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Abstract: The blood transfusion (BT) system in Pakistan is fragmented, demand-driven and
depends on weakly regulated transfusion practices. There is a considerable possibility that
transfusion-transmissible infections (TTIs) are contributing to the current epidemic of hepa-
titis B virus (HBV) and hepatitis C virus (HCV) (affecting 7.4% of the general population) in
the country. To study this issue, we conducted a systematic review to identify articles related
to TTIs and transfusion safety in Pakistan from January 1, 2010 to January 31, 2020.
A review of 33 articles met the final criteria for qualitative synthesis. Analysis of these
studies showed a cumulative frequency of HBV 2.04%, HCV 2.44%, HIV 0.038%, syphilis
1.1% and malaria 0.11%. The frequency of coinfections among blood donors varied from
0.0099% to 0.35%. The highest number of coinfections were HCV and syphilis, followed by
HCV and HBYV infections. Syphilis and malaria were tested in only 38% and 46% of all the
blood donations in one study. The rate of voluntary non-remunerated donations (VNRDs)
was less than 13%, and male donors were 95% to 100% in these studies. There was
a significant difference in the frequency of HBV and HCV in VNRDs (0.48%) as compared
to replacement donors (RDs) (4.15%). In short, this review shows a high frequency of TTIs,
especially HBV, HCV and syphilis in the blood donor population in Pakistan. There is a high
dependency on RDs, minimal use of healthy voluntary blood donation practices, inadequate
screening of high-risk donors, repeated collections of the blood from RDs, poor quality of
screening methods and limited knowledge of donor health. Without standardized safe
transfusion practices, there will be an ongoing increase in transmission of TTIs, especially
HBYV, HCV, syphilis, and HIV leading to a significant adverse public health impact.
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Introduction

Blood transfusion (BT) is an essential lifesaving treatment and is an integral part of
the World Health Organization (WHO) list of essential medicines.! WHO recom-
mends achieving self-sufficiency to meet the transfusion needs of a population with
a safe supply of blood components based on voluntary, non-remunerated blood
donations (VNRDs) along with a security of supply chain for providing safe end-
product to patients.' An estimated 3.5 million blood donations are collected
every year in Pakistan.” Blood transfusions are used mainly for chronically transfu-
sion-dependent thalassemia patients, anemia due to poor health conditions, acute
trauma, surgical procedures, hemorrhage and pregnancy-related complications.> An
estimated one-fourth of the national annual blood collections are used for
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transfusion-dependent thalassemia patients.® Pakistan has
one of the highest hepatitis B virus (HBV) and hepatitis
C virus (HCV) prevalence (5 and 10 million, respectively)
in the world and unsafe BT practices are further fueling
this epidemic.® Blood-borne transmissions remain a crucial
vector for transmission of HBV and HCV infections,
The
maternal mortality rate in Pakistan is one of the highest
in the world (276/100,000 live births) and the major causes
of maternal deaths are due to complications of anemia and

affecting about 7.4% of the general population.*

bleeding.”

Major challenges for BT safety in Pakistan include the
high prevalence of HBV and HCV infections in the general
population, lower rates of voluntary donations, lack of
standardized screening measures of donors and limited
reporting of TTIs. In addition, blood banks (BBs) in
Pakistan transfuse most blood as whole blood though the
concept and facilities for blood component therapy (red
blood cells, platelets, and plasma) is evolving in urban and
tertiary care centers. Rural areas, however, face significant
difficulty in accessing safe BT products. This leads to
unsafe practices in the supply chain, lack of knowledge
and adherence to the WHO guidelines and the use of
improperly screened blood.

WHO strategy for universal safe blood transfusion
places an emphasis on the development of a well-
coordinated BT system with an exclusive collection of
blood from VNRDs, quality-assured donor testing, evi-
dence-based use of BT practices, development of universal
quality and monitoring metrics.® To raise the standard of
BT safety according to the WHO guidelines, Pakistan has
developed the “Safe Blood Transfusion Program (SBTP)”
which was launched in 2010 with financial support from
the German government and technical aid from the WHO.
Its role is that of a central coordinating body at the federal
level. The purpose of this program includes the develop-
ment of a nationwide infrastructure of a new BT system.’
It led to the development of 10 modern Regional Blood
Centers (RBCs) and modernization of 60 existing Hospital
Blood Banks (HBBs) in Phase I. SBTP Phase II is cur-
rently underway with a 10 million euros grant through the
German Development Bank (KfW). It includes the expan-
sion of RBCs’ network and upgrades to existing HBBs.”

In this review, we estimated the frequency of transfu-
sion-transmissible infections (TTIs) in the donor popula-
tion to estimate the burden of TTIs through blood
transfusions and reviewed various safety challenges asso-
ciated with the BT system in Pakistan.

Materials and Methods
Search Strategy

We carefully conducted a comprehensive search of PubMed
and PakiMediNet from inception to January 31, 2020 with
no language restriction. The search queries were transfusion-
transmitted infections, transfusion-related infections, TTIs
and blood transfusion infections in Pakistan. Two authors
(AW/HE) screened titles and abstracts of all identified
results independently. Another two authors (MAS/MKS)
reviewed the full-text articles according to the predefined
inclusion and exclusion criteria. Discrepancies were
resolved through discussion. In addition, the reference lists
of potentially eligible studies were hand-searched to avoid
overlooking any eligible studies. Our research did not
require IRB approval or written consent.

Inclusion and Exclusion Criteria

Inclusion criteria were: 1) studies with more than 50 parti-
cipants and 2) studies that showed the frequency of com-
mon TTIs (HBV, HCV, HIV, malaria, syphilis) in donor
populations.

Exclusion criteria: 1) case reports, abstracts without
full-length articles, meta-analysis and systemic reviews,
2) studies with uncommon TTIs such as West Nile virus,
dengue fever and human T-lymphocyte virus-1/2, 3) stu-
dies with the frequency of TTIs in chronically transfusion-
dependent patients of thalassemia major and hemophilia.

Data Extractions

Two authors independently extracted data (HE/AW) from
the included studies including author, number of patients,
type of donors, seropositive status of HBV, HCV, HIV,
malaria, syphilis and coinfection.

Eligible Studies

A total of 981 studies were identified based on initial database
search and 857 studies remained after removing duplicates.
After reviewing titles and abstracts, 166 studies were retrieved
for full-length article review according to predefined inclusion
and exclusion criteria. We excluded 133 studies for reasons
indicated in the PRISMA flow chart (Figure 1). Thirty-three
studies were finally included in our systematic review.

Definition for Positive Transfusion-Transmissible
Infections

A blood donor was labelled positive for any particular TTI
if reported reactive by the study irrespective of the type of
investigation used.
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Records identified through PubMed database

Records identified through PakMediNet.com

(n =303)
l

(n =678)
!

Records after duplicates removed
(n=857)

Records screened
(n = 857)

Records excluded
(n =691)
Lack of full lengths, Unrelated

topics

Full-text articles excluded,
with reasons
(n =133)
Irrelevant= 114
(Articles not related to

Studies included in
qualitative synthesis
(n=33)

transfusion; diseases other
TTIs)
Chronically transfusion
dependent population=14
Uncommon TTIs (WNV,
HTLV1/2, Dengue) = 5

Figure | PRISMA flow diagram showing a summary of selection process.

Note: Copyright © 2009, Public Library of Science. Adapted with permission from Moher D, Liberati A, Tetzlaff ], Altman DG, PRISMA Group. Preferred reporting items for
systematic reviews and meta-analyses: the PRISMA statement. PLoS Med. 2009;6(7):e1000097.

Frequency of Transfusion-Transmissible Infections
The frequency (in percent) for any particular TTI in indi-
vidual study was calculated as total number of donors with
reactive TTI/total donor population screened multiplied by
100. We calculated the cumulative frequency of TTIs in
the donor population, ie, the total number of donors reac-
tive for a particular TTI in individual studies divided by
the total donor population of all studies screened.

Diagnostic Methods for TTls Used in Studies

Diagnostic methods used for detection of TTIs in these
studies were diverse with variable sensitivity and specifi-
city. Methods used included immunochromatographic
methods (ICT),
(ELISA), microparticle enzyme immunoassay (MEIA),

enzyme-linked immunosorbent assay

chemiluminescence assay (CIA) and nucleic acid amplifi-
cation test (NAT).

Results

The characteristics of 33 studies included in the systemic
review are given in Table 1. These studies used BBs’ data
of large metropolitan cities in Pakistan such as Karachi,
Hyderabad, Islamabad, Rawalpindi, Lahore, Faisalabad
and Peshawar. Twenty-eight studies (n=672,199) evaluated
the frequency of either HBV, HCV or both among donors

(Table 2). Twenty-three studies (n=1,339,689) focused on
the frequency of HIV, syphilis or malaria (Table 3).

Blood Transfusion Donors in Pakistan
Replacement donors (RDs) are the major type of
donors in Pakistan with VNRDs ranging between
0.10%-13%,'":13-19:20.22.23.28.29.33-35 The proportion of
blood donations by VNRDs varied between 0% and
91% across 19 BBs in one study, 8.25% of all dona-
tions were due to VNRDs and seven BBs had no
donations by VNRDs.!” Male donors comprised 95%
to 100% of all blood donations. Donors were more
prevalent in younger age groups.'*'**? Female donors
ranged between 0% and 9.6% in individual
studies™!>!318:2022 Ope study with data from both
private and public BBs reported a higher proportion
of female donors in private BBs versus public BBs,
29% vs 15%, p<0.01.'°

Transfusion-Transmissible Infections in
Pakistan

The frequency of TTIs in blood donors varied among
studies depending on donor types, number and types of
TTI tested and screening methods. In 11 studies, authors
screened donors for three or more TTIs (HBV, HCV,
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Table | Characteristics of Studies (n=33) Included in a Systematic Review

Author, Design Duration | Age in Male | No. of Investigation Diagnostic Methods
Year Years (%) Donors
(Range)
Shah et al, Retrospective | Jan 2007— (18-52) 100 32,042 HBsAg, anti-HCV Abs ELISA
2010° cross- Dec 2008
sectional
Ansari Cross- Jan 2010- NA NA 5517 HBsAg ELISA, Bio kit, Spain
et al, sectional Dec 2010
2012'° Anti-HCV Abs, anti-HIV ELISA kit, General Biological
Abs Cooperation, Taiwan
Waheed Retrospective | Jan 2010- NA NA 10,145 Anti-HCV Abs ELISA NANBASE C-96 3.0
et al, cross- Dec 2011 HBSA ELISA
2012" sectional 8
Anti-HIV Abs DIMS’s ELISA
Syphilis RPR RPR IMMUTREP
Malarial parasite Biotech ICT
Attaullah Retrospective | Jan 2008— NA 99.96 | 127,828 | HBsAg, anti-HCV Abs, ELISA BEST 2000, Biokit, Spain
et al, Jun 2011 anti-HIV Abs, VDRL
2012'
Irfan et al, Cross- Jan 2004— 289 99.85 108,598 | HBsAg, anti-HCV Abs, MEIA, Axsym system, till 2011
2013"3 sectional Dec 2011 (17-55) anti-HIV Abs then CIA, Architect i2000, Abbott
Diagnostic, USA
Tunio et al, | Retrospective | Jan 2012- NA NA 2696 Anti-HBs, HBsAg, HBeAg MEIA, Architect, Abbott
2013' cross- Jun 2012 Diagnostic, USA
sectional
Tufail et al, | Descriptive One year (20-40) NA 1833 HBsAg, anti-HCV Abs, Chemiluminescence assay
2013" anti-HIV Abs
Sulehri Cross- 20102011 | NA 78 600 Anti-HCV Abs ELISA kits, Human Diagnostics,
et al, sectional Germany
2013'
Chaudhary | Cross- Jan 201 1- NA 92.7 2155 NA NA
et al, sectional Apr 2011
2013"7
Ghafoor Cross- Nov 2015- | (20-50) 94.67 | 1500 HBsAg, anti-HCV Abs, ICT SD BIOLINE kits
et al, sectional Jan 2016 anti-HIV Abs
2016'
Anti-HIV-1, anti-HIV-2 Abs | Tri line HIV rapid test device
Treponema pallidum 1gM Rapid Treponema pallidum/syphilis
and IgG Abs test
Waheed Retrospective | Jan 2015— NA NA 65,376 HIV, hepatitis B, hepatitis (n=44,538) CIA, (n=6524) ELISA,
etal, Dec 2015 C, syphilis, malarial (n=14,036) NAT, (n=560) manual
2016'" parasite devices
Sial et al, Observational | Jan 2011- | 27.8 90.4 29,522 HBsAg, anti-HCV Abs, CIA, Architect Ci4100, Abbott
2016%° Dec 2013 (17-50) anti-HIV Abs, syphilis Diagnostic, USA
(Continued)
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Table | (Continued).

Author, Design Duration | Age in Male | No. of | Investigation Diagnostic Methods
Year Years (%) Donors
(Range)
Raza et al, Cross- Jul 2014 29.58 NA 33,595 HBsAg, anti-HCV Abs, CIA, Architect Ci2000, Abbott
20162 sectional Jun 2016 anti-HIV 1/2 Abs Diagnostic, USA
observational
NAT, Cobas Taq screen MPX,
Roche Molecular Diagnostics
Syphilis CIA, Architect Ci2000, Abbott
Diagnostic, USA
Malarial parasite ICT
Niazi et al, | Descriptive Jan 2010- | 29 98.5 160,552 | HBsAg, anti-HCV Abs, Architect i2000, Abbott
20162 Dec 2012 (18-60) anti-HIV Abs Diagnostics USA
Anti-syphilis Abs Rapid ICT kit, InTec Products, Inc.,
Xiamen
Nadeem Descriptive Jun 2012— 33 99.4 4662 HBsAg, anti-HCV Abs, ELISA
et al, May 2013 (18-60) anti-HIV Abs
2016
Syphilis RPR
Malarial parasite Biotech Immunochromatographic
(ICT)
Arshad Prospective Jan 2013—- 28.6 99.7 16,602 HBsAg, anti-HCV Abs, CIA, Architect Ci2000, Abbott
et al, Jun 2015 (18-55) anti-HIV Abs, syphilis Diagnostic, USA
2016%*
Malarial parasite Thick films and
Immunochromatographic (ICT)
Memon Cross- Jan 2014- NA NA 4683 HBsAg, anti-HCV Abs, CIA, Architect Ci2000, Abbott
et al, sectional Jun 2015 anti-HIV Abs Diagnostic, USA
2017% descriptive
Syphilis ICT device with ABON Biopharm
(Hangzhou) kit
Malarial parasite Thick and thin smear using
Romanowsky stain
Zameer Descriptive Oct 2015- | (18-55) NA 10,048 HBsAg, anti-HCV Abs, ICT
et al, Feb 2016 anti-HIV Abs, syphilis,
2017%¢ malarial parasite
Wadood Prospective Jun 2015- NA 97 536 Anti-HCV Abs Third-generation ELISA
et al, May 2016
2017
Saeed et al, | Prospective Dec 2014- | (19-59) 99.32 18,274 HBsAg, anti-HCV Abs, ICT
201728 Nov 2015 anti-HIV Abs, syphilis
malarial parasite
Sultan et al, | Prospective Feb 2015- | 29.09 99.5 16,957 HBsAg, anti-HCV Abs, CIA, Architect Ci2000, Abbott
2017%° Feb 2016 anti-HIV Abs, syphilis Diagnostic, USA

(Continued)
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Table | (Continued).

Author, Design Duration | Age in Male | No. of | Investigation Diagnostic Methods
Year Years (%) Donors
(Range)
Rehman Cross- NA NA NA 1400 Anti-HCV Abs ICT and MEIA and ELISA
et al, sectional
2018%
Raza et al, Cross- Aug 2014- | NA NA 16,660 HBsAg, anti-HCV Abs, CIA, Architect Ci2000, Abbott
2018°" sectional Jul 2015 anti-HIV Abs, syphilis Diagnostic, USA
NAT, Cobas Taq screen MPX,
Roche Molecular Diagnostics
Malarial parasite ICT, Rapid SD, Bioline, Korea and
Microscopic examination
Awan et al, | Cross- Jul 2015- (18-60) NA 30,470 HBsAg, anti-HCV Abs, HIV | Fully automated immunoassay
20182 sectional Oct 2017 1/2 Ab/Ag analyzer and triplex NAT PCR
descriptive
Treponema pallidum Abs CIA
Malarial parasite ICT
Naz et al, Cross- Jan 2013— 28.6+ 2 99.8 14,652 HBsAg, anti-HIV Abs, CIA, Architect, Abbot
2018% sectional Jul 2014 syphilis
Anti-HCV Abs Multisure HCV antibody assay
NAT, Artus RG RT-PCR kit
ELISA, Monolisa™ Anti-HCV Plus
V2
Anti-HCV-MPBIO-EIA
MPD HCV blot 3.0
Malarial parasite Microscopy of Leishman’s stained
blood films
Abdullah Retrospective | Jan 2016— (19-60) NA 76,530 HBsAg Rapid test kits, Diagnostar
etal, cross- Dec 2017
2019 sectional
Rauf et al, Retrospective | May 2018- | 29 99.97 | 6594 HBsAg, anti-HCV Abs, CIA, Roche e6l |
2019% Feb 2019 anti-HIV Abs, syphilis,
malarial parasite
Masood NA NA NA NA 8517 HBsAg CIA, Architect Ci2000, Abbott
etal Diagnostic, USA
PCR using type-specific primer
sequence
Ali et al, Prospective NA (15-65) 98.4 1558 Malarial parasite Thick and thin blood smears with
2010%7 Giemsa stain
(Continued)
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Table | (Continued).

Author, Design Duration | Age in Male | No. of | Investigation Diagnostic Methods
Year Years (%) Donors
(Range)

Usman Prospective May 2008—- | NA NA 87,600 Malarial parasite Thick and thin blood smears with

et al, Mar 2014 Field’s stain

2015%
ICT test, PL-P MAL, Humasis,
Anyang, Korea

Ghani et al, | Retrospective | 1998-2013 | NA NA 626,413 | Anti-HIV Abs MEIA, Axsym system, till 2007

2015% then CIA, Architect 2000, Abbott
Diagnostic, USA

Kousar Observational | Jul 2015— (17-60) 99.9 6000 Malarial parasite ICT

et al, Dec 2015

2016% Thick and thin blood smears with
Giemsa stain

Zahoor Retrospective | Jan 2016- NA NA 76,530 Treponema pallidum Abs ICT, Nantong Egens Syphilis

et al, cross- Dec 2017 detection Kits

2020*' sectional

Abbreviations: ELISA, enzyme-linked immunosorbent assay; RPR, rapid plasma regain; PCR, polymerase chain reaction; NAT, nucleic acid test; MEIA, microparticle enzyme
immunoassay; NA, not available; Abs, antibodies; CIA, chemiluminescent immunoassay; ICT, immunochromatographic.

HIV,syphilis, and malaria) and cumulative frequency of
TTIs was about 4% to 9% of all
donors,'%13:15:18-21.25.2628.31 ne study with 94% RDs
reported the total frequency of TTIs to be 14.34%."!
Three with  100%  VNRDs
a significantly lower frequency of TTIs, i.e., 3.54%,
4.9%, and 6.2%.°'7'® The frequency of TTI was signif-
icantly higher among RDs than in VNRDs in one study,

4.15% versus 0.48%."° TTIs, mainly HBV and HCV,
15,23

studies reported

were common causes of blood donation deferrals.
Transfusion-related infections also resulted in discard
of 5.01% of donated blood.'” As the majority of studies
had a smaller number of female donors, TTI frequency
was exceptionally low among females.'®!3!7-222429 Ope
study with the highest population (9.6%) of female
donors (age range, 18-40, 67% females were 20-30
years-old) reported 22% (n=366) of reactive female
donors.® Donors with a lower socioeconomic status
had a higher frequency of TTIs.*> According to Raza
et al., the majority of reactive donors (69.5%) had
a history of previous blood donations and had limited
3 had

a positive influence on their knowledge about TTIs.

education. When donors were educated it

Odds of limited TTI knowledge were increased if donors
had a secondary level of education versus tertiary level

of education, OR: 4.04, CI: 1.567-10.435, p<0.01.%'
Overall, 48% of donors in the study had no knowledge
that they could transmit an infection through blood trans-
fusion. Donors with secondary education had better atti-
tudes toward BT compared to those with primary
education, OR: 2.019, CI: 1.190-3.426, p <0.01.>' The
notification of reactive donors about a positive test was
also very low, i.e., 54.25% of all positive cases.’’ Major
causes of a low notification rate were non-responses and
failure to reach out to provided contact information.*'

Hepatitis B

The frequency of hepatitis B (HBsAg) in donors ranged from
0.81% to 4.22%.°'>1726282931323436 cymuylative  fre-
quency calculated from 24 studies published between 2010
and 2020 was 2.04% (n=16,203) and 20 studies had HBV
frequency below 2% while 4 studies had frequency above
2%.'1-121936 Attaullah et al. recorded an upward trend in the
frequency of HBV from 2.60% in 2008 to 5.03% in 2011.'
Abdullah et al., however, documented a downward trend in
the frequency from 1.78% in 2016 to 1.51% in 2017.>* Sial
et al recorded a higher HBV rate in males (63%) versus
females (27%) but females accounted for 9.6% of all
donors.? Similarly, Niazi et al. calculated a higher frequency
among males (1.50%) versus females (0.37%) with females
representing 1.5% of the donors.” Unmarried donors in one
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Table 2 Summary of Data from Studies Reporting the Frequency of Hepatitis B and Hepatitis C Among Blood Donors

Study Number Type of Donors® Frequency of Frequency of Hep Frequency of Hep B,
of Donors Hep B (HBsAg) | C (Anti-HCV Antibodies) | Hep C Coinfection

Shah et al’ 32,042 VNRDs (100%) 632 (1.97%) 502 (1.57%) NR
Ansari et al'® 5517 NR 104 (1.8%) 109 (1.9%) NR
Waheed et al'' 10,145 RDs (94%) 397 (3.91%) 846 (8.34%) NR

VNRDs (6%)
Attaullah et al'? 1,27,828 NR 3432 (2.68%) 3147 (2.46%) NR
Irfan et al'? 108,598 RDs (98.8%) 2068 (1.90%) 2832 (2.61%) 94 (0.084%)

VNRDs (1.2%)
Tunio et al'* 2696 NR 49 (1.82%) 93 (3.45%) 2 (0.074%)
Tufail et al'® 1833 NR 15 (0.81%) 57 (3.1%) NR
Sulehri et al'® 600 NR NR 0%° NR

60 (10%)°

Chaudhary et al'’ 2155 VNRDs (100%) 21 (1.3%) 77 (3.6%) NR
Ghafoor et al'® 1500 VNRDs (100%) 22 (1.47%) 62 (4.1%) NR
Waheed et al'’ 65,376 RDs (91.75%) 2765 (4.22%) 1083 (1.65%) NR

VNRDs (8.25%)
Sial et al®® 29,522 RDs (87%) 368 (1.24%) 743 (2.51%) 9 (0.03%)

VNRDs (13%)
Raza et al*' 33,595 NR 554 (1.64%) 716 (2.1%) NR
Niazi et al* 160,552 RDs (95.4%) 2385 (1.48%) 4194 (2.61%) NR

VNRDs (4.6%)
Nadeem et al?? 4662 VNRDs (10.7%) 58 (1.24%) 99 (2.12%) NR

Directed (85.7%)
Arshad et al** 16,602 RDs (95%) 290 (1.7%) 307 (1.84%) NR
Memon et al*® 4683 NR 66 (1.4%) 165 (3.52%) NR
Zameer et al*® 10,048 NR 160 (1.59%) 387 (3.75%) 12 (0.11%)
Wadood et al*’ 536 NR NR 16 (2.99%) NR
Saeed et al®® 18,274 RDs (99.89%). 210 (1.10%) 480 (2.62%) 22 (0.12%)

VNRDs (0.10%)
Sultan et al*’ 16,957 RDs (99.2%) 301 (1.78%) 365 (2.15%) NR

VNRDs (0.7%)
Rehman et al*° 1400 VNRDs (100%) NR 26 (1.85%) NR
Raza et al*' 16,660 NR 278 (1.67%) 318 (1.91%) NR
Awan et al*? 30,470 NR 322 (1.06%)° 392 (1.29%)° 5 (0.02%)

10 (0.03%)° 3(0.01%)°

Naz et al*? 14,652 RDs (95%) NR 229 (1.563%)¢ NR

VNRDs (5%) 138 (0.94%)°

(Continued)
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Table 2 (Continued).

Study Number Type of Donors? Frequency of Frequency of Hep Frequency of Hep B,
of Donors Hep B (HBsAg) | C (Anti-HCV Antibodies) | Hep C Coinfection
Abdullah et al** 76,530 NR 1262 (1.65%) NR NR
Rauf et al*® 6594 VNRDs (1.12%) 74 (1.12%) 214 (3.24%) 15 (0.22%)
Masood et al*® 8517 NR 200 (2.5%) NR NR
Total frequency 16,203/791,356 = 17,660/723,497 = 2.44%"
2.04%"

Notes: “Types of donors were considered not reported if they did not characterize patients into replacement donors, paid donors, or voluntary non-remunerated donors.
PRoutine lab test. “ELISA. “Serology. *NAAT. TTotal frequency of a single TTI was calculated based on the total number of donors positive for a particular TTl such as HBV or

HCV divided by the total number of donors screened for that TTI multiplied by 100.

Abbreviations: ELISA, enzyme-linked immunosorbent assay; KPK, Khyber Pakhtunkhwa; NAAT, nucleic acid amplification test; RD, replacement donors; NR, not reported;

VNRDs, voluntary non-remunerated donors.

study were more likely to be reactive for HBsAg compared to
married donors (p=0.001).%*

Hepatitis C

The frequency of hepatitis C (anti-HCV antibodies) in
donors ranged from 1.29% to 10%. Cumulative frequency of
HCV calculated from 26 studies was 2.44% (n=17,660).> >~
Frequency of HCV was less than 2% in 8 studies,”'*'?2*3033
2-4% in 15 studies,'? 1312023252935 and above 4% in
3 studies.'"'*'® In 19 studies that investigated the reactivity
of HBV and HCV within the same population, HCV
was much more frequently detected than
HBV 10:11.13-15,17.1820-2628.293132.35 OV was the second
most common cause (22.89%) of blood donation deferrals in
one study."” In another study, HCV detection was the first most
common cause (28.61%) of blood donation deferrals.®® Irfan
et al and Tufail et al. noted a higher number of reactive HCV
cases in younger donors (less than 40 years).'*"'> The number
of HCV cases in male donors was higher than female donors in
two studies, 74% vs 26% and 99.3% vs 0.7%.°*** HCV-
related risk factors were dental treatments (50%), traveling
abroad (23.07%), history of surgery (11.53%) and blood trans-
fusions in one study (7.69%).>°

HIV

The Frequency of HIV cases ranged between 0% and 0.18% in
individual studies, with cumulative frequency equal to 0.038%
(n=497) based on 18 StlldiCS.] 1-13,15,18-22,24-26,28,29,31,32,35,39
Two studies had 0% of HIV-reactive cases.” ' Another two
studies had HIV frequency of 0.02% (N=26) and 0.07% (n=
20) of the screened population, all positive cases were
men.”**? Irfan et al. reported a low frequency (0.10%) of HIV-
positive cases but faced difficulty in following up on reactive
cases."> Among 30 reactive cases in this study, only a small

number responded to follow-up calls, and 5 cases actually
returned to the BB for a confirmatory test. All those who
underwent a confirmatory test were reactive.'’ There was
a downward trend in HIV frequency from 2008 to 2011 in
one study with an overall frequency of 0.06%.'* Another study
published in 2014 found 16 HIV reactive cases (0.0057%)
between 1998 and 2006, and 50 reactive cases (0.014%)
between 2007 and 2013, showing an upward trend.”® The
causes of HIV contraction in this study were heterosexual
high-risk sexual behavior (65%), intravenous drug use (39%)
and blood transfusions (12%). The author reported “men who
have sex with men — MSM” in only 1.5% of cases.*

Syphilis

The frequency of syphilis in blood donors was between
0.11% and 3.01% in 17 studies with a cumulative fre-
quency of 1.1% (n=6974).'":12:18-26.28.29.31.32.35.41 geyep
studies reported syphilis in less than 1% of the

11,12,18,19,22,23,32

donors, six studies between 1% and

204,20:21.28.29.3135 a4 four studies in more than 2% of
donors.**2**" In one study, the author collected data
from 19 BBs, 6 BBs did not routinely screen donors
for syphilis and only 38% of all donations were screened
for syphilis.'” Syphilis reactivity also led to the rejection
of 10.4% of donors.”® In one study from Karachi, daily
wage laborers and married donors were more likely to be
syphilis reactive.”* Zahoor et al. noted an upward trend
of syphilis cases between 2016 (2.02%) to 2017 (2.46%).
These donors were referred to their center from all over
Pakistan.*! Ghafoor et al.noted six out of seven (86%)
total cases of syphilis being above 40.'"® Among 571
reactive syphilis donors reported by Sial et al., 93%
were men and the majority of reactive donors (54%)
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Table 3 Summary of Data from Studies Reporting Frequency of HIV, Syphilis, and Malaria in Blood Donors

Study No. of Donors | Type of Donors* | Frequency of HIV Frequency of Syphilis | Frequency of Malaria

Ali et al*’ 1558 VNRDs (100%) NR NR 9 (0.577%)

Waheed et al'' 10,145 RDs (94%) 0% 90 (0.89%) 121 (1.20%)
VNRDs (6%)

Ansari et al'® 5517 NR 0% NR NR

Attaullah et al'? | 1,27,828 NR 77 (0.06%) 544 (0.43%)

Irfan et al'? 108,598 RDs (98.8%) [11 (0.10%) NR NR
VNRDs (1.2%)

Tufail et al'® 1833 NR 3 (0.16%) NR NR

Ghafoor et al'® 1500 VNRDs (100%) 2 (0.13%) 7 (0.46%) NR

Usman et al*® 87,600 NR NR NR 38 (0.04%)

Ghani et al* 626,413 NR 66 (0.01%) NR NR

Waheed et al'” | 65,376 RDs (91.75%) 45 (0.06%) 71 (0.11%) 24 (0.04%)
VNRD:s (8.25%)

Sial et al*® 29,522 RDs (87%) 20 (0.07%) 531 (1.79%) NR
VNRD:s (13%)

Raza et al*' 33,595 NR 34 (0.10%) 582 (1.73%) 2 (0.005%)

Niazi et al* 160,552 RDs (95.4%) 26 (0.02%) 1520 (0.95%) NR
VNRDs (4.6%)

Nadeem et al®® | 4662 VNRD:s (10.7%) NR 36 (0.8%) NR
Directed (85.7%)

Arshad et al** 16,602 RDs (95%) 7 (0.04%) 357 (2.1%) 12 (0.07%)

Kousar et al* 6000 NR NR NR 30 (0.5%)

Memon et al*® 4683 NR 3 (0.06%) 141 (3.01%) 5 (0.10%)

Zameer et al*® 10,048 NR 12 (0.11%) 209 (2.08%) 39 (0.39%)

Saeed et al*® 18,274 RDs (99.89%) 4 (0.02%) 284 (1.55%) 20 (0.10%)
VNRD:s (0.10%)

Sultan et al*’ 16,957 RDs (99.2%) 14 (0.08%) 287 (1.69%) 2 (0.01%)
VNRD:s (0.7%)

Raza et al®' 16,660 NR 12 (0.07%) 294 (1.76%) 2 (0.01%)

Awan et al*? 30,470 NR 49 (0.16%) 228 (0.75%) 5 (0.02%)

Rauf et al*® 6594 VNRD:s (1.12%) 12 (0.18%) 73 (1.10%) 59 (0.89%)

Zahoor et al*! 76,530 NR NR 1720 (2.25%) NR

Total frequency® 497/1,291,167 = 0.038%° | 6974/629,998 = 1.1%° 368/309,562 = 0.11%"

Notes: “Types of donors were considered not reported if they did not characterize patients into replacement donors, paid donors, or voluntary non-remunerated donors.
®Total frequency for a single TTI was calculated based on the total number of donors positive for that TTI such as HIV, syphilis, or malaria divided by the total number of
donors screened for that TTI multiplied by 100.

Abbreviations: ELISA, enzyme-linked immunosorbent assay; KPK, Khyber Pakhtunkhwa; NAAT, nucleic acid amplification test; RD, replacement donors; NR, not reported;
VNRD:s, voluntary non-remunerated donors.
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were between the age of 20 and 30.%° Similar to this,
99% of reactive donors were men in another study.?

Malaria

The frequency of malarial parasite ranged from 0.005% to
1.2% with a cumulative frequency of 0.11% (n=368) of all
blood donors that were
screened.|119:21:24-26.28293132.35,37.3840 A1l studies had
a frequency of malaria less than 1% except one study by
Waheed et al. with a frequency of 1.20%."" The malarial
parasite was not routinely screened by six BBs in one study
and only 46% of blood donations were screened.'® Malaria
was the least frequently detected TTI in those studies that
screened donors for all major types of TTIs. According to
a WHO report, the prevalence of malaria was 0.1%, 1.78%
and 0.81% for the years 2011, 2012 and 2013 in Pakistan.**

Coinfections

Co-infectivity has also been reported in many studies.
Arshad et al. found 0.35% (n=58) of donors with
coinfections.”* Another study from Islamabad reported
a very low frequency of co-infections, 0.039% (n=12).>*
Zameer et al. found 0.29% (n=29, 28 donors had 2 TTIs
while 1 donor had 3 TTIs) cases of coinfections. The
highest number of coinfections (n=13) were HCV and
syphilis followed by HCV and HBV (n=12).%° One study
from Lahore documented 0.38% (n=71) of donors with
coinfections; HCV and syphilis co-infectivity was the
highest (n=46) followed by HBV and HCV coinfections
(n=22).%® Another author reported a total co-infectivity of
0.09% (n=103) with the highest co-infectivity seen with
HBV and HCV in 94 cases."® Sial et al. reported coinfec-
tions in 0.135% donors (n=400) with HCV and syphilis
having the highest co-infectivity in this study, 0.09%
(n=27).2° Rauf et al. reported 15 cases (0.22%) of HBV
and HCV coinfections as the highest co-infectivity.’
Alarmingly, they reported 11 donors (0.16%) who were
concomitantly reactive for HBV, HCV, HIV and syphilis.*
Three concomitant TTIs were also reported in two donors
by another author."?

Discussion

Pakistan has a poorly regulated, demand-driven fragmen-
ted BT system based on more than 1800 public hospital-
based or free-standing private blood banks (BBs).***
These units provide all services of the vein-to-vein trans-
fusion chain, ranging from typing, cross-matching, donor

screening, collection, storage and distribution of blood to

the patients. There is inadequate initial screening of
donors for high-risk behaviors due to inadequate training
of BB staff. Limited knowledge of donors about their
health and medical problems also increases the risk of
TTIs. Pakistan lacks a universal quality-assured serologi-
cal screening process. In many blood banks, poor quality,
cheap and rapid manual methods are being used for quick
screening along with poor laboratory practices.** This can
lead to a significant probability of missing an infection in
the donor population with a multifold increased risk of
transmission to transfusion recipients. Rates of voluntary
donations are meager accounting for less than 13% of all
donations. This is due to a lack of infrastructure, poor
educational status and cultural beliefs of the general
population.*’

According to a global status report (2016) by the WHO
on blood safety and availability, the proportion of dona-
tions that screened TTIs in Pakistan were 100% for HIV,
HBV, HCV and only 66% for syphilis and malaria.** The
seroprevalence of HBV in blood donors varied from
1.55% to 3.76%, HCV from 2.55% to 7.23%, HIV from
0 0.01% to 0.04% and syphilis varied from 0.59% to
1.16% %.*

Our review showed a cumulative frequency of 2.04%
(n=16,203) for HBV and 2.44% (n=17,660) for HCV
among blood donors. Transmission of HBV and HCV
through blood transfusion is a significant concern.
Pakistan falls in a low-intermediate prevalence area for
HBYV, with an estimated carrier rate of 2-4% and an
estimated 5 million individuals with chronic HBV infec-
tion. It has the second-largest number of HCV infected
population worldwide.*® According to one estimate,
almost 10 million people in the country are infected with
chronic HCV, that being roughly 5.9% of the total popula-
tion. There is a high prevalence of HCV (48.67%) in
chronically transfusion-dependent thalassemia and hemo-
philia patients.*” High prevalence of HBV and HCV in
donors may be contributing to this high prevalence in the
general population and among chronic transfusion recipi-
ents. WHO recommends donor screening of HCV through
anti-HCV antibodies by rapid diagnostic immunoassay in
resource-limited countries or a combination of HCV anti-
gen-antibody immunoassay (EIA/CLIA). Samples reactive
by CLIA/EIA should be further confirmed by nucleic acid
amplification technology (NAT), which is the gold stan-
dard for HCV diagnosis. For HBV, blood donors should be
screened using a highly sensitive and specific HBsAg
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immunoassay (EIA/CLIA). Routine screening for anti-
HBc for transfusion purposes is not needed.’®

The concern of HIV spread is growing in the public
health community of Pakistan. There are recent reports of
isolated low-scale epidemics of HIV in rural areas.’’
Pakistan is one of the countries located in the WHO
Eastern Mediterranean Region and HIV infections are
spreading at an alarming rate in this region.”’ WHO
considers the current HIV epidemic in Pakistan to be
a concentrated one. The total prevalence of HIV is still
less than 1% of the total adult population in Pakistan.”'
According to the UNAIDS 2018 report, there is an alarm-
ing increase of 57% in new HIV cases and a 369%
increase in AIDS-related deaths since 2010.°% In 2018,
only 14% of people living with HIV in Pakistan knew
their HIV status.> Given the lack of a centralized hemo-
vigilance system, it is challenging to estimate a real-time
risk of HIV infection in Pakistan due to BT. According to
one article, the spread of HIV through blood transfusion
in Pakistan was about 11.73%.>* Seroconversion to HIV-
positive could be as high as 98% after exposure to HIV
infected blood products.®® In developed countries such as
the United States, the risk of contracting an HIV infec-
tion through transfusion is expected to be one in
The rate of HIV infectivity
with packed red blood cells is inversely related to its

1.5 million donations.”

storage time. HIV infected blood products which are
stored for less than 8 days are 96% infectious.
Infectivity drops to 50% when stored for more than
3 weeks.”* There is a steady increase in the prevalence
of HIV in the donor population. On the other hand, there
is a lack of standardized HIV donor screening. The
cumulative frequency of HIV in our study was 0.038%
(n=497).

An estimated 12 million new cases of syphilis are
diagnosed each year globally, with an estimated global
prevalence of 0.5% in men aged 15-49 years.’*>” In our
review, the cumulative frequency of syphilis in the donor
population was 1.1% (n=6974). Treponema pallidum is
a relatively fragile bacterium which is sensitive to cold
temperature and the risk of its transmission through BT is
minimal if blood is stored below 20° centigrade for longer
than 72 hours.’®>® However, in Pakistan, most transfu-
sions are stored for less than 72 hours due to arrangement
by family members on a needed basis. WHO recommends
testing with Venereal Disease Research Laboratory
(VDRL), rapid plasma reagin (RPR) and cold storage

techniques to minimize the risk of syphilis through
transfusion.®

Malaria is endemic in Pakistan with 3.5 million cases
every year.®' In our review, we noticed a lack of universal
screening of blood for malaria. According to the Federal
Drug Administration (FDA) and the American Association
of Blood Bank (AABB), people with malaria cannot donate
blood for 3 years after becoming asymptomatic.®** Rate of
malaria transmission in endemic countries such as Pakistan
may be as high as 50 cases per million blood donations.** In
our review, the cumulative frequency of malaria in blood
donors was 0.11% (n=368). This seems to be an under-
estimation of the overall risk of transfusion-transmitted
malaria due to a lack of uniform widespread testing proto-
cols. The peripheral smear is the most widely used diag-
nostic test in Pakistan, but it is highly dependent on user
technical skills and knowledge.®* Asymptomatic blood
donors have low levels of parasite count along with the
low density of parasite in the blood which can lead to
difficulty in the detection of the parasite. The most effec-
tive way of screening donors is to take a proper history for
any underlying disease, medications use, fever and high-
risk exposure.® Donor criteria should be developed locally
and implemented to exclude potentially high-risk
individuals.

According to the WHO, the number of total blood
donations and VNRDs decrease steeply from high-
income countries to low-income countries.®® Proportions
of VNRDs in 2013 in high-income, upper-middle-income,
lower-middle-income and low-income countries were
95%, 79%, 71% and 63%, respectively.’” Therefore,
there is limited access to safe blood, especially in low-
income countries. WHO recommends blood donations to
be collected mainly from VNRDs because of their lowest
prevalence of TTIs.® Replacement/family donors (RDs)
and paid (professional) or remunerated donors are less
desirable than other types. With the aim of sufficient and
sustainable blood supply, WHO envisions 100% of blood
donations to be collected from VNRDs worldwide.®’
Contrarily, almost 85-90% of blood donations came from
RDs in Pakistan in 2011-2013.** Despite efforts to
decrease RDs and increase VNRDs, replacement donors
accounted for 87% to 99.98% of all donors according to
these studies,'!!3:19-2022:2428.2933 A coording to a global
status report of the WHO, less than 25% of Pakistan’s
blood donations are by VNRDs. Development of the
VNRDs-based collection system as recommended by the
WHO is an important measure to ensure the availability of
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safe blood products.*? In Pakistan, there is a need for
donor education and registration campaigns for the devel-
opment of voluntary donor base, registration of family
RDs for future voluntary donations and development of
a network of BBs that rely on voluntary donations only.

Establishment of a separate qualification and training
program of transfusion medicine in Pakistan can help
implement standardization of quality metrics and assur-
ance of safe blood supply. It provides a skilled workforce
that can implement good evidence-based transfusion
practices.®® WHO proposes the development of programs
for integration of transfusion medicine education into the
existing structure of medicine, nursing and laboratory
technology institutions.®’

Hemovigilance is a concept of surveillance of the
whole vein-to-vein transfusion chain. It includes follow-
ups with transfusion recipients, collection and assess-
ment of the data on unexpected or undesirable events
related to the therapeutic use of blood products. It uti-
lizes this information to prevent the occurrence or recur-
rence of such incidents in the future.”” In developing
countries, it can help to assess the risk of TTIs. There
are challenges to achieve effective hemovigilance in
Pakistan due to limited availability of TTIs epidemiol-
ogy data, lack of a centralized reporting system for
adverse events and follow-up services for donors and
recipients. There is suboptimal donor testing which
leads to missing the infections due to high false-
negative results.”""’> Moreover, there is no mechanism
for identifying the rate of transfusion-related infections
in the general population. During our review, we were
unable to find any large-scale surveillance and reporting
data on TTIs.

The government of Pakistan has much more to do, but
in 2010, they launched a series of initiatives, per the WHO
guidelines, for an overall improvement of the BT system
through national safe blood transfusion programs (SBTP).
This led to the formulation of a national blood policy and
strategic framework for the strengthening of the organiza-
tional structure of the transfusion system in Pakistan.
Through the USAID, the WHO supplied blood-screening
kits worth 84 million dollars.”> There are considerable
improvements regarding the development of regional pub-
lic blood centers with accreditation standards, improved
data collection and implementation of universal screening
guidelines. There are training and educational opportu-
nities devoted to improving the quality, data collection
and evidence-based blood use. But these efforts are mainly

centered in major urban institutions with limited outreach
to rural areas where the problem is severe and needs
urgent intervention and attention.

This review has limitations because we based the
review on the data from studies focused on localized
geographical locations due to lack of availability of large
scale-multicenter structured data. We relied on data
sources to find the most recent and consistent information
that could lead to inherent reporting bias for studies and
their ability to be published. Most of the studies are of
variable quality and scope. The donor populations also
vary among studies and comparison of the population
among studies is difficult due to the inconsistency of
information and data provided. The screening methods
differ among studies and there is variable sensitivity and
specificity of the methods. There is a risk of missing or
omitting some publications due to reviewer bias. The use
of grey literature like the WHO and local reports is also
based on limited data and rely on information reported by
the government agencies. Our study represents the best
possible overview of the underlying problem with limita-
tions. We recommend large multi-centered studies invol-
ving rural centers in Pakistan.

Conclusion

Our study shows the cumulative frequency of HBV of
2.04%, HCV of 2.44%, HIV of 0.038%, syphilis of 1.1%
and malaria of 0.011% among screened donors. There is
limited screening of syphilis (38%) and malaria (46%) in
the donor population. The rate of co-infections is 0.35%,
with HCV and syphilis as the most frequent co-infections.
The blood donors in Pakistan are mostly RDs and the rate
of VNRDs is low (0.10%-13%). There is a lack of wide-
spread standardized testing and follow-up of donors who
test positive on initial screening. Our findings highlight the
need for promoting a culture of voluntary blood donations
by creating awareness among the public to mobilize and
motivate through media, professional medical societies,
political ~ factors, local governmental and non-
governmental organizations. Moreover, our data endorse
the need for a universal quality-assured donor screening,
development of a hemovigilance system, uniform standard
operating procedures and a trained workforce for BBs.
There is a need for large prospective multi-center epide-
miological studies in the country for a better understanding
of the burden of TTIs, impact of testing procedures and
influence of mitigation strategies such as hemovigilance

system and TTI tracking networks.
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