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Dear Editor,

Arboviruses of medical importance are maintained in nature in
enzootic cycles between haematogenous vectors and susceptible verte-
brate hosts (Huang et al., 2019). The rapid increase in human pop-
ulations around the globe and the associated urbanization are creating
irreversible damage to the ecosystem, giving rise to many problems
including emergence and intensification of the vector borne diseases
(Sutherst, 2004). Among vector borne diseases, mosquito-borne arbovi-
ruses including dengue virus (DENV), West Nile virus (WNV), Japanese
Encephalitis virus (JEV) and Zika virus (ZIKV) are rapidly emerging in
the affected regions of the world (Palmer et al., 2011). The primary route
of infection of these arboviruses is through the bite of infected mosqui-
toes, however, in the endemic regions, the concern for other routes of
virus transmission remains, including transfusion-related transmission.
This risk is especially high during outbreak season when viruses are
actively circulating in the community and donors with asymptomatic
infection are capable of donating blood contaminated with arboviruses
(Stramer et al., 2009).

This concern for transfusion-related transmission of arboviruses is not
new, and cases of such transmission have been reported. Endemic
countries, like Singapore, China, Puerto Rico and Brazil, have shown
evidence of DENV transmission by this route (Tambyah et al., 2008;
Chuang et al., 2008; Stramer et al., 2012; Sabino et al., 2016). Cases of
transfusion-related transmission of WNVwas reported in 23 patients who
were transfused different blood components during the 2002 epidemic in
the United States of America (Pealer et al., 2003). China reported
transfusion-related transmission of JEV among immunocompromised
patients who received donation from infected asymptomatic blood do-
nors (Cheng et al., 2018).

While there is one report of transfusion-related transmission of DENV
from Karachi, Pakistan, the risk posed by other arboviruses is not known
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(Karim et al., 2017). Here, we performed a cross-sectional study in the
blood bank and the clinical microbiology sections of the Department of
Pathology and Laboratory Medicine, Aga Khan University, Karachi to
investigate the potential transfusion-related transmission of DENV, WNV
and JEV. From 1st July 2018 to 31st December 2018, blood donors who
presented to the blood bank were consecutively enrolled. Blood donors
who met any of the following criteria were deferred and hence, excluded
from the study: less than 18 years of age, presence of fever, history of
anaphylaxis, anaemia (haemoglobin level of less than 13.5 g/dL for males
and less than 12.0 g/dL for females), history of any antibiotic intake in
the past two weeks, blood donation within past four months, blood
recipient within past one year and history of any coagulation factor
deficiency. Informed and written consent was obtained on a consent form
if the potential donors fulfilled the inclusion criteria, after they were
explained regarding all the tests that shall be performed on their blood
samples.

Finally, a total of 360 healthy blood donors samples were collected.
All the samples obtained were tested for the presence of serum IgM an-
tibodies and viral nucleic acids using ELISA method and reverse tran-
scriptase polymerase chain reaction (RT-PCR) respectively
(Supplementary file). Of the 360 study subjects tested, 99.2% (n ¼ 357)
were males and 0.8% (n ¼ 3) were females (Table 1). Median age of
blood donors was 28 years (IQR: 24–34). Majority of the donors screened
were found to be the residents of the urban regions of Sindh Province of
Pakistan (n ¼ 302). The overall donor seropositivity for arboviruses was
n ¼ 26 (7.2%).

The most frequently detected IgM antibodies were for DENV and
WNV, with 3.9% (n ¼ 14) for each virus type. Among the DENV/WNV
positive cases, one was a 42-year-old male resident of the Malir district in
whom IgM antibodies were detected against both DENV and WNV, while
one donor was a 25-year-old male resident from east district who was
positive for DENV, WNV and JEV IgM antibodies (Supplementary
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Table 1
Demographic characteristics of the donors (n ¼ 360) screened for arboviruses at
Aga Khan University Karachi Sindh July–December 2018.

Characteristic Total sample
n (%)

Total positive
rate n (%)

Gender:
Male 357 (99.2) 25 (96.2)
Female 3 (0.8) 1 (3.8)
Age (years):
19–30 217 (60.3) 15 (57.7)
31–40 108 (30) 7 (26.9)
41–50 30 (8.3) 3 (11.5)
>51 5 (1.4) 1 (3.9)
Residence:
Rural region 58 (16.1) 0 (0)
Urban region 302 (83.9) 26 (100)
Distribution among city districts of Karachi:
East District 82 (22.8) 10 (38.5)
West District 21 (5.8) 1 (3.9)
South District 21 (5.8) 0 (0)
Central District 63 (17.5) 6 (23)
Malir District 9 (2.5) 3 (11.5)
Not known 96 (26.7) 5 (19.2)
Other regions (beyond Karachi) 68 (18.9) 1 (3.9)
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Table S1). Although plaque reduction neutralization test (PRNT) was not
performed in this study, a separate study on arbovirus surveillance in the
same geographical region showed that 25 of the 28 JEV-WNV-DENV IgM
positive patients had at least 80% neutralizing activity against at least
one DENV serotype at antibody titers of 1:40 (Khan et al., 2018).

Fig. 1 shows that most of the blood donors who screened positive for
IgM antibodies, belonged to Karachi (n ¼ 25), the southwestern port city
of Sindh, with the majority belonging to the city's east (40%) and central
(24%) districts (Table 1, Supplementary Table S2). About 30.8% of the
IgM positive blood donors were residents of Gulshan Town in the east
district of Karachi (n¼ 8), of which five were positive for DENV IgM, two
for WNV IgM and one for DENV/WNV/JEV IgM. The north Karachi town
in the central district of Karachi showed the second highest positive rate
in the city (14.3%, n¼ 4), of which three were positive for WNV IgM and
one for DENV IgM. Table 2 shows the association of baseline, de-
mographic data and information of transfusion reactions in recipients of
Fig. 1. Distribution of seropositive blood donors among different districts
of Karachi.
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blood products from study subjects with ELISA positivity. DENV and
WNV seropositivity was significantly associated with residence in Malir
District of Karachi [OR ¼ 8.1 (1.5–43.03), P ¼ 0.015)]. This association
can be linked to Malir River that cuts across this district and provides
breeding ground for the vector. Furthermore, DENV IgM seropositivity
was significantly associated with blood group B negative [OR ¼ 5.6
(1.1–28.6), P ¼ 0.04)].

Our findings provide evidence of potential acute subclinical infection
to DENV (3.9%), WNV (3.9%) and JEV (0.28%) viruses in healthy blood
donors who presented to the blood bank at the Aga Khan University
Hospital. DENV infection has been endemic in Pakistan since 2004; the
country suffers from seasonal epidemics each year with increasing
severity. Evidence of co-circulation of all four serotypes has been re-
ported and severe DENV infections are commonly encountered (Chan
et al., 1995; Khan et al., 2020). The most severe DENV outbreak occurred
in 2013. There were approximately 17,000 cases, of which 6,000 cases
reported from Sindh region (Rasheed et al., 2013). Blood donor screening
reports from Pakistan have primarily been focused on DENV only. Most
of these studies are limited in terms of the type of screening tests. For
example, one such study from Lahore, Punjab region of Pakistan used IgG
antibody test for screening, which does not necessarily imply risk for
transfusion transmission. Nevertheless, this study showed a significant
population of 39.4% of healthy donors have been exposed to the DENV
infection during the outbreak season (Mahmood et al., 2013). To the best
of our knowledge, our study is first study from Pakistan that has sought
for broaden arbovirus screening in blood donors using both IgM anti-
bodies and PCR based nucleic acid tests.

Most of the IgM positive cases in our study belonged to the younger
age group (under 30 years old), although no statistical significance was
noted. The rate of arbovirus related infections in the younger population
is likely reflective of the overall age demographics of the region, because
69.42% of the population of Pakistan is under 30 years old (Pakistan
Bureau of Statistics, 2022). In this study, 57.7% of donors who tested
positive for arbovirus IgMwere between 19 and 30 years of age (Table 1).
This could be due to the fact that 60.3% of our overall study population
belonged to this age group. Furthermore, the younger age group is likely
to be more social and attend crowded places such as colleges, and parks,
and hence, may be more prone to the acquisition of these infections. In
the recent decades, the world has witnessed an increase in arbovirus
infection rates especially in urban settings (Sabino et al., 2016; Linnen
et al., 2008; Al-Azraqi et al., 2013). There are several reasons accounting
for this rise, including overcrowding of large cities, underdeveloped
housing societies, improper sewage disposal, ineffective cleaning, and
inadequate arbovirus control strategies which account most for urban
settings in lower income countries (Viennet et al., 2016). Karachi is one
such city that faces all the risk factors mentioned above and consequently
suffers from yearly outbreaks of DENV and dengue-like illness. In our
study, almost all the blood donors screened positive (96.2%) were from
Karachi with the majority belonging to the city's east (40%) and central
(24%) districts, with higher population density than west and Malir
district (Table 1). Gulshan Town in the city's east district had the highest
number of positive subjects followed by central district of Karachi.

The association of DENV and WNV seropositivity (22.2%) with the
city's Malir district was found to be statistically significant (P ¼ 0.015).
The reason for this finding is possibly the close proximity of Malir district
with the Malir River, which has been affected by serious flooding due to
heavy rainfalls in the past. In addition to being the site for disposal of the
district's sewage, it has been found to be the active breeding site of
mosquitoes harbouring potentially disease-causing arboviruses (Kami-
mura et al., 1986; Saeed and Piracha, 2016).

The presence of IgM antibodies indicates recent infection in a donor,
providing evidence of active virus circulation locally and a heightened
risk of transfusion-based transmission. All IgM antibody positive blood
donors in our study were asymptomatic at the time of screening. This
finding is consistent with blood donor related studies from Pakistan
conducted in the past (Khan et al., 2018; Barr et al., 2018). None of the



Table 2
Association of baseline, demographic data and information of transfusion reactions in recipients of blood products from study subjects with ELISA.

DENV IgM n (%) OR (95% CI) WNV IgM n (%) OR (95% CI) JEV IgM n (%) OR (95% CI)

Overall positivity 14 (3.9%)
0.9 (0.02–50.3)
(P ¼ 1)

14 (3.9%)
0.9 (0.02–50.3)
(P ¼ 1)

1 (0.28%)
0.05 (0.0008–3.7)
(P ¼ 0.2)

Blood group

Aþ 2 (2.6%)
0.6 (0.1–2.7)
(P ¼ 0.49)

3 (3.8%)
1.0 (0.3–3.6)
(P ¼ 0.98)

0

Bþ 7 (6.5%)
2.5 (0.8–7.2)
(P ¼ 0.1)

4 (3.7%)
0.9 (0.3–3.1)
(P ¼ 0.92)

0

ABþ 1 (4.9%)
1.1 (0.1–9.1)
(P ¼ 0.91)

1 (4.9%)
1.1 (0.1–9.1)
(P ¼ 0.91)

0

Oþ 2 (1.7%)
Reference

6 (5.2%)
Reference

1 (0.9%)
Reference

B- 2 (16.7%)
5.6 (1.1–28.6)
(P ¼ 0.04)

0 0

O- 0 0 0
Rhþ 12 (3.7%)

Reference
14 (4.3%)
Reference

1 (0.3%)
Reference

Rh- 2 (5.6%)
1.5 (0.3–7.1)
(P ¼ 0.59)

0 0

Age group

19–30 y 6 (2.8%)
Reference

10 (4.6%)
Reference

1 (0.5%)
Reference

31–50 y 7 (5.1%)
1.6 (0.6–4.8)
(P ¼ 0.36)

4 (2.9%)
0.6 (0.2–2.1)
(P ¼ 0.45)

0

> 50 y 1 (20%)
6.6 (0.7–63.04)
(P ¼ 0.1)

0 0

Gender

Female 1 (33.3%)
5.7 (0.5–64.3)
(P ¼ 0.16)

0 0

Male 13 (3.6%)
Reference

14 (3.9%)
Reference

1 (0.3%)
Reference

Karachi City Districts

Central 2 (3.2%)
0.8 (0.2–3.6)
(P ¼ 0.75)

4 (6.4%)
1.95 (0.6–6.4)
(P ¼ 0.27)

0

East 6 (7.3%)
Reference

5 (6.1%)
Reference

1 (1.2%)
Reference

South 0 0 0
West 0 1 (4.8%)

1.25 (0.2–10.07)
(P ¼ 0.83)

0

Malir 2 (22.2%)
8.1 (1.5–43.03)
(P ¼ 0.015)

2 (22.2%)
8.1 (1.5–43.03)
(P ¼ 0.015)

0

Not known 3 (1.8%)
0.3 (0.09–1.1)
(P ¼ 0.08)

2 (1.2%)
0.2 (0.04–0.9)
(P ¼ 0.03)

0

Transfusion reactions 0 0 0
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donors found positive for IgM antibodies in our study showed evidence of
viremia using real time PCR assays. There are limited studies on arboviral
antibody kinetics and relation with viremia. The WNV experimental
infection model using Rhesus macaque monkeys has provided some
insight into antibody kinetics and duration of viremia (Ratterree et al.,
2004). It has shown that viremia can be detected by viral culture and
viral nucleic acid detection within 4–10 days post-infection, but the IgM
antibodies would rise concomitantly and remain elevated up to 45 days.
In our study, none of the blood donors were found to be viremic at the
time of donation and PCR signals remained negative for all samples
tested. This is most likely due to short lived viremic phase of the disease.
776
Ratterree's study also emphasized the sensitivity of the PCR test used
to assess viremia. Using two different PCR methods, this study found that
nested PCR was more sensitive in detection of WNV, 26 out of 28 samples
verses 13 when using conventional real time PCR assay (Ratterree et al.,
2004). Thus, the negative PCR test in our donor population could be due
to low sensitivity of PCR assay as we used real time PCR assay. Similarly,
reports of blood donor studies showing IgM positive and PCR negative
results for DENV have been reported from other countries. A report from
New Delhi, India found that 143 of the 200 healthy blood donors were
screened positive for DENV IgM but none were found to be positive for
viral nucleic acid detection using convention RT-PCR assay (Ranjan et al.,
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2016). Further studies usingmore robust nucleic acid testingmethods are
required to assess true risk of transfusion transmission of these viruses.

The association of blood group B negative (B-) with DENV IgM
seropositivity was found to be statistically significant in our study (P ¼
0.04). There have been similar association of DENV infections with ABO
blood groups. Ravichandran et al. noted association of dengue fever with
AB blood group compared to other blood groups (Ravichandran et al.,
2019). Similarly, another study has linked the severity of dengue fever
with AB blood group. The genetic factors such as HLA and ABO blood
group have been implicated as an effect on the individual's resistance or
susceptibility to infectious diseases (Kalayanarooj et al., 2007). Whether
or not B negative blood group in our population predisposes to increased
risk of dengue virus infection needs to be further explored.

One limitation of this study is that it is a single centre study. Never-
theless, the blood bank of the Aga Khan University Hospital is one of the
largest transfusion banks in Pakistan. Our results are generalizable for
age and gender demographics. Another important limitation is the type
of PCR assay used. Although we have used conventional real time PCR
assay protocol and reported PCR positive signals from symptomatic pa-
tients in the past (Barr et al., 2018), for the donor screening purpose, low
viral load samples may be missed in conventional PCR assay. Multiplexed
PCR assay would have been more sensitive.

Regular follow-up of the recipients for the development of arbovirus
related symptoms and timely lab testing are essential to assess and
provide evidence of true transfusion related transmission of infection.
In this study, we did not actively follow up the patients who received
DENV/WNV/JEV IgM positive blood after their discharged from the
hospital. However, as part of standard blood transfusion protocol of our
blood bank, all recipients were instructed to report any febrile or other
symptomatic reaction post transfusion to the unit through its helpline
number.

To the best of our knowledge, this is the first report of arbovirus
screening of blood donors from Pakistan. We conclude that due to
endemic circulation of arboviruses in Pakistan, the risk of transmission of
DENV, WNV and JEV through blood transfusion exists, especially during
the outbreak season. Further multi-centre studies using more sensitive
nucleic acid-based testing and recipient follow-ups are required to
confirm this risk and true burden of transfusion-based transmission. That
will provide evidence for regular donors screening for these viruses.
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