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Abstract

Background: So far, the prevalence of human T-lymphotropic virus (HTLV) type 1 and 2 in some highly populated
countries such as China is still unknown. In this study, a multi-center nationwide serological survey was designed and
performed, to reveal the seroprevalence of HTLV infection among Chinese blood donors.

Results: Among 8,411,469 blood donors from 155 blood establishments, 435 were finally confirmed as HTLV car-
riers. The prevalence of HTLV infection in China varied in different provinces: Fujian had the highest prevalence of
36.240/100,000 (95% Cl 31.990-41.050) and eleven provinces did not find HTLV-seropositive donors in the three years.
no HTLV-2 infection was found. The overall prevalence of HTLV-1 in China decreased from 2016 to 2018. Female was
identified as an independent risk factor of HTLV infection in China. Besides, seroconversion was observed in two of
seven seroindeterminate donors 85 and 250 days after their last donation, respectively.

Conclusions: The seroprevalence of HTLV infection in most areas of China among blood donors is quite low, but it
varies significantly in different geographic areas. Screening anti-HTLV-1/2 antibody and follow-up of serointedermi-
nate donors are essential to ensure blood safety especially in areas where we have found HTLV infected donors.
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Background

Human T-lymphotropic virus type 1 (HTLV-1) was the
first found human retrovirus in the early 1980s by Gallo
et al. [1]. Although most HTLV-1 infected cases are
asymptomatic, previous studies pointed that 5-10% of
infections suffered from adult T-cell leukemia lymphoma
(ATL) [2] and HTLV-1 associated myelopathy or tropi-
cal spastic paraparesis (HAM/TSP) [3], which reducing
patients’ life quality and even threatening public health.
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HTLV-1 shows a unique endemic distribution in the
world, with high endemic rates of infection in south-
western Japan, the Caribbean islands, Central and South
America, Central Australia, sub-Saharan Africa, Romania
and parts of the Middle East. It is estimated that there
are at least 5—10 million HTLV-1 infected individuals [4].
However, data from some highly populated countries and
regions such as China were not available. Thus, the cur-
rent total number of HTLV-1 carrier is probably under-
estimated [5, 6].

Since HTLV was found as a member of the transfu-
sion-transmitted infectious pathogen [7], blood donor
screening for anti-HTLV antibody was first introduced
in Japan in 1986. Two years later commercial HTLV-1
antibody assay became available in the United States [8],
then followed by other countries. So far, many studies on
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the prevalence of HTLV infection among blood donors
worldwide were achieved. It was reported that Japan had
the highest seroprevalence of HTLV-1 infection with
6.6/1000 in men and 10.2/1000 in women [9]. Others
such as the United States, UK, and France with relatively
low prevalence in first-time blood donors, 5.1/100,000,
4.7/100,000, and 4.8/100,000, respectively [10, 11].

In China, previous regional studies showed that a
prevalence ranged from 16.9/100,000 to 99/100,000 in
Fujian province [12-16]. Whereas the prevalence of
other regions in China is still unknown due to the lack of
multicenter large-scale surveys. Therefore, it is difficult to
estimate the overall burden of HTLV infection to China,
which may cause a probably underestimated total num-
ber of HTLV-1 carrier worldwide [5, 6].

HTLV-1/2 antibody assay has been introduced in cer-
tain blood establishments in China since 2006. In Fujian,
Guangdong, and Zhejiang province, which were esti-
mated to have a high prevalence of HTLV-1 infection, all
blood donors were tested HTLV-1/2 antibody routinely.
While, in other provinces, no less than 10% of donation
samples were randomly selected and screened every year.
In this study, we reported the national epidemiological
data from 8.4 million blood donors screened by HTLV-
1/2 antibody among 155 blood establishments from 29
provinces or municipalities from 2016 to 2018.

Results

Screening and confirmatory results

From 2016 to 2018, 8,411,469 blood donors were rou-
tinely screened anti-HTLV-1/2 antibodies all over China.
In Fujian, Guangdong (except Shenzhen), and Zhejiang
province, 4,497,616 blood donors were tested, among
which 2629 were repeatedly reactive by screening tests
and 370 donors were finally confirmed as HTLV-1 infec-
tion by a confirmatory test.

In other areas in China, 3,913,853 blood donors were
tested and 1650 donors were repeatedly reactive. 1546
samples were sent to the National Center for Clinical
Laboratories (NCCL) for further testing and 104 sam-
ples weren't tested because of lack of volume or other
reasons. 63.9% (988/1546) samples were non-reactive by
all four different supplementary assays, while 558 sam-
ples were reactive by at least one assay and then tested
by line immunoassay. 63 samples were positive by the
confirmatory test, among which 49 donors were dis-
criminated as HTLV-1 infection and 14 were untypeable
HTLYV infection (Additional file 1: Table S1). 120 samples
were seroindeterminate but all were PCR-negative. Seven
of these initial indeterminate donors were followed at
least 8 weeks after the last donation. Two of them were
confirmed positive (both were HTLV-1/2), and one was
negative. However, the results from the other four donors
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were still indeterminate. All the screening and confirma-
tion algorithm was shown in Fig. 1.

Prevalence of HTLV-1/2 infection in China

Finally, 435 donors were confirmed as HTLV-1/2 car-
riers. Fujian province owned the highest prevalence of
36.240/100,000 (247/681,564, 95% CI 31.990-41.050).
While the prevalence of all other areas in China was
only 2.432/100,000 (188/7,729,905, 95% CI 2.108-2.805),
nearly one-fifteenth of that of Fujian (Table 1; Fig. 2).
Followed that of Fujian, the HTLV prevalence in Hunan
province, Zhejiang province, and Beijing were more than
3/100,000, a bit higher than in other areas. Noteworthily,
the prevalence in Guangdong was only 2.867/100,000
(95% CI 2.301-3.573), while the prevalence in Shenz-
hen, a large city located in Guangdong, was significantly
higher (3.713/100,000, 95% CI 2.124—6.490), similar to
that of Beijing. HTLV infections were not found in eleven
provinces in China during the 3 years.

From 2016 to 2018, fluctuating seroprevalence was
shown in Fig. 3. The total prevalence of HTLV-1/2
antibody gradually reduced from 5.016/100,000 (95%
CI 4.303-5.847) in 2016 to 4.951/100,000 (95% CI
4.226-5.800) in 2017 then to 3.469/100,000 (95% CI
2.899-4.151) in 2018. However in Fujian province, the
seroprevalence of HTLV infection first suffered a slight
increase from 28.205/100,000 (95% CI 22.700-35.050) in
2016 to 31.883/100,000 (95% CI 26.140-38.890) in 2017,
and then declined to 22.646/100,000 (95% CI 17.900-
28.660) in 2018.

Besides, we found the positive prediction value (PPV)
of the screening HTLV-1/2 antibody assays varied from
0-26.30% in different provinces, with an average value of
10.17% over all samples. Among 63 confirmed positive
samples in NCCL, the positive detection rates of the four
screening assays were 71.43% (R1), 84.13% (R2), 90.00%
(R3), and 88.46% (R4), respectively.

Risk factors of HTLV infection

Demographic Information (age, sex, donation history,
and ethnicity) from 416 to 435 confirmed HTLV-1/2
infection donors were acquired and analyzed. Com-
pared with all blood donors’ distribution [17], HTLV-
1/2 infection was independently associated with female
in China (Table 2). Women have a 1.307-fold (95% CI
1.076—1.587) risk than men donors to be infected by
HTLV-1/2. And compared with repeat donors, first
donors seemed more likely to be anti-HTLV antibodies
positive (odd ratios, OR: 1.779, 95% CI 1.439-2.199).
However, we analyzed the seroprevalence of confirmed
positive first donors and repeat donors among different
blood establishments, and found that the prevalence
of first donors was 3-fold higher than that of repeat
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Fig. 1 Screening and confirmation algorithm of HTLV infection. *Since samples from Shenzhen were confirmed in National Center for Clinical
Laboratories (NCCL), data of Shenzhen was not included in that of Guangdong province

donors in Fujian province, while in other blood estab-
lishments no difference was observed (2.223/100,000 in
first donors vs. 2.160/100,000 in repeat donors), which
may result from the fact that confirmed positive donors
could not donate blood again. Age and ethnicities
showed no risk effect on HTLV-1/2 infection.

Follow-up of indeterminant and confirmed positive donors
Seven from 120 initial indeterminate donors by INNO-
LIA were followed once from 85 days to 302 days after
their last donation (Table 3). All the seven donors con-
firmed as indeterminate due to the only one band of gp21
I/II antigen at the first confirmation test. Two donors




Page 4 of 11

(2021) 18:2

Chang et al. Retrovirology

010z U1 9uinoad yoes Jo snsuad uolejndod sapimuoiieu euiyd Y9 Woij elep ay) uo paseq uoiendod [eiausb ay) Jo synpe pjo-1eak 09-g| ||e Buowe Apoqiiue AT1H-IIUe palsa) sjenpiAlpul jo uoiiodoad ayy

dleuIwIaldpul gN/

/89°5-80/ % s Sev ol 6ly  /LLL €79¢ YOl 6/t 6971 L1'8 ]}
06£71-0000 0 0 0 0 0 9 0 9 e%_ 0)610°0¢ Buibbuoy)
€/¥'£-0000 0 0 0 0 € vl z 6l (915°0) ¥6€'LS ufuerL
875'5-0000 0 0 0 0 l ol 0 Ll @08 0) 6/¥'69 leybueys
106'9-000'0 0 0 0 0 z 44 0 124 (%CT0) 159'5S IXueys
0£5°1-0000 0 0 0 0 9 6/ 6 6 (%8£0) 610°15C Buopueys
0097 1-0000 0 0 0 0 v v 0 8 @oﬁ 0) 06%'0¢ eIxbuIN
0£7'81-0000 0 0 0 0 4 oL 8 0T (9110 790'LT eljobusuLIRuU|
$88°€-000°0 0 0 0 0 l 124 l 9 (%1£0) 9/8'36 Buluoer
69/°7-0000 0 0 0 0 v z€ z 8¢ @%m 0) ¥0/'8€ L 12gnH
008°01-000°0 0 0 0 0 0 al 0 al (909°0) ¥95'5€ ueureH
£69'7-000'0 0 0 0 0 € 29 € 89 (99£°0) ¥09'Ct L Inyuy
0€£T-50T0 6vL0 4 l | oL 56 v LLL (%€E¥0) 6v1'£9C ueusH
9L¥P-8E1°0 0840 | l 0 4 8/ 6l 001 (%1¥0) 6£7'8CL uBUUNA
06v°T-£LE0 8960 12 | € ol 88l z ¥0C (%26'L) TLO'E LY noyzino
8¥8'9-€170 60T L | 0 | 0 9 0 [T (%1€0) LLLT8 IXueeys
[8Y'€-/TS0 95€'L 4 z z 6 0S 0 €9 (%£50) £66'76C nsbueir
0900L-€1£0 SLLL | 0 | € L S 91 (%C€0) STE'9S nsueo
£80°'5-0/L0 66’ v z 4 v ozl 4l orl (%0%°0) 0£1°20C 1209H
879'5-1580 681C v z z % [T 0 se (%590) 6££'781 Bue|fbuojioH
1¥9'G-€580 v61T % | € S 6€ 24 4 (%68°0) 8TE'T8L uir
OYSYI-€5K°0 9957 L 0 | 14 143 0 s¢ (%97°0) 596'8¢ Bueifurx
8/5/~//80 8/5C € | 4 L €/ 0 €8 (%CT0) 88€'91 uenyais
€/5€-10€T 198T 6/ | 8/ L Lezl S ceel (%09°€) 801'SSL'T Buopbuens
L08'9-TvT L 8067 S | v 9 001 | 41! (%£50) 1S6'L/ L Ixbueno
€L09-L1t €16¢ L 4 S 6 16 0 L0l (%18°0) OLEOVC Ixbuelr
€/T8-15T1 L1TE v 0 v 4 9l L €C (%08°0) 97E'vT | Buifieg
€STS9LLE 0P 9 - 9 - YOv 0 09% (%6°€) SEL'PSE'L buelfeyz
1296-1¥'T S/8Y 3 l L Ll v 9 66 (%££0) 060791 ueunH
050'LY—066'L€ ovToE T - VT - 769 0 6€6 (%€57) ¥95'189 ueyfn
&0l Z/L-A1LH L-A1LH
9A1ISOd anl aAnebaN
(000°001/) iayunj paisal Jou VSI13 Aq anneaq eSiouop poojq

(000°00L/) 1D%S6

wu:w_m>w‘_ﬂo‘_wm

159} |eyuswjddng

suoeuUOp JO JSqUINN

pajeadas jo JaquinN  PauUSAIdS JO JBqUINN

fy1H/9>uIn01d

euiy) ur Apoqnue z/1-A1LH Aq pauaaids suoneuop poolg | 3jqelL



Chang et al. Retrovirology (2021) 18:2

Page 5 of 11

<

Fig. 2 Distribution of HTLV seroprevalence among blood donors all over China. Different color represented different seroprevalence of HTLV
infection. Two provinces in grey, Qinghai and Tibet, didn't screen anti-HTLV-1/2 antibody during the 3 years
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made a seroconversion with the appearance of p19 1/
II antigen 85 days and 250 days after their last dona-
tion, however, we did not find HTLV proviral DNA from
these two whole blood samples. The signal to cutoff
value (S/CO) or cutoff index (COI) values of 4 screen-
ing tests between the twice results increased obviously.
While changes of S/CO or COI values from the other five

donors were inconspicuous and the confirmation result
from Donor 1442 changed to negative. Four initial inde-
terminate donors were still indeterminate after the first
follow-up.

All the HTLV-1/2 carriers tested by NCCL were
contacted to complete a more targeted questionnaire
after validation of HTLV infection. Finally, we got 13
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Table 2 Demographic characteristics of HTLV seropositive blood donors
Characteristics HTLV-1/2 positive donors (n=416, OR (95% Cl) p value
seroprevalence/100,000)
Age, year 0.091
18-25 123 (5.356) 1.000
25-35 117 (5.329) 0.995 (0.772-1.282) 0.969
36-45 110 (5.169) 0.965 (0.746-1.248) 0.786
46-55 61 (3.590) 0.670 (0493-0.911) 0.010
>55 5(5.404) 1.009 (0.413-2.647) 0.985
Sex
Male 238 (4.449) 1.000
Female 178 (5.814) 1.307 (1.076-1.587) 0.007
Previous donation history
Repeat donors 120 (3.405) 1.000
First-time donors 296 (6.057) 1.779 (1.439-2.199) <0.0001
Ethnicity
Han 398 (4.939) 1.000
Non-Han 18 (5.095) 1.032 (0.643-1.654) 0.897

questionnaires back. 10 of 13 donors were local people,
and another three were born in Heilongjiang (donated
blood in Jilin), Fujian (donated blood in Shenzhen), and
Hunan (donated blood in Shenzhen), respectively. 12 of
13 donors denied having been to any HTLV-endemic
countries, except one who had a short visiting history in
Japan. Four of 13 HTLV carriers have been to Fujian: one
stayed there for three years, another had annual short
visiting, and the information of the other two donors
was unknown. 11 of 13 donors have experienced inva-
sive procedures, such as surgery, transfusion, acupunc-
ture, or tooth washing. No epidemiological association
was found in those HTLV-1/2 carriers through targeted
questionnaires.

Discussion

HTLV-1 infection is still a neglected disease [18], and also
has not been fully recognized in China until 2016. This
study was the first nationwide multicenter large-scale
survey on the seroprevalence of HTLV infection among
Chinese blood donors. Since not all samples in all blood
establishments in China were enrolled, there may be a
statistical sampling bias in the study. Although we could
not calculate the exact seroprevalence of HTLV infec-
tion among blood donors all over China, while accord-
ing to the numbers of positive donors in different areas
in the study, the seroprevalence of most provinces was
lower than HTLV-1 prevalence in reported low-endemic
areas such as the United States, UK, and France [10, 11].
In Asia, Japan and Iran are among the high-endemic
countries [6, 19], and other regions are medium- or non-
endemic of HTLV. Our study suggested that most areas

in mainland China belong to the non-endemic area, with
a similar prevalence to Korea (7/100,000) [20] and Hong
Kong China (4.1/100,000) [21].

In the study, 14 confirmed positive donations couldn’t
be discriminated into HTLV-1 or HTLV-2. Since all other
HTLV positive donors were HTLV-1 carriers, therefore,
we presumed that these untypeable HTLV infections
were probably HTLV-1 infection, and their low titer of
HTLV antibodies led to untypeable results. According
to previous studies in China, only three HTLV-2 carriers
were found in 5480 samples, among which two HTLV-2
infections were from the high-risk group and one were
from 3548 blood donors in two blood centers from
Henan and Hubei [22], however, no further information
was provided from the study including WB strip picture
or HTLV-2 genome sequences from the three samples.
Therefore, in China, HTLV-1 is the main type of HTLV
infection among blood donors.

The HTLV prevalence all over China varies signifi-
cantly in different geographic areas. In 2019, Li et al
[23] reported the seroprevalence of HTLV-1/2 infection
(2.51/100,000, 95% CI 1.46-3.56) among 875,453 blood
donors from 20 blood centers in China and showed a
quite different prevalence in different regions of China.
Another cross-sectional study in 2005 reported a total
of 19 confirmed HTLV-1 positives among 145,293
blood donors from 13 provinces in China and found that
all these HTLV-1 carriers were from Fujian province [12].
In our study we also found that Fujian had a quite higher
prevalence of 36.240/100,000 (95% CI 31.990-41.050)
compared with other areas of mainland China, however,
it was still much lower than those in Japan, the Caribbean
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area, or Africa [5] but similar to that of Taiwan [24]. In
2015, Xie et al. [15] screened 253,855 blood donations in
Fujian from 2004 to 2013 and found 43 HTLV-1 infec-
tions with a seroprevalence of 16.9/100,000, which was
similar to our study. Except for Fujian, some regions geo-
graphically adjacent to Fujian, such as Hunan, Zhejiang,
Jiangxi, and Guangxi, and some large cities, such as Shen-
zhen and Beijing, also have relatively high HTLV preva-
lence, which might cause by population mobility. Genetic
analysis of HTLV-1 found in Fujian [15] revealed that
most of the isolates were transcontinental subtype of gen-
otype A and they shared the same but unique gp46 L55P
mutation with isolates from Japan and Taiwan, which was
not presented in other regions over the world, thus indi-
cating the origin of HTLV-1 in Fujian may be introduced
from Japan or Taiwan or they shared the same ancestor.
Besides, we found that PPVs of the repeatedly reactive
samples were higher in regions with higher seropreva-
lence of HTLV infection and different screening assays
showed different performance on samples collected from
non-epidemic areas. Two assays based on the ELISA
method (R1 and R2) showed unsatisfied positive detec-
tion rates using confirmed positive samples. Further-
more, our previous study showed remarkable different
PPVs of these four assays, varying from 21.0% (R3) to
91.7% (R1) [25]. Therefore, a special strategy should be
applied to screen samples from non-epidemic areas to
avoid both false negatives and false positives results.
From this study, compared with information from all
blood donor population [17], limited demographic data
of HTLV positive donors indicated that female was an
independent risk factor of HTLV infection. Many studies
suggested that women usually had a higher HTLV preva-
lence than men for the special male-to-female transmis-
sion route of HTLV: In Japan, the overall women-to-men
ratio of the HTLV-1 incidence density was 3.0 [26]; the
prevalence of HTLV in West Africa was 1.5% (16/1,089)
for men and 3.7% (55/1,494) for women, and female sex
was a strong risk factor of HTLV positivity [27]. More
first donors were confirmed HTLV-1/2 infection in the
study. Noteworthily, almost all blood donors including
repeat donors in China were not tested anti-HTLV-1/2
antibodies except those from Fujian province, before
this large-scale investigation. We found that in Fujian
the prevalence of first donors was threefold higher than
that of repeat donors, while the phenomenon was not
observed in other provinces. Since a few studies on the
prevalence of HTLV conducted in Fujian before 2016,
all identified positive donors before or during the study
could not donate blood anymore, which may explain the
significantly higher positive rate among first-time donors
than among repeat donors. The gradually decreasing data
from 2016 to 2018 also indicated that with more and
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more HTLV-1/2 infected donors found, the majority of
repeat donors were seronegative and that the first donors
are not a real risk for HTLV infection.

A high proportion of indeterminate results of HTLV
confirmation has always been a challenge worldwide. In
our study, among 558 donations further tested by INNO-
LIA, 120 were seroindeterminate. Previous studies
reported different rates of seroconversion of indetermi-
nate donations. Martins et al. [28] made a 4-year follow-
up of 60 blood donors with a WB-indeterminate result
and found that 12 cases (12/60, 20%) finally showed sero-
conversion and 48 donations were false-positive by the
first test. In HTLV-endemic areas, such as Zaire or Cen-
tral Africa, the true positive rate of HTLV-indeterminate
donors was as high as 68% and 65.56%, respectively [29,
30]. However, in non-endemic areas the positive rate
decreased to 8.2% according to a Japan study [31]. There-
fore, the PCR method was involved in identifying the true
status of one with indeterminate HTLV results by a con-
firmatory test. Whereas, Busch et al. [32] found that only
six (1.4%) of 425 HTLV indeterminate specimens could
be confirmed by PCR, which is similar to our results that
we found no PCR-positives among all the indetermi-
nate samples. In the present study, through follow-up,
we finally found two seroindeterminate donors realized
seroconversion 85 days and 250 days after their last dona-
tions. Four cases remained an indeterminate result after
126-302 days and we recommended these donors to be
deferred temporally and continue to be followed due
to the evidence that low proviral load and mutations of
HTLV-1 genome may lead to a seroindeterminate result
of confirmatory test and this situation may last for a long
time [31, 33]. Besides, false indeterminate results should
not be ignored. Therefore, a follow-up strategy is of great
necessity in low-epidemic areas.

There were several limitations in the study. First of all,
due to the large population of donors in China, we could
not use a consistency algorithm in the HTLV antibody
testing across all of the blood establishments. Therefore,
in the study three initial screening assays and two differ-
ent confirmatory assays were involved, which may influ-
ence the true seroprevalence of HTLV-1/2 infection in
different regions of China. Secondly, the seroprevalence
of our study was derived from data among healthy blood
donors, which is a specific population that may have dif-
ferent demographic characteristics to the general popula-
tion. And due to the limitation of the study population,
the seroprevalence of children, teenagers, or the old peo-
ple (aged>=60 years old) were unable to be estimated
from this study. In the third, only a few donors with inde-
terminate results and confirmed donors were success-
fully followed. The true infection status of the others was
unknown. In addition, since this study was based on the
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investigation of seroprevalence of HTLV-1/2 infection,
not all the initial positive samples were tested HTLV-1/2
proviral DNA by PCR method, and we did not get the
HTLV sequence of the confirmed positive samples either.
Therefore, we couldn’t analyze the origin of the virus
among blood donors in China.

Conclusions

In summary, the HTLV prevalence of most areas among
blood donors in China is as low as other non-endemic
countries or areas. The prevalence varies significantly
in different geographic areas all over China and Fujian
has a higher prevalence compared with other areas.
Screening anti-HTLV-1/2 antibody and follow-up of
serointederminate donors are essential to ensure blood
safety, especially in areas where we have found HTLV
infected donors. Strategy on screening and confirmation
of HTLV infection in Chinese blood donors should be
made and applied especially in some provinces with high
prevalence.

Methods

Study population

From 2016 to 2018, blood donations from 155 blood
establishments all over mainland China except Qing-
hai and Tibet screened HTLV-1/2 antibody after rou-
tinely tested viral markers of Hepatitis B virus, Hepatitis
C virus, Human immunodeficiency virus, and syphilis,
among which all donations were tested in Fujian, Guang-
dong and Zhejiang province and no less than 10% of
donations from other areas were tested anti-HTLV-1/2
antibody. All donors should meet the basic requirements
of blood donation in China. The legal age for blood dona-
tion in China is from 18 years old to 55 years old. If repeat
donors pass the physical examination, they could donate
until 60 years old, or even 65 years old in some regions.
All the blood donors who donated samples several times
were counted as one case in the study. Donors who were
confirmed infection of HTLV-1/2 before or during the
study would not donate blood anymore.

Serologic testing

Blood samples from each blood donor were screened
HTLV-1/2 antibody using one of three ELISA assays:
Wantai HTLV-1/2 antibody ELISA kits (Wantai BioP-
harm, China), Murex HTLV I+1I (Diasorin S.p.A.,
UK), and Foresight HTLV-1/2 antibody ELISA kits
(Acon Biotech, China), which all detect both HTLV-1
and HTLV-2 antibody. All these three assays were
based on a double-antigen sandwich method and
approved by China National Medical Products Admin-
istration (NMPA). Any initial reactive samples should
be retested twice by the same screening assay and those
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repeatedly reactive samples were sent to confirmatory
lab to be further tested. During the period for confirm-
atory testing, the blood donors could not donated their
blood until the confirmatory testing results came out.

Samples from Fujian, Guangdong (except Shenz-
hen), and Zhejiang province were confirmed in one of
blood centers in each province (Xiamen Blood Center,
Guangzhou Blood Center, and Blood Center of Zheji-
ang Province) using MP HTLV Blot 2.4 (MP Biomedi-
cals, Singapore). HTLV-I viral proteins, derived from
native, inactivated viral lysate and HTLV-I/II geneti-
cally engineered proteins were incorporated into the
strips. Five antigens, rgp46-I, rgp46-1I, GD21, pl9,
and p24 were used to confirm the presence of anti-
HTLV-1/2 antibody.

In other areas, all screening reactive samples were
further tested in the National Center for Clinical Labo-
ratories (NCCL). Four different serologic assays were
performed on one sample simultaneously. Among them
two were ELISA assays: Avioq HTLV-I/II Microelisa
System (abbreviated as R1, Avioq, North Carolina) and
Murex HTLV I+1I (R2, Diasorin S.p.A., UK). The other
were based on electro-chemiluminescent or chemilu-
minescent method: Elecsys HTLV-I/II (R3, Roche Diag-
nostics, Germany) and Lumipulse G HTLV-I/II (R4,
Fujirebio, Japan). Any reactive sample tested by any
of the four assays above were confirmed and discrimi-
nated by Innogenetics line immunoassay (INNO-LIA
HTLV I/II Score, Fujirebio, Japan). Two gag antigens
(p19 I/II and p24 I/II) and two env antigens (gp46 I/11
and gp21 I/II) were applied as non-type specific anti-
gens to confirm the presence of anti-HTLV I/II. Three
type-specific antigens, gag p19-1, env gp46-1, and env
gp46-11 were aimed to differentiate between HTLV-1
and HTLV-2 infections. All the assays using for sup-
plemental tests were approved by the Food and Drug
Administration (FDA) or the Conformite Europeenne
(CE) and operated strictly according to the manufac-
tures’ instructions. All the HTLV-1/2 antibody assays
used in the study were summarized in Table 4.

Quantitative PCR

All the indeterminate donations were tested proviral
DNA by an in-house real-time PCR method based on
Tagman probe targeting HTLV-1 pol region [33]. Total
DNA was extracted from 200 pl of whole blood of each
indeterminate sample using Tiangen Magnetic Blood
Genomic DNA Kit (Tiangen Biotech, China). Approxi-
mate 1 pg of total DNA was used in the real-time PCR
mixture. The RPPH1 gene was amplified as an internal
control. The detection limit of the qPCR method was 2.5
copies per 10,000 peripheral blood mononuclear cells.
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Table 4 HTLV-1/2 antibody assays used in the study
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Assay type

Used antigens

Classification

Assay Manufacturer

Wantai HTLV-1/2 antibody Wantai BioPharm, China
ELISA kits

Foresight HTLV-1/2 antibody  Acon Biotech, China
ELISA kits

Murex HTLV 1411 kits Diasorin S.p.A,, UK

Aviog HTLV-I/Il Microelisa
System

Avioq, North Carolina,
United State

Elecsys HTLV-I/II Roche Diagnostics, Germany
Lumipulse G HTLV-I/II Fujirebio, Japan

MP HTLV Blot 2.4 MP Biomedicals, Singapore

INNO-LIA HTLV I/1l Score Fujirebio, Japan

Double-antigen sandwich
ELISA

Double-antigen sandwich
ELISA

Double-antigen sandwich
ELISA

Double-antigen sandwich
ELISA

Electro-chemiluminescent
(ECLIA)

Chemiluminescent (CLIA)

Western Blot (WB)

Line immunoassay

Viral recombinant antigens
gp21

Viral recombinant antigens
gp21 and gp46

Synthetic env peptides of
HTLV-1 and HTLV-2 and
recombinant gag protein
gp41 of HTLV-2

Viral antigens (purified viral
lysate) and recombinant
HTLV-1 p21E antigen

Viral recombinant antigens
gp21 and p24

Recombinant antigens p19
I/Il, p241/11, and gp21 |

Recombinant HTLV-1/2
antigens and HTLV-1 viral
lysate

Recombinant antigens p19
I/1l, p24 /11, gp46 I/1l, and

Screening assay in blood
establishments

Screening assay in blood
establishments

Screening assay in blood
establishments; sup-
plemental testing assay
in NCCL

Supplemental testing assay
in NCCL

Supplemental testing assay
in NCCL

Supplemental testing assay
in NCCL

Confirmatory testing assay
in Fujian, Guangdong and
Zhejiang

Confirmatory testing assay
in NCCL

gp21 /Il

Follow-up of blood donors

All the information of donor’s age, sex, ethnicity, and
donation history were collected from the laboratory sys-
tem. Donors confirmed positive in NCCL were contacted
by staff in blood establishments to complete a further
targeted questionnaire. Donors confirmed indeterminate
in NCCL were followed once more than 2 months after
their last donation.

Statistical analysis

Logistic regression analysis was used to investigate the
role of individual demographic factors on the outcome
of HTLV infections using SPSS version 21.0 (IBM Corp.,
Armonk, NY, USA). p<0.05 was considered statistically
significant.
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