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Abstract: Background and objectives: To determine the seroprevalence of SARS-CoV-2 antibodies and the associ-
ated risk factors among healthy blood donors from Peshawar Pakistan, during the second and third waves of the CO-
VID-19 pandemic. Methods: The study was conducted on 4047 healthy (with no history or symptoms of COVID-19) 
blood donors attending regional blood center Peshawar between Nov 2020 and June 2021. Demographic data was 
collected and donors were screened for the presence of anti-SARS-CoV-2 antibodies using electrochemilumines-
cence immunoassay (ECLIA). Results: The mean age of the participants was 27.27±7.13 and the majority (99%) 
were males. Overall, 59% (2391/4047) of the blood donors were reactive for SARS-CoV-2 antibodies. An increas-
ing trend in seropositivity was observed from 45.5% to 64.8% corresponding to the second and third wave of the 
pandemic in Pakistan. Logistic regression analysis revealed significantly higher odds of seropositivity among male 
donors compared to females. Similarly, in multivariable analysis, the odds ratio for seropositivity among blood types 
AB, A, and B were, 1.6, 1.4, and 1.3 (CI 95%) times higher compared to blood group O (P-value ≤0.0001). Conclu-
sions: Seropositivity of SARS-CoV-2 antibodies among blood donors gradually increased during the second and 
third wave of the pandemic in Pakistan indicating a widespread prevalence of Covid-19 in the general population. 
Susceptibility to SARS-CoV-2 varies with ABO blood types, with blood group O associated with low risk of infection.
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Introduction

After almost two years into the Severe Acute 
Respiratory Syndrome Coronavirus (SARS-CoV- 
2) pandemic [1], many questions yet remain 
unanswered related to the spread of the novel 
virus in different communities. As of Septem- 
ber 2021, over 250 million confirmed cases, 
and around 5 million deaths due to COVID-19 
have been reported across the globe [2].

Although epidemiological data points, based 
on laboratory-confirmed cases, provide impor-
tant insight regarding epidemic dynamics, they 
do not accurately portray the extent of asymp-
tomatic spread within a community. Evidence 
suggests that SARS-CoV-2 infections may have 

been underestimated, since a large proportion 
of infected individuals remain asymptomatic  
[3, 4], and may not have been tested. This is 
especially true in lower-middle-income coun-
tries (LMIC), such as Pakistan, where testing 
strategies rely heavily on symptomatic testing 
by real-time reverse transcription-polymerase 
chain reaction (RT-PCR), and contact tracing. 
Meanwhile, asymptomatic infection is rarely 
targeted, due to limitations in testing capacity, 
availability, accessibility to standard tests, and 
required diagnostic facilities [5, 6]. Popula- 
tion-based seroepidemiological data has more 
potential to accurately enumerate the magni-
tude of previously unknown, and asymptomatic 
infection at the community level [7]. Such stud-
ies may serve as powerful predictors of infec-
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tion in non-vaccinated individuals, thus guiding 
future public health policies and pandemic con-
trol strategies [8, 9].

Data from ongoing seroprevalence surveys re- 
flect the dynamics of the COVID-19 pandemic 
of SARS-CoV-2 spread. A landmark systematic 
review and meta-analysis by Bobrovitz et al, 
including 9.3 million participants from 74 coun-
tries, reported low seroprevalence (median 
4.5%, IQR 2.4-8.4%) of SARS-CoV-2 antibodies 
in the general population [10]. However, there 
is notable heterogeneity in findings of avail- 
able seroprevalence studies, with levels vary-
ing widely among different regions, ethnicities, 
and age groups [11-13]. After the first pan- 
demic wave, studies from Pakistan showed a 
high seroprevalence of SARS-CoV-2, ranging 
between 33%-42% in various populations [14, 
15], suggesting that the actual prevalence of 
infection has been underestimated, and is sev-
eral folds higher than the number of RT-PCR-
confirmed cases.

Although there is no concrete evidence that 
coronavirus disease 2019 (COVID-19) can be 
transmitted through blood transfusion, donor 
safety has been a general concern since the 
pandemic began [16]. Instead of routine 
screening of blood donors for SARS-CoV-2 by 
RT-PCR or immunoassay, WHO recommends 
that blood donors be deferred for four weeks if 
they experience any symptoms indicative of 
COVID-19, had contact with a known case, or 
travel history to an epidemic area [17]. Thus 
blood donors make ideal study subjects for 
serosurveys involving serial testing to monitor 
unknown viral circulation. This approach has 
been endorsed by the World Health Organi- 
zation (WHO) and is currently implemented 
across the world to inform health policies, 
especially in LMIC and where serial testing and 
sampling are not feasible.

This current study was designed to determine 
the seroprevalence of SARS-CoV-2 antibodies 
among blood donors in Khyber Pakhtunkhwa 
(KP) province of Pakistan during the second 
and third epidemic waves and to establish 
potential risk factors for seropositivity. Amidst 
global vaccination drives, such studies can aid 
in assessing the immunological status of vari- 
ous populations, optimising vaccination strate-
gies, and priortisation of vaccine recipients.

Methodology

Study design and sampling

This serial, cross-sectional study was conduct-
ed at the Regional Blood Centre (RBC) of 
Peshawar, the capital city of Khyber Pakh- 
tunkhwa province of Pakistan from November 
2020 to June 2021. RBC is a centralized blood 
bank, which collects blood from donors across 
KP, and is connected to the blood banks of all 
major hospitals within Peshawar. This study 
was approved by the Ethics Research Board of 
Khyber Medical University (Ref number: Dir/
KMU-EB/SC/000838), while administrative 
approval was obtained from RBC. Potential 
donors were provided with information, trans-
lated into the national language (Urdu), regard-
ing the background, and objectives of our stu- 
dy. Written informed consent was provided by 
all eligible participants before data and sam- 
ple collection. Prior to blood collection, all the 
donors were assessed through a self-adminis-
tered questionnaire, clinical assessment, and 
mini-health screening (triage) by the staff to 
confirm that the donors meet selection cri- 
teria following National Guidelines for Quality 
Control in Transfusion Medicine [18]. The pro-
cess aims to ensure that the donors are heal- 
thy and free of transmissible infectious diseas-
es. Donors who were found eligible according 
to the WHO and National Guidelines “Blood 
Donor Selection Criteria”, were included in the 
study and those who were not eligible were 
excluded from the study [18]. Additionally, the 
donor was also deferred if they had experi-
enced any COVID-like symptoms (cough, fever, 
flu, etc.) recently or have contact with a known 
case as per WHO guidelines [17]. Blood sam-
ples were collected by vein puncture method 
(antecubital vein) by a trained phlebotomist fol-
lowing standard procedure. The donors who 
consented to participate in the study also pro-
vide an additional 3 mL of blood in collection 
tubes containing EDTA. All the blood samples 
were then screened for routine Transfusion 
Transmissible Infections (TTI’s). Screening for 
Hepatitis B, Hepatitis C, HIV, and Syphilis was 
done by Chemiluminescent Microparticle Im- 
muno Assay (CMIA) assay Technique (Abbott 
ARCHITECT i2000, Abbott Park, Illinois, U.S.A.) 
while for malaria, screening by ICT.
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Study period

To investigate a potential increasing trend,  
the sample collection period was broken down 
into four intervals: November 2020-December 
2020, January 2021-February 2021, coincid- 
ing with the second wave, and March 2021-
April 2021, and May 2021-June 2021, coincid-
ing with the third wave in Pakistan’s epidemic 
timeline.  Following global pandemic trends, 
Pakistan experienced its second epidemic 
wave from November 2020 to January 2021 at 
a peak of which around 3,000 cases were 
reported daily for two weeks. This was followed 
by a period of sustained decline in cases until 
the third wave from March 2021 to May 2021, 
at a peak of which, around 5,000 cases were 
reported daily for a period of two weeks.

SARS-CoV-2 antibody testing

Plasma samples from TTI’s seronegative blood 
donors were tested for Anti-SARS-COV-2 anti-
bodies using Electro Chemiluminescence im- 
munoassay (ELCIA) on Cobas e-411 Immuno- 
assay analyzer (Roche Diagnostics, Rotkreuz, 
Switzerland) following manufacturer instruc-
tions. The assay measures total antibodies 
against the viral antigen (N-protein). A cut-off 
value of >1.0 was used to identify positive sam-
ples as per manufacturer recommendations.

Statistical analysis

Data were presented as mean ± standard devi-
ation for numerical data, and frequencies and 
percentages [N (%)] for categorical variables. 
The outcome variable was SARS-CoV-2 sero-
positivity. Chi-square analysis and t-tests were 
applied to compare demographic characteris-
tics between seropositive and seronegative 
donors, followed by logistics regression analy-
sis to establish correlates of seroprevalence. A 
P-value of less than 0.05 was considered sta-
tistically significant. Data were recorded and 
analyzed using SPSS® version 24 (IBM carp, 
USA).

Results

Characteristics of eligible blood donors

In total, 4,047 participants were enrolled be- 
tween November 2020 and June 2021. The 
demographic characteristics of participating 

donors are shown in Table 1. Overall, males 
constituted 99.0% (4000/4047) of the study 
participants, meanwhile, 64.6% (2618/4047) 
of donors belonged to Peshawar city. The mean 
age of the total participants was 27.27±7.13 
years. Our results shows a higher trend of blood 
donation in the younger population, with 82.5% 
(n=3339) donors ranging from 18 to 34 years 
old, while only 0.2% (n=7) donors were ≥55 
years of age. 

Among the male participants, 59.5% (2378/ 
4000) were seropositive, while 27.7% (13/47) 
female donors were seropositive for SARS-
CoV-2 antibodies. The mean age of seroposi- 
tive blood donors was 27.3±7.2, whereas the 
mean age of seronegative donors was 27.1± 
6.9. Seroprevalence levels varied with age, 
ranging between 42.9% (3/7) in participants 
≥55 years, to 64.9% (63/97) in participants 
45-54 years old. Among various regions of KP, 
the highest seroprevalence levels were record-
ed in DI Khan (64.4%, n=116), Malakand (63%, 
n=243), Mardan (59.3%, n=112), followed by 
Peshawar (59.2%, n=1551), while lowest levels 
were found in Bannu (52.9%, n=185). The high-
est seroprevalence levels were among donors 
with blood group types AB, of 64.9% (276/425), 
and A, of 62.2% (681/1094) while the lowest 
seroprevalence levels, of 53.2% (649/1219) 
were among donors with blood group O (Table 
1). Observed differences between mean age, 
or seroprevalence levels in different age cate-
gories, of seropositive and seronegative do- 
nors, were not statistically significant. Similarly, 
there was no statistical difference between 
seroprevalence levels in various regions of KP. 
In contrast, significantly higher seropositivity 
was observed in male blood donors compared 
to females, and among exchange blood do- 
nors, as compared to voluntary donors. Statis- 
tically significant differences were also detect-
ed in ABO blood types between seropositive, 
and seronegative blood donors, p-value: 0.00 
(Table 1).

However, multivariate regression analysis re- 
vealed that male blood donors had significantly 
higher odds (P-value <0.001, OR 3.4; 1.8-6.6) 
of being seropositive, compared to female do- 
nors (Table 2). Bannu division had significantly 
lower odds of seropositivity, compared to the 
city of Peshawar (P-value 0.022, OR 0.8; 0.6-
0.9). Compared to blood group O, groups A, B or 
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Table 1. Seroprevalence of anti-SARS-CoV-2 antibodies and associated risk factors among blood 
donors from Khyber Pakhtunkhwa, Pakistan

Characteristics
Antibody status (N)

Total (N) Seroprevalence (%) P-value
Sero-negative Sero-positive

Gender Female 34 13 47 27.70 0.00
Male 1622 2378 4000 59.50

Age (Years) Mean ± SD 27.1±6.9 27.3±7.2 0.20
Age categories 18-24 749 1047 1796 58.30 0.60

25-34 625 918 1543 59.50
35-44 244 360 604 59.60
45-54 34 63 97 64.90
≥55 4 3 7 42.90

Region Hazara 36 45 81 55.60 0.09
Bannu 165 185 350 52.90
Peshawar 1067 1551 2618 59.20
Malakand 143 243 386 63.00
Kohat 104 139 243 57.20
DI Khan 64 116 180 64.40
Mardan 77 112 189 59.30

Type of Donor Exchange 1023 1404 2427 57.80 0.03
Voluntary 633 987 1620 60.90

ABO Blood Group A 413 681 1094 62.20 <0.001
AB 149 276 425 64.90
B 524 785 1309 60.00
O 570 649 1219 53.20

AB were significantly associated with seroposi-
tivity, P-values ≤0.001 (Table 2).

Seroprevalence trends during the outbreak

Overall, SARS-CoV-2 antibodies were detected 
in 59.0% (2386/4047) of our participating 
blood donors. As seen in Figure 1, an increas-
ing trend in seroprevalence levels was ob- 
served during the sample collection period. 
Amidst the active second wave of the epi- 
demic, seropositivity increased from 45.5% 
(174/382) in November 2020-December 2020 
to 56% (985/1765) in January 2021-February 
2021. This further jumped higher and 65% 
(1227/1900) seropositivity was detected in 
donation samples collected between March-
June 2021, during the third epidemic wave.

Discussion

This cross-sectional analysis presents the 
trend of seroprevalence in blood donors, with-
out prior history of COVID-19, during the  
second and third SARS-CoV-2 epidemic waves 

in Khyber Pakhtunkhwa province, Pakistan. 
Overall, the seroprevalence rate was 59% 
among 4,047 eligible donors following three 
epidemic waves in KP. During the study period, 
a progressive increase in seroprevalence, from 
45.5% to 64.8%, was observed as expected 
[19-21] concomitant with the COVID-19 inci-
dent rate in Pakistan at the time. In Novem- 
ber 2020, at the start of the second epidemic 
wave in KP, 45.5% of blood donors were sero-
positive for SARS-CoV-2 antibodies, which 
jumped to 55.8% in February 2021, following 
the second wave, and up to 64.8% seropositiv-
ity between April-May 2021, during the third 
wave. Similar trends in seroprevalence have 
also been reported in different geographic 
regions across the world including Pakistan. 
According to a meta-analysis, SARS-COV-2 se- 
roprevalence among the general populations 
was estimated to be 8% by end of 2020 [8]. 
However, higher levels were reported in sero-
logical studies in blood donors from around  
the globe [19, 20, 22]. Ongoing global sero-sur-
veillance has revealed large heterogeneity in 
prevalence, which varies vastly across coun-
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Table 2. Results of logistic regression analysis

Parameter 
Univariable analysis Multivariable analysis 

OR (95% CI) P-value OR (95% CI) P-value
Gender
    Female REF REF
    Male 3.8 (2-7.3) <0.001* 3.4 (1.8-6.6) <0.001*

Age (years) 1.1 (0.9-1.1) 0.242 1.0 (0.9-1.0) 0.361
Region 
    Peshawar REF REF
    Hazara 0.9 (0.6-1.3) 0.506 0.9 (0.6-1.4) 0.572
    Bannu 0.7 (0.6-0.9) 0.023** 0.8 (0.6-0.9) 0.023**

    Mardan 1.0 (0.7-1.3) 0.997 0.9 (0.7-1.3) 0.978
    Malakand 1.2 (0.9-1.4) 0.166 1.2 (0.9-1.4) 0.191
    Kohat 0.9 (0.7-1.2) 0.536 0.9 (0.7-1.2) 0.586
    DI Khan 1.2 (0.9-1.7) 0.170 1.2 (0.9-1.7) 0.199
Blood group type
    O REF REF
    A 1.4 (1.2-1.7) <0.001*** 1.4 (1.2-1.7) <0.001***

    AB 1.6 (1.3-2.0) <0.001*** 1.5 (1.2-2.0) <0.001***

    B 1.3 (1.1-1.5) 0.001*** 1.3 (1.1-1.5) 0.001***

Donor type 
    Voluntary REF REF
    Exchange 0.9 (0.9-1.1) 0.051 0.9 (0.8-1.0) 0.059
*Compared to females, the male sex is significantly associated with antibodies 
seropositivity. **Donors from the Bannu region were significantly less seropositive 
compared to the Peshawar region. ***Compared to blood group O, blood groups A, 
B or AB were significantly associated with antibodies seroprevalence.

of results recorded in sero- 
logical studies conducted in 
blood donors globally. These 
findings are comparable only 
to a few other published data 
revealing exceptionally high 
rates of seropositivity, in- 
cluding a study from Malawi, 
which found a seroprevalen- 
ce of 50% [24] and another 
study from South Africa show-
ing 63% seroprevalence after 
three global waves in the pan-
demic [25].

In KP, which has a population 
of 35.53 million people, a 
cumulative of 132,627 COVID-
19 cases were reported out of 
1,459,291 tests conducted 
between March 2020 to May 
2021. Our results, however, 
suggest that SARS-CoV-2 was 
in wider circulation in KP and 
the number of unknown cases 
may have been several folds 
higher than the number of offi-
cially confirmed cases. Alth- 
ough the study period mir-
rored the emergence of two 
waves in Pakistan’s epidemic 
timeline, the resulting rates 
established are alarmingly 
high indicating that the ac- 
tual number of infections has 
been underestimated based 
on laboratory-confirmed case 
counts. There could be a few 
potential explanations for the 
glaring gap between the num-
ber of people being tested in 
KP and the high prevalence 
observed in this study. It could 
be speculated that amongst 
its younger population demo-
graphics, the larger proportion 
of infection in Pakistan may 
be asymptomatic causing it to 
have remained undiagnosed. 
Testing strategy in Pakistan, 
similar to in many LMIC, does 

Figure 1. Dynamics of seroprevalence during the second and third waves of 
Covid-19 in Khyber Pakhtunkhwa, Pakistan. Percent seropositivity among 
eligible blood donors is plotted against various time points of sample col-
lection. Each red circle represents the consolidated percentage of a time 
period. Connecting red lines show an increasing seroprevalence trend. Grey 
and pale yellow background reflect the second and third Covid-19 wave in 
Pakistan.

tries [13] and between different regions [23]. In 
this study, an overall seroprevalence of 59%, 
and seropositivity rate of 64.8% from April 
2021 to May 2021, are on the higher spectrum 

not actively opt to look for asymptomatic infec-
tions. Thus, the extent and prevalence of asy- 
mptomatic SARS-CoV-2 have widely remained 
undetected. Differences in health policies and 
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level of adherence to preventative health mea-
sures may also have led to the high seropositiv-
ity in our cohort. In Pakistan, several non-phar-
maceutical interventions were relied upon to 
mitigate viral spread. The government imple-
mented a series of partial and smart lock- 
downs during each active wave, meanwhile, 
large social gatherings were prohibited, educa-
tional institutions were switched to online  
learning, and restrictions on economic and 
social activities were tightened. However, limit-
ed restrictions were placed on the individual 
mobility of citizens during these periods. Ad- 
herence to health control measures generally 
remained poor in most cities which may have 
contributed to wider viral circulation. Addi- 
tionally, it can be speculated that the second 
and third waves were fuelled by the spread of 
beta and delta variants of SARS-CoV-2 [26, 27], 
although this did not significantly alter the 
course of Pakistan’s epidemic trajectory as the 
number of severe cases, hospitalizations, and 
fatalities remained stable.

Early in the pandemic, it was predicted that 
herd immunity against SARS-CoV-2 will be 
reached when 60%-80% of a population has 
developed antibody defense against the novel 
virus. However, among the scientific communi-
ty, there is still no consensus about the streng- 
th and duration of immunity acquired through 
natural infection or vaccination with SARS-
CoV-2. According to recent research, SARS-
CoV-2 antibody titers begin to wane to unde-
tectable levels, 3 to 5 months after infection 
[28]. Cases of reinfection with SARS-CoV-2 
have been confirmed around the world, alth- 
ough the reported risk of recurring infection is 
low in Pakistan [29]. In Manaus, Brazil, an 
abrupt resurgence in hospitalizations related  
to COVID-19 was seen in January 2021; three 
months after an analysis of blood donors esti-
mated that 76% of the population had already 
been infected [30]. This adds to a growing  
body of evidence suggesting that prior in- 
fection does not confer long-lasting immuno-
logical memory to SARS-CoV-2, making herd 
immunity through natural infection an unlikely 
exit strategy to the pandemic [31]. Neverthe- 
less, based on our results, it could be stated 
that KP was gradually progressing towards 
reaching the theoretical herd immunity thresh-
old prior to the vaccine becoming available and 
despite a low disease burden, compared to 

many countries. Amidst vaccination rollouts, 
sero-epidemiological surveys will be critical in 
assessing the cumulative immunological sta-
tus of various populations and can provide 
rapid estimates to assist in prioritizing vaccine 
recipients especially if number of officially con-
firmed cases does not accurately reflect the 
true scale of infection in a community [32].

Participating donors in this study belonged to 
various regions from KP, but the majority we- 
re from Peshawar city (45.71%). By using Chi-
square analysis, no disparity was observed 
between seroprevalence in various regions. 
This suggests the epidemic is geographically 
spread out across KP, providing evidence 
against the speculation that SARS-CoV-2 circu-
lation is low in rural and remote settings, com-
pared to densely populated urban centers. 
These observations were further confirmed 
when multivariate regression analysis reveal- 
ed that compared to Peshawar, the Bannu divi-
sion had significantly lower odds of seropositiv-
ity [OR 0.7 (95% CI 0.6-09) P-value 0.022]. 
Higher attack rates were expected in Pesha- 
war, since it has been shown that residents in 
urban centers have greater risk of exposure to 
SARS-CoV-2 [33]. Males constituted 98.8% of 
the total participants, which mirrors the usual 
pattern of blood donations in KP. Statistical 
analysis revealed that compared to females 
donors, males were at significantly higher risk 
of infection (P-value <0.001), however it was 
difficult to draw further conclusions since such 
a large proportion of our study participants 
were males.

Our study reports the highest rates of seroposi-
tivity among blood donors having blood types 
AB (65%) and A (62%) while donors with blood 
group O (53%) recorded the lowest seropositiv-
ity (P-value <0.001). In multivariable regres- 
sion analysis, the odds ratio for seropositivity 
among blood types AB, A, and B were, 1.6, 1.4, 
and 1.3, and all were significant (CI 95%, 
P-value ≤0.0001). These findings suggest that 
susceptibility to SARS-CoV-2 varies with ABO 
polymorphism, with blood group O associated 
with low risk, while individuals with groups AB 
and A are at higher risk, in concordance with 
the published evidence [34]. In individuals with 
group O, this could be attributable to anti-A 
antibodies which are absent in those with  
blood groups A and AB that could be responsi-



Covid-19 antibodies in blood donors in Pakistan

94 Am J Blood Res 2022;12(3):88-96

ble for binding corresponding antigens on the 
viral envelope and inhibiting attachment bet- 
ween virus and ACE-2 receptors on host cells 
[35]. This is further supported by the lower 
odds ratio in the regression analysis for blood 
group B, relative to groups A and AB. We found 
no statistical difference in seropositivity  
among different age groups despite evidence 
suggesting a high prevalence of COVID-19 in 
adults age 50 and above [23, 36]. This could  
be due to the fact that majority of the blood 
donors in our study were young (mean age 
=27.27 years). 

There are limitations to this analysis. Donor 
populations constitute of healthy adults, hav- 
ing distinct demographics, that are not repre-
sentative of general populations, as seen by 
predominant number of males (98.8%, n= 
4000), and participants aged between 18 to 
34 years (82.5%, n=3339). Similarly, only 0.2% 
of participating donors were aged ≥55, making 
it difficult to draw conclusions. Since age limit 
for blood donation in Pakistan is 18 to 65  
years, we were unable to estimate seropreva-
lence in children, or the elderly. In addition,  
only 0.2% (n=7) of participating donors were 
aged ≥55, making it difficult to draw conclu-
sions. Lastly, we were unable to assess rela-
tionship between behavioral aspects and risk 
of being infected with SARS-CoV-2. In the 
future, we aim to investigate risk of reinfection 
with SARS-CoV-2, and how this varies between 
gender, different age groups, and blood type of 
individuals.

Acknowledgements

The research was conducted with Khyber 
Medical University student research support 
grant (approval letter no. KMU/ASRB/PG/
IBMS/00234).

Disclosure of conflict of interest

None.

Address correspondence to: Dr. Yasar Mehmood 
Yousafzai, Institute of Pathology & Diagnostic 
Medicine, Khyber Medical University, Peshawar, 
Pakistan. Tel: +92-321-9054010; E-mail: yasar.
yousafzai@kmu.edu.pk

References

[1] Roberts DL, Rossman JS and Jarić I. Dating 
first cases of COVID-19. PLoS Pathog 2021; 
17: e1009620.

[2] Dong E, Du HR and Gardner L. An interactive 
web-based dashboard to track COVID-19 in 
real time. Lancet Infect Dis 2020; 20: 533-
534.

[3] Burgess S, Ponsford MJ and Gill D. Are we un-
derestimating seroprevalence of SARS-CoV-2? 
BMJ 2020; 370: m3364.

[4] Johansson MA, Quandelacy TM, Kada S, 
Prasad PV, Steele M, Brooks JT, Slayton RB, 
Biggerstaff M and Butler JC. SARS-CoV-2 trans-
mission from people without COVID-19 symp-
toms. JAMA Netw Open 2021; 4: e2035057.

[5] Hakim M, Khattak FA, Muhammad S, Ismail M, 
Ullah N, Atiq Orakzai M, Ulislam S and Ul-Haq 
Z. Access and use experience of personal pro-
tective equipment among frontline healthcare 
workers in pakistan during the COVID-19 emer-
gency: a cross-sectional study. Health Secur 
2021; 19: 140-149.

[6] Saeed U, Uppal SR, Piracha ZZ, Rasheed A, Af-
tab Z, Zaheer H and Uppal R. Evaluation of 
SARS-CoV-2 antigen-based rapid diagnostic 
kits in Pakistan: formulation of COVID-19 na-
tional testing strategy. Virol J 2021; 18: 34.

[7] Lai CC, Wang JH and Hsueh PR. Population-
based seroprevalence surveys of anti-SARS-
CoV-2 antibody: an up-to-date review. Int J In-
fect Dis 2020; 101: 314-322.

[8] Cheng MP, Yansouni CP, Basta NE, Desjardins 
M, Kanjilal S, Paquette K, Caya C, Semret M, 
Quach C, Libman M, Mazzola L, Sacks JA, Dit-
trich S and Papenburg J. Serodiagnostics for 
severe acute respiratory syndrome-related 
coronavirus 2: a narrative review. Ann Intern 
Med 2020; 173: 450-460.

[9] Kucharski AJ, Russell TW, Diamond C, Liu Y, 
Edmunds J, Funk S and Eggo RM; Centre for 
Mathematical Modelling of Infectious Diseas-
es COVID-19 working group. Early dynamics of 
transmission and control of COVID-19: a math-
ematical modelling study. Lancet Infect Dis 
2020; 20: 553-558.

[10] Bobrovitz N, Arora RK, Cao C, Boucher E, Liu M, 
Donnici C, Yanes-Lane M, Whelan M, Perlman-
Arrow S, Chen J, Rahim H, Ilincic N, Segal M, 
Duarte N, Van Wyk J, Yan T, Atmaja A, Rocco S, 
Joseph A, Penny L, Clifton DA, Williamson T, 
Yansouni CP, Evans TG, Chevrier J, Papenburg 
J and Cheng MP. Global seroprevalence of 
SARS-CoV-2 antibodies: a systematic review 
and meta-analysis. PLoS One 2021; 16: 
e0252617.

[11] Bajema KL, Wiegand RE, Cuffe K, Patel SV, 
Iachan R, Lim T, Lee A, Moyse D, Havers FP, 
Harding L, Fry AM, Hall AJ, Martin K, Biel M, 
Deng Y, Meyer WA 3rd, Mathur M, Kyle T, Gund-
lapalli AV, Thornburg NJ, Petersen LR and 
Edens C. Estimated SARS-CoV-2 Seropreva-
lence in the US as of September 2020. JAMA 
Intern Med 2021; 181: 450-460.

mailto:yasar.yousafzai@kmu.edu.pk
mailto:yasar.yousafzai@kmu.edu.pk


Covid-19 antibodies in blood donors in Pakistan

95 Am J Blood Res 2022;12(3):88-96

[12] Chen XH, Chen ZY, Azman AS, Deng XW, Sun 
RJ, Zhao ZY, Zheng N, Chen XH, Lu WY, Zhuang 
TY, Yang J, Viboud C, Ajelli M, Leung DT and Yu 
HJ. Serological evidence of human infection 
with SARS-CoV-2: a systematic review and me-
ta-analysis. Lancet Glob Health 2021; 9: e598-
e609.

[13] Dodd RY, Xu M and Stramer SL. Change in do-
nor characteristics and antibodies to SARS-
CoV-2 in donated blood in the US, June-August 
2020. JAMA 2020; 324: 1677-1679.

[14] Batool H, Chughtai O, Khan MD, Chughtai AS, 
Ashraf S and Khan MJ. Seroprevalence of CO-
VID-19 IgG antibodies among healthcare work-
ers of Pakistan: a cross-sectional study as-
sessing exposure to COVID-19 and identi- 
fication of high-risk subgroups. BMJ Open 
2021; 11: e046276.

[15] Haq M, Rehman A, Ahmad J, Zafar U, Ahmed S, 
Khan MA, Naveed A, Rajab H, Muhammad F, 
Naushad W, Aman M, Rehman HU, Ahmad S, 
Anwar S and Haq NU. SARS-CoV-2: big serop-
revalence data from Pakistan-is herd immunity 
at hand? Infection 2021; 49: 983-988.

[16] Yu XX and Yang RR. COVID-19 transmission 
through asymptomatic carriers is a challenge 
to containment. Influenza Other Respir Viruses 
2020; 14: 474-475.

[17] World Health Organization. Guidance on main-
taining a safe and adequate blood supply dur-
ing the coronavirus disease 2019 (COVID-19) 
pandemic and on the collection of COVID-19 
convalescent plasma: interim guidance, 10 
July 2020. World Health Organization; 2020.

[18] Zaheer HA, Ahmad S, Waheed U, Wazeer A and 
Saba N. National guidelines for quality control 
in transfusion medicine. 3rd edition. Pakistan: 
Safe Blood Transfusion Programme, Ministry 
of National Health Services; 2020.

[19] Amorim Filho L, Szwarcwald CL, Mateos SOG, 
Leon ACMP, Medronho RA, Veloso VG, Lopes 
JIF, Porto LCMS, Chieppe A and Werneck GL; 
Grupo Hemorio de Pesquisa em Covid-19. Se-
roprevalence of anti-SARS-CoV-2 among blood 
donors in Rio de Janeiro, Brazil. Rev Saude Pu-
blica 2020; 54: 69.

[20] Banjar A, Al-Tawfiq JA, Alruwaily A, Alserehi H, 
Al-Qunaibet A, Alaswad R, Almutlaq H, Almu-
daiheem A, Khojah AT, Alsaif F, Almolad SK, 
Alqahtani S, AlJurayyan A, Alotaibi A, Almalki S, 
Abuhaimed Y, Alkhashan A, Alfaifi A, Alabdulka-
reem K, Jokhdar H, Assiri A and Almudarra S. 
Seroprevalence of antibodies to SARS-CoV-2 
among blood donors in the early months of the 
pandemic in Saudi Arabia. Int J Infect Dis 
2021; 104: 452-457.

[21] Valenti L, Bergna A, Pelusi S, Facciotti F, Lai A, 
Tarkowski M, Lombardi A, Berzuini A, Caprioli F, 

Santoro L, Baselli G, Ventura CD, Erba E, Bo-
sari S, Galli M, Zehender G and Prati D; Cov-
id-19 Donors Study (CoDS) network (Appendix 
1). SARS-CoV-2 seroprevalence trends in 
healthy blood donors during the COVID-19 out-
break in Milan. Blood Transfus 2021; 19: 181-
189.

[22] Murhekar MV, Bhatnagar T, Thangaraj JWV, 
Saravanakumar V, Kumar MS, Selvaraju S, 
Rade K, Kumar CPG, Sabarinathan R, Turuk A, 
Asthana S, Balachandar R, Bangar SD, Bansal 
AK, Chopra V, Das D, Deb AK, Devi KR, Dhikav 
V, Dwivedi GR, Khan SMS, Kumar MS, Lax-
maiah A, Madhukar M, Mahapatra A, Ranga-
raju C, Turuk J, Yadav R, Andhalkar R, Arunraj 
K, Bharadwaj DK, Bharti P, Bhattacharya D, 
Bhat J, Chahal AS, Chakraborty D, Chaudhury 
A, Deval H, Dhatrak S, Dayal R, Elantamilan D, 
Giridharan P, Haq I, Hudda RK, Jagjeevan B, 
Kalliath A, Kanungo S, Krishnan NN, Kshatri 
JS, Kumar A, Kumar N, Kumar VGV, Lakshmi 
GGJN, Mehta G, Mishra NK, Mitra A, Nagb-
hushanam K, Nimmathota A, Nirmala AR, Pan-
dey AK, Prasad GV, Qurieshi MA, Reddy SD, 
Robinson A, Sahay S, Saxena R, Sekar K, Shuk-
la VK, Singh HB, Singh PK, Singh P, Singh R, 
Srinivasan N, Varma DS, Viramgami A, Wilson 
VC, Yadav S, Yadav S, Zaman K, Chakrabarti A, 
Das A, Dhaliwal RS, Dutta S, Kant R, Khan AM, 
Narain K, Narasimhaiah S, Padmapriyadarshi-
ni C, Pandey K, Pati S, Patil S, Rajkumar H, Ra-
marao T, Sharma YK, Singh S, Panda S, Reddy 
DCS and Bhargava B; ICMR Serosurveillance 
Group. SARS-CoV-2 seroprevalence among the 
general population and healthcare workers in 
India, December 2020-January 2021. Int J In-
fect Dis 2021; 108: 145-155.

[23] Chisale MRO, Ramazanu S, Mwale SE, Kum-
wenda P, Chipeta M, Kaminga AC, Nkhata O, 
Nyambalo B, Chavura E and Mbakaya BC. Se-
roprevalence of anti-SARS-CoV-2 antibodies in 
Africa: a systematic review and meta-analysis. 
Rev Med Virol 2022; 32: e2271.

[24] Mandolo J, Msefula J, Henrion MYR, Brown C, 
Moyo B, Samon A, Moyo-Gwete T, Makhado Z, 
Ayres F, Motlou T, Mzindle N, Kalata N, Muula 
AS, Kwatra G, Nsamala N, Likaka A, Mfune T, 
Moore PL, Mbaya B, French N, Heyderman RS, 
Swarthout T and Jambo KC. SARS-CoV-2 expo-
sure in Malawian blood donors: an analysis of 
seroprevalence and variant dynamics between 
January 2020 and July 2021. BMC Med 2021; 
19: 303.

[25] Sykes W, Mhlanga L, Swanevelder R, Glatt TN, 
Grebe E, Coleman C, Pieterson N, Cable R, 
Welte A, van den Berg K and Vermeulen M. 
Prevalence of anti-SARS-CoV-2 antibodies 
among blood donors in Northern Cape, Kwa-



Covid-19 antibodies in blood donors in Pakistan

96 Am J Blood Res 2022;12(3):88-96

Zulu-Natal, Eastern Cape, and Free State prov-
inces of South Africa in January 2021. Res Sq 
2021; rs.3.rs-233375.

[26] Hasan Z, Aamir UB, Nasir A, Kanji A, Samreen 
A, Bukhari AR, Syed MA, Wassan M, Mahmood 
SF and Hasan R. Changing SARS-CoV-2 vari-
ants in Karachi, Pakistan from alpha to delta 
through COVID-19 waves three and four. Res 
Sq 2021; rs.3.rs-828919.

[27] Umair M, Ikram A, Badar N, Haider SA, Rehm-
an Z, Ammar M, Ahad A, Ali Q, Suleman R and 
Salman M. Tracking down B.1.351 SARS-CoV-2 
variant in Pakistan through genomic surveil-
lance. J Med Virol 2022; 94: 32-34.

[28] Hamady A, Lee JJ and Loboda ZA. Waning anti-
body responses in COVID-19: what can we 
learn from the analysis of other coronavirus-
es? Infection 2022; 50: 11-25.

[29] Ahmad HA, Khan H, Shahzad M, Haq ZU, Hara-
keh S and Yousafzai YM. Suspected reinfec-
tions of SARS-COV-2 in Khyber Pakhtunkhwa, 
Pakistan - analysis of province-wide testing 
database. J Infect 2022; 84: 248-288.

[30] Sabino EC, Buss LF, Carvalho MPS, Prete CA Jr, 
Crispim MAE, Fraiji NA, Pereira RHM, Parag KV, 
da Silva Peixoto P, Kraemer MUG, Oikawa MK, 
Salomon T, Cucunuba ZM, Castro MC, de Sou-
za Santos AA, Nascimento VH, Pereira HS, Fer-
guson NM, Pybus OG, Kucharski A, Busch MP, 
Dye C and Faria NR. Resurgence of COVID-19 
in Manaus, Brazil, despite high seropreva-
lence. Lancet 2021; 397: 452-455. 

[31] Edridge AWD, Kaczorowska J, Hoste ACR, Bak-
ker M, Klein M, Loens K, Jebbink MF, Matser A, 
Kinsella CM, Rueda P, Ieven M, Goossens H, 
Prins M, Sastre P, Deijs M and van der Hoek L. 
Seasonal coronavirus protective immunity is 
short-lasting. Nat Med 2020; 26: 1691-1693.

[32] Rostami A, Sepidarkish M, Leeflang MMG, Ria-
hi SM, Nourollahpour Shiadeh M, Esfandyari S, 
Mokdad AH, Hotez PJ and Gasser RB. SARS-
CoV-2 seroprevalence worldwide: a systematic 
review and meta-analysis. Clin Microbiol Infect 
2021; 27: 331-340.

[33] Hvalryg M and Nissen-Meyer LSH. Sero-preva-
lence of SARS-CoV-2 antibodies in blood do-
nors during the third wave of infection in Nor-
way, winter/spring 2021. Transfus Apher Sci 
2021; 60: 103256.

[34] Goel R, Bloch EM, Pirenne F, Al-Riyami AZ, 
Crowe E, Dau L, Land K, Townsend M, Jecko T, 
Rahimi-Levene N, Patidar G, Josephson CD, 
Arora S, Vermeulen M, Vrielink H, Montemayor 
C, Oreh A, Hindawi S, van den Berg K, Serrano 
K, So-Osman C, Wood E, Devine DV and Spital-
nik SL; ISBT COVID-19 Working Group. ABO 
blood group and COVID-19: a review on behalf 
of the ISBT COVID-19 Working Group. Vox Sang 
2021; 116: 849-861. 

[35] Ray JG, Schull MJ, Vermeulen MJ and Park AL. 
Association between ABO and Rh blood groups 
and SARS-CoV-2 infection or severe COVID-19 
illness: a population-based cohort study. Ann 
Intern Med 2021; 174: 308-315.

[36] UlHaq Z, Shahzad M, Khattak MI, Fazid S, Ul-
lah N, Shireen A, Ulhaq N, Izhar A, Farooq U, 
Darwesh NM, Asim M, Gohar MA, Ashraf A, 
Khattak SI, Ashraf S, Akbar S, Fawad M, Khan 
MI, Amanullah A, Siddiq M and Amir AH. Clini-
cal characteristics, mortality and associated 
risk factors in COVID-19 patients reported in 
ten major hospitals of Khyber Pakhtunkhwa, 
Pakistan. J Ayub Med Coll Abbottabad 2020; 
32: S633-S639.


