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ABSTRACT \

Introduction: Nucleic acid amplification testing (NAT) is
a very sensitive and specific test for viral nucleic acids.It
reduces the window period for detection of viruses. It is highly
beneficial in countries like India which has a high incidence
and prevelance of transfusion transmitted infections. NAT
is expected to identify many NAT yield cases which are not
detected by other serological tests.

Material and methods: A retrospective analysis of
transfusion transmitted infection (TTI) reactive units in a
tertiary care hospital was done over a period of seven years
from Jan 2011 to Dec 2018. The blood units were tested by
enhanced chemiluminesense technology and Individual donor
nucleic acid testing (ID- NAT). NAT yield was calculated for
Hepatitis B, C and HIV.

Results: Out of 23,378 collected blood units, 380 units
(1.62%) were found to be reactive for one or more transfusion
transmitted viruses by chemilumunisense and/or NAT. 371
units (1.58%) were found reactive by chemiluminesense and
190 units (0.81%) by NAT. All the NAT yield cases were for
hepatitis B virus and it was 9 (1:2597).

Conclusion: NAT is more sensitive than chemiluminisense in
detection of Hepatitis B. It detects both window period and
occult infection.It has made a significant contribution towards
ensuring safe blood transfusion by helping in reduction of
window period transmission of Hepatitis B. It is important to
implement NAT in developing countries like India to enhance
transfusion safety.
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INTRODUCTION

Ensuring blood safety in a developing country like India
where the seroprevalance of transfusion transmitted
infections (TTI) is high is a challenging task. TTI’s pose a
potential threat to safe blood transfusion practices.! The threat
of TTI’s was first observed in 1940’s where HIV, Hepatitis B,
Hepatitis C, malaria and syphilis were recognized as major
diseases transmitted through blood.?

Donor prevalence of viruses in India stands at 0.24% for
HIV, 1.18% for hepatitis B and 0.43% for Hepatitis C.> The
prevalence of TTI’s among blood donors has been used as a
surrogate marker for the population at large. In India as per
the regulatory requirements of the drug and cosmetics act
of 1940 (1st amendment 1992) it is mandatory to test each
unit of blood for markers of HIV 1 and 2,Hepatitis B and
C, malaria and syphilis.* Various screening tests available
for screening blood donors are rapid tests, Enzyme Linked
Immunosorbent Assay (ELISA), Chemiluminisense(CLIA)

and Nucleic acid amplification testing (NAT).

NAT is a very sensitive and specific screening test for viral
nucleic acids and is based on amplification of targeted regions
of RNA and DNA. Currently approximately 33 countries
have implemented NAT for HIV and 27 have implemented
it for Hepatitis B.5 It was started in developing countries by
the end of 1990’s. There are two types of NAT, individual
donor (ID) NAT and minipool NAT. Both are recognized by
FDA as valid instruments for NAT testing.? Various studies
have reported ID NAT to be more sensitive as compared to
minipool NAT.® NAT takes care of the dynamics of window
period of viruses. The estimated reduction in window
period utilizing NAT for HIV is from 22 to 11 days,for
hepatitis B is from 59 to 25- 30 days and for hepatitis C is
from 70 to 12 days.” NAT is not yet a mandatory test for
screening blood units in India.* Only around 2% of blood
banks in our country are doing NAT and approximately 7%
of all collected blood units are NAT tested.® The current
mandatory screening strategy in India does not address the
problem of critical window period detection.” Even with
the most sensitive, newest generation of serological tests a
considerable residual risk of infection remains. Developing
countries like India have a high prevelance and incidence of
TTI and a high incidence of window period donations. NAT
testing is highly beneficial in such a scenario and is expected
to identify more NAT yield cases than developed countries.
NAT also adds the benefit of resolving false positive reactions
based on serological tests which is very important for donor
notification and counselling.®

However NAT is highly technically demanding, involves
high costs in infrastructure, equipment,consumables and
requires technical expertise. Moreover it is not alone
feasible in situations where the viral load is low and
undetectable and antibodies can still be detected by ELISA
or chemiluminesense. The feasibility of introducing NAT in
India has been and is still a matter of debate. The aim of the
study was to analyse the sensitivity of NAT in detection of
transfusion transmitted infections in blood donors.
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MATERIAL AND METHODS

A retrospective analysis of TTI reactive units tested by
chemiluminesence and NAT in a tertiary care hospital
was done over a period of seven years from Jan 2011 to
Dec 2018. The data was collected from the blood bank
records. All the units were tested for HIV, HBV, HCV by
enhanced chemilumunesence technology in Vitros ECI
Immunodiagnostic System by Ortho Clinical Diagnostics.
The test for syphilis was done by Rapid Plasma Reagin
method using Toludine Red Unheated Serum(TRUST) test
kit by Tulip Diagnostics. Malaria was tested by rapid card
method using SD Malaria Ag P.f/Pan by Standard Diagnostics
INC. NAT was used as supplementary test along with routine
serology. The units were tested by ID-NAT (Individual
donor nucleic acid test) at the central NAT laboratory of
our hospital group using Procleix Ultrio Elite assay kits in
Procleix Panther System.6 ml blood was collected in EDTA
vacutainer tube from the sample pouch at the time of blood
collection. The samples were transported in thermocol boxes
to the central lab maintaining temperature below 25 degrees
within 24 hours. The results were available the next day.
The blood units were released from quarantine when results
were available for both chemilumuinesence and NAT. The
study involves an analysis of retrospective data and does not
involve any interventional procedures on animals or human
participants.

RESULTS

A total of 23,378 blood units were collected over a period of
seven years from jan 2011 to Dec 2018. Out of 23378 units,
380 units(1.62%) were found to be reactive for one or more
transfusion transmitted viruses by chemiluminesense and/or
NAT. A total of 371 units (1.58%) were found reactive by
chemilumunesense [Table 1, Fig 1]. Out of this, 158 units
(42.5%) were for HBsAg [Fig2], 162 units (43.6%) were for
HCV [Fig 3], 51 units (13.7%) were for HIV [Fig 4]. A total
of 190 units (0.81%) were found reactive by NAT [Table 1,
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Figure-1: Diagrammatic representation of Hep B, Hep C and HIV
reactive units by CLIA and NAT.

Fig 1]. Out of this, 145 units (76.3%) were for HbsAg [Fig 2],
36 units (18.9%) for HCV [Fig 3], 9 units (4.7%) were for
HIV[Fig 4]. Out of 145 reactive units for HbsAg, 136 units
(93.7%) were reactive by both the methods while 9 units
(6.2%) were reactive only by NAT. Based on this, the NAT
yield detected was 9 (1:2597) for HbsAg. No NAT yield
cases were detected for HCV and HIV.

B Sero rective (by CLIA) B NAT reactive ® NAT yield
Figure-2: Percentage of Hepatitis B reactive units.

HCV

m Sero rective (by CLIA) W NAT reactive = NAT yield
Figure-3: Percentage of HCV reactive units.

HIV
0
H Sero rective (by CLIA) B NAT reactive ® NAT yield
Figure-4: Percentage of HIV reactive units.

Reactive units Hepatitis B HIV Hepatitis C Total

Reactive by CLIA 158 (42.5%) 51(13.7%) 162 (43.6%) 371

Reactive by NAT 145 (76.3%) 9(4.7%) 36 (18.9%) 190

NAT yield 9 (6.2%) 0 0 9
Table-1: TTI reactive data from 2011 to 2018.
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NAT yield is defined as units which are reactive by NAT
and Non- reactive by serology. 51.2% units found reactive
by chemiluminisense were found nonreactive by NAT. This
could be false positive reactions due to high sensitivity of
chemiluminisense technology and would require follow up
and further testing for confirmation.

DISCUSSION

A total of 30 million blood components are transfused each
year in India.'® Out of 9.3 million units of blood collected
every year, replacement donors even now contribute 50%
of the total blood collection.! Basic quality assured blood
transfusion services includes voluntary, non renumerated
donors, donor notification and quality assured sensitive
serological methods.!! Blood safety involves effective donor
education, motivation and recruitment strategy. Need for safe
blood is particularly important for chronically transfused
patients of thalassemia, haemophilia, sickle cell disease.!?
NAT testing for TTI’s is an important recent advancement
to ensure blood safety by reducing the window period for
detection of viruses. According to a large study conducted by
Makroo et al NAT could interdict 3272 infectious donations a
year among our approximately 5 million annual donations.!
NAT yield for various viruses varied from 1:476 to 1:440
in different studies. 70- 80% of NAT yields are related to
hepatitis B. HIV and HCV accounts for 10%- 20%. Across
the globe, Hepatitis B is the most common cause of NAT
yield.?

The NAT yield in our study was 9 ( 1:2597). All the NAT
yields were due to Hepatitis B. The yield in our study was
comparable to yields obtained in previous Indian studies
like 1:2622 in AIIMS in'4,1:2972 in Jaipur'® and 1:2000 in
Andhra Pradesh.!® Our yield was less compared to an yield
of 1:686 in Apollo, New Delhi'®, 1: 476 in another study in
AIIMS!'7 and 1:1125 in RML hospital in Delhi'® and much
higher compared to an yield of 1:4403 in Medanta,', 1:5000
in Rotary TTK?® 1:17753 in Manipal Hospital.”!

Reasons for variability in yield is due to several factors like
wide variation in the pattern of infections among donors,
type of test employed, type of kit, sensitivity of the test and
accuracy of methods.?” The performance of NAT assay is
essentially dependent on analytical sensitivity. Our yield may
be lower than some studies due to stringent donor screening
criteria followed by us while the yield we obtained is higher
than some previous studies may be due to greater sensitivity
of the test method employed.

Yield obtained in developed countries is much lower
compared to India. A study conducted in USA found a NAT
yield of 1 : 2 million for HIV and 1: 270,00 for HCV for 66
million donations.”> A European study found a yield of 1:
600,000 for HCV and 1: 1.8 million for HIV after screening
3.6 million donations.?

This is due to the higher prevelance and incidence of
infections in developing nations. Developing countries like
S. Africa, Thailand, Kuwait, Malaysia have Hepatitis B NAT
yield of 1:52303, 1:4868, 1:24275 and 1:3616 respectively.
NAT yield in high prevelance developing countries are 1:232

in Ghana,1:2609 in Egypt, 1 :501 in Lebanon, 1 :125 in Iran,
1:193 in Pakistan, 1:865 in Mexico, 1:81 in Mongolia, 1:1430
in China.?

In developing countries and across the globe Hepatitis B is
the most common cause of NAT yield.? Not all NAT positive
samples transmit infection. Studies have shown that upto
19% to 83% of NAT positive but seronegative donors may
transmit infection with higher risk associated with window
period donation rather than occult hepatitis B infection.*
Strict donor selection criteria and immunization of adults for
hepatitis B is very important to ensure blood safety in India.
NAT is a very sensitive test for early detection and prevention
oftransfusion transmitted infections. But it has it’s limitations
and is not the only answer for safe blood. NAT may be false
negative in situations where viral load is low. Initial NAT
yields may not be true NAT yields. Supplementary tests and
donor follow up is important.'” Moreover it is technically
demanding and requires advanced resources and trained
manpower. To ensure blood safety, in addition to NAT testing
it is very important for a quality assured blood transfusion
system to be in place. This includes proper donor screening
and counselling, donor notification, scope of self deferral,
encouragement of voluntary blood donation and quality
assured sensitive serological methods for TTI testing.

CONCLUSION

NAT yield in our study for hepatitis B is 1:2597 which is
comparable to yields in previous Indian studies. Introduction
of NAT has helped in reducing window period donation
thus making a significant contribution towards ensuring safe
blood transfusion and restoring confidence in blood safety. It
is important to implement NAT in developing countries like
India as an additional layer of blood safety. Despite certain
limitations and cost constraints the importance of NAT
testing in blood banking cannot be overlooked.

REFERENCES

1. Kaur G, Basu S, Kaur R, Kaur P, Garg S. Pattern of
infection among blood donors in a tertiary care centre:
A retrospective study. Natl Med J India 2010; 23:147-9.

2. Bommanahalli B, Javali R, Basavaraj, Mallikarjuna
Swamy CM, Gowda K, Siddartha K et al. Seroprevalence
of hepatitis B and hepatitis C viral infections among
blood donors of Central Karnataka. Int J Med Sci Public
Health 2014; 3:285-88

3. Ghosh K, Mishra K. Nucleic acid amplification testing
in Indian Blood Banks: A review with perspectives.
Indian J Pathol Microbiol 2017; 60:313-8

4. Standards for Blood Banks and Blood Transfusion
Services: National AIDS Control Organization,
Ministry of Health and Family Welfare, Govt of India,
New Delhi, 2007.

5. Roth WK, Busch MP, Schuller A, Ismay S, Cheng A,
Seed CR et al. International survey on NAT testing of
blood donation: Expanding implementation and yield
from 1999 to 2009. Vox Sang 2012; 102:82-90.

6. Vermeulen M, Coleman C, Mitchel J, Reddy R, Van
Drimmelen H, Ficket T et al. Sensitivity of individual
donor and minipool nucleic acid test options in detecting

I International Journal of Contemporary Medical Research

ISSN (Online): 2393-915X; (Print): 2454-7379 | ICV: 98.46 |

Volume 6 | Issue 7 | July 2019

N
(4%
(]
-
=D
=)
=
-
&
=
@
=
72!
==y
=)
=]
=
=y

QUII




1cine

=
=
=
=
@
&
72}
=
£
=
x
=
.;
o
o
70

Baruah, et al.

NAT Testing of Blood Donors

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

window period and occult hepatitis B virus infections.
Transfusion 2013;53:2459-66.

Weidmann M, Kluwick S, Walter M, Fauchald G, Howe
J, Bronold M et al. HIV -1, HCV and HBV seronegative
window reduction by the new Roche Cobas Taqscreen
MPX test in seroconverting donors. J Clin Virol 2007
39: 282-7.

Hans R, Marwaha N. Nucleic acid testing — Benefits and
Constraints. Asian J Transfus Sci. 2014;8:2-3
Shrivastava M, Mishra S. Nucleic Acid Amplification
Testing: An Innovative Diagnostic Approach for
enhancing blood safety. NJLM. 2017;6:IR01- IR06.
Chigurupati P, Murthy K.S. Automated nucleic acid
amplification testing in blood banks : An additional
layer of blood safety. Asian J Transfus Sci.2015;9:9-11.
N.K Naidu, Z.S Barucha, Sonawane V, Ahmed I.Nucleic
acid testing. Is it the only answer for safe blood in India?
Asian J Transfus Sci 2016;10:79-83.

Shyamala V. Factors in enhancing blood safety by nucleic
acid amplification testing for human immunodeficiency
virus, hepatitis C and hepatitis B. Asian J Transfus Sci.
2014;8(1)

Makroo RN, Choudhury N, Jagannathan L, Malhotra P
et al. Multicentre evaluation of Individual donor nucleic
acid testing for simultaneous detection of HIV, Hepatitis
B and Hepatitis C in Indian blood donors. Indian J Med
Res.2008;127:140-7

Chatterjee K, Coshic P, Borgohain M, Premchand,
Thapliyal RM, Chakravarty S. Individual donor nucleic
acid testing for blood safety against HIV-1, hepatitis B
and hepatitis C viruses in a tertiary care hospital. Natl
Med J India 2012; 25:207-9

Jain R, Aggarwal P, Gupta GN. Need for nucleic acid
testing in countries with high prevelance of transfusion
transmitted infections. ISRN Hematol 2012; 2102
718671

Makroo RN, Choudhury M, Bhatia A, Antony M.
Evaluation of the procleix Ultrio Plus ID NAT assay for
detection of HIV 1, HBV and HCV in blood donors.
Asian J Transfus Sci 2015; 9:29-30.

Comparison of Procleix Ultrio Elite and Procleix Ultrio
NAT assays for screening of transfusion transmitted
infections among blood donors in India. Int J Microbiol
2016;2016: 2543156.

Arora S, Doda V, Kirtania T. Sensitivity of individual
donor nucleic acid testing for the detection of hepatitis
B infection by studying diluted NAT yield samples.
Blood Transfus 2015; 13: 227-32.

Pandey P, Tiwari AK, Dara RC, Rawat GS, Negi A,
Raina V et al. Confirmation and follow up of initial
NAT yields. Prospective study from a tertiaty healthcare
centre in India. Transfus Apher Sci 2016; 54: 242-7
Mathur A, Dontula S, Jagannathan L. A study of
centralized individual donor nucleic acid testing for
TTI to improve blood safety in Karnataka, India. Global
Journal of TM.2017; 2:24-28

Chandrashekhar S. Half a decade of minipool nucleic
acid testing: Cost effective way for improving blood
safety in India. Asian J Transfus Sci 2104;8:35-8

Zou S, Dorsey KA, Notari EP, Foster GA, Krysztof DE,
Musavi F et al. Prevalance, incidence and residual risk

23.

24.

of HIV virus and hepatitis C virus infections among
United States blood donors since the introduction of
nucleic acid testing. Transfusion 2010; 50:1495-504
Roth WK, Weber M, Buhr S, Drosten C, Weichert W,
Sireis W et al. Yield of HCV and HIV 1 NAT after
screening of 3.6 million blood donations in Central
Europe. Transfusion 2002; 42: 862-8.

Singh RP, Harimoorthy V, Maheshwari K, Vaidya
K. Hepatitis B virus vaccination of voluntary blood
donors and immunization status assessed by anti HepB
antibody titre. Asian J Transfus Sci 2013; 7:160.

Source of Support: Nil; Conflict of Interest: None

Submitted: 17-06-2019; Accepted: 30-06-2019; Published: 29-07-2019

International Journal of Contemporary Medical Research I

Volume 6 | Issue 7 | July 2019 | ICV: 98.46 |

ISSN (Online): 2393-915X; (Print): 2454-7379




