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ARTICLE INFO ABSTRACT

Cord blood is increasingly being used as an alternative source of stem cells and is gaining
acceptance in the medical fraternity worldwide. Till date, more than 25000 cord blood
transplantations have been done for over 80 blood related disorders. NAT is being advocated
for screening of HIV, HBV and HCV viruses in addition to routine serological assays for
cord blood donations. We performed a retrospective study on 20285 donations to evaluate
additional benefit of NAT over conventional serological screening platforms. Our study did
not show any incremental yield by using NAT over ELISA/ECLIA screening assays.  In
contrast ECLIA screening assay could identify one HIV positive case where NAT has failed.
Our study demonstrates questionable incremental value of performing NAT screening for
private cord blood banks especially in developing countries like India where healthcare
related costs are highly prohibitive and beyond the reach of common man.

INTRODUCTION
Stem cells collected from umbilical cord blood acts as an alternate
source of bone marrow and have been widely used in stem cell
transplantation. Owing to the increase in the need of umbilical
cord blood transplantation, national and international statutory and
accreditation bodies deploy stringent policies in assessing the
blood safety with respect to transfusion related transmissible
diseases (TTD). The TTD can be prevented if the cord blood
banks strictly adhere to the national health policy, including
relevant legislation, rules and regulations in organizing their donor
selection and transfusion related services. In India, DCG(I) has
laid down the standards to operate a cord blood bank (Drugs and
Cosmetics Act 1940). The purpose of the standard includes but
not limited to provide stringent medical assessment criteria, which
ensures the safety of cellular therapy products. Based on this
standard, the donor selection criteria are based on an assessment
of health history of the donor by a physician and laboratory tests
to identify blood borne pathogens that transmit Hepatitis B virus
(HBV), Hepatitis C Virus (HCV), Human T-cell Lymphotrophic
Virus (HTLV), Human Immuno-Deficiency Virus (HIV),
Cytomegalovirus (CMV), Malaria and Syphilis. Over the recent
years, to overcome the problems raised about blood safety,
diagnostic tests with higher sensitivity and specificity have been
employed for the detection of TTD. Though the diagnostic tests
are more sensitive, the viral agents can transmit during the
window period (the time from infection to the time that a blood
screening assay becomes positive). Nucleic Acid Testing (NAT)
is a sensitive method for virus detection in the window period that
should further reduce the risk of infection by blood transfusion.
NAT for infectious disease markers are considered to be more
sensitive in detection of early infection than the serological

screening for viral specific antigen or antibody, as it detects the
viral specific genetic materials. Nucleic acid RNA/DNA tests can
detect virus sooner after infection and use of this type of assay in
routine screening programs can increase the likelihood of
detecting infected individuals at an early stage (Busch et al.,
2000). NAT has been implemented in 33 countries for HIV
screening and 27 countries for HBV screening since its
introduction in late 1990s (Roth et al., 2009). It is an advanced
and highly sensitive technique, which has reduced the window
period of HCV to 1.34 days and HIV to 2.93 days (Weusten et al.,
2011). However NAT screening comes at a high price and more
complicated to use. The objective of our study is to compare the
results obtained in serological (antibody and antigen) screening by
Enzyme Linked Immuno-sorbent Assay (ELISA) and Enhanced
Chemiluminescence Immuno Assay (ECLIA) techniques and
NAT and to identify the additional benefits of using NAT as a
screening protocol of HCV and HIV.

MATERIALS AND METHODS
This retrospective study was done at Lifecell International Pvt.
Ltd., Chennai, India. It is India’s first and largest stem cell bank
and is also the most accredited stem cell bank which has stored
over 85,000 cord blood stem cell units. Total number of 20285
stem cell donor samples received between July 2010 and August
2011 was screened by ECLIA / ELISA and NAT for the detection
of HIV and HCV infections. NAT was done using Chiron’s
multiplex Procleix Ultrio Assay and ELISA was carried out with
Biorad Evolis instrument and ECLIA was carried out on VITROS
3600 Immunodiagnostics system analyzer. All samples reactive in
NAT Procleix Ultrio method was confirmed by Chiron’s Procleix
Discriminatory assay. A total number of 8473 samples which
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were tested by ELISA technique (with third generation kits) for
detection of  anti - HIV1 & 2 and P24 Ag and anti-HCV using
Biorad Evolis was also tested by NAT Procliex Ultrio assay in a
minipool of 16 samples each in case of negatives and as
individual testing in case of positive samples by ELISA. A total
number of 11812 samples which were tested by ECLIA technique
for detection of anti-HIV 1 & 2 and anti-HCV using VITROS
3600 Immunodiagnostic system, Ortho Clinical Diagnostics,
based on luminescent reaction was also tested by NAT Procliex
Ultrio assay in a minipool of 16 samples each in case of negatives
and as individual sample in case of positive samples by ECLIA.
Samples that were reactive to generic NAT, Procleix Ultrio Assay
were tested for HCV-RNA and HIV1-RNA by Discriminatory
Procleix Ultrio NAT Assay. The results of the tests were
compared along with other confirmatory tests such as Western
blotting and Rapid Immuno-blot Assay (RIBA).

RESULTS
A total of 20285 blood samples were screened for the detection of
HIV and HCV by both serological assay and NAT assay.  A total
of 8473 samples were tested for Anti – HIV 1 & 2 using ELISA
technique, out of which 8 samples were found to be positive and
8465 samples were negative on BioRad Evolis instrument. All 8
Positive samples were tested for confirmatory assays such as
western blot and found that 1 sample was confirmed positive. All
these 8473 samples were also tested for HIV NAT and found that
1 sample was found to be positive which was already identified by
ELISA, rest 8472 samples were negative in HIV NAT assay.
There is no single case out of 8473 samples where ELISA was
negative for HIV and positive for NAT (Refer Table 1).

A total of 11812 samples were tested for Anti – HIV 1 & 2 using
ECLIA technique, out of which 23 samples were found to be
positive and 11789 samples were negative on Vitros 3600
immunodiagnostic instrument. All 23 Positive samples were
tested for confirmatory assays and found that 1 sample was
indeterminate by western blot assay. All these 11812 samples
were tested for HIV NAT and found that all 11812 samples were
negative in HIV NAT assay. Here also, there is no single case out
of 11812 samples where ECLIA was negative for HIV and
positive for NAT, which means the NAT yield was zero. On the
contrary, for 1 sample, ECLIA positive/Western blot
indeterminate, NAT was negative. Out of 11812 samples, 1
sample was missed by NAT (Refer Table 2).

A total of 8473 samples were tested for Anti – HCV using ELISA
technique, out of which 7 samples were positive, 1 sample was
Indeterminate and 8465 samples were negative on BioRad Evolis
instrument. These 8 samples were tested for confirmatory assays,
Out of which 3 samples were confirmed positive. All these 8473
samples were also tested for HCV NAT and 3 samples were

found to be positive which was already identified by ELISA. 8470
samples were negative in HCV NAT assay. There is no single
case out of 8473 samples where ELISA was negative for HCV
and positive for NAT (Refer Table 3).

A total of 11812 samples were tested for Anti – HCV using
ECLIA technique, out of which 25 samples were positive, 1
sample was indeterminate and 11786 samples were negative on
Vitros 3600 immunodiagnostic instrument. These 26 samples
were tested for confirmatory assays and found that 2 samples
were positive. All these 11812 samples were tested for HCV NAT
and 2 samples were found to be positive which was already
identified by ECLIA, 11810 samples were negative. There is no
single case out of 11812 samples where ECLIA was negative for
HCV and positive for NAT (Refer Table 4).

DISCUSSION
NAT is a mandatory requirement for an umbilical cord blood
bank in developed countries including US and Europe. However,
it is not mandatory in India as per Drugs and Cosmetics Act 1940
and rules there in. Implementation of NAT along with the routine
serological screening assays mainly depends on the prevalence
and incidence of TTD in donor population and the cost associated
with the test (Laperche et al., 2003). The major challenge in
introducing NAT screening in India is its high cost. Though the
cost effectiveness is not compared with the quality-adjusted life
year (QALY) based on the available data in India, studies from
US are helpful in understanding the added cost to the healthcare
practice by introducing NAT. The analysis of adding HIV/HCV
NAT to the routine practice as an individual test or a mini-pool
test by Marshall et al., 2004 showed that it is not cost-effective. A
similar study by Jackson et al., 2003 showed that NAT (HIV,
HBV & HCV) would cost between $4.7 million and $11.2 million
per quality-adjusted life-year saved in United States. In India,
average cost of NAT assay is $20 per donation. This would work
out to an average expenditure of $0.4 million for a total of 20,000
donors in our study; which has yet to get NAT yield. Another
recent cost effective study conducted in three public health
settings in US reiterates the same as our study and recommends
NAT testing for the population at high risk and with high
incidence rate of infection (Hutchinson et al., 2010).

In countries with a high prevalence of TTDs like India there are
likely to be a significant number of window period donations that
can be identified by NAT (Ekiaby et al., 2010). However, it is
important to observe a fact that TTD prevalence in general
population is much higher than compared to the mothers who
opted for private umbilical cord blood banking.  In a Thai cohort
of 2101 maternal blood samples of autologous umbilical cord
blood stored in a private cord blood bank, very low prevalence of
TTD was noted compared to the general Thai population. It could

Table 1 HIV - ELISA versus NAT Results
NAT

ELISA(HIV)

Positive Indeterminate Negative Total
Positive 1 0 7 8

Indeterminate 0 0 0 0
Negative 0 0 8465 8465

Total 1 0 8472 8473

Table 2 HIV - ECLIA versus NAT Results
NAT

ECLIA(HIV) Positive Indeterminate Negative Total
Positive 0 0 23* 23

Indeterminate 0 0 0 0
Negative 0 0 11789 11789

Total 0 0 11812 11812
* 1 sample Indeterminate in western blot

Table 3 HCV - ELISA versus NAT Results
NAT

ELISA(HCV) Positive Indeterminate Negative Total
Positive 3 0 4 7

Indeterminate 0 0 1 1
Negative 0 0 8465 8465

Total 3 0 8470 8473

Table 4 HCV - ECLIA versus NAT Results
NAT

ECLIA(HCV) Positive Indeterminate Negative Total
Positive 2 0 23 25

Indeterminate 0 0 1 1
Negative 0 0 11786 11786

Total 2 0 11810 11812
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be attributable to the socioeconomic status of the mothers and
widespread vaccine immunization (Fongsarun et al., 2013). Hence
the risk associated with TTD is less in UCB compared to general
whole blood transfusion. Though NAT reduces the window
period of infection, our study has yet to show any incremental
gain, probably because the number of donors in the window
period at the time of donation is generally very low.

Our study demonstrates that expenses involved in NAT testing are
prohibitive when evaluated for cost benefit, because of very low
incremental yield. In private cord blood banks, where donors can
be traced back even after 20 years, alternatives such as follow-up
serological screening after three to six months can be considered.
Other alternatives such as obtaining maternal history at a defined
time period after initial screening or at the time of transplantation
can also be considered to minimize the risks to the recipient. It is
also to be noted that the risk associated with TTD is less
compared to general population. While NAT is advantageous in
early detection of viral infections, additional benefit gained out of
the same needs to be evaluated against various other factors like
cost of living, GDP of the country, affordability of healthcare
services, prevalence in the donor population etc. before
considering NAT testing for private umbilical cord blood banking.
In conclusion, the introduction of NAT in a private umbilical cord
blood bank can be considered only when an efficient and effective
serological screening program is in place and there is a clear
evidence of additional benefits of NAT.
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