, 57, 58, 60, 68, 71] prevalence
among blood donors in Ethiopia. Regarding the dis-
tribution of each TTIs with sex and donor type of the
study participants, it was found as follows: of 36 stud-
ies reported HBV, 24 and 9 reported sex and donor
type, respectively; of 34 studies reported HIV, 24 and 8
studies reported sex and donor type, respectively; of 31
reported HCV, 19 and 7 reported sex and donor type,
respectively; and of 23 studies reported syphilis, 14
and 5 studies reported sex and donor type, respectively
(Table 1).

~—
_S Records identified through Additional records identified
E database searching through other sources
&= (n=7915) (n=6)
=
§ 1 1
N’ Records after duplicates removed
(n=7798)
4
§ Records screened Records excluded
S (n=7798) (n =7749)
)
— Full-text artic!ef. ‘assessed Full-text articles excluded,
for eligibility > with reasons
- (n = 49) (n - 4)
= 1: Did not report
;.E. epidemiology of HBV
b Studies included in 1: Sample size is too small
qualitative synthesis 1: Did not report outcome of
__J (n =45) interest
1: Duplicated publication
e from the same dataset
Studies included in
quantitative synthesis (meta-
T analysis)
E (n = 45)
Tca [HIV: n=34]
= [HBV: n=36]
[HCV: n=31]
[Syphilis: n=23]
-/
Fig. 1 PRISMA flow diagram of studies reviewed, screened and included
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%

Author Year ES (95% Cl) Weight
Amhara 1
Asrie F et al 2016 —_—— 2.51(1.21, 3.81 2.51
Sharew B et al 2017 1 - 5.07 (4.63, 5.52 3.27
Deressa T et al 2018 L J 1 0.25(0.14, 0.35 3.40
Tessema B et al 2010 1 | 3.76 (3.29, 4.22 3.26
Birhan W et al Unpublished L d . 0.41 (0.01, 0.80 3.30
Biadgo B et al 2017 * 2.15(1.80, 2.50 3.32
Kassu A et al 2006 X 9.90 (9.35, 10.45) 3.20
Rahlenbeck SL etal 1997 14.50 513.03, 15.98) 2.33
Diro £ otal 2008 —— T IR IR

iroEeta . .84, 6. .
Shiferaw E et al 2019 L 4 ! 0.45 (0.38, 0.52§ 3.41
Berhanu S et al 2018 L 1 0.41 (0.27, 0.56 3.39
Nogash Motal 2019 —— 2%B(8E0 a5 ) 506

egas eta . .82, 4. .
Tigabu A et al 2019 < 2.46 52.06, 2.85; 3.30
Subtotal (I-squared = 99.5%, p = 0.000) | <> 4.41 (3.50, 5.32 42.67
Harar/Dire Dawa :
Teklemariam Z et al 2018 L 4 . 0.55 (0.42, 0.69 .40
Ataro Z et al 2018 & 1.24 (0.97, 1.51 3.36
Heyredin | et al 2019 - 1.40 (0.37,2.43 2.78
Subtotal (l-squared = 90.6%, p = 0.000) <O : 0.98 (0.39, 1.58 .54
Addis Ababa !
Seyoum E et al 2005 ——— 4.17 (2.23, 6.11 1.90
Terefe JE et al Unpublished ® | 1.64 (1.58, 1.70 3.41
Zawde D et al 1991 —_—— 2.95(1.30, 4.59 217
Subtotal (I-squared = 77.5%, p = 0.012) > 2.69 (1.14,4.24 7.48
- 1
South Ethiopia |
Ambachew H et al 2018 - | .70 (1.16, 2.23 3.21
Berhanselase M 2016 e 1.60 (1.29, 1.91 3.34
Biseteg FS et al 2016 —— 6.41 (3.98, 8.84 1.52
Bonja F et al 2017 — 1.56 (0.32, 2.80 2.57
Azerefegn E et al 2018 & ! 1.26 (0.99, 1.52 3.36
Subtotal (I-squared = 79.8%, p = 0.001) <o : 1.72 (1.18, 2.26 14.00
-Tigrai 1
Degefa B et al 2018 ® | 1.03 50.84, 1.23; 3.38
Subtotal (I-squared =.%, p =) o 1.03 (0.84, 1.23 3.38
. 1
Somalia .
Abate M et al 2016 <> 3.16 (2.75, 3.58 .29
Mohammed Y etal 2016 L 0.14 (0.03, 0.26 3.40
Subtotal (I-squared = 99.5%, p = 0.000) <F:,‘>- 1.65 (-1.32, 4.61) 69
Oromia !
Kebede W et al 2017 L 4 ! 0.21 (0.13, 0.30 3.40
Yemi A et al 2011 L 2.13(1.76, 2.49 3.32
Ramos JM et al 2008 <$ | 1.54 (1.12, 1.96 3.29
Ramos JM et al 2016 ® | 0.73 (0.40, 1.06 3.33
Subtotal (I-squared = 97.8%, p = 0.000) <> 1.14 (0.22, 2.06 13.34
. 1
National 1
Sentjens RE et al 2002 | - 5.94 55.03, 6.85; 2.90
Subtotal (I-squared =.%, p = .) , <> 5.94 (5.03, 6.85 2.90
Overall (I-squared = 99.2%, p = 0.000) ¢ 2.83 (2.43, 3.23) 100.00

OTE: . f f . |

| |
o 5 10

of HIV

Fig. 2 Pooled estimate of HIV using random-effect model among blood donors in Ethiopia: a subgroup analysis by region. £S estimated Prevalence

Pooled estimates of TTls

The Pooled estimate and trend of HIV

For the estimation of the pooled prevalence of HIV
among blood donors, 34 articles with a total of 355, 026
participants’ data were used. These studies reported
varying prevalence, ranging from 0.14% to 14.5%. In the
random-effect model, the pooled size effect of HIV was
2.83% (95% CI 2.43, 3.23%) (Fig. 2). The trend of HIV
showed that the seroprevalence showed a decrement
from 1989 to 2018. The random-effects meta-regression
analysis also confirmed that the pooled seroprevalence
of HIV was negatively but significantly associated with

the midpoint year of the data collection period (Coef-
ficient=— 0.089; 95% CI — 0.133, — 0.045; P<0.001).
The seroprevalence estimate of HIV changed from 8.84%
(95% CI 5.96, 17.73%) before 2000 to 1.20% (95% CI 0.87,
1.53%) during 2015-2018 (Table 2).

The influential analysis revealed that no single study
was outside the 95% CI of the pooled estimate indicat-
ing that omitting each study did not affect the pooled
estimate. Regarding the publication bias, the visual fun-
nel plot seems symmetric, suggesting that there was no
small-study effect. The objective-based test, egger’s sta-
tistics, confirmed that there was no small-study effect
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Study %

ID OR (95% CI) Weight
|

Degefa B et al (2018) — 1.75(1.20,2.54) 16.68
I

Teklemariam Z et al (2018) - 1.43 (0.87,2.35) 15.04
I

Gezahegn M et al (2012) — 4.38 (1.71,11.23) 9.49
I
1

Kebede W et al (2017) ! —H 13.46 (5.53, 32.76) 10.03
1
1

Terefe JE et al (Unpublished) * 2.18 (1.96,2.43) 19.22
1
1

Ataro Z et al (2018) * ' 0.20 (0.05,0.81) 5.81
I

Biadgo B et al (2017) - 2.24 (0.82,6.08) 8.90
I

Azerefegn E et al (2018) 1 1.51(0.90, 2.52) 14.83
1

Overall (I-squared = 80.1%, p = 0.000) <> 2.09 (1.39, 3.13)  100.00
1
1
1
1
1
1
1

|
A

Fig. 3 Effect size of donor type on pooled estimate of HIV using random-effect model

(Coefhicient of bias=3.69, P=0.111). Since the degree of
heterogeneity between the included studies was higher,
subgroup analysis was done considering the “region” as
a grouping variable. In the random-effects model, the
pooled estimated prevalence of HIV was 4.41% (95%
CI 3.50, 5.32%) in Ambhara region, 1.72% (95% CI 1.18,
2.26%) in South Nations and Nationalities, 1.14% (95% CI
0.22, 2.06%) in Oromia, and 0.98% (95% CI 0.39, 1.58%)
in Harar/Dire Dawa (Fig. 2).

HIV and its association with sex and donor type Factors
such as sex and donor type were assessed to estimate their
effect size on the pooled estimate of HIV. Twenty four and
8 studies had reported the distribution of HIV by sex and
donor type, respectively. In the random-effects model,
being a replacement blood donor was more likely to have
HIV infection among blood donors in Ethiopia [Odds
ratio (OR)] =2.09; 95% CI 1.39, 3.13; I-squared = 80.1%)
(Fig. 3). However, sex had no association with HIV infec-
tion (OR=1.09; 95% CI 0.85, 1.40; I-squared = 86.1%). In
both cases, there was no publication bias as evidenced by
egger’s statistics (P >0.05) and the visual funnel plot.

The Pooled estimate and trend of HBV

Regarding HBV among blood donors in Ethiopia, 36 arti-
cles which include 391, 339 study participants were used
for estimation. These studies reported varying preva-
lence, ranging from 1.03 to 25%. In the random-effects
model, the pooled seroprevalence of HBV was 5.20%
(95% CI 4.64, 5.77%; with I-squared =98.4%). The trend
analysis also showed that a decrement from 12.03% (95%
CI 9.72, 14.34%) before 2000 to 4.30% (95% CI 3.35,
5.24%) during 2015-2018. Though the trend seems to
decline from 1986 to 2018, the random-effects meta-
regression analysis showed that the decline is not sig-
nificantly associated with the midpoint year of the data
collection period (Coefficient=— 0.029; 95% CI — 0.078,
0.02, P=0.25) (Table 2). The subgroup analysis revealed
that there were considerable variations of HBV estimate
across regions in Ethiopia. The visual funnel plot was
symmetric, suggesting no publication bias. Likewise, the
egger’s statistics showed that there was no small-study
effect on the pooled estimate of HBV infection (P =0.450,
coefficient of bias =1.42) (Fig. 4).
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Table 2 Trends of the pooled sero-epidemiology of TTls among blood donors in Ethiopia (1986-2018)

The trend of pooled sero-prevalence of HIV among blood donors in Ethiopia (1989-2018)

Study year (based Number of Total No. of HIV Total No. of Pooled prevalence  Heterogeneity Meta-regression (effect of

on mid-term year) included sero-reactive case  Population of HIV %(95% Cl) year on HIV prevalence)
studies
% P-value Coefficient(95% Cl) P-value
Before 2000 5 1994 20,103 8.84(5.96,17.73) 97.7 <0.001 —0.089 (— 0.133, <0.001
2000-2004 3 95 4313 3.27(1.02,553) 885 <0001  —0045)
2005-2009 3 296 9291 455 (1.67,7.44) 98.6 <0.001
2010-2014 1 4197 251,971 (1 14,2.26) 99.3 <0.001
2015-2018 12 546 69,348 0(0.87,1.53) 949 <0.001
Total 34 7128 355,026 2.83(243,3.23) 99.2 <0.001

The trend of pooled sero-prevalence of HBV among blood donors in Ethiopia (1986-2018)

Study year (based Number of Total No. of HBV Total No. of Pooled prevalence Heterogeneity —Meta-regression (effect of year

on mid-term year included sero-reactive case Population of HBV % (95% Cl) on HBV prevalence)
studies
% P-value Coefficient (95%Cl)  P-value

Before 2000 3 173 1415 12.03(9.72,14.34) 46.2 0.156  —0.029 (— 0.078,0.02) 0.25
2000-2004 2 86 1200 7.10(5.14,9.05) 446 0.179

2005-2009 5 645 14,985 6.72 (4.03,9.40) 98.7 <0.001

2010-2014 13 14,652 310,478 4.76 (4.05,5.47) 98.6 <0.001

2015-2018 13 2240 63,261 4.30(3.35,5.24) 968  <0.001

Total 36 17,796 391,339 520(4.64,5.77) 984 <0.001

The trend of pooled sero-prevalence of HIV among blood donors in Ethiopia (1991-2018)

Study year (based Number of Total No. of HCV Total No. of Pooled prevalence Heterogeneity Meta-regression (effect of year

on mid-term year included sero-reactive case  Population of HCV % (95% Cl) on HCV prevalence)
studies
% P-value Coefficient(95%Cl) P-value

Before 2000 2 10 720 40 (0.54, 2.26) 00 1 —0.041 (= 0.093,001) 0.114
2000-2004 2 45 1200 369 (— 0.36,7.74) 93.0 <0.001

2005-2009 4 137 10,136 86 (0.8 2.90) 952  <0.001

2010-2014 12 3182 306,321 0.71(0.41,1.00) 987  <0.001

2015-2018 11 453 62,499 0.83 (O 55,1.11) 91.2 <0.001

Total 31 3827 380,876 0.93(0.73,1.13) 973 <0001

The trend of pooled sero-prevalence of Syphilis among blood donors in Ethiopia (1989-2018)

Study year (based Number of Total No. of Total No. of Pooled prevalence  Heterogeneity —Meta-regression (effect of
on mid-term year included Syphilis sero- Population of Syphilis % (95% year on Syphilis prevalence)
studies reactive case Cl)
12 P-value Coefficient (95%Cl)  P-value
Before 2000 3 1334 23,893 8.39(3.71,13.08) 98.8% <0.001 — 0.085 (— 0.156, 0.021
2000-2004 - - - - _ _ —0.015)
2005-2009 4 113 13,446 0.83(0.06, 1.59) 96.2% <0.001
2010-2014 8 413 227,743 0.50(0.29,0.71) 97.3% <0.001
2015-2018 8 614 55,648 (O 67, 1.40) 90.8% <0.001
Total 23 2474 320,730 0(1.20,1.80) 99.0% <0.001

- represents that the given characteristic is not reported, C/ confidence interval, HBV hepatitis B virus, HCV hepatitis C virus, HIV human immunodeficiency virus, TTls

transfusion transmissible infections

HBV and its association with sex and donor type As
there was high-level heterogeneity between the studies
included for the estimation of the effect size of sex and
donor type on HBV, a random-effects model was fitted.

Therefore, male blood donors (OR=1.87; 95% CI 1.51,
2.32) (Fig. 5), and replacement blood donors (OR=1.68;
95% CI 1.34, 2.12) (Fig. 6) were more likely to be HBV
sero-reactive. Besides, the assessment of publication bias
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%

Author Year ES (95% CI) Weight
Tsega E et al 1987 | —— 10.89 (8.04, 13.74) 1.81
Zawde D et al 1991 : — 10.81 (7.79, 13.83) 1.71
Rahlenbeck SL et al1997 1 —_—— 14.39 (11.45, 17.33)1.76
Gelaw B et al 2007 _.._ 6.17 (4.24,8.09) 2.40
Diro E et al 2008 | ——— 8.17 (5.98, 10.36) 2.22
TessemaBetal 2010 L 4.68 (4.17,5.20) 3.22
Desie A et al 2007 : —e—> 25.00 (20.29, 29.71)1.01
Assefa A et al 2013 > 4.11(3.31,491) 3.11
Gezahegn M etal 2012 o ! 1.03(0.71,1.35) 3.28
Ramos JM et al 2016 - 6.06 (5.05, 7.08) 3.00
Yemi A et al 2011 L 2.08 (1.72,2.44) 3.27
Terefe JE et al Unpublished * 5.05(4.94,5.15) 3.31
Biadgo B et al 2017 & 3.46 (3.02,3.89) 3.25
Berhanselase M 2016 L 2 4.80 (4.28,5.33) 3.22
Teklemariam Z et al2018 * 4.39 (4.02,4.77) 3.26
Habte Y et al 2016 ®! 3.73(3.15,4.30) 3.20
Degefa B et al 2018 0: 3.79 (3.43,4.16) 3.27
Abate M et al 2016 1 * 9.48 (8.78,10.17) 3.16
Ataro Z et al 2018 L) 4.67 (4.16,5.19) 3.22
Hundie GB et al 2016 o 3.90 (3.74,4.06) 3.30
Kebede W et al 2017 e ! 3.06 (2.73,3.38) 3.28
Mohammed Y et al 2016 : - 10.89 (9.95, 11.83) 3.04
Azerefegn E etal 2018 ® 3.43(3.00,3.86) 3.25
Asrie F et al 2016 -04; 3.94 (2.33,5.56) 2.61
Biseteg FSetal 2016 | —— 9.49 (6.58, 12.40) 1.77
Bonja F et al 2017 - 4.17 (2.17,6.17) 2.35
Kabato AA et al 2016 - 4.74 (2.54,6.93) 2.21
Berhanu S et al 2018 ® | 2.76 (2.38,3.13) 3.26
Deressa T et al 2018 ¢ ! 1.22(0.98,1.45) 3.29
Ambachew H et al 2018 *> 4.74 (3.86,5.62) 3.07
Shiferaw E et al 2019 L 4 3.92(3.72,4.12) 3.30
Tigabu A et al 2019 L d 4.08 (3.58,4.58) 3.23
Birhan W et al Unpublished - 3.65(2.48,4.82) 290
Bialfew Y et al 2018 —— 4.71 (2.65,6.78) 2.30
Heyredin | et al 2019 -i-o— 6.60 (4.42,8.78) 2.23
Negash M et al 2019 — 5.81(3.20,8.41) 1.95
Overall (I-squared = 98.4%, p = 0.000) Q 5.20 (4.64,5.77) 100.00
NOTE: Weights are from random effects analysis :
| |
a 5 10

Fig. 4 Pooled sero-epidemiology of HBV among blood donor in Ethiopia, Random-effect model. £S estimated Prevalence of HBV

revealed that there was no evidence of a small-study effect
in both factors (P > 0.05).

The Pooled estimate and trend of HCV

For the estimation of HCV among blood donors, 31
studies with a total of 380, 876 study participants were
included. These studies reported varying prevalence,
ranging from 0.2% to 13.3%. In the random-effects model,
the pooled seroprevalence of HCV was 0.93% (95% CI
0.73, 1.13) (Fig. 7). In the random-effects meta-regression
analysis, the pooled estimate of HCV showed a decre-
ment from 1991 to 2018 but not statistically significant

(Coefficient=— 0.041; 95% CI — 0.093, 0.01; P=0.114).
The pooled estimate changed from 1.40% (95% CI 0.54,
2.26%) before 2000 to 0.83% (95% CI 0.55, 1.11%) dur-
ing 2015-2018 (Table 2). Egger’s statistics indicated that
there was no small-study effect (coefficient of bias =1.24;
P =0.446). About the effect size of sex and donor type on
the pooled estimate of HCV, being a replacement blood
donor was significantly associated with HCV (OR=1.50;
95% CI 1.03, 2.20; I-squared =75.7%) (Fig. 8). However,
sex was not associated with HCV (OR=1.24; 95% CI
0.95, 1.51). In both factors, there was no evidence of a
small-study effect (P >0.05).



Melku et al. BMC Infect Dis ~ (2021) 21:778 Page 12 of 21
%
Author Year OR (95% ClI) Weight
Teklemariam Z et al 2018 —— 1.85(1.39,248) 5.31
Habte Y et al 2016 —I+— 201(1.17,344) 430
Deresa T,et al 2018 —. 1.75(1.10,2.78)  4.61
Degefa B et al 2018 : —> 14.25(10.59, 19.16) 5.29
Abate M et al 2016 + 201(1.02,3.94) 373
Asrie F et al 2016 —_— : 0.32(0.13,0.78)  2.95
Hundie GBetal 2016 :'0' 226(2.02,254) 578
Kebede Wetal 2017 —I+— 205(1.57,268) 5.39
YemiAetal 2011 : —_— 455(2.12,9.718)  3.38
TessemaBetal 2010 — 153(1.01,2.32) 4.82
Terefe JE et al Unpublished I’ 2.04(191,218) 585
Birnah W et al Unpublished —:—+— 283(1.28,6.27) 3.26
Ataro Z et al 2018 —:'0— 214(1.39,329) 476
Asefa Aetal 2013 : + 2.83(0.89,9.01) 218
Biadgo B et al 2017 —r : 0.84 (0.60,1.16)  5.19
Biseteg FS 2016 + 232(0.88,6.14) 2.68
Bonja F etal 2017 :# 2.18(0.61,7.78)  1.93
Kabato AAetal 2016 —*+ 0.92(0.35,2.45) 2.67
Shiferaw Eetal 2019 ha : 1.37(1.22,1.54) 578
Azerefegn Eetal 2018 - : 0.93(0.70,1.23) 5.34
Berhanu Setal 2018 —:+— 210(1.49,297) 510
Bialfew Y et al 2018 :# 1.90(0.62,5.83) 227
Negash M et al 2019 > : 1.14(042,3.12) 257
Tigabu A et al 2019 —++ 144 (0.95,2.17) 4.84
Overall (l-squared = 92.3%, p = 0.000) @ 1.87(1.51,2.32)  100.00
I
NOTE: Weights are from random effects analysis :
| |
A 1 15
Fig. 5 Effect size of sex on pooled estimate of HBV using random-effect model

The Pooled estimate and trend of Syphilis

With regard to syphilis, 23 studies comprising 32,
0730 study participants were eligible for estimating
its pooled sero-epidemiology. These studies reported
varying prevalence, ranging from 0.1% to 12.9%. In the
random-effects model, the pooled estimate of syphilis
was 1.50% (95% CI 1.20, 1.80%) (Fig. 9). The pooled
estimate declined from 8.39% (95% CI 3.71, 13.08%)
before 2000 to 1.04% (95% CI 0.67, 1.40%) during

2015-2018. The trend analysis showed a decrement
from 1989 to 2018. This has been supported by the
random-effects meta-regression analysis, and the anal-
ysis confirmed that the pooled seroprevalence of Syph-
ilis was negatively but significantly associated with
the midpoint year of the data collection period (Coef-
ficient=— 0.085; 95% CI — 0.156, — 0.015; P=0.021)
(Table 2).
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Study %

ID OR (95% ClI) Weight
1
1

Habte Y et al (2016) - 1.76 (1.13,2.73) 10.12
1
1

Degefa B et al (2018) - : 1.16 (0.95, 1.41) 14.48
1
]

Teklemariam Z et al (2018) "'J 1.27 (1.06, 1.53) 14.75
1
1

Kebede W et al (2017) : - 2.96 (2.33,3.75) 13.84
1

Terefe JE et al (Unpublished) . 1.49 (1.41,1.58) 16.13
|

Ataro Z et al (2018) —_— : 0.96 (0.66, 1.39) 11.40
l

Biadgo B et al (2017) —_— 2.93(1.20,7.16) 4.67
:

Bonja F et al (2017) : g > 12.50 (2.41, 64.82)1.72
:

Azerefegn E et al (2018) :-0- 2.23 (1.67,2.98) 12.90
1

Overall (I-squared = 87.2%, p = 0.000) @ 1.68 (1.34, 2.12) 100.00
1
I

NOTE: Weights are from random effects analysis :

T ' T
1 1 15
Fig. 6 Effect size of donor type on pooled estimate of HBV using random-effect model

As there was a publication bias evidenced by egger’s
statistics (P <0.001), Duval and Tweedie’s trim and fill
analysis was done to adjust the final pooled estimate
of syphilis sero-epidemiology. For the adjustment of
an estimate, 12 studies were filled, and it was found
that the pooled estimated prevalence in the random-
effects model was found to be 0.11% (95% CI 0.061,
0.19%).

Concerning the effect size of sex and donor type on
the sero-epidemiology of syphilis, being a male blood
donor was more likely to be sero-reactive for syphilis
compared to being a female donor in the random-effects
model (OR=1.35; 95% CI 1.01, 1.79; I-squared =68%)
(Fig. 10). Unlike sex, donor type was not associated with
syphilis sero-reactivity (OR=1.84; 95% CI 0.56, 6.07;
I-squared =88.4%). No publication bias was observed for
both factors (P >0.05).

Discussion

Blood donation is becoming one of the lifesaving emer-
gency services in medical and obstetrics services. Despite
its advantage in lifesaving practice, blood transfusion is
a potential risk for transmission of TTIs, such as HBYV,
HIV, HCV and syphilis [72]. In this review, the pooled
sero-epidemiology of HBV, HIV, HCV and syphilis
among blood donors in Ethiopia was 5.20% (95% CI 4.64,
5.77%), 2.83% (95% CI 2.43, 3.23%), 0.93% (95% CI 0.73,
1.13%) and 1.50% (95% CI; 1.20, 1.80%), respectively.

The pooled sero-epidemiology of HBV was higher
than the estimates of a systematic review conducted
in Iran (0.7%) [73], Eastern Mediterranean and Mid-
dle Eastern Countries (2.03%) [74] and European coun-
tries (0.74%) [75]. The possible reasons for the observed
discrepancy might be due to the differences in cultural
practices with regard to prevention of TTIs, and eco-
nomic status which results in variation in vulnerability
for sexually transmitted diseases. In addition, variation
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Fig. 7 Pooled estimate of HCV among blood donors in Ethiopia in random-effect model. £S estimated Prevalence of HCV

in the time period, the strength of preliminary screen-
ing of donors and factors related to testing algorithms
used for screening might also be the possible reason for
the discrepancy in the sero-epidemiology of HBV.

Moreover, our review showed that male blood donors
(OR=1.87; 95% CI 1.51, 2.32) were more likely to be
HBYV sero-reactive than females. This was in line with
previously established studies in south Iran [76], Phil-
ippines [77], Ghana [78] and Egypt [79]. Another study
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Fig. 8 Effect size of donor type on pooled estimate of HCV using random-effect model

also reported that females were less likely to be posi-
tive for HBV [80]. Almost 95% of HBV infected persons
clear HBV by developing a protective Hepatitis B Sur-
face Antibody (HBsAb) when HBYV infection is acquired
during adulthood, and only 5 to 10% of HBV infected
persons will develop a persistent infection. Particu-
larly, due to the slower plasma extinction rate in males,
males are about 1.5 times more likely to develop chronic
HBYV infection relative to females, suggesting that sex is
one of the genetic determinants that affect disease out-
come [81]. On the other hand, replacement blood donors
(OR=1.68; 95% CI 1.34, 2.12) were more likely to be
HBV sero-reactive compared to volunteer blood donors.
This result was supported by earlier studies in which the
reported prevalence of HBV among replacement donors
was higher than that of voluntary donors [82, 83]. This
could be the fact that during replacement donation, the
donor might not consider the details of all his/her previ-
ous risky behaviours for TTIs as compared to volunteer
donors.

Similarly, the pooled sero-epidemiology of HIV was
higher than the estimate done in Iranian blood donors
(0.0079%) [1]. The possible reasons for this difference
might be attributable to the type of donors’ recruited (vol-
unteer versus replacement), and the testing algorithms

and kits used to diagnose HIV. In addition, the discrep-
ancy was explained by the variation of the study period in
which studies included for the estimation, as the Iranian
included studies published since 1996, whereas our esti-
mate included studies published since 1989.

Regarding factors associated with HIV, our review
showed that being a replacement blood donor was
more likely to have HIV infection compared to volun-
teer donors (OR=2.09; 95% CI 1.39, 3.13). A consistent
result had been reported previously in different countries
[82, 83]. This might be partly explained by that, during
replacement blood donation, family members of blood
donors may not pass through strict preliminary screen-
ing as a result of the emergency nature of the case. Nev-
ertheless, the prevalence of HIV was not significantly
associated with sex. But other studies reported that the
prevalence was high among males than females in the
South of Iran [1, 76]. On the other hand, a study con-
ducted in Iran in 2017 revealed that the seroprevalence
of HIV among females was high [84]. This discrepancy in
HIV report in terms of gender could be due to differences
in the age status of employed donors and risky personal
behaviours.

The pooled sero-epidemiology of HCV was 0.93%
(95% CI 0.73, 1.13%). This estimate was consistent with
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Fig. 9 Pooled Estimate of Syphilis Sero-epidemiology among Blood donors in Ethiopia. £S estimated Prevalence of Syphilis

estimates of first-time blood donors from European
countries (0.02—3.3%). Our estimate is lower than an esti-
mated prevalence of HCV Chinese blood donors (8.6%)
[85]. The plausible reasons for the difference might be due
to; firstly, the variation in the method of diagnosis, for
example, the systematic review done in China included
studies that used molecular techniques; secondly, the

difference in population phenomena between countries
like population migration, and thirdly, the difference in
practices related to safe sexual practice. In addition, one
of the major reasons for the variation in HCV prevalence
is probably related to different safety regulations and
variations in the level to which they are reinforced across
countries (Additional file 1: Table S1, Additional file 2:
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Fig. 10 The effect size of sex on pooled estimate of syphilis using random-effect model

Figure S1, Additional file 3: Figure S2, Additional file 4:
Figure S3, Additional file 5: Figure S4, Additional file 6:
Figure S5).

HCV was significantly associated with donor type.
Replacement donors were 1.5 times more likely to
be HCV sero-reactive compared to volunteer donors
(OR=1.50; 95% CI 1.03, 2.20). This might be probably
because volunteer blood donors donate blood in a regu-
lar manner who know their sero-status for HCV infec-
tion before donating blood. Thus, volunteer blood donors
were found to be relatively safer than replacement donors

in which blood banks should follow stringent donor
selection criteria with an emphasis on getting more vol-
unteer blood donors. However, sex was not associated
with HCV in this study.

Based on our review, the prevalence of syphilis was
1.50% (95% CI 1.20, 1.80%). This was almost consistent
with the previous report from Kenya 1.0% [86]. On the
other hand, a higher prevalence of syphilis was reported
from Burkina Faso 3.96% [10] and Nigeria 4.2% [87]. In
contrast to the current finding, a lower prevalence of
syphilis was reported from earlier studies in Pakistan
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0.43% [88] and India 0.43% [89]. The possible reason for
the difference in the magnitude of syphilis across stud-
ies may be due to variation in risk behaviours in differ-
ent geographical locations, or partly due to differences in
socio-cultural practices.

On the other hand, male blood donors were more
likely to be sero-reactive for syphilis (OR=1.35; 95%
CI 1.01, 1.79) compared to female donors. This might
be due to differences in gender-related practices such
as having multiple sexual partners. In addition, alco-
hol abuse is common among males that might expose
males to high-risk behaviour which could attribute to
an increased in the prevalence of syphilis. Furthermore,
in some countries including Ethiopia, males make up
the majority of blood donors. This could potentially
be one factor as to why males had a higher odds ratio
than females for TTIs. In this review, from the total
45 studies included in the review, 36 reported donor
distribution by sex, and males accounted for 76.83%
(324,590/422,499) of blood donors.

Conclusion

In this systematic review, the pooled estimate of HBV,
HIV, HCV and syphilis was high suggesting that there
is a need to design and implement strategies to reduce
the burden of TTIs in the general population. Moreo-
ver, creating community awareness about the preven-
tion of TTIs should be strengthened. Moreover, being a
replacement donor was also associated with high HBV,
HIV and HCV infection. In addition, advanced and
vigilance screening techniques of donated blood should
be strengthened prior to transfusion. Furthermore,
national policies and strategies of post-donation coun-
selling for recruitment and retention of safe regular
donors are a timely need. Lastly, conducting a national
population-based survey for TTIs has of utmost impor-
tance to monitor the burden and trend of TTIs in the
community.

The review has some limitations. One of the limita-
tions is a high level of heterogeneity between included
studies which can be attributed to differences in
methodology, study period, and geographic location.
Besides, there were differences in the diagnostic meth-
ods used across the studies which might be implicated
with a high level of heterogeneity. Given these limi-
tations, the review was conducted according to the
preferred reporting items for systematic review and
meta-analysis (PRISMA-P 2015 statement) protocol.
Besides, a comprehensive searching of databases and
the involvement of experts improved the quality of evi-
dence generated.
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