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ABSTRACT 
Background and Objectives:  Transfusion associated hepatitis C is quite common world over. In develo-
ping centuries like Pakistan blood transfusion, needle pricks and use of contaminated instruments are 
responsible for transmission of virus. The present study was designed to find out the frequency of HCV 
positivity in anti HCV negative blood donors by Nucleic acid testing (NAT), to detect those cases of HCV 
which are in their window period and are not identified by routine serological screening. It will be 
rather appropriate to combine NAT&ELISA screening of blood donors. 

Methods:  It was a cross sectional study. One thousand healthy, volunteer blood donors with negative 
anti-HCV status on screening were reconfirmed to be anti-HCV negative by third generation ELISA. 
NAT testing of these anti-HCV negative donors was done by RT – PCR. In order to economize the cost, 
RT – PCR was done on 5 samples mini-pool. 

Results:  Donors had a mean age 29.0 ± 5.8 years with male predominance (99.8%). On PCR testing ini-
tially 4 pools were found to be reactive for HCV, these pools were segregated and PCR testing of the 
individual sample of the reactive pools revealed two HCV positive samples in one pool and one HCV 
positive sample in each of the other three. Thus 5 donors (0.5%) who were screened to be anti-HCV neg-
ative, were found to have HCV – RNA on RT – PCR. 

Conclusion:  NAT screening of blood donations reduces the transmission risk of HCV which results in 
greater safety of blood components. Mini-pooling may be used to substantially reduce the cost of NAT 
without affecting the sensitivity. 

Key words:  Nucleic acid testing, polymerase chain reaction, hepatitis-C, donor screening, blood trans-
fusion, sero-prevalence. 

 
INTRODUCTION 
Blood transfusion (BT) saves millions of lives each year 
worldwide.1 However; it carries risks such as transfus-
ion transmitted infections (TTIs)2 which pose a major 
challenge for the blood transfusion services worldwide. 
Since the early 1960‟s blood banks as well as plasma 
manufacturing industries have implemented certain 
strategies to reduce the risk of TTIs but even today 
donor evaluation, laboratory screening tests and path-
ogen inactivation procedures fail to achieve zero risk 
for BT.3 
 Transfusion associated hepatitis (TAH) C virus 
infection is the most common TTI4 and accounts for 
more than 75% cases of TAH around the world.5 TAH 
was first recognized in 1940s, with the introduction of 
HBsAg led to substantial reduction in PTH (post trans-
fusion hepatitis) cases however it was noticed that up 
to 10% of cases continued to develop PTH, most of 
which were attributed to an unknown non-A, non-B 
(NANB) viral agent which was later named as hepatitis 

C after the cloning of HCV genome, and was establi-
shed to be the causative agent of more than 90% cases 
of NANBH.6 
 Nucleic acid testing (NAT) is a molecular techni-
que which is highly sensitive and specific for viral gen-
ome detection in a variety of clinical settings.7 It has 
been introduced around 2000 for screening blood in 
order to minimize the chances of TTIs in the recipients 
where it provides an additional layer of blood safety by 
detecting those recent infections which are currently in 
window period and can‟t be detected by routinely per-
formed screening methods.8 NAT technique also adds 
the benefit of resolving false reactive donations on ser-
ological methods hence further improves blood safety.9 
 Current study was performed to find out the fre-
quency of HCV infection in anti-HCV negative blood 
donors by Nucleic acid testing (NAT), to detect those 
cases of HCV which are in their window period and are 
not identified by routine serological screening assays 
in our setup. 
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MATERIALS AND METHODS 
Study Design:  It was a cross sectional study conduc-
ted at Shaikh Zayed Medical Complex and Lab one Pvt. 
Limited. The study duration was October 2011 to April 
2012. The sample size was 1000 and the donors were 
included through consecutive sampling after informed 
consent and considering following inclusion and exclu-
sion criteria; 
Inclusion Criteria:  Blood donors with Anti-HCV 
negativity detected by ICT device (particle agglutinat-
ion) method. Donors aged 17 – 60 years, voluntary 
non-paid donors having weight ≥ 50 Kg, Hb ≥ 13gm 
(males) or ≥ 12 gm (females) with minimum blood 
donation interval of 12 weeks and no history of cardio-
vascular, gastrointestinal, nervous system disease or 
jaundice in last 6 months were included. 
Exclusion Criteria:  HBsAg or HIV reactive patients 
or those not consenting for the study were excluded. 
Sample Preparation:  Blood was collected in a blo-
od bag containing CPDA-1 (citrate phosphate dextrose 
adenine – one) as anticoagulant. In addition the ali-
quots were made for routine blood bank procedures. 
10 ml additional blood was collected for ELISA and 
RT – PCR procedures. Serum from each sample was 
stored in 2 sterile plastic vials each containing 1.5 ml 
serum. One for anti-HCV testing by ELISA and the 
other for HCV – RNA testing by RT – PCR. Vials were 
labeled and kept frozen. 
ELISA:  All sera were reconfirmed for anti-HCV by 3rd 
generation ELISA. Detection of anti HCV was done by 
CobasElecsys Anti HCV assay Roche diagnostics.10 Re-
sults were determined automatically by Elecsys soft-
ware by comparing the electroluminescence signal obt-
ained from the sample with the cut off value obtained 
by anti-HCV calibration. The analyzer automatically 
calculates the cutoff based on the measurement of pos-
itive and negative controls. The result is interpreted as 
negative and positive in the form of cutoff index; 
 Negative: Samples with cutoff index < 0.9. 
 Positive: Samples with cutoff index > 1. 
 Equivocal: Samples with cut off ≥ 0.9 and ≤ 1. 
Plasma Pooling Preparations:  The plasma pool 
preparations were made for HCV – RNA detection by 
RT – PCR. Each plasma pool consists of 5 donors sam-
ples which were confirmed as anti-HCV negative by 3rd 
generation ELISA. Each plasma pool was made by 
mixing 200 microliters of each donors serum to make 
a final volume of 1ml and was stored in sterile storage 
vials. The vials were labelled and immediately frozen 
until RT – PCR was done. The original sample of don-
or was stored until the results of PCR was available. 
RT – PCR:  RT – PCR was performed by using Strata-
gene Mx3005 real time PCR instrument. The PCR kit 
used for qualitative detection of HCV RNA were of 
AmpliSens HCV – FRT Roche diagnostics.11 Kits used 
for RNA extraction were of QIAamp® manufactured 
by Qiagen GmbH Roche Diagnostics. A synthetic inter-

nal control RNA (ICRNA) was stabilized within the 
nucleic acid extraction tubes to be co-purified with 
HCV target nucleic acid. In samples with negative or 
low positive result for HCV infection the IC RNA sho-
uld always produce a positive result which will confirm 
that extraction has been performed correctly. All steps 
were carried out according to manufacturer‟s instruct-
ions. The results were interpreted by the real time PCR 
instrument software by the crossing or not crossing of 
the threshold line by the fluorescence curve. In case of 
HCV positive PCR result the infected donor was identi-
fied by retesting of 5 individual samples of the reactive 
pool. 
 
RESULTS 
After interviewing 1050 blood donors, fifty donors 
were excluded from the study who have past history of 
hepatitis or jaundice in last six months, any bleeding 
disorder, blood donation in last six months, close con-
tact with a patient of hepatitis, or suboptimal physical 
or clinical status. Initial 1000 anti-HCV negative blood 
donors were included in the study. All these donors are 
healthy non-paid donors. The average age of donors 
was 29.0 ± 5.8 years and majority (85%) were below 
the age of 35 years, as shown in Figure 1. Among don-
ors there were only two females, which was only 0.2% 
of the whole sample. 
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Fig. 1:  Age distribution of blood donors. 

 
 When blood samples screened for anti-HCV by 
third generation ELISA it was noted that all samples 
were negative. On PCR testing initially four pools were 
found to be reactive for HCV, these pools were than 
segregated and the PCR testing of the individual sam-
ple of the reactive pools reveals two HCV positive sam-
ples in one pool and one HCV positive sample in each 
of the other 3 pools. Thus total 5 samples were found 
to be positive for HCV RNA on NAT testing. 
 When HCV positivity of the cases is related with 
age of blood donors, it was observed that all the posi-
tive cases were between 20 and 39 years among whom 
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4 were between 20 and 30 and 1 between 30 and 40 
years. Statistically no significant difference found in 
the HCV positivity in different age groups of blood 
donors as shown in Table 1. 

 
Table 1:  Results of NAT as per age of the donors. 
 

Age 
NAT result 

Total 
Positive Negative 

<20 0   12     12 

20 – 24 3 193   196 

25 – 29 1 260     261 

30 – 34 0 402   402 

35 – 39 1   87     88 

40 – 44 0   24     24 

45+ 0   17     17 

Total 5 995 1000 
 

p-value = 0.249 

 
 When we categorized the sample in two age groups 
≤ 30 years and > 30 years there were 4 cases in group 
≤ 30years, and one case in the age group of >30 thus 
the presence of Hepatitis C virus infection is not asso-
ciated with age of the blood donor, no statistically sig-
nificant difference found in two age groups (p value = 
0.704). 
 However, all five positive cases were males. It was 
obviously due to the rarity of female gender in the stu-
dy population. 

 
DISCUSSION 
There are serious concerns regarding the transmission 
of hepatitis C virus through blood transfusion because 
of the relatively longer „window‟ between the infection 
and the appearance of detectable antibodies in the 
serum. In these cases the screening tests are negative 
yet the persons harbor the virus and are able to trans-
mit the disease. Current study was conducted to assess 
the gravity of this problem in our set up, where the 
hepatitis C is endemic. Finding the frequency of HCV – 
RNA to be 0.5% in seronegative blood donors sub-
stantiated our fears regarding this critical issue. The 
recruitment of healthy blood donors from the low risk 
ones is the primary step in the establishment of safe 
blood transfusion.12 In our study we excluded 50 (4%) 
of the blood donors on the basis of donor interview 
and clinical examination. 
 In general there are three types of blood donors 
i.e. voluntary unpaid donors, paid professional donors, 
and family / replacement blood donors who donate 
blood without any commercial incentive.13 It is the goal 

of WHO that all the countries obtain their blood supp-
lies from voluntary unpaid donors by the year 2020.14 
In Pakistan, out of 1.5 million blood transfusions ann-
ually 65% is from family / replacement blood donor. 
25% from voluntary and 10% from paid professional 
blood donors.1 In our study all the blood donations col-
lected during the consecutive six months of the study 
period were from family/ replacement blood donors. 
Predominance of family/ replacement blood donors 
were also reported to be 99.9% and 98% and 90% in 
the studies conducted in Northern Pakistan,15 Kara-
chi12 and Lahore1 regions respectively. 
 In our study the mean age of blood donors was 
29.5 ± 5.8 years. When donors were categorized into 
different age groups and HCV positivity was correla-
ted, no significant difference is found in HCV positivity 
among different age groups (p value = 0.207). Com-
parable results have been obtained in a study on blood 
donors from Philippine16 and in a study conducted in 
Baltistan17 region of Pakistan. 
 In the present study female donors comprise only 
0.2% of the study population and none of them was 
positive on NAT screening. All the 5 NAT positive cas-
es were males. This is probably because of the reason 
that only a very small proportion of the study populat-
ion was comprised of females. Most of the previous 
studies conducted on blood donors in Pakistan also 
showed the predominance of male blood donors as 
compared to females to variable extent. Male blood 
donor predominance was observed to be 100%, 99.8%, 
98%, 95%, 67% respectively in the studies conducted 
in Karachi,12 Khyber Pakhtunkhwa,18 South Punjab19 
and Rawalpindi20 regions. Similar results are reported 
in the studies from Japan,21 Philippine16 and Nigeria22 
where predominance of male blood donors was obser-
ved to be 95% and 88% respectively. However the data 
form most of the European countries23 seems to show 
a different picture, with women playing a major role in 
blood donation. 
 In our study we screened the blood donors by the 
most sensitive 3rd generation EIA which has sensitivity 
of 97% in a high prevalence population, and has been 
used as a preferable method used in most of the recent 
studies conducted on NAT for HCV and other viral 
infections. It was observed in the studies conducted in 
Mexico24, Saudi Arabia,25 Germany,26 Brazil,27 Fra-
nce,28 Iran29 and also in Pakistan,12 where EIA 3.0 has 
been used a preferable serological screening test for 
HCV and other viral infection. Our results are similar 
to a study conducted in Croatia where 2647 blood don-
ors were screened by using NAT for HCV and 12 HCV 
RNA positive but antibody negative donors were fou-
nd, thus giving a frequency of 0.4%.30 Our results are 
also comparable with a Pakistani study conducted in 
Karachi in which 800 seronegative blood donors were 
screened for HCV – RNA by NAT and 0.375% blood 
donors were found who were NAT positive and anti-
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body negative.12 In contrast to our results the studies 
conducted in various Western countries show an extre-
mely low or zero yield of NAT in blood donors. A Bra-
zilian study in which 139,678 blood donations were 
tested but no NAT positive anti-HCV negative blood 
donation was found.27 Similarly, in a German study no 
viremic but seronegative blood donor has been found 
after screening 331,783 donations.31 

 In order to analyze the enormous number of test 
procedures and to economize the high cost of NAT, 
mini pooling of sera has become a routine practice, 
although the number of samples in a pool varies grea-
tly from place to place. The studies conducted on NAT 
from Saudi Arabia,25 Pakistan,12 Iran,29 China,32 Cyp-
rus,33 Germany26 and Finland34 the pool size varies 
from 2, 5, 8, 8, 8, 40 and 96 respectively. There are 
various views over the use of pooled NAT and indivi-
dual NAT (ID – NAT). Pooled NAT has the advantage 
of being cost effective however sensitivity may be 
reduced due to dilutional effect especially in larger siz-
ed pools, while ID – NAT is very sensitive but cannot 
be implemented as a mandatory procedure due to its 
high cost. In many countries where NAT has been imp-
lemented as a mandatory procedure, MP – NAT is rou-
tinely practiced predominantly in pools of 96 donat-
ions.35 In our study we selected a minipool of five indi-
vidual samples. This is one of the smaller sized pool 
ever used. The system we used has the assay sensitivity 
of 10 IU/ml for HCV. Thus in a pool of five the sensi-
tivity can be reduced to only 50 IU/ml which is quite 
higher as compared to other studies. In a German stu-
dy 2,51,737 blood donations were tested by NAT using 
pools of 40 donations. For initial 81,456 donations 
HCV virus test (Roche Diagnostics) was used which 
has detection limit of 150 – 450 IU/m, thus in a pool of 
40 the sensitivity was reduced to 6000 to 8000 IU/ml. 
For the remaining donations HCV CobasAmplicor was 
used which has detection limit of 49 IU/ml, this time 
sensitivity reduced to 2000 IU/ml.26 In our study 
using 5 donation mini-pools, four pools were found 
initially reactive. When the pools were segregated and 
individual samples were tested by NAT, two positive 
samples were found in one pool and one positive sam-
ples in each of the other three pools. Thus retesting of 
the individual samples did not reveal any false positive 
result. Considering the international studies, we are 
confident that there is no impairment of sensitivity in 
the present study owing to a very small sized pool and 
the use of a sensitive system for NAT procedure. 

 
CONCLUSIONS 
Following conclusions may be drawn: 

1) Seroprevalence of HCV – RNA in blood donors is 
found to be 0.5% in 1000 anti-HCV ELISA nega-
tive blood donors, which is quite alarming. 

2) Pooling sera enables screening of large number of

samples in an economical way without dropping 
the sensitivity. 
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