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Abstract: Blood plays a major role in transmitting infectious diseases such as hepatitis C virus (HCV),
human immunodeficiency virus (HIV), hepatitis B virus (HBV), syphilis, malaria, and many others.
Thus, this study sought to evaluate the distribution of HCV, HIV, syphilis, and malaria among blood
donors in Yemen. This is a cross-sectional study, conducted on blood donors at the national center in
Yemen. Blood donors’ specimens were serologically tested for the presence of anti-HCV and anti-
HIV antibodies, as well as anti-Treponema pallidum, anti-Plasmodium falciparum, and anti-Plasmodium
vivax. A total of 16,367 donors were included in this study. Based on the donor’s occupation, the
study showed that the relative seroprevalence of anti-HCV Ab among the donors was statistically
significant, and relatively high prevalence was found among military donors (2.8%). Positive HIV
antibody tests were only reported in 33 male donors (0.2%), who were mostly manual workers.
A remarkably high prevalence of anti-Treponema pallidum was observed among manual workers
(3.1%). There was a statistically significant difference in the distribution of anti-malaria Ab based on
residency and age groups. This study revealed that the prevalence of HCV, HIV, syphilis, and malaria
among donors was 2.0%, 0.2%, 2.4%, and 0.7%, respectively. Further genotyping studies are necessary
to provide a complete picture of the prevalence of transfusion-transmitted infections (TTIs).

Keywords: blood donors; HCV; HIV; syphilis; malaria

1. Introduction

Blood transfusion is a mandatory and therapeutic procedure that plays a crucial
role in saving patient lives. Globally, it is estimated that 92 million people donate blood
annually [1]. Roughly, 1.6 million of these blood units are discarded because of the presence
of infectious agents [2]. Blood transfusion carries the risk of transmitting major infections,
such as hepatitis B virus (HBV), hepatitis C virus (HCV), human immunodeficiency virus
(HIV), syphilis, cytomegalovirus (CMV), herpes simplex virus (HSV), and Epstein–Barr
virus (EBV), along with toxoplasmosis and malaria [3]. Therefore, collected blood units
must be serologically tested to prevent the transmission of infections caused by such
pathogens, as per the recommendation of the World Health Organization (WHO) [4].
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Infections due to HBV, HCV, and HIV are major public health concerns [4]. According
to WHO, the prevalence of HCV worldwide is 854.09 per 100,000 people. Within the
WHO divisions, Africans (2503.61 per 100,000) and Europeans (450.21 per 100,000) have the
highest and lowest ratio, respectively. At the country level, the Netherlands have a rate of
25,370 per 100,000 people, whereas Cambodia has a rate of 14,670 per 100,000 people. [5].
In 2019, newly infected individuals with chronic hepatitis C and hepatitis B reached over
1.5 million. Also, 290,000 [230,000–580,000] people died from infections related to hepatitis
C in 2019 [6]. Additionally, recent data have indicated that hepatitis B and C kill about
1.1 million people and infect another 3.0 million annually [6].

Chronic hepatitis, cirrhosis, and hepatocellular carcinoma have been associated with
blood-borne hepatitis C viruses [7]. This virus is widespread worldwide, ranging from
0.2% to 40% in different regions [8]. HCV infections are believed to affect nearly 170 million
people worldwide [9]. Approximately 3.5 million new cases occur annually [9], and about
21.3 million people are estimated to be carrying the HCV virus in the Eastern Mediterranean
region [10]. Around two-thirds of viral hepatitis mortality and morbidity are caused by
HCV, which is more prevalent in Egypt, where the prevalence is 13 to 22% [11]. Various
global epidemiological studies have revealed that HCV prevalence varies greatly around
the world. The hepatitis C virus has been found to be endemic in several countries including
Egypt, and several studies have confirmed its endemic status [12].

HCV has infected 2.2% of the global population [13]. The prevalence of HCV in
Arabian Gulf countries is as follow: 0.30% in Bahrain, 0.41% in Oman, 1.06% in Qatar, 1.45%
in Kuwait, 1.63% in Saudi Arabia, and 1.64% in the United Arab Emirates [14]. Expatriate
populations, including Egyptians, exhibited a higher prevalence of HCV, as high as 78.6%
in people who have received multiple transfusions and as high as 74.6% in people who use
drugs [14]. In north Arabian African countries, the prevalence of HCV ranged from 0.7% in
Tunisia to 7.7% in Morocco [11].

As previously reported, the prevalence of HCV among healthy volunteers and blood
donors in Yemen was 1.7% and 2.7%, respectively [15]. Recently, the prevalence of hepatitis
C infections among blood donors has been 1.0% to 1.6% [16,17]. On the other hand, it
was estimated that the prevalence of HCV-Ab among the intermediate-risk populations in
Yemen ranges from 0.5 to 3.5% compared to 21.3% among populations with liver-related
conditions [11].

HIV is a global health problem with a considerable socioeconomic impact [18]. There
were almost 1.7 million cases of HIV in 2019, the lowest number since 1990 and down by
23% from the peak in 2010. However, this is still far from the global target of fewer than
500,000 new infections by the year 2020 [6]. In Yemen, it was reported that the prevalence
of HIV ranges from 0.30% to 0.60% [13,19], and syphilis from 0.60% to 0.75% with the
number of cases expected to increase [20]. In addition, 17.1 million people aged 15–49 are
expected to be infected with T. pallidum annually [6,21]. Transfusion-transmitted infections
(TTIs) in Yemen are one of the major public health problems. Moreover, there is limited
current information on blood transfusion infections and the impact of this problem on the
Yemeni population. We still lack comprehensive studies dealing with this issue due to
the absence of a nationwide registry, hospital studies, or reports, all of which would yield
valuable information regarding its trend. Therefore, several comprehensive studies are
still necessary. Thus, the modest goal of this study is to assess the prevalence of HCV, HIV,
syphilis, and malaria among blood donors from different Yemeni communities.

2. Results

A total of 16,367 blood donors were involved in the study, with a mean age of
30.19 years (17–63 and SD: 7.5). The vast majority of them were aged between 26–35 years
(48.7%), followed by 16–25 years (30.8%). Most of the donors were male (99.1%), and 153
(0.9%) were female. Participants were primarily manual workers (5440; 33.2%) and profes-
sional workers (5193; 31.7%) whereas the minority of the donors were military personnel
(2422; 14.8%). Concerning the place of residence, a large number of blood donors in the



Pathogens 2022, 11, 726 3 of 12

study were from the capital city (8820; 53.9%), followed by Azal (6438; 39.3%). Moreover,
the majority of the blood donors were replacements at 11,804 (72.1%), compared to 4563
(27.9%) who were volunteers (Tables 1 and 2).

Table 1. Seropositivity of anti-HCV and anti-HIV Abs in relation to the demographic characteristics
of donor population.

Demographic
Characteristics

Total
n = 16,367

HCV HIV

Reactive
320 (2.0)

Non-Reactive
16,047 (99.2%)

Reactive
33 (0.2)

Non-Reactive
16,334 (99.8)

n % n % n % n % n %

Occupation

Students 3312 20.2 63 1.9 3249 98.1 4 0.1 3308 99.9
Professional

worker 5193 31.7 83 1.6 5110 98.4 6 0.1 5187 99.9

Military 2422 14.8 69 2.8 2353 97.2 4 0.2 2418 99.8
Manual
workers 5440 33.2 105 1.9 5335 98.1 19 0.3 5421 99.7

X2 13.6 9.0
p-value 0.003 * 0.039 **

Capital city 8820 53.9 181 2.1 8639 97.9 22 0.2 8798 99.8
Alganad 845 5.2 17 2.0 828 98.0 1 0.1 844 99.9

Azal 6438 39.3 115 1.8 6323 98.2 9 0.1 6429 99.9
Residency Shepah 150 0.9 3 2.0 147 98.0 0 0.0 150 100.0

Tehama 114 0.7 4 3.5 110 96.5 1 0.9 113 99.1
X2 2.8 5.4

p-value 0.585 0.248

16–25 5045 30.8 106 2.1 4939 97.9 7 0.1 5038 99.9
26–35 7968 48.7 159 2.0 7809 98.0 20 0.3 7948 99.7
36–45 2689 16.4 45 1.7 2644 98.3 6 0.2 2683 99.8

Age
groups 45–55 601 3.7 9 1.5 592 98.5 0 0.0 601 100.0

More than 55 64 0.4 1 1.6 63 98.4 0 0.0 64 100.0
X2 2.5 3.4

p-value 0.654 0.499 **

Volunteer 4563 27.9 110 2.4 4453 97.6 11 0.2 4552 99.8
Type of
donors Replacement 11,804 72.1 210 1.8 11,594 98.2 22 0.2 11,782 99.8

X2 6.8 0.5
p-value 0.009 * 0.484

* Statistically significant; X2, chi-square; p value < 0.05, significant; n, number; %, percentage; ** Fisher exact test.

Overall, the prevalence of anti-HCV, anti-HIV, anti-Treponema pallidum (syphilis), and
anti-malarial antibodies among blood donors with seroprevalence was 2%, 0.2%, 2.4%, and
0.7%, respectively (Tables 1 and 2). The prevalence of HCV, HIV, syphilis, and malaria
among replacement donors were 1.8%, 0.2%, 2.6%, and 0.6%, respectively, compared to
2.4%, 0.2%, 1.8%, and 0.7% among volunteers who were seropositive for HCV, HIV, syphilis,
and malaria. The difference in the distribution of HCV (X2 = 6.8 and p = 0.009) and
syphilis (X2 = 9.5 and p = 0.002) among the replacement and volunteer blood donors was
statistically significant (Tables 1 and 2). The outcome of the logistic regression analysis
revealed a statistically significance association between occupation and HCV, HIV, and
syphilis. Significant differences also exist between the type of donor and HCV, between the
donor’s residency and syphilis, and between the age groups with malaria (Table 3).
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Table 2. Seropositivity of anti-malarial and anti-Treponema pallidum in relation to the demographic
characteristics of donor population.

Demographic
Characteristics

Total
n = 16,367

Syphilis Malaria

Reactive
387 (2.4%)

Non-Reactive
15,980 (97.6%)

Reactive
107 (0.7%)

Non-Reactive
16,260 (99.3%)

n % n % n % n % n %

Occupation

Students 3312 20.2 51 1.5 3261 98.5 13 0.4 3299 99.6
Professional

worker 5193 31.7 97 1.9 5096 98.1 42 0.8 5151 99.2

Military 2422 14.8 72 3.0 2350 97.0 14 0.6 2408 99.4
Manual
workers 5440 33.2 167 3.1 5273 96.9 38 0.7 5402 99.3

X2 30.9 5.8
p-value 0.001 * 0.123

Capital city 8820 53.9 215 2.4 8605 97.6 36 0.4 8784 99.6
Alganad 845 5.2 16 1.9 829 98.1 4 0.5 841 99.5

Azal 6438 39.3 140 2.2 6298 97.8 64 1.0 6374 99.0
Residency Shepah 150 0.9 4 2.7 146 97.3 2 1.3 148 98.7

Tehama 114 0.7 12 10.5 102 89.5 1 0.9 113 99.1
X2 35.0 21.0

p-value 0.029 * 0.0.031 **

16–25 5045 30.8 93 1.8 4952 98.2 29 0.6 5016 99.4
26–35 7968 48.7 195 2.4 7773 97.6 41 0.5 7927 99.5
36–45 2689 16.4 81 3.0 2608 97.0 27 1.0 2662 99.0

Age
groups 45–55 601 3.7 15 2.5 586 97.5 7 1.2 594 98.8

More than 55 64 0.4 3 4.7 61 95.3 3 4.7 61 95.3
X2 12.6 26.4

p-value 0.027 ** 0.37 **

Volunteer 4563 27.9 81 1.8 4482 98.2 34 0.7 4529 99.3
Type of
donors Replacement 11,804 72.1 306 2.6 11,498 97.4 73 0.6 11,731 99.4

X2 9.5 0.8
p-value 0.002 * 0.367

* Statistically significant; X2, chi-square; p value < 0.05, significant; n, number; %, percentage; ** Fisher exact test.

2.1. HCV

The difference in the seroprevalence of anti-HCV among donors in relation to their oc-
cupations was found to be statistically significant (X2 = 13.6 and p = 0.003) (Table 1). A high
proportion was found among military donors (2.8%), followed by manual workers (1.9%),
and students (1.9%), whereas the lowest proportion was observed among professional
workers (1.6%). Similarly, the difference in the results of HCV among volunteers (2.4%) and
replacement donors (1.8%) was found to be statistically significant (X2 = 6.8 and p = 0.009)
(Table 1). A high prevalence (3.5%) of HCV was found among donors residing in the
Tehama region, but the lowest prevalence was found in the Azal region (1.8%). Moreover,
no statistical significance was observed in the prevalence of HCV among donors according
to their residency (X2 = 2.8 and p = 0.585) or age group (X2 = 2.5 and p = 0.654) (Table 1).
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Table 3. Final model of factors associated with positive HCV, HIV, syphilis and malaria among blood
donors.

Characteristics Adjusted odds Ratio (AOR) 95% Confidence Interval p-Value

HCV reactive
Professional worker 0.88 0.764, 1.438 0.615

Volunteer 0.73 0.580–0.926 0.009
Manual worker Ref

HIV reactive
Military 3.21 1.260, 8.151 0.014

Manual worker Ref

Syphilis reactive
students 1.983 1.442, 2.726 0.001
Military 1.74 1.345, 2.255 0.001

Manual worker Ref
Capital City 4.708 2.542, 8.720 0.001

Alganad 5.36 2.864, 10.017 0.001
Azal 5.93 2.717, 12.933 0.001

Shepam 4.74 1.480, 12.933 0.009
Tehama Ref

Replacement 1.414 1.103, 1.813 0.006
Volunteer Ref

Malaria positive
16–25 years old Ref
26–35 years old 4.17 1.052, 16.554 0.034
36–45 years old 4.85 1.432, 16.416 0.010
46—55 years old 8.507 2.523, 28.675 0.004

>55 9.51 2.867, 31.539 0.001

2.2. HIV

The seroprevalence of anti-HIV among blood donors was 0.2% (33) (Table 1). All
female donors tested negative for anti-HIV. The differences in the HIV results among blood
donors according to their occupation were found to be statistically significant (X2 = 9.0
and p = 0.029). The greatest proportion in terms of anti-HIV antibodies was found among
manual workers, with 0.3% and the least was among students (0.1%) and professional
workers (0.1%) (Table 1). Moreover, 0.1% of blood donors residing in the Alganad and
Azal regions were seropositive for HIV, compared to 0.2% and 0.9% of residents in the
capital city of Sana’a and the Tehama region, respectively (Table 1). This HIV prevalence
was found to be statistically insignificant. Similarly, no statistically significant difference
was found in the HIV prevalence of the different age groups. All blood donors older than
45 years were seronegative for HIV, compared to 0.1%, 0.2%, and 0.3% of blood donors
aged 16–25, 36–45, and 26–35 years old who were seropositive (Table 1). In addition, an
analogous HIV prevalence (0.2%) was found for both volunteers and replacement donors
(Table 1).

2.3. Syphilis

The study revealed that 2.4% of males and 1.3% of females were seropositive for anti-
Treponema pallidum (Table 2). Notably, a statistically significant difference in anti-Treponema
pallidum prevalence among donors was observed in relation to their occupation (X2 = 30.9
and p = 0.001), residency (X2 = 35.0 and p = 0.001), age groups (X2 = 12.6 and p = 0.013), and
type of donor (X2 = 9.5 and p = 0.002) (Table 2). In terms of occupation, manual workers
(3.1%) had the highest prevalence of anti-Treponema pallidum antibodies, whereas the least
was observed among students (1.5%). The prevalence was notably found elevated among
donors residing in Tehama (10.5%) and among the population aged more than 55 years old
(4.7%) (Table 2).
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2.4. Malaria

The overall prevalence of antibodies to malaria parasites was 0.7% (Table 2). The
distribution of anti-malaria Ab was found to be statistically significant in terms of resi-
dency (X2 = 21.0 and p = 0.001) and age group (X2 = 26.4 and p = 0.001), with a prevalence
ranging from 0.4% (among students and donors residing in Sana’a) to 4.7% (among donors
aged more than 55 years old). The difference in prevalence was observed to be statisti-
cally insignificant in terms of donor type (X2 = 0.8 and p = 0.367), and donor occupation
(X2 = 5.8 and p = 0.123), with a prevalence ranging from 0.4% to 0.8% (Table 2).

2.5. Logistic Regression Analysis (LRA) of Sociodemographic Characters Related to HCV, HIV,
Syphilis, and Malaria

All factors that were significant at p < 0.05 in the univariate analysis were subjected
to a binary logistic regression model by using the standard method. The final “best-fit”
model contained one factor that was independently associated with positive HCV status:
donors who were volunteers (AOR = 0.73; p = 0.009). Being military personnel (AOR = 3.21;
p = 0.014) was a high-risk factor for HIV infection. In addition, factors that were associated
with syphilis included donors who were students (AOR = 1.983; p = 0.001), and military
(AOR = 1.74; p = 0.001), donors who lived in regions other than Tehama, and the replacement
donors (AOR = 1.414; p = 0.006). Furthermore, all donor age groups older than 25 years
were associated with high malaria risk factors (Table 3).

3. Discussion

The present study highlights the prevalence of TTIs among blood donors in Yemen.
A large proportion of donors (99.1%) were male. Various studies also reported a larger
number of male donors than female donors [22,23]. Regarding the gender profile of blood
donors, WHO has revealed that 33% of blood donations have been given by women. Of
113 reporting countries, 15 countries reported that less than 10% of blood donations were
from female donors [4]. A recent study has reported that social pressure and personal
obligations were the foremost reasons for blood donation in men, whereas altruism or
community responsibility were identified to be the main motives among women [24]. The
same study has also showed that the higher deferral rates among women were due to
medical unsuitability, anemia, pregnancy, breast-feeding, low body weight, low deposits
of iron, low blood pressure, and other health problems [24]. Also, the limited number of
female donors may be related to culture and belief, including the fact that because women
regularly lose blood during menstruation, they should refrain from donating blood [25].

The majority of the blood donors in this study were replacements (72.1%), compared
to 27.9% who were volunteers. This is inconsistent with the Ethiopian report [26] that
30.8% of donors were replacements, and 69.2% were volunteers. These variations could be
attributed to several reasons, including the center locations and public awareness of the
importance of donation. The present study illustrated that 2.4% of volunteers and 1.8%
of replacements had HCV (Table 1), which is higher than that found in India [27], where
0.1% of both volunteers and replacements had HCV. Saba et al. [27] also reported a lower
prevalence of syphilis among replacements (0.10%) and volunteers (0.71%) than in the
current study (2.6% and 1.8%, respectively). Further analysis revealed that the prevalence
of HCV among volunteers was significantly higher, but also significantly lower in terms
of syphilis prevalence. Various international studies have observed that the replacement
system of donation was found to have higher incidence of unsuitable donors as compared
to voluntary donors. Individuals who give blood under pressure from the patient’s family
are less likely to reveal any reasons why they may be unsuitable as donors. For this reason,
they pose a higher risk to the safety of the blood supply [28].

3.1. HCV

The findings of the present study are consistent with previous reports [29,30] con-
ducted among the general population in Yemen. However, lower proportions were ob-
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served in other counties, such as the United Arab Emirates (0.24%), Kuwait (0.44%), Qatar
(0.51%), and Saudi Arabia (1.65%) [14], Algeria (0.3%), Mauritania, (1.1%), Morocco, (0.8%),
and Tunisia (0.6%), [31]. A higher prevalence was reported in Egypt (9.02%) [32], Nigeria
(15.1%) [33], and Sudan (3.4%) [34].

The current study revealed a higher prevalence (2.0%) of anti-HCV antibodies com-
pared to studies conducted in the same area (Sana’a) (1.0% and 1.6%) [16,19]. However,
this study has a lower prevalence than the studies of Alodini (3.0%) [35] and Saghir et al.
(2.4%) [20]. Moreover, a recent study by Osuji et al., [33] reported a higher prevalence of
HCV among donors according to their occupation and age groups, unlike the present study.

A lower prevalence of HCV in terms of age groups has been reported [36,37]. A higher
prevalence (11.35%) among older adults (more than 45 years old) was found in the study of
Abebe et al. [38] as compared to the present study (≤1.6%). Moreover, some interesting
observations were noted in the present study. Despite the minority of military personnel as
blood donors (14.8%), this group had the highest prevalence of anti-HCV Ab with 2.8%.
Similarly, donors from the Tehama region were more likely to be infected with HCV at 3.5%
which was also associated with an age of more than 55 years old.

3.2. HIV

The present study revealed a lower prevalence (0.2%) of anti-HIV Ab than previous
studies conducted in Sana’a city, with a prevalence of 0.3 to 0.6% [19,20]. A recent study
illustrated an approximate similarity in the prevalence of anti-HIV [39]. Similarly, Makroo
et al. [40] reported parallel results (0.24%) in north India, but both are less than those
reported by Bazie et al. (0.7%) [34]. In addition, the results of the current study showed a
higher prevalence (0.2%) than the findings of AlMutairi et al. (0.04%) [41], and Abdelaziz
(0.05%) [42]. Likewise, the prevalence in this study was lower than in other studies
conducted in Sudan (0.7%) [34] and Mauritania (1.2%) [43].

Similar to the observation in terms of anti-HCV prevalence, it was noted that donors
who are resident of Tehama were found to have increased reactivity to anti-HIV ab (0.9%)
as compared to other regions. Further investigation is needed to fully understand the
situation.

3.3. Syphilis

As compared to the present study, Saghir et al., [20] documented a lower prevalence
of syphilis in Sana’a which reported a prevalence of 0.75%. Comparable findings were
also reported in Ethiopia (0.73%) [36] and Bengal, 0.72% [44]. In contrast to this study, a
lower prevalence of anti-Treponema pallidum was also reported in Saudi Arabia (0.2%) [45],
Nepal (0.02%) [46], and Jordan (0.02%) [47]. The prevalence of syphilis in this study ranged
from 1.8% to 4.7% among various age groups. This was found to be quite similar to that
previously reported [48]. A lower prevalence (0.0% to 0.5%) was reported by Abate and
Wolde [36].

Surprisingly, the largest proportion (4.7%) of reactive syphilis was found among
donors who were older than 55 years despite the low number of participants from this age
group. The lowest percentage (1.8%) was donors aged between 16–25 years. Consistent
with the results for HCV and HIV, donors residing in the Tehama region showed the highest
prevalence of reactive syphilis (10.5%) even with their low number of participants (114).
Participants who worked as military personnel had the highest level (3.0%) of antibodies
against syphilis.

3.4. Malaria

The prevalence of anti-malarial antibodies among blood donors in the current study is
0.7%, which was consistent with the findings of Hoque et al. (0.76%) [49]. Meanwhile, a
lower prevalence was reported by Ehsan et al. in Pakistan (0.11) [50] and Patel et al. [46] in
Nepal (0.02%). Several studies conducted in Ethiopia (4.1%) [51] and Tanzania (8%) [52]
reported high levels of anti-malarial antibodies. Ezeonu et al. [53] in Abuja, Nigeria,
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recorded a higher prevalence (45.8%), whereas a lower prevalence (0.11%) was observed in
Pakistan [54].

This study displayed that 0.7% of all males and females had malaria. This agrees
with the findings by Bartonjo et al. [48] in Kenya, in which 0.7% of male and 0.6% of
female donors had malaria parasites. This is in comparison to the results of a recent study
performed in Tanzania by Morona et al. [52] which showed a high prevalence of malaria
for all females (5.88%) and males (8.27%), whereas Baffour et al. [55] in Ghana reported
that 9.0% of females and 39.0% of males were seropositive for malaria. Interestingly, the
prevalence increased with age (0.6% among the 16–25 age group and 4.7% among the
age group older than 55 years old). This was inconsistent with the findings of Bartonjo
et al. [48], who reported that no malaria parasites were noticed among age groups older
than 25 years old. In addition, Bartonjo et al. [48] identified no malarial parasites among
blood donors in all occupation categories except for students. The present study, however,
reported a prevalence of 0.4% among students and 0.8% among professionals.

3.5. Logistic Regression Analysis (LRA) of the Sociodemographic Characters Related to HCV, HIV,
Syphilis, and Malaria

Professional workers were determined to be not statistically associated with positive
HCV. In contrast, Alzubiry et al. stated that professional workers, such as nurses, medical
doctors, and laboratory technicians, were more susceptible to HBV and HCV infections
due to their frequent contacts with infected patients [56]. Moreover, military and volunteer
donors were high-risk factors for HIV, HCV, and syphilis infections, respectively. This
is in agreement with a previous study that revealed that HBV, HCV, and HIV are more
prevalent among military and volunteer donors [17]. Studies worldwide indicate that
donors’ populations that are composed mostly of students produce a safer blood supply [48].
This study revealed that donors who were students were more likely to have positive
antibodies to syphilis. The possible reason for this association is not clear, and further
evaluation is needed. Notably, the age groups older than 25 years were associated with
high malaria risk factors. This may be because individuals more than 25 years old are more
susceptible to the infection than the younger age group [57], probably due to their greater
involvement in nocturnal activities, which may be social or occupational in nature that
enhance their contact with mosquitoes.

3.6. Limitations of the Study

Although this study investigated TTIs in a large number of donors, it has some
limitations. Given the extremely low proportion of female donors who participated in the
study (below 1%), the discussion of gender differences was limited. This study presents
vital data for public health and provides relevant information in relation to TTIs among
blood donors in Yemen. Factors including differences in health care systems, the economic
status of the country in which the study was carried out, and the scale of the risk factors for
contracting TTIs could have caused these differences. Blood safety and availability remain
a challenge in transfusion centers, and TTIs continues to be a primary concern. Hence,
information generated from such study is pivotal in monitoring and evaluating the trends
and scale of TTIs among donor populations, as they allow effective intervention strategies
to be developed and implemented.

4. Materials and Methods
4.1. Data Collection and Processing

This study employed a descriptive cross-sectional design and, was conducted on
16,367 blood donors who attended at the National Blood Transfusion and Research Centre
in Sana’a, Yemen, from January 2019 to December 2020. A self-administered structured
questionnaire, capturing respondents’ age, gender, residence, occupation, and previous
blood donation history was filled in prior to donation. A trained public health specialist
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was present to conduct face-to-face interviews with blood donors who had difficulty with
reading and writing.

Blood donors were first classified into two main groups: volunteers and replacements,
the latter referring to those who specifically donate blood for their family members or
friends. Then they were classified into four groups according to their occupation: students,
provisional workers, manual workers, and military personnel. Professional workers are
individuals with educational qualifications, such as teachers, engineers, health workers,
employees, etc. Manual workers are people who have low educational qualifications or are
freelancers, such as carpenters, plumbers, drivers, waiters, etc. Blood pressure, hemoglobin
levels and body temperature were measured, and a general health checkup was performed
on all donors. Healthy people aged over 16 years old with a body weight of more than 45
kg were eligible to donate blood and were included in this study.

4.2. Electrochemiluminescence (ECL)

Trained laboratory technicians collected five milliliters of blood from each blood
donor, following a standard aseptic technique. All serum specimens were centrifuged and
tested for anti-HCV and HIV Ag-Ab employing the ECL technique and using the Cobas
e-411 analyzer (Roche ELECSYS® 2010 GmbH; Germany). The specificity of the technique
employed was 99.85% with a sensitivity of 100% [58,59].

4.3. Enzyme Immunoassay (EIA)

Serum specimens were analyzed via the EIA technique for anti-HIV antibodies by
using Gen screenTM Ultra HIV Ag-Ab kit (BioRad Diagnostics, France). For anti-HCV Ab,
the MonolisaTM Anti-HCV plus, Version 3 (BioRad Diagnostics, France) was used. The Bio-
Rad Microplate Reader Machine read the results of the reaction of all the tested specimens.
The sensitivity and specificity of the tests were 94% and 100%, respectively [60]. Rapid
immunochromatographic kits were used, such as the standard diagnostics kit (MT Promedt
Consulting GmbH, Germany) to screen for the presence of anti-Plasmodium falciparum,
anti-Plasmodium vivax malarial parasites, and syphilis. The sensitivity and specificity of the
test kits were 92.9% and 98.4%, respectively [61].

4.4. Statistical Analysis

The proportions of seropositive individuals among the total donor population were
calculated for males only as they represented 99% of the sample. These were expressed as
percentages to determine the prevalence. Appropriate descriptive statistics were used to
describe the socio-demographic variables and other characteristics of the donor population.
All statistical analysis were performed with the SPSS 20 software package. The p-values
were calculated by employing the chi-squared test software package or the Fisher exact
test, and the prevalence of infectious diseases in the population was statistically compared.
Statistical significance was set at a p-value < 0.05. Furthermore, multivariable logistic
regression methods were employed to identify potential risk factors linked to infectious
disease.

5. Conclusions

The prevalence of HCV, HIV, syphilis, and malaria among blood donors in Yemen was
2.0%, 0.2%, 2.4%, and 0.7%, respectively. Further studies are indispensable to provide a
complete picture of the disease prevalence, including the genotyping of viral hepatitis. It
is recommended that the public be offered more health education about the risk factors
of HCV, HIV, syphilis, and malaria parasite infections. The data generated could increase
public awareness and assist in understanding the occurrence and risk factors related to
TTIs allowing public health policies and interventions to be improved.
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