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ABSTRACT
Background: Detection of human immunodeficiency virus type-1 (HIV-1), hepatitis-C (HCV) and 
hepatitis-B virus (HBV) in the blood donors is crucial. An efficient form of detection is nucleic 
acid testing (NAT) in blood screening. We assessed the suitability of commercial NAT testing 
in a developing country, focusing on the Altona RealStar assay and the method of Sacace 
Biotechnologies.
Methods: We have standardised and validated commercially available NAT kits with a semi-
automated system for detection of HBV, HCV and HIV-1 in blood donations. The MP-NAT (mini-
pool) assay consists of pooling of sample, virus extraction, amplification and detection with 
commercially available NAT kits. An internal control (IC) is incorporated in the assay to monitor 
the extraction, target amplification and detection process.
Results: The sensitivity of the Altona RealStar assay at 10-MP for each viral target was evaluated, 
HBV showed amplification in all diluted positive samples of 100, 50, 25, 10 and 5 IU/ml. HIV and 
HCV infected samples showed amplification in all diluted positive samples of 500, 100, 50 and 
30 IU/ml. For HIV, out of six diluted samples of 30 IU/ml, five were amplified. A total of 14,170 
seronegative blood samples were tested by RealStar PCR kit in 10-MP and 6 (0.042%) samples/
pools were positive. A total of 65,362 seronegative blood donations were also tested by kits 
of Sacace Biotechnologies, in 10-MP and 45 (0.075%) pools were positive. The prevalence of 
combined NAT yield cases among routine donors was 1 in 1559 donations tested for all the 3 
viruses.
Conclusion: The semi-automated combined system for NAT screening assays is robust, sensitive, 
reproducible, and this gives an additional layer of safety with affordable cost.

Introduction

Viral safety from transfusion-transmitted viruses which 
cause chronic infections, organ failure and morbidity is 
a preeminent preoccupation of all transfusion medicine 
centres throughout in the world. The safety is never pre-
sumed but is actively pursued by a strategy that includes 
100% voluntary donation, donor interview to exclude 
donors at risk, careful selection of the sites of the blood 
bank camps, and serological test for Hepatitis B (HBV), 
Hepatitis C (HCV) and HIV infections.[1,2] Viral infection 
may be determined by serological methods such as 
enzyme-linked immunosorbent assay (ELISA) antiviral 
antibodies, but more recently, one of the most efficient 
ways of determining and so excluding very early infec-
tion is with Nucleic Acid Amplification (NAT) testing.[3−5]

To date, approximately 33 countries in the world 
[6−9] have adopted NAT testing as one of the most 
important methods for viral safety in transfused blood 
or blood products. Using NAT testing, seronegative NAT 
positive samples in U.K. has reached 1:60,000 for HBV 

and 1:250,000 donations for HIV and NAT testing has 
reduced the risk of HCV by 95% and that of HIV by 10%.
[10] Similar results are reported from Western European 
countries and the U.S.A.[7] The transfusion services in 
India has 2545 private- and government-licensed blood 
banks in various levels of sophistication,[11] but has not 
yet been able to include NAT testing as a mandatory test 
for safe transfusion practice mainly because of financial 
constraints.[12–14] A small number of private, corporate 
hospitals in urban areas and government hospitals [3,4] 
have already implemented NAT testing facility. However, 
there is growing pressure on transfusion services to 
adopt NAT testing nationally to improve blood safety, 
as it is believed that across the country, 10,000 new HIV 
infections are transfusion related.

At present in India, about 10 million units of blood are 
collected annually, but as only 0.3 million (3%) are NAT 
tested, there is an urgent need for a formal assessment of 
cost-effective NAT testing facilities as an additional layer 
of viral safety. Accordingly, we evaluated a commercial 
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was exchanged with a centre doing ID-NAT testing using 
Novartis system as one of the quality assessment system.

Validation of Altona RealStar® HIV, HCV and HBV 
RT-PCR kit 1.0

Viral nucleic acids (DNA and RNA) were extracted and 
purified on chemagic Prepito®-D automated extractor 
(PerkinElmer, Germany), in combination with reagents/
buffers of the Prepito Viral DNA/RNA 1 k Kit (catalogue 
numberCMG-2018). Starting volume per pooled plasma 
sample was 1.0 ml and final elution in 50 μl (concentra-
tion 20-fold).

Amplification of viral DNA/RNA targets and 
internal control sequence

Viral target sequence was amplified using RealStar® HIV, 
HCV and HBV RT-PCR Kit 1.0 (Product No. 491003), altona 
Diagnostics GmbH, Mörkenstraße 12, Hamburg. These 
assay kits provide all necessary amplification reagents, 
Quantitation Standards (QS1 – QS4) for calculation of 
viral concentration to establish the limit of detection 
(LoD) in IU/ml, water to set up no template control (NTC), 
as well as synthetic internal control (IC) sequence for 
spiking of pooled plasma samples during extraction. The 
IC was added during the sample preparation procedure, 
the Master Mix were set up according to the following 
pipetting scheme; Master A 5 μl, Master B 25 μl and 25 μl 
of the sample (eluate from the nucleic acid extraction) or 
25 μl of the controls (positive control or negative control).

All assays were run on the ABI Prism 7500 Real Time 
PCR System (Life Technologies, USA). The RealStar HCV 
RT-PCR Kit 1.0 and HIV RT-PCR Kit 1.0 could be run in 
parallel as both share a common cycling temperature 
profile, while the RealStar HBV kit 1.0 has to be run inde-
pendently. All assays were run in standard 25 μl of reac-
tion volume (12.5 μl of extracted nucleic acids +12.5 μl 
of Master Mix).

Detection of the amplified products

Amplified products were detected by fluorescence and 
data analysed using the 7500 SDS software, version 2.3. 
Fluorescence from the specific amplification of viral tar-
get DNA/RNA was captured in the FAM channel, while 
signal from IC amplification read in JOE channel. During 
data analysis, ROX was switched on only for HCV/HIV test. 
Analysis was performed using Auto-Threshold and Auto-
Baseline by default. An internal control is added to each 
reaction to verify the specimen processing, amplification 
and detection steps.

Validation of the assay was done by examining the 
sensitivity of the NAT kits, using dilution series 100 to 
5 IU/ml for HBV, 500 to 30 IU/ml for HCV and HIV-1. 
Validation was carried out in three stages;

semi-automated NAT testing platform with a mini-pool 
format (Altona RealStar) in comparison with multiplex 
kits of Sacace Biotechnologies.

Materials and methods

All voluntary blood donors at the Surat Raktadan Kendra 
& Research Centre, and those donating in the outdoor 
voluntary blood donation camps in and around Surat 
between April 2013 and October 2015 were included in 
the study. Informed consent was obtained prior to the 
collection. Whole blood from donors was collected in 
EDTA tubes and plasma was separated by centrifugation 
at room temperature. Within 8 h of collection, plasma 
was frozen and then stored at −40 °C and thawed once 
before use.

Serological assay

Samples from the donated blood units passed through 
routine HIV, HBV and HCV screening using a third-gener-
ation assay, for HCV Abs with SD HCV ELISA 3.0 test system 
(SD Bio standard diagnosis Pvt. Ltd, Gurgaon, India); for 
HIV-1/2 Abs with Microlisa (J. Mitra & Co. Pvt. Ltd, New 
Delhi, India) and for HBV Ags with SD HIV ELISA 3.0 test sys-
tem (SD Bio standard diagnosis Pvt. Ltd, Gurgaon, India).

Isolation of viral nucleic acid

Viral nucleic acid of HBV DNA, HCV RNA and HIV-1 RNA 
was isolated from individual or pooled plasma samples 
by Magtration® System 12GC automated nucleic acid 
extraction instrument, (PSS Co. Ltd., Japan), and was 
stored at −80 °C until further analysis. Starting volume 
per pooled plasma sample was 1.0 ml and final elution 
was in 50 μl (Concentration 20-fold).

Sacace real-time-PCR amplification of viral nucleic 
acid

HBV viral DNA and HIV and HCV RNA were amplified 
with multiplex kits of Sacace™ HCV/HBV/HIV Real-TM 
(V50–100FRT), Sacace Biotechnologies SRL, Como, Italy. 
As described in the manufacturers protocol, total vol-
ume of RT-PCR reaction was 25 μl (10 μl of Reaction Mix 
and 15 μl of extracted RNA/DNA sample). The PCR was 
performed on a Smart Cycler II (Cepheid™, Maurens-
Scopont, France) using the selected primers and probes.

Quality control

Internal quality controls were performed daily using 
both positive and negative controls from the manufac-
turer. In case of any deviation, the root cause analysis was 
carried out and the corrective action was taken before 
analysing the samples. Random-selected sample (coded) 



44   ﻿ K. GHOSH ET AL.

Stage 1 – verification of negative plasma

Plasma pools pretested as negative with existing work-
flow (12-GC extraction +Sacace Biotechnologies, HBV/
HCV/HIV kit, detection on SmartCycler II) were prepared 
and re-extracted with Prepito-D and reassayed with 
RealStar kits 1.0 on ABI-7500 as described in material 
methods. A total of approx. 90 ml of negative plasma was 
verified (HBV/HCV/HIV not detected in FAM, but all with 
valid amplified IC) and subsequently used in Stage 3.

Stage 2 – quantification of known positive samples

Aliquots of known positive samples pretested with the 
existing qualitative workflow (12-GC extraction +Sacace 
Biotechnologies, HBV/HCV/HIV kit) were re-extracted 
with Prepito-D and reassayed with RealStar kits 1.0 of HIV, 
HCV and HBV on ABI7500 to obtain quantitative values. 
The resulting calculated viral concentration in Table 1 
was used as a reference to prepare further dilution series.

Stage 3 – dilution of known positive samples

Quantified known positive samples were diluted with 
negative plasma to prepare the following dilution series 
(in sextuplicate per dilution), Table 2.

All dilutions were extracted with Prepito-D and 
assayed with RealStar kits 1.0 of HIV, HCV and HBV on 
ABI7500 as described by the manufacturer. The sensitiv-
ity of Altona Diagnostics RealStar kits 1.0 is described in 
Table 3. A run was considered valid when all NTCs were 
negative, all NTC-ICs were positive.

Results

We have applied a RT-PCR-based testing assay for 
the detection of HIV-1, HCV RNA and HBV DNA in the 
plasma collected from the donors in a mini-pool of 10. 
This allowed the screening by RT-PCR of a total of 79,532 
donations using the above-mentioned kits. The mean 
time needed for the screening by PCR was 4.5 h, that 
included preparations of the plasma sample, mini-pool-
ing (manual), viral DNA/RNA extraction, amplification 
and detection. The entire procedure was easily managed 
by one or two skilled technologists, valid runs of NAT 
testing were determined by testing of the internal con-
trols provided in the kits.

HIV, HBV and HCV NAT assay by kits of Sacace 
Biotechnologies SRL

A total of 65,362 seronegative blood donations from 
the period of April 2013 to June 2015 were tested by 
kits in 10 mini-pools (10-MP). Forty-five (0.075%) pools 
were found to be positive by 10-MP-NAT assay. These 
45 pools were finally resolved into individually samples. 
Out of these 45 NAT positive samples, 10 samples were 

randomly chosen and sent to the centre routinely doing 
ID-NAT using Automated NOVARTIS platform and were 
confirmed positive. Similarly, from the same centre, 10 
samples were sent for testing the NAT status in the sys-
tem. The results showed 100% concordance.

HIV, HBV and HCV NAT assay by Altona 
RealStar kits1.0

Sensitivity of the Altona RealStar assay at 10-MP for each 
viral target was evaluated using dilution series (100 to 
5 IU/ml for HBV, 500 to 30 IU/ml for HCV and HIV-1 as 
described in Materials and Methods). As shown in Table 
3, HBV showed amplification in all the diluted positive 
samples, and HIV and HCV were showing amplification in 
all the diluted positive samples. However for HIV, out of 
six diluted samples of 30 IU/ml five were amplified, pos-
sibly due to inadequate /non-homogenous mixing of the 
stock sample (HIV 20199) prior to making dilution series.

From July 2015 to Oct 2015, 14,170 seronegative 
blood samples were tested by RealStar HBV, HIV and HCV 
PCR Kit 1.0, in 10 mini-pools (MP). Six (0.042%) pools were 
found to be positive by 10-MP-NAT assay (our unpub-
lished data). These six pools were finally resolved into 
individual samples and these six samples found to be 

Table 1. Real-time quantitative PCR assays of Hep-B, Hep-C and 
HIV-1 positive samples.

S.No. Sample ID of positive sample
Quantitative measurement 

of Viremia (IU/ml)
1 Hep-B 30233 2.34 × 107 IU/ml
2 Hep-C 30267 5.66 × 105 IU/ml
3 HIV-1 20199 3.54 × 104 IU/ml

Table 2.  Dilution sequence of the positive samples of Hep-B, 
Hep-C and HIV-1.

S.No. Sample ID of positive sample
Dilution series prepared 

(IU/ml)
1 Hep-B 30233 100, 50, 25, 10, 5
2 Hep-C 30267 500, 100, 50, 30
3 HIV-1 20199 500, 100, 50, 30

Table 3.  Sensitivity of the Altona RealStar (Hep-B, Hep-C and 
HIV-1) NAT kits, using dilution series 100 IU/ml to 5 IU/ml for 
HBV, 500 IU/ml to 30 IU/ml for HCV and HIV-1.

S.No.
Sample ID of 

positive samples
Dilution series 

(IU/ml) Hit rate Average CT
1 HBV 30233 100 6/6 33.6

50 6/6 34.8
25 6/6 35.8
10 6/6 38.3

5 6/6 37.8
2 HCV 30267 500 6/6 24.0

100 6/6 26.3
50 6/6 28.0
30 6/6 28.5

3 HIV 20199 500 6/6 24.3
100 6/6 26.5

50 6/6 27.4
30 5/6 28.0
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routine NAT. In November 2012, the U.S. Food and Drug 
Administration (FDA) issued guidelines regarding HBV 
DNA detection NAT assays, stipulating that such assays 
should have a minimum sensitivity of 100 IU/ml (approx-
imately 500 copies/ml).[27] In our study kits of Sacace 
Biotechnologies, for HIV/HBV/HCV and Altona RealStar 
HIV/HCV/HBV RT-PCR, both kits have shown their mini-
mum sensitivity as per the guidelines of the FDA.[27,28]

Our experience indicates that mini-pool NAT with 
pool sample size of 10 is optimum as well as a cost-ef-
fective approach for implementation of NAT. With this 
protocol, the cost of an investigation unit is essentially 
divided in 10, and subsequently as each blood bag is 
made into at least 3 components, then the cost on each 
product is 1/30 of the total NAT Cost.[29] Certainly, it can 
be commented that it will improve the safety of blood 
transfusion as well as will be cost effective for developing 
countries such as India. Furthermore, it has been esti-
mated that ID-NAT screening, even if it increases detec-
tion of infected donors, the minimal associated testing 
cost would be significantly increased.[30,31]

One of the arguments which can be levelled against 
mini-pool NAT is that it is less sensitive as ID-NAT, con-
sidering the fact that howsoever sensitive the system 
is, it will still miss some samples which may have lesser 
amount of nucleic acid than can be detected by the 
system; this is clearly shown by comparing two ID-NAT 
systems by the same company and tested against the 
same group of samples in the same institute where one 
instrument failed to detect half of the HBV infections.[20] 
Hence, we have to consider that any improvement of the 
present condition takes us one step nearer to the ideal. 
It is felt that the mini-pool semi-automated system, as is 
standardised here, is an eminently workable system in 
the country. Moreover, in this system, the identification 
of the causative virus is identified in the first run itself.

At present, the data correspond well to the NAT yield 
data using ID-NAT and MP-NAT system in several centres 
[32−38] in this country. Moreover, in the quality control 
studies, ID-NAT positive samples sent to us were tested 
as mini-pool with 100% correct results. One important 
caveat of semi-automated assay is to have good techni-
cal manpower and a robust troubleshooting protocol in 
place. This was achieved in this centre by having a spare 
set of instruments and regular training programme for 
the technical staff with troubleshooting protocols.

In conclusion, we have standardised and validated 
a semi-automated MP-NAT assay, with high and low 
throughput, and high sensitivity with commercially avail-
able HIV, HCV and HBV RT-PCR kits in combination with 
automated extraction of viral DNA/RNA for the screening 
of blood and it can be easily applied to the routine daily 
work of blood bank laboratories. This tool could provide 
the next large step in improving the safety of blood sam-
ples in our country. We recognised the potential benefit 
of MP-NAT particularly for HBV and HIV, and therefore 

positive by MP-NAT assay, were sent to a centre which 
does ID-NAT using Automated NOVARTIS platform and 
were confirmed positive. Similarly, from the same centre, 
6 NAT positive samples and 50 NAT negative samples 
were sent to us for testing the NAT status in the system 
we are using and the results showed 100% concordance.

Discussion

We describe a semi-automated, high- and low-through-
put, viral detection system, which detects HBV DNA, HCV 
RNA and HIV-1 RNA using commercially available RT-PCR 
kits. The time required for the pooling of plasma samples 
is ½ h, sample extraction is 2 h and amplification and 
detection requires additional 2 h. The total time required 
to process 100 samples is about 4 1/2 h with one posi-
tive and one negative control together with internal con-
trol. Semi-automated NAT assays are in use in Germany, 
Austria and Scotland [15−17] improving transfusion 
safety and limiting the cost of blood.

According to the recommendation by Paul Ehrlich 
Institute and U.S. Food and Drug Administration, sen-
sitivity of NAT for HCV RNA should be 5000 IU/ml, and 
650 copies/ml for HIV and 500 copies/ml for HBV. This 
viral load is present in pre-seroconversion stage; there-
fore, sensitivity of mini-pool should be at this level. Kits 
of Sacace Biotechnologies are able to detect HIV, HCV 
and HBV up to mini-pools of 16 and 24 at above-given 
copies and IU/ml. [18] Throughout in this study, we have 
decided to use 10 mini-pools only and showed 45 cases 
of 65,362 blood donors diagnosed during the window 
period (negative serological tests with positive by Sacace 
Biotechnologies kits in 10-MP-NAT assay). Discrimination 
of these 45 cases showed HBV-, HCV- and HIV-infected 
donor in 40, 1 and 4 cases, respectively. This suggests 
that samples from 10 individuals could be pooled for 
detection of HIV-1, HCV RNA and HBV DNA with kits 
of Sacace Biotechnologies, without compromising on 
sensitivity.

The detection limit of the Altona RealStar HIV/HCV/
HBV RT-PCR kits was in accordance with the WHO stand-
ards in our evaluations of the combination protocol 
(Table 3), and present observations of these standards 
did not show any unsatisfactory result as compared with 
other studies.[19−23] Present data are reasonably similar 
to the commercially available two fully automated NAT 
Solutions i.e. Procleix (now GRIFOLS) and ROCHE.[24−26] 
After standardisation and validation of Altona RealStar 
kits, 14,170 seronegative blood samples were tested in 
10-MP-NAT assay and 6 were positive. Among these six 
NAT positive, 4 were positive for HBV DNA, 1 for HCV RNA 
and 1 for HIV-1 RNA.

The cases of HIV-1, HCV and HBV detected with 
above NAT kits and performances of the systems and 
NAT kits indicated that both kits (Sacace Biotechnologies 
and RealStar Altona Diagnostics) were acceptable for 
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believe that NAT test should be adopted. This work repre-
sents an advance in biomedical science because it shows 
that improvised semi-automated mini-pool NAT testing 
could optimise the viral safety of HIV-1, HBV and HCV 
with cost effectiveness for both high- and low-volume 
blood bank.

Summary table

What is known about this subject?
• �NAT  testing is being practiced in all developed Western countries for 

about two decades.
• �D eveloping countries like India have not yet been able to include 

NAT testing as a mandatory test for safe transfusion practice mainly 
because of cost.

• �A ccording to the recommendation by Paul Ehrlich Institute and U.S. 
Food and Drug Administration, sensitivity of NAT for HCV RNA should 
be 5000 IU/ml, and 650 copies/ml for HIV and 500 copies/ml for HBV.

What this paper adds:
• � We describe a semi-automated, high- and low-throughput, viral 

detection system, which detects HBV DNA, HCV RNA and HIV-1 RNA.
• �D etection limit of the Altona RealStar HIV/HCV/HBV RT-PCR kits was 

in accordance with the WHO standards in our evaluations of the 
combination protocol.

• �T he study also assesses the economic feasibility of using a semi-auto-
mated NAT testing system
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