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Abstract: Background and objectives: Blood screening is considered a compulsory procedure in health
care services to reduce the occurrence of transfusion transmitted infections (TTIs). This study
estimated the distribution rates of ABO and Rh blood group systems, prevalence rates of TTIs among
blood donors and their association with the ABO blood group and Rh system. Materials and Methods:
A retrospective study was conducted at the national blood bank, Amman, Jordan for a period of
6 years (from January 2013 to December 2018). For TTIs analysis, about 5 mL blood sample was
collected from each volunteer. A total of 365,029 persons (346,048 (94.8%) males and 18,981 (5.2%)
females) donated their blood at the national blood bank, Amman, Jordan from January 2013 to
December 2018. Results: The results revealed that O and A were the most prevalent blood groups
(37.44% and 36.82%, respectively), followed by B (18.62%) and AB (7.12%). The distribution of
Rh + ve and Rh − ve among blood donors showed that Rh + ve donors were more prevalent (88.73%)
compared with Rh − ve (11.27%). HBsAg was the most prevalent viral infection (0.38%) followed
by HCV (0.13%), syphilis (0.02%), HIV (0.006%) and the male donors were highly infected when
compared with female donors. The association between ABO/Rh blood groups and TTIs infections
was nonsignificant. Conclusions: In conclusion, low frequency rates of TTIs among blood donors were
detected in the current study, but improvements are still continuously required. Low percentages of
female donors need to be managed via conducting health cultural education programs.
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1. Introduction

The transfusion of blood and its components is an important life-saving intervention that secures
millions of people globally each year [1]. Over 81 million units of blood are usually donated each year.
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Transfusion transmitted infections (TTIs) are the most severe complications that may arise throughout
blood transfusion [1]. These TTIs include human immunodeficiency virus (HIV), hepatitis B virus
(HBsAg), Hepatitis C virus (HCV), and syphilis [2]. Blood or blood products that are incompetently
tested or not examined represent the key cause of TTIs in both developing and developed countries [3].
The acquisition of TTIs has become a vital barrier worthy of investigation to maintain both the health
and safety of human life [4,5]. In addition, TTIs have drawn considerable attention because of their
persistent viremia and transient state, which could be lethal and lead to chronic and complicated
life-threatening disorders [1,2]. At a global level, about 33 million are infected with HIV, 2 billion are
infected with HBV and 150 million are infected with HCV [6,7]. On the other hand, syphilis, which is a
disease caused by infection with Treponema pallidum, has been found to affect about 12 million people
every year [8,9].

ABO is the main inherited blood group system responsible for the distribution of blood groups
among people through the inheritance of A and B genes [1,10]. Some blood groups have been found to
be able to serve as receptors and ligands for bacteria, viruses and parasites. Research has also revealed
that ABO antigens can block the binding of TTI agents to polysaccharide, but cells that lack these
antigens are at risk for TTIs [11–13]. Thus, it has been reported that there is a relationship between
blood groups and some diseases, which are being affected by the distribution of blood groups [12,13].
For instance, a study conducted on blood donors in the Chinese mainland reported an association
between O blood group and HBV, whereas no significant association was observed with HCV between
all types of blood groups [14]. So far, a preliminary study revealed that the prevalence rates of HBV
and HCV in 712 patients at dialysis units at Royal Medical Services hospitals in Jordan were 7.0%
and 16.5%, respectively [15]. Another old study was conducted in 1984, which documented that the
prevalence rate of HBV among blood donors at Jordan university hospital was found to be 4.4% [16].

To date, the prevalence rates of TTIs and the frequency of ABO and Rh blood groups in Jordan
have not yet been studied. Therefore, this study evaluated the prevalence rates of TTIs and distribution
of blood groups and Rh among blood donors at the national blood bank, Amman, Jordan from 2013 to
2018, and the possible associations between blood groups and Rh with TTIs.

2. Materials and Methods

2.1. Subjects

This is a retrospective cross-sectional study conducted over a period of 6 years (from January 2013
to December 2018) at the national blood bank, Amman, Jordan. The national blood bank provides
several healthcare services to most of the hospitals and medical centers in Jordan. Ethical approval
was obtained from the research ethical committee at the Faculty of Medicine, Mutah University
(Ethical approval number: M/M/17-8/2019; 25 October 2012). Only healthy people with no current
or previous history of infections with TTIs with ages ranging from 18 to 60 years, weight 45 kg or
more, hemoglobin not less than 12.5 g/dL, and normal pulse and blood pressure can donate blood.
All donors were requested to give informed consent before donation. Data were obtained from the
records at the national blood bank, Amman. In the screening of blood groups, forward (cell grouping)
and reverse (serum grouping) reactions were conducted to determine the blood groups of donors.
The final result of grouping was confirmed with identical forward and reverse grouping.

All donors were screened for TTIs using rapid and ELISA kits purchased from BioRad (USA),
following the provided instructions. Rapid immunochromatographic kits were used to screen the
presence of HCV, HBsAg and venereal disease research laboratory test for syphilis (VDRL) using
serum following the manufacturer’s instructions. HIV screening was done using the ELISA technique.
The reactive donors were screened with nucleic acid testing (individual NAT) to preclude false positive
(+ve) or false negative (−ve) cases. However, no false −ve or +ve cases were detected. The frequency
rates were calculated and compared for various blood groups and TTIs. Additionally, the association
of TTIs among blood donors with ABO and Rh blood groups was evaluated.
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2.2. Statistical Analysis

Data were collected and analyzed using SPSS (version 22). ANOVA test was used to compare
the frequency rates of different blood groups. A qualitative comparison to study the frequency and
association between ABO/Rh blood group and TTIs was tested using Chi-square test. The differences
were considered statistically significant at p < 0.05.

3. Results

3.1. Distribution of ABO and Rh Blood Groups

In the present study, a total of 365,029 males (346,048; 94.8%) and females (18,981; 5.2%) donated
their blood at the national blood bank, Amman, Jordan from January 2013 to December 2018.
The average number of donors of blood is about 60,838 persons and the ages of blood donors ranged
between 20–60 years with an average of 33.4 ± 8.7 years. Donors are divided into replacement donors
(33%) and voluntary donors (67%). Statistically significant differences were observed between the
family and volunteer donors (p < 0.01) and between male and female donors (p < 0.001). The general
distribution of ABO and Rh blood groups are summarized in Figure 1. The results showed that O and
A were the most prevalent blood groups (136,651; 37.44% and 134,418; 36.82%, respectively) followed
by B (67,967; 18.62%) and AB (25,993; 7.12%). Detailed distributions of ABO revealed that out of 365,029
blood donors, O + ve group was the highest (33.03%), followed by A + ve (32.86%), B + ve (16.56%),
AB + ve (6.28%), O − ve (4.40%), A − ve (3.97%), B − ve (2.06%), and AB − ve (0.84%). The distribution
of Rh + ve and Rh − ve among blood donors is illustrated in Figure 1. Rh + ve donors were more
prevalent (88.73%) when compared with Rh − ve (11.27%).

Figure 1. Distribution of ABO and Rh blood groups among blood donors at national blood bank,
Amman, Jordan for 6 consecutive years.

3.2. Prevalence of TTIs among Blood Donors

Figure 2 shows the percentages of TTIs seropositive cases among male and female donors out of
the total number of donors. Out of the 365,029 donors, the frequency rates of TTIs in male donors
(n = 1883) were found to be significantly higher when compared with females (n = 72; p < 0.01)
(Figure 2A). The frequency rates of TTIs among female blood donors out of total donor numbers
ranged from 0.013% to 0.0003% (HBsAg; 0.13%, HCV; 0.007% and VDRL; 0.0003%) and there were no
HIV positive cases in female donors (Figure 2B). The frequency rates of TTIs among male blood donors
out of total donor numbers ranged between 0.37–0.005% (HBsAg; 0.37%, HCV; 0.12%, HIV; 0.005% and
VDRL; 0.02%) (Figure 2C).
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Figure 2. Frequency rates of transfusion transmitted infections (TTIs) among female and male donors.
(A) Percentage of positive cases among male and female blood donors out of total donors. (B) Percentages
of TTIs among the female donors out of total donors. (C) Percentages of TTIs in male blood donors out
of total donors.

The frequency rates of positive cases among female blood donors (72) out of the total number of
female donors (18,981) were evaluated and compared with the frequency rates of positive cases among
male blood donors (1883) out of the total number of male donors (346,048), as depicted in Figure 3.
The frequency rate of TTIs positive cases among female donors out of the female donors was found to
be 0.38%, while the frequency rate of TTIs positive cases male blood donors out of the male donors
was found to be 0.54% (Figure 3A). The frequency rates of TTIs among female blood donors out of
female donors ranged from 0.01–0.24% (HBsAg; 0.24%, HCV; 0.13% and VDRL; 0.01%) and there were
no positive cases in female donors (Figure 3B). The frequency rates of TTIs among male blood donors
out of male donors ranged between 0.39–0.02% (HBsAg; 0.39%, HCV; 0.13%, HIV; 0.01% and VDRL;
0.02%) (Figure 3C).

Figure 3. Frequency rates of TTIs among female and male blood donors. (A) Percentage of positive cases
among male and female blood donors out of total male and female donors, respectively. (B) Percentages
of TTIs among the female donors out of female donors. (C) Percentages of TTIs in male blood donors
out of male donors.
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The percentages of positive TTIs in each blood group out of the total number of blood donors
of each group were presented in Figure 4. Group O showed high percentages of HBsAg (0.47%)
followed by B (0.35%), AB (0.34%) and A (0.32%) groups. For HCV, group B showed the highest
percentages (0.16%) followed by A, AB and O groups. On the other hand, group AB showed the
highest levels of infection with HIV (0.012%) followed by O (0.007%), B (0.006%) and A (0.002%)
groups. Additionally, group AB showed the highest levels of infection with VDRL (0.023%) followed
by O (0.019%), A (0.017%) and B (0.013%) groups.

Figure 4. Percentages of infections with TTIs among blood donors according to the blood group of
donors out of the total number of blood donors of each different group.

The detailed distributions of the frequency rates of TTIs among male and female blood donors are
illustrated in Table 1. In general, for all blood groups, HBsAg was the most prevalent viral infection
(0.38%) followed by HCV (0.13%), syphilis (0.02%), HIV (0.006%), and the male donors were highly
infected when compared with female donors. The frequency rate of HBsAg in O + ve donors was found
to be higher (0.48%) as compared to HCV (0.13%), HIV (0.007) and VDRL (0.02) followed by group
O − ve (0.37%), B + ve (0.36%) and AB + ve (0.36%). The lowest frequency rate of HBsAg infection
was observed in AB − ve (0.20%). On the other hand, HCV was highly detected in B + ve (0.169%)
followed by AB − ve (0.163%), A + ve (0.133%), AB + ve (0.127%), O + ve (0.125%), and A − ve (0.117%).
The lowest frequency rate was detected in B − ve (0.053%). In regard to HIV infection, the highest
infection was noted in AB − ve (0,33%) followed by AB + ve (0.009%), O + ve (0.007), B + ve (0.007%),
O − ve (0.003%), and no HIV infections were detected in A − ve or B − ve groups. AB + ve showed the
highest infections with syphilis (0.026%) followed by A − ve (0.021%) and O + ve (0.021%), A + ve
(0.017%), B + ve (0.015%), and O − ve (0.006%). Group B − ve and AB − ve did not show any positive
infections with syphilis.

The percentages of TTIs infection were found to be higher in RhD + ve donors compared with
RhD − ve donors. The frequency rate of HbsAg and HCV were high in RhD + ve donors out of the
total number of Rh + ve donors (0.39% and 0.14%) compared to RhD − ve donors out of the total
number of Rh − ve donors (0.32% and 0.09%), while no differences were observed in the frequency
rates of HIV and syphilis (Table 1). At the same time, statistically significant differences were detected
between the number of positive cases of HBsAg and HCV in male and female donors out of the total
number of male and female donors, respectively, whereas no statistically significant differences were
observed in the case of HIV and syphilis.
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Table 1. Distribution of TTIs among male and female blood donors according to ABO and Rh blood
groups out of the total number of donors for each blood group.

Blood Group No and % of Donors Number and % of
Male and Female HBsAg + ve (%) HCV + ve (%) HIV + ve (%) VDRL + ve (%)

O + ve 120,586 M: 114,286 (94.8) 559 (0.46) 142 (0.12) 9 (0.007) 24 (0.02)
F: 6300 (5.2) 21 (0.02) 9 (0.007) 0 (0.00) 1 (0.000)

O − ve 16,065 M: 15,173 (94.4) 55 (0.34) 12 (0.075) 1 (0.006) 1 (0.006)
F: 892 (5.6) 5 (0.03) 1 (0.006) 0 (0.00) 0 (0.00)

A + ve 119,941 M: 113,888 (95) 372 (0.31) 151 (0.13) 3 (0.003) 20 (0.02)
F: 6053 (5) 8 (0.01) 8 (0.01) 0 (0.00) 0 (0.00)

A − ve 14,477 M: 13,655 (94.3) 43 (0.30) 17 (0.12) 0 (0.00) 3 (0.0.02)
F: 822 (5.7) 1 (0.007) 0 (0.00) 0 (0.00) 0 (0.00)

B + ve 60,450 M: 57,385 (94.9) 211 (0.35) 98 (0.16) 4 (0.007) 9 (0.015)
F: 3065 (5.1) 7 (0.11) 4 (0.007) 0 (0.00) 0 (0.00)

B − ve 7517
M: 7095 (94.4) 20 (0.27) 4 (0.05) 0 (0.00) 0 (0.00)

F: 422 (5.6) 1 (0.013) 0 (0.00) 0 (0.00) 0 (0.00)

AB + ve 22,920 M: 21,714 (94.70) 79 (0.34) 27 (0.118) 2 (0.009) 6 (0.03)
F: 1206 (5.3) 3 (0.01) 2 (0.009) 0 (0.00) 0 (0.00)

AB − ve 3073
M: 2852 (92.8) 6 (0.20) 4 (0.13) 1 (0.32) 0 (0.00)

F: 221 (7.2) 0 (0.00) 1 (0.32) 0 (0.00) 0 (0.00)

Total 365,029 M: 346,048(94.8) M:1345(0.37) M: 455(1.25) M: 19(0.005) M: 63(0.02)
F: 18,981(5.2) F: 46(0.013) F: 25(0.007) F: 0(0.00) F: 1(0.0003)

The total numbers of blood donors every year from 2013–2018 are comparable and no statistically
significant difference was observed in the total number of blood donors every year (Table 2). A gradual
statistically significant decrease between the percentages of infection with HbsAg in 2013 (0.78%) as
compared with 2018 (0.132%; p < 0.01) was observed. Simultaneously, the percentage of infection with
HCV showed a statistically significant decrease in 2013 (0.18%) as compared to 2018 (0.08%; p < 0.05).
HIV and VDRL did not show any statistically significant differences as their percentages are very low
and, in some years, there was no positive case at all. No HIV + ve cases were detected in females from
2013–2018, while only one VDRL + ve case was detected in 2015. Surprisingly, the frequency rates
of infection with HIV in male donors were consistently two (0.003%) for all years from 2013 to 2018.
The frequency rates of syphilis in male blood donors fluctuated from year to year, as it was 0.014% in
2013 and decreased to 0.006% in 2014, then it jumped in 2015 to reach 0.031% and again dropped to
0.019% in 2016, decreasing to 0.013% in 2017, then increasing up to 0.019% in 2018. It was noted that
the percentages of infection with TTIs were higher in males compared with females in all years. In the
current study, no associations were observed between the TTIs and ABO and Rh blood group systems
(Table 2).

Table 2. Numbers and percentages of TTIs among male and female blood donors from 2013–2018.

Year No of Donors
HBsAg HCV HIV VDRL
N (%) N (%) N (%) N (%)

2013 62,078 M: 487 (0.784) M: 111 (0.179) M: 2 (0.003) M: 9 (0.014)
F: 15 (0.024) F: 8 (0.013) F: 0 (0.00) F: 0 (0.00)

2014 64,394 M: 270 (0.419) M: 71 (0.110) M: 2 (0.003) M: 4 (0.006)
F: 8 (0.012) F: 1 (0.002) F: 0 (0.00) F: 0 (0.00)

2015 60,677 M: 245 (0.404) M: 99 (0.163) M: 0 (0.00) M: 19 (0.031)
F: 8 (0.013) F: 6 (0.010) F: 0 (0.00) F: 1 (0.002)

2016 57,750 M: 157 (0.272) M: 74 (0.128) M: 2 (0.003) M: 11 (0.019)
F: 5 (0.009) F: 1 (0.002) F: 0 (0.00) F: 0 (0.00)

2017 59,680 M: 106 (0.178) M: 52 (0.087) M: 2 (0.003) M: 8 (0.013)
F: 4 (0.007) F: 7 (0.012) F: 0 (0.00) F: 0 (0.00)

2018 60,450 M: 80 (0.132) M: 48 (0.08) M: 2 (0.003) M: 12 (0.019)
F: 6 (0.010) F: 2 (0.003) F: 0 (0.00) F: 0 (0.00)
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4. Discussion

The current study is the first comprehensive study revealed the frequency rates of ABO and Rh
blood group systems in male and female blood donors out of the total number of donors and out of the
total number of male and female blood donors. It also aimed to assess the prevalence rates of TTIs and
the possible association between TTIs with ABO and Rh blood groups. The determination of the ABO
and Rh blood group systems in addition to the crossmatching between donors and recipient blood
samples are considered the most important procedures, which must be performed before any blood
transfusion process. Stringently following the guidelines in blood banking would help to minimize and
safeguard the community from the spreading of TTIs, ensure a safe supply of blood and its products,
as well as preventing the hemolytic disease of newborns [4].

This study included 365,029 donors who donated blood at national blood bank, Amman, Jordan,
from 2013 to 2018. Most of them were family donors (87.60%), while the volunteer donors were
approximately 14.40%. The number of male donors was higher than female ones, a finding consistent
with other reports [17,18]. O and A were the most prevalent groups, followed by B and AB which
is similar to the prior studies done in the Riyadh and Al-Qassim provinces (Saudi Arabia) [1,19],
the American population in Cherokee, the African American population in St. Louis, the Chinese
population in Hong Kong [20] and in Nigeria [21]. There was no big difference in the distribution
of O and A blood groups (37.44% and 36.82%, respectively) in this study when compared with
other studies in Saudi Arabia (47.45% and 26.2%) [19] and Nigeria (55.3% and 25.3%) [22] which
showed significant differences in the frequency rates of O and A blood groups. Conversely, a study
done by Sana and Tauseef reported that group A (28.947%) was the most prevalent followed by O
(22.267%) [23], whereas other studies reported that B blood group (34.3% and 35.7%) was the most
prevalent, followed by O (31.3% and 29.8%) [3,24]. The frequency rates of B and AB blood groups
in this study was found to be 18.62% and 7.12%, respectively, which is lower than 35.7% and 9.7%
reported by Nigam et al. [3]. In contrast, the percentage of AB blood group was higher than 3.9%
reported by Alabdulmonem et al. [19]. The calculated frequency rates of Rh + ve and Rh − ve among
blood donors in this study were found to be comparable with the previous results reported from Saudi
Arabia [19,25]. Generally, the distribution of ABO and Rh blood group systems are differing across
different populations and these differences may be attributed to many factors, such as genetic factors,
and variation in sample size. On the other hand, the accumulative frequency rates of TTIs among blood
donors in this study was 0.54% which is lower than 1.002% in Saudi Arabia [19], 2.3% in Yemen [26],
18.7% in New Guinea [27], 6.55% in Ethiopia [1], 37.39% in Mozambique [28], and 24% in Burkina
Faso [29]. The frequency rates of positive cases of TTIs among male and female blood donors out
of total number of donors were found to be 0.52% and 0.02%, respectively, which is lower than the
0.75% and 0.26% reported previously [19]. Concurrently, this study revealed that the highest positivity
rates of TTIs were observed among O blood group donors (0.23%) followed by A (0.17%), B (0.098%)
and AB (0.036%). The same distribution was observed in Rh + ve and Rh − ve blood donors, but the
percentage of TTIs was very high in Rh + ve donors. These findings are consistent with the previous
investigations conducted by Omar et al. and Mohammadali, et al. [6,12]. HBV and syphilis were
found to be more prevalent in the O blood group, followed by A, B and AB, while HCV was found to
be more prevalent in A followed by O, B and AB. The percentage of infection with HIV was found
to be high in O blood group donors followed by B and same percentages were detected in A and
AB. The findings of this study are not comparable with the prior study done by Tyagi and Tyagi and
Nigam et al., where the percentages of TTIs were high among Rh − ve and A − ve blood donors when
compared with other groups [3,13]. The prevalence rates of HBsAg and HCV reported here were
found to be 0.38% and 0.13%, which are lower than 3.8% and 0.95% in Syria [30], 0.9% and 1.2% in
Saudi Arabia [31], 1.2% and 13.6% in Egypt [32], and 2.35% and 0.79% in Yemen [26] for both HBV and
HCV, respectively. At the same time, the prevalence rates of HIV and syphilis were much lower when
compared with their levels in other studies [26,33], but were comparable with others [25].
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Blood banks in Jordan strictly prohibit the donation from foreign individuals because they are
relying on the national number to save in their database and encourage the voluntary donation through
providing six months health insurance for blood donors. These procedures may be one of the factors
behind the declined prevalence of TTIs in the country. The percentage of TTIs among females out of the
total number of female donors was found to be highly significant when compared with the percentage
of TTIs-infected females out of the total number of blood donors. Despite the fact that the frequency
rate of HBsAg and HCV was very low when compared with other countries, it vastly dropped from
0.784% and 0.179% in males, and 0.024% and 0.13%, respectively, in females in 2013 to reach 0.132%
and 0.08% in males and 0.010% and 0.003%, respectively, in females in 2018. The HIV and syphilis
prevalence rates did not reflect much improvement as their levels were very low and no positive cases
were found in female donors. In addition, the massive decrease in HBV and HCV prevalence rates
from 2013 to 2018 reflected a marked improvement in Jordan’s healthcare system.

A previous study conducted by Ghazzawi et al. [15] aimed to evaluate the prevalence rates of
HBsAg and HCV in hemodialysis patients at Jordanian Royal Medical Services, and reported that the
frequency rates of HBsAg and HCV were 7.0% and 16.5%, respectively, which are very high compared
with our findings in this study. The possible causes behind the variation of results could be the
low sample size in their study (712 patients) compared with our sample size (365,029) and type of
study, as they did their screening on hemodialysis patients, who are highly exposed to the infections
compared with our study, which assess the rate of TTIs among healthy blood donors [15].

In the present study, male blood donors were more susceptible to TTIs when compared with the
females, who could be associated with many factors, such as the behavioral and socio-cultural nature
and physiology of males, and low level of health concern among males compared with females [33].
It was also noted that infected females are well diagnosed due to pre-natal care and in other settings
they have more significant exposure to the tests. Another explanation documented by Goncalez et al.
in 2006 and 2010 confirmed that males are more predisposed than females to be test seekers at blood
centers [34,35]. The variation in the frequency rates of other TTIs could occur as a result of variations
in sample size using different screening reagents and methods with different specificity and sensitivity
and strict adherence to the blood transfusion guidelines [36].

The study of the association between TTTs and the ABO Rh blood group system revealed that
blood group O is more susceptible to viral infection (HBsAg, HIV and syphilis) followed by blood
groups A and B, whereas the A blood group is more susceptible to HCV followed by O. Despite the
high prevalence rates of HBsAg among group O donors, there was no association with HBsAg, which is
in line with the findings of other studies [25,37], and in contrast with others [6,38]. Likewise, other ABO
and Rh blood groups did not exhibit any statistical association with the TTIs.

The current study has some limiting points that need to be addressed in future studies. We have
not used advanced methods for testing TTIs, such as fourth generation ELISA and molecular testing,
including nucleic acid amplification technology (NAT) for testing the viral markers. In addition,
this study showed that group O was more susceptible to infection with HBsAg, HIV and VDRL,
while the A blood group was more disposed to HCV infection. In addition, this study is limited by its
retrospective nature. Therefore, more research to explore the relationship between antigen receptors
on the O and A blood groups and the suspected infection is needed.

5. Conclusions

This study detected a significantly lower rate of TTIs among blood donors at the national blood
bank, Amman, Jordan, but there is still a need for improvement in blood bank facilities and compliance
with global blood bank guidelines. The frequency rates of O and A blood groups were much too close
to each other. Group O was more susceptible to infection with HBsAg, HIV and VDRL, while the A
blood group was more prone to HCV infection. The total number of Rh + ve blood donors was higher
as compared to the Rh − ve blood donors and the Rh + ve blood donors showed higher percentages
of seropositivity TTIs. In addition, the percentage of female blood donors was significantly lower
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than the percentage of male donors, and this should be addressed and improved through women’s
public education about the importance and benefit of blood donations to encourage them to donate
blood. Such knowledge is vital and paramount for the coordination of blood blank inventories and the
delivery of transfusion services without delay to the vulnerable patients. We recommend performing
more studies covering the whole country to better reflect representative results regarding the frequency
rates of ABO and Rh blood group systems, as well as the prevalence rate of TTIs among communities.
This would highly help in establishing a database for the blood banks in Jordan.

Author Contributions: Conceptualization, A.M.A.H.; S.A.M.S. and A.M.M.; methodology, A.M.A.H.; S.A.M.S.;
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