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Abstract

Background: Since 2010, the Blood Center of Zhejiang province, China, has conducted a pilot nucleic acid amplifica-
tion testing (NAT) screening of blood donors for Hepatitis B virus (HBV), Hepatitis C virus (HCV), and Human immu-
nodeficiency virus (HIV). This study aims to assess the results of NAT testing over 10 years to establish the effects and
factors influencing NAT yields of HBV, HCV, and HIV.

Methods: Blood donations from seven different blood services were screened for HBY DNA, HCV RNA, and HIV RNA
using 6 mini pools (6MP) or individual donation (ID)-NAT method between August 1, 2010, and December 31, 2019, at
the NAT centralized screening center. We compared 3 transcription-mediated amplification (TMA) assays and 2 poly-
merase chain reaction (PCR) assays. Further, HBV, HCV, and HIV NAT yields were calculated and donor characteristics
and prevalence of HBV NAT yields analyzed. Donors with HCV and HIV NAT yield were also followed up.

Results: 1916.31 per million donations were NAT screening positive overall. The NAT yields for HBV, HCV, HIV and
non-discriminating reactive were 1062.90 per million, 0.97 per million, 1.45 per million, and 850.99 per million, respec-
tively, which varied in the seven blood services and different years. HBV NAT yields were higher than those of HCV
and HIV and varied across demographic groups. Risk factors included being male, old age, low education level, and
first-time donors. We found no differences in NAT yields of HBV, HCV, and HIV between the 3 TMA and 2 PCR assays;
nonetheless, statistically, significant differences were noted between the five assays.

Conclusion: In summary, NAT screening in blood donations reduces the risk of transfusion-transmitted infections
and shortens the window period for serological marker screening. Therefore, a sensitive NAT screening method, ID-
NAT workflow, and recruitment of regular low-risk donors are critical for blood safety.
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Backgrounds
Blood transfusion saves millions of lives annually across
the globe. Nonetheless, transfusion transmissible infec-
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o b ot pallidum (TP) [1-3]. Notably, HIV, HBV, and HCV
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are causative agents of AIDS, hepatitis B, and C infec-
tion, respectively. Regardless of the low viral load, the
risk of transmitting these viruses through transfusion
of infected blood is markedly higher than through other
routes [4]. The prevalence of these viral infections among
blood donors varies by geography and nationality; it
directly hinges on their prevalence in the general popula-
tion. Based on the global estimates by the WHO (World
Health Organization) till 2015, HBV and HCV chroni-
cally infected 257 million people and 71 million people,
respectively. By the end of 2019, 38 million individuals
were newly infected by HIV. Nevertheless, the prevalence
of HBV, HCV, and HIV infections among blood donors in
different countries and world regions varies from 0.003 to
5.54%, 0.002 to 2.23%, and 0.00 to 1.66%, respectively. For
over 10 years, chronic hepatitis B is the leading among 27
infectious diseases reported by the Chinese government.
Approximately 50% of the Chinese population has a his-
tory of HBV infection, out of which, 7.18% are chronic
carriers of hepatitis B surface antigen (HBsAg) [5, 6].
Therefore, HBV is a major threat to blood safety in China.

Of note, advances in molecular screening for TTIs have
significantly reduced the risk of infection transmission
via blood transfusion. Nucleic acid amplification testing
(NAT) is used to diagnose viral infections in transfusion
medicine and is mandatory for blood services in China
since 2016. The benefits of NAT include the capacity to
directly detect viral genomes (DNA or RNA) with high
specificity. Its sensitivity is several orders of magnitude
greater than that of antigen and/or antibody immuno-
logical assays. Besides, NAT has markedly reduced the
assay window for immunological assays [7]. In the pre-
sent study, we assess the results of NAT over 10 years and
analyze their effects on blood safety at the Blood Center
of Zhejiang Province, China, where the infection rate of
HBYV is higher than that in the general population.

Methods

Blood sample collection

Nucleic acid amplification testing (NAT) centralized
screening policy was implemented in Zhejiang Province,
China, and the Blood Center of Zhejiang province, one
of the centralized screening sites. Study samples were
respectively collected from voluntary unpaid donors at
the Blood Center of Zhejiang Province, and Xiaoshan,
Jiande, Yiwu, Shaoxing, Jiaxing, and Huzhou blood sta-
tions, between August 1, 2010, and December 31, 2019.
The Blood Center of Zhejiang province is located in
the Hangzhou region; Xiaoshan and Jiande are coun-
ties in the Hangzhou region. Thus, blood donors from
the Blood Center of Zhejiang Province were divided
into three regions, including Hangzhou, Xiaoshan, and
Jiande. During the implementation of Zhejiang Province’s
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NAT centralized screening policy, the start time for NAT
detection varied depending on the blood service center.
NAT was used from August 1, 2010, at the Blood Center
of Zhejiang province; from May 29, 2013, at Xiaoshan
and Jiande; from September 5, 2013, at Yiwu; and from
March 1, 2016, at Shaoxing, Jiaxing, and Huzhou. All
samples were collected, stored, and handled following
the manufacturer’s instructions after obtaining informed
consent from blood donors.

Pre- and post-donation screening of blood donors

Based on the guidelines for blood donation in China,
the donors filled in a risk factor questionnaire exclud-
ing those at risk of exposure to transfusion transmis-
sible infections. Safe donors were physically examined
by a doctor before acceptance for donation. Thereafter,
the donors underwent pre-donation screening, includ-
ing determination of ABO blood group, hemoglobin
concentration, ALT level, and HBsAg status. Donors
with low hemoglobin concentration (male:<120 g/L;
females: <110 g/L before July 1, 2012, or <115 g/L from
July 1, 2012 due to a policy change), abnormal ALT level
(>40 IU/L before July 1, 2012, and >50 IU/L since July 1,
2012, due to a policy change) or positive HBsAg results
were temporarily deferred.

After donation, blood samples were tested for ALT
level and ABO type then screened for HBsAg, anti-HCV,
anti-HIV, and anti-TP using 2 ELISA kits from differ-
ent manufacturers (Additional file 1: Table S1). Reactive
samples on either kit for any viral marker were defined
as positive for that marker (ELISA™). Assays were con-
ducted as per the manufacturer’s instructions.

Nucleic acid amplification testing (NAT) assays

The HBV, HCV, and HIV NAT assays were run in parallel
for the relevant donor samples using 6 mini pools NAT
(6MP-NAT, Roche Diagnostics, Manheim, Germany) or
individual NAT (ID-NAT, Novartis Diagnostics, Emery-
ville, CA, USA) modes, based on the manufacturer’s
instructions (Table 1). The workflow for ID-NAT using
a transcription-mediated amplification (TMA) was per-
formed on initially positive blood donations retested in
parallel using a similar ID-NAT screening and discrimi-
natory assays, leading to two types of results, i.e., positive
screening tests but non-discriminating, or results that
discriminate between HBV, HCV or HIV. Nonetheless,
all were defined as positive. Donated blood was analyzed
using individual NAT to whether they were reactive in
the 6MP-NAT mode, yielding positive or negative results
on individual NAT confirmatory tests for utilizing the
TagMan PCR platform. NAT*ELISA™~ donors should be
deferred according to the guideline in China.
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Table 1 NAT reagents used for screening donors in different methods and systems
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System Procleix® Tigris® system Procleix® cobas s 201 system
Panther® system
Methods TMA, individual NAT for screening and discriminatory assays TagMan PCR, 6 mini pool NAT for

Time range for using

August 1, 2010-

August 1, 2015-

screening assay and individual NAT for

confirmatory assay

July 31,2015 September 21,
2016
Kit name (Company) Procleix® Ultrio®  Procleix® Ultrio
Assay (Novartis Plus® Assay
Diagnostics, (Novartis Diagnos-
Emeryville, CA, tics, Emeryville,
USA) CA, USA)
Sensitivity (IU/mL,  HBV  ID-NAT 104 (9.2-12.2) 3.4(3.0-4.1)
95%LOD) dHBV 85 (7.6-98) 41(35-49)
HCV  ID-NAT 3.0(2.7-3.4) 54 (4.5-6.7)
dHCV  32(2.8-3.6) 4.4 (3.7-5.6)
HIV-1  ID-NAT 47.9 (43.3-54.5) 21.2(18.2-25.7)
dHIV 536 (47.9-61.2) 18.9(16.3-22.9)
HIV-2  ID-NAT / /
dHiv -/ /

September 22, April 9,2013- December 1,2013-
2016- December November 30, December 31,2019
31,2019 2013

Procleix® Ultrio Cobas®TagScreen  Cobas® TagScreen
Elite® Assay MPX Test (Roche MPX Test, version
(Novartis Diagnos- Diagnostics, Man- 2.0 (Roche Diag-
tics, Emeryville, CA, heim, Germany) nostics, Manheim,
USA) Germany)

43 (3.8-5.0) HBV 3.8(3.3-44) 23(2.0-238)

4.5 (4.0-5.3)

3.0(2.5-3.9) HCV 11 (7.0-21.7) 6.8 (5.8-8.3)

24 (20-33)

18.0 (15.0-23.5) HIV-1 M 49 (42.4-58.1) 50.3 (43.3-59.9)
173 (14.4-22.6) HIV-1 O* 89 (56-217) 18.3(13.0-31.7)
104 (8.9-12.6) HIV-2* 593 (51.9-69.7) 574 (49.7-68.1)
9.6(8.1-11.8) HIV-2 / 7.9 (5.6-13.8)

The sensitivity of the cobas201 system is from the individual NAT mode

HBV Hepeatitis B virus, HCV Hepatitis C virus, HCV-Ab antibody to hepatitis C virus, HIV human immunodeficiency virus, dHBV discriminatory test for HBV DNA, dHCV
discriminatory test for HCV RNA, dHIV discriminatory test for HIV RNA, /D individual donation, MP mini pool, /U international unit, LOD limit of detection, NAT nucleic
acid amplification testing, PCR polymerase chain reaction, TMA transcription-mediated amplification

“The unit is Copies/mL

Comparison of two NAT systems for detection of low viral
load level OBl samples

Partial NAT+/ELISA~ samples were collected between
May 1, 2017 and May 1, 2018. Out of these, 103 sam-
ples had previously tested positive in non-discrimi-
nating reaction, whereas 39 were HBV DNA positive.
Anti-HBc was detected via electroluminescence on a
Cobas €601 analyzer (Roche Diagnostics Company,
Shanghai, China). Viral load was established on a Roche
Cobas AmpliPrep with RT-PCR performed on a Cobas
TagMan analyzer (Roche Diagnostics Company, Shang-
hai, China). Samples were tested thrice on ID-NAT
mode using these systems to compare the Ultrio Elite
and MPX 2.0 NAT systems; the results were considered
positive if at least one test was positive.

Supplementary assays and follow-up study

Anti-HIV reactive samples were confirmed by Western

blot assay at the Centre of Disease Control, Hangzhou,

Zhejiang province as per China’s state regulations.
Blood donors positive for HCV or HIV after NAT vyet

negative by ELISA (NAT*/ELISA™) were followed up

and subjected to tests by serology and NAT.

Statistical analysis

Statistical analyses were performed on the SPSS 22.0
software. Differences in the rates across various blood
services were analyzed using the chi-square test and Fish-
er’s exact tests, as appropriate. P<0.05 was considered
statistically significant.

Results

Overall NAT yield rates are various in the difference blood
services

A total of 2,071,695 blood donations were NAT
screened between August 1, 2010, and December 31,
2019 at Hangzhou, Xiaoshan, Jiande, Yiwu, Shaox-
ing, Jiaxing, and Huzhou blood service centers.
Among these, 1,160,355 (56.01%) were analyzed on
ID-NAT mode using the TMA method; the remain-
ing 911,340 (43.99%) were analyzed using the TagMan
PCR method on 6MP-NAT mode. All the NAT yields
(NAT*/ELISA™) cases are shown in Table 2. The over-
all NAT vyield rate was 1916.31 per million. NAT yields
rates for HBV, HCV, HIV and non-discriminating
reactive were 1062.90 per million, 0.97 per million,
1.45 per million, and 850.99 per million, respectively.
Notably, NAT yields rates differed across the 7 blood
service centers (x>=514.27, p<0.01), with the highest



Page 4 of 10

(2022) 22:279

Wu et al. BMC Infectious Diseases

poyiaw vy L Buisn skesse A1ojeuiwilidsip ul Jou ing shesse Bujuaaids JYN-| Ul 9IRS 319M SUOIeUOP 3Y]

uonesyijdwe pajeipaw

-uonduosues ] ‘uondeal uteyd aserdwA|od yod ‘bunsay uonedyiiduwe pioe 1PN JiN ‘Aesse Juagiosounwiwl payul| SWAZUS 5177 ‘sniia ASUsdyspounwiwl UBWNH AJH ‘SNUIA D siiiedaH ADH ‘sniia g siiedaH AgH

suo1B6a1 JUBIBYIP Ul SPIRIA 1N PUe sidquinu aARIsod JYN [e303 3y} 33edIpul sanjeA pjog

LE9L6L  68'ELOL 90°'ST9T  6E£°LPSL  LEOSYL L9'0L0Z  9S'T6LE  ¥8'6LSP £5°L6ET €9°10L1L  (uoljiw Jad) spfRIA JYN
0L6€ ¥26 90€ 961 00€ 88¢ oL £5¢ oLz £0TT slaquInN _VYSIT34YN TV
Sl oLt 4! 0 0 0 0 0 0 leg  (uoljiw sad) spRIA IYN
€ | z 0 0 0 0 0 0 € slaquinN AH
160 0 [ 0 0 0 0 0 0 vl (uoliw ad) spRIA 1¥N
z 0 4 0 0 0 0 0 0 z SIaquINN ADH
067901 677101 STT0LL 875011 68201 S0'89¢1 €TH8S1 £8'185¢C [43i7d! 85€8g  (Uoliw Jad) splRIA IYN
70Tt €76 671 orl 4k4 ¥9T 44! 661 601 Ll slaguInN AGH
66058 / 9¢6161 LLUThy Sty 1STH9 €€'8077 00866 LZ0S11 6Llv18  (uoljiw sad) spRIA YN
€9/ 1 / €9/1 9 88 zd! 8l Sl L0l 9501 SIBQUINN ,3AlIDB3I BupIRUILILDSIP-UON
9%00°001 %66'Sh %1095 %LL9 %866 %LEG %0V %CLE WY %1979 suopodold
$69'1£0'C OvE'Ll6  SSE09L'L 599'9z1 758'90¢ 9/6'T61 Lzg'ss LL0'LL 018'/8 ¥66'9671 siaquInN [1eJ9A0
098'€5€ SE6'0€T sz6'zzl 001'vE 6£/'65 1S 26851 6v8'€l 00%'91 G119l 6107
09€'7€€ 76/'561 895'9¢ 1 l6T'se €¥8'YS 51505 st S80'l 6vL'SL SOr'6L 810¢
vS0'SLE £97'951 164851 v61'Te 14505 v61'8r 1611 hzd! oLl'pl 69/'€ L £10C
€//'68C 6/7'€81 Y6901 080'/T 669' LY 97S 1Y LLLEL 59871 opeEl 99’6 L 9107
051/l $¥9'99 S05'901 / / / Ol¥'LL veL'TL orSEl 0L¥'SEL sl0C
0r9'0LL 6£€'LS L0g61 1 / / / 8/E'LL ! 089'¢L geL'cel Y107
SSL'TEL /80'LC 899'501 / / / L1€T L6T 6/ 899'67 | €107
959'sz1 / 959571 / / / / / / 959'sz1 41014
v65'LEL / v65' L€l / / / / / / Y65 L€ L10C
€589 / £58'9% / / / / / / £58'9 0L07 SlesA
| VINL noyznH Buixelr Buixoeys nMIA apuelr ueysoerx noyzbueH
TIEIELYe) [JIGEIN] S3JIAIBS poo|g

S3DIAISS POO|Q USASS 343 U SPIRIA 1N JO S}NSal 94l pue UoId319p [N Ul suoiieuop jo suoljodoid pue siaquiny g ajqeL



Wau et al. BMC Infectious Diseases (2022) 22:279

yield at Jiande (4579.84 per million) and the lowest
yield at the Jiaxing (1450.31 per million).

The difference in NAT yields rates between the TMA

and PCR methods

A big gap in NAT yield rate was found in the TMA vs
PCR method (2625.06 per million vs 1013.89 per mil-
lion, x> =692.78, p<0.01, Table 3). This gap suggests
that 6 mini pools NAT (MP-NAT) exhibit less sensitiv-
ity, whereas ID-NAT lacks specificity. HBV NAT yield
rates were similar in TMA vs PCR methods, at 1102.25
per million vs 1012.79 per million (p>0.05, Table 3).
NAT yields rates of HCV and HIV were higher under
the TMA method than that under the PCR method;
however, the difference was not statistically significant
(p values =0.507 and 1.000, respectively, Fisher’s exact
test). Notably, all the NAT vyield rates (HBV, HCV, and
HIV) in the TMA method were significantly higher
than that in the PCR method (x> =4.04, p <0.05); this
may be attributed to the sensitivity methods and dif-
ferences in NAT screening modes.
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Comparison of NAT yield rates in the different assays using
TMA and PCR methods

Further, we compared the NAT yields rates for the 3
TMA and 2 PCR assays used in this study (Table 3). Anal-
ysis of NAT yield rates in the TMA assays revealed that
the NAT yield rates of Ultrio Plus and Ultrio Elite assays
were higher than those of the Ultrio assay (x> =113.19,
p<0.01). HBV NAT yield rates were the highest in the
Ultrio Elite assay, followed by Ultrio Plus and Ultrio
assays (x> =162.11, p<0.01). Nonetheless, only 2 HCV
NAT yield cases were found by the Ultrio Plus assay
(p<0.05, Fisher’s exact test). Moreover, we found two
HIV NAT yields individuals using the TMA method. Dif-
ferences in HIV NAT yield rates were not statistically sig-
nificant in the 3 TMA assays.

NAT yield rates of HBV, HCV, and HIV did not signifi-
cantly differ between the MPX and MPX2.0 PCR meth-
ods (X2=O.96, p>0.05). Notably, a comparison of HBV
NAT yield rates across the 5 assays revealed that HBV
NAT yields rate is lower in the MPX assay compared to
that in the Ultrio Elite assay (x> =20.01, p<0.01). HBV
NAT yields rate in the MPX 2.0 assay was higher than in
the Ultrio and Ultrio Plus assays but lower than that in

Table 3 The results of NAT yields for five different assays using the TMA and PCR methods

Method TMA PCR Overall
Assays Procleix®  Procleix® Procleix® Total Cobas® Cobas® Total
Ultrio® Ultrio Plus®  Ultrio Elite® TaqScreen TaqScreen
Assay Assay Assay MPX Test MPX Test,
version 2.0

Number of tested donations 584,540 131,614 444,201 1,160,355 73,052 838,288 911,340 2,071,695

Non-discrimi- Numbers 797 271 695 1763 / / / 1763

natingreactive  NATyields (per 136347 2059.05**  1564.61*** 151936/ / / 85099
million)

HBV Numbers 444 127 708 1279 66 857 923 2202
NAT yields (per  759.57 964.94 * 1593.87 *** 110225  903.47 ©® 1022.32%*" 101279 106290
million) ee

HCV Numbers 0 2 0 2 0 0 0 0
NAT yields (per  0.00 15.20 *@@ 0.00 1.72 0.00 0.00 0.00 0.00
million)

HIV Numbers 1 0 1 2 0 1 1 3
NAT yields (per 171 0.00 225 1.72 0.00 1.19 1.10 145
million)

NATELISA™ Numbers 445 129 709 1283 66 858 924 2207

(HBV.HCVand AT yields (per  761.28 980.14 * 1596.12% 110570 90347 102351 1013.89% 106531

HIV) million)

NAT*ELISA~ Numbers 1242 400 1404 3046 66 858 924 3970

(ALL kinds) NAT yields (per  2124.75 3039.19%  3160.73* 262506 90347 102351 101389 191631
million)

Bold values indicate significant differences

HBYV hepeatitis B virus, HCV hepatitis C virus, HIV human immunodeficiency virus, ELISA enzyme linked immunosorbent assay, NAT nucleic acid amplification testing,

PCR polymerase chain reaction, TMA transcription-mediated amplification

" p<0.05,**p<0.01, compared to Procleix® Ultrio® Assay; #p < 0.05, ##p <0.01, compared to Procleix® Ultrio Plus® Assay; @@p < 0.01, compared to Procleix® Ultrio

Elite® Assay; &p <0.05, compared to TMA method
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the Ultrio Elite assay (x> = 170.10, p <0.01), whereas HCV
NAT yields were higher in Ultrio Plus (p<0.01, Fisher’s
exact test). Nevertheless, HIV NAT vyield rates did not
significantly differ between the 5 assays (p >0.05, Fisher’s
exact test).

Ultrio Elite and MPX2.0 assays in ID-NAT mode with similar
HBV detection capacity

In total, 103 positive screening tests but non-discrim-
inating reactive samples and 39 HBV NAT yield OBI
samples were detected using the Ultrio Elite and MPX2.0
assays in ID-NAT mode. All samples were anti-HBc posi-
tive with low viral load (<12 IU/mL and <20 IU/mL in
non-discriminating reactive and HBV NAT yields sam-
ples, respectively). Among the 103 non-discriminating
reactive samples, the Ultrio Elite and MPX2.0 assays
detected 17 (16.50%) and 23 (22.33%) HBV-DNA reac-
tive samples as positive, respectively (Fig. 1). However,
the reactive rates did not significantly differ (x* =1.12,
p>0.05) between the 2 assays. Out of the 39 HBV NAT-
yield samples, Ultrio Elite and MPX2.0 assays detected 13
(33.33%) and 17 (43.59%) HBV-DNA reactive samples,
respectively (x> =0.87, p>0.05). The overall proportion
of HBV-DNA reactive results did not significantly differ
between the Ultrio Elite assay (17.54%) and the MPX2.0
system (22.81%). Using the ID-NAT mode, no difference
was noted between the Ultrio Elite and MPX2.0 assays
in the detection of low HBV loads. However, unlike the
Ultrio Elite assay in ID-NAT mode, the MPX2.0 assay
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in MP-NAT mode might have lower HBV-NAT yields
(Table 3).

Non-discriminating reactive in ID-NAT using the TMA
method

Non-discriminating reactive implies reactive donations
using NAT screening by the TMA method but not in
discriminatory assay. Over the 10 years, 1,763 blood
donations (850.99 per million) were non-discriminating
reactive (Table 3). The rate of non-discriminating reactive
in Shaoxing, Jiaxing, and Huzhou was much lower than
that in Xiaoshan, Jiandem, and Yiwu (p <0.05, Additional
file 1: Table S2).

Notably, the rate of non-discriminating reactive yields
in all donations exhibited a downward trend annually
(Additional file 1: Table S2). NAT yields rate of non-dis-
criminating reactive using the TMA method was highest
in 2012 and lowest in 2019 (Additional file 1: Table S2).
Additionally, the rate of non-discriminating reactive
yields in all NAT yields varied across the 3 TMA assays
(Fig. 2). In contrast with the Ultrio assay, the Ultrio Plus
and Ultrio Elite assays demonstrated better discrimina-
tion capacity, which appeared to match the sensitivity
of different TMA assays and the gap between screening
and discriminatory assays (Fig. 2). The use of Ultrio Elite
assay after September 22, 2016, decreased the non-dis-
criminating reactive NAT yields rate because of a smaller
screening and discriminatory sensitivity gap than that of
the other 2 TMA assays (Fig. 2).

50.00% 1

45.00%

40.00% A

35.00% A 33.33%

30.00% A

25.00% A
22.33%

20.00% A

% Reactive

16.50%

15.00% A

10.00% -

5.00% A

0.00%

43.59%

28.17%

O Ultrio Elite ID-NAT
mMPX2.0 ID-NAT

21.13%

Non-discriminating
reactive

HBV NAT-yield

Fig. 1 Comparison of HBV-DNA positive results on 103 non-discriminating reactive and 39 HBV NAT-yield samples in the Ultrio Elite ID-NAT ()
and MPX2.0 ID-NAT (). Non-discriminating reactive indicates 103 screening tests positive but non-discriminating reactive samples, HBV NAT-yield
indicates 39 HBV NATTELISA™ yield OBl samples, and overall refers to all 142 specimens

Overall
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Fig. 2 Non-discriminating reactive NAT yields in the blood service centers. The scale at the left indicates NAT yields (per million) in the TMA method,
the donations were non-discriminating reactive ([]); the scale at the right indicates the LOD (IU/mL) of different reagents in the TMA method in
ID-NAT assays (O) and HBV discriminatory assay (@)

HBV NAT yields in the blood services

In 10 years, 2202 blood donations were HBV NAT™
ELISA™. In total, the HBV NAT yield rates exhibited
annual fluctuations and varied across blood service cent-
ers (Additional file 1: Table S3). HBV NAT yield rate was
lowest in Hangzhou (883.58 per million) and highest in
Jiande (2581.83 per million). Also, HBV NAT yields rates
were associated with TMA assay sensitivity. Therefore,
the total HBV NAT yields rates started to increase when
the use of the Ultrio Elite assay began in 2017, suggesting
that the Ultrio Elite assay in ID-NAT mode had effective
HBYV screening and discriminating capacities.

Effects on HBV NATELISA™ yields in the blood service
centers

Analysis of HBV NATYELISA™ yields by demographic
groups showed that over 10 years, compared to female
donors, overall HBY NATTELISA™ vyield prevalence
was higher in male donors (Additional file 1: Table S4,
x*=174.02, p<0.01) and in each blood service except
the Xiaoshan (x*=2.85, p>0.05) and Jiande (x>=2.51,
p>0.05). Analysis by age group (18-25, 26-35, 36-45,
46-55,>55) discovered a higher HBV NAT yield rate
in the age group 46-55 (*=1796.99, p<0.01) at all
blood service centers. Analysis by the level of educa-
tion revealed that donors with higher education had
lower rates of HBV NATTELISA™ yields, which were
much higher in the junior high school group (30.88%,
x*=1042.21, p<0.01), whereas, they were higher in the
middle school group in Xiaoshan and Jiande. We found
that HBV NAT yields rates were higher in clerk donors

(23.30%, x> =699.07, p<0.01), except in Jiande and Yiwu,
where they were higher in farmer donors. HBV NAT
yield prevalence was much higher in first-time donors
compared to repeat donors (x>*=218.70, p<0.05) at all
blood service centers. Collectively, these data suggest
that risk factors associated with HBV NATVELISA~
yields include male gender, old age (between 46 and 55),
low education (middle school and below), lower technol-
ogy worker including Farmer as well as Worker, and first-
time donors.

HCV and HIV NAT'ELISA™ yields in blood donors

Among the 2,071,695 blood donations, 2 were HCV
NAT'ELISA™ yield donations whereas 3 were HIV
NAT*'ELISA™ vyield donations (Table 2). Two HCV
NAT'ELISA™ yield donors were followed up for>1 year
and based on NAT and/or ELISA, none was HCV posi-
tive during the follow-up period (Additional file 1:
Table S5). All 3 HIV NATTELISA™ yield donors were
followed-up and re-sampled after about a month (Addi-
tional file 1: Table S6), suggesting that they were in the
acute HIV infection phase.

Discussion

In China, NAT was first used as a pilot project in key
blood centers in 2000 [8, 9], including the Blood Center
of Zhejiang Province. Herein, we discovered that NAT
yield rates for HBV, HCV, and HIV varied over time and
between the seven blood service centers. Specifically, the
NAT vyield rates for HCV (1.54 per million) and HIV (2.31
per million) in Hangzhou were similar to other regions of
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China (NAT yield range: 0-3.4 per million for HCV [10],
0-3.55 per million for HIV [11]. In our study, the HCV
NAT vyield rate (0.97 per million) was lower than that in
Mediterranean countries with high endemic HCV infec-
tion (2.15 per million in Spain, 5.97 per million in Greece,
2.5 per million in Italy, 4.27 per million in Slovenia) [12—
15]. HIV NAT yield rate (1.45 per million) was similar to
that in the US (0.43 per million) [16] and European coun-
tries such as Italy (1.8 per million) and Germany (0.43 per
million) [15, 17], but lower than that in HIV-1 endemic
countries including South Africa (25.56 per million dona-
tions) [18].

In follow-up HCV NAT and serological testing, two
HCV NAT-yield cases were negative. Nevertheless, all 3
HIV NAT yield donors were in the acute HIV infection
phase. Reports indicate that 15-25% of HCV infections
are self-limiting and vary depending on the HCV geno-
type. According to Lefrére et al., a few immunocompe-
tent HCV-positive patients were found to be negative
after self-limiting using ELISA, RIBA, and HCV-RNA
test [19]. Therefore, we speculated that these two HCV
NAT-yield donors may have had self-limiting HCV
infection or were false positives upon HCV NAT tests.
Moreover, Akuta et al. [20] reported HBeAg-negative
and HBeAb-positive cases where chronic HBV infection
persisted while acute HCV infection was spontaneously
resolved. In this patient, HCV infection was interest-
ingly accompanied by the appearance of PreC wild type
(G1896); an increase in transiently suppressed HBV
viral load at a level that was higher than that established
before HCV infection. This case was similar to the BD2
case in our study, which was negative in HBV NAT and
serological tests and HCV NAT reactive, but HCV-RNA
was undetectable one year later and HBV-DNA positive.
Therefore, NAT tests employing in HCV low risk popu-
lation have low positive predictive value, results must be
repeated to confirm.

HBV NAT yield rate was much higher than that of HCV
and HIV, ranging from 883.58 to 2582.83 per million at
different blood service centers (1:387 in Jiande to 1:1132
in Hangzhou). This rate was a little higher than the aver-
age figure of China (1:1482, range:1:1861 to 1:1269) [21],
and much higher than that in other low HBV endemic
countries including USA, Canada, Germany, Switzer-
land, and New Zealand [22-26], as well as Mediterranean
countries with moderate endemism [12-14]. We found
that despite common routes of transmission and similar
risk factors, the HBV NAT yield rate is higher than that of
HCV and HIV, possibly because HBV is highly prevalent
in China [5]. Conversely, the extremely low TTI residual
risks for HCV and HIV may be attributed to their low
prevalence in the population and short window periods
of HCV and HIV testing using ID-NAT [16, 27].
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Several studies have compared the sensitivity of NAT
systems for HBV, HCV, and HIV [28-34]; as a conse-
quence, differing findings have been reported. Using
PROCLEIX ULTRIO (Ultrio) assay and TaqScreen mul-
tiplex (Cobas MPX) test, Margaritis et al. reported equal
HBV NAT yields rate in donations from Hong Kong
[29]. However, Phikulsod et al. in Thailand reported
that TagMan MP6 was more sensitive than Ultrio in ID
format [30]. Using the Ultrio Plus assay relative to the
Ultrio ID-NAT and TagMan MP6, Marion et al. in South
Africa found a significantly higher proportion of replicate
assays on HBV NAT yields [28]. In this work, we com-
pared NAT yields rates in five different assays, including
Ultrio, Ultrio Plus, and Ultrio Elite assays using the TMA
method in ID format, as well as MPX and MPX2.0 using
the PCR method in 6MP-format. Consequently, there
were no statistically significant differences in HBV, HCYV,
and HIV NAT yield rates between the 2 NAT methods.
Nonetheless, among the 5 assays, Ultrio Plus was effec-
tive at non-discriminating reactive and HCV detection,
whereas Ultrio Eilte exhibited the highest HBV NAT
yield in the screening test. Interestingly, MPX2.0 was
slightly but not significantly more sensitive in detecting
low viral load OBI samples using the ID format. Collec-
tively, these results indicate that besides reagents sensi-
tivity, the capacity of NAT methods to detect HBV, HCV,
and HIV, particularly at low viral loads depends on pool
size.

In addition to HBV, HCV, and HIV, some samples were
screening tests-positive, but non-discriminating reac-
tive using the TMA method. The reasons for these non-
resolved results were potential because of a sensitivity
gap between screening and discriminatory reagents in
the TMA method, or the viral loads in the donations may
have been too low to be detected by discriminatory rea-
gents. Some non-resolved results were found with HBV
DNA positive through increasing number of tests, con-
centrating with high-speed centrifugation, and using
other NAT methods [35-37]. In China, Ye et al. [37, 38]
found that 91.1% of non-discriminated reactive donors
were anti-HBc reactive OBI with low viral loads. Thus,
non-discriminating reactive donations have a great risk
for HBV transmission and should be excluded. Also, we
found that the HBV NAT yields risk factors included
male gender, older age, low education level, lower tech-
nology work, and first-time donors. Therefore, NAT
screening for TTIs and higher sensitivity screening, spe-
cifically for HBV, improve the safety of blood supply. Dif-
ferences in NAT yield at different blood service centers
may be attributed to NAT screening methods and virus
prevalence in the general population.
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Conclusion

In conclusion, high HBV NAT yield rates were discov-
ered in an analysis of NAT vyield rates at seven Chinese
blood service centers. Besides, the efficiency of HBV,
HCV, and HIV NAT yield was similar for TMA and
PCR methods but different in the 5 reagent assays. NAT
screening at blood donation reduces the risk of trans-
fusion-transmitted infections, shortens the duration of
serological tests, and increases blood safety. Nonethe-
less, NAT yields rates varied across blood services and
hinged on the NAT detection mode and blood donor
features.
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