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Molecular epidemiologic stddy of a human immunodeficiency
virus 1 outbreak in haemophiliacs B infected through clotting
factor 9 after 1990
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Background and Objectives Twenty haemophiliacs were diagnosed as infected with
human immunodeficiency virus 1 (HIV-1), I to 2 years after exposure o clotting factor
9 manufactured in Kerea, beginning in early 1990. This study assessed the genetic
relationships between viruses found in plasma donors and haemophiliacs.

.Materials and Methods Sequencing of the nefand pol genes of viruses from infected
haemophiliacs, plasma donors whose plasma was used in domestic clotting factor
manufacture, haemophiliacs infected outside Korea, and local controls were determined
by nested polymerase chain reactions and direct DNA sequencing. Phylogenetic
analysis was used to investigate the relationships among the sequences,

Results Both plasma donors and the haemophiliacs were infected with a subclade of
subtype B that is a founder effect Jineage in Korea.

Conclusion Our data indicate that HIV-1 transmission to 20 haemophiliacs occurred
through intravenous injection of Korean-made clotting factor

Summary A clotting factor made in Korea from blood from cash-paid donors infected
at Jeast 20 haemophiliacs with HIV-1 subtype B.

Key words: domestic clotting factor 9, haemophiliacs, HIV-1, nef gene, phylogenetic
analysis, plasma, pol gene.
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of HIV-1 DNA sequences is a powerful tool for identifying
closely related viral strains and allowing the inference of
transmission beiween individuals. Many previous studies
have used phylogenetic methods to examine suspected or known
viral transmission events [1-5]. There are also geographic
variations in HIV-1 sequences that may be of scientific use.
By comparison to the worldwide sequences, it was found that
Korean subtype B {KSB) HIV-1 sequences are quite distinct
{6-11], indicating a strong founder effect, with the founding
event(s} occurring in the Jate 1980s.

Prior to 1990, Korean patients suffering from haemophilia
B (HP B) were treated with imported clotting factor ¢ and
other blood products. Domestic clotting factor 9 fDCF}, pro-

Introduction

One consequence of the rapid rate of human immunodefi-
ciency virus 1 (HIV-1) mutation is that phylogenetic analysis

Correspondence; Young K Cho, Department of Microtiology, University of
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duced by a non-heat inactivation processing, was supplied
to almost a1} Korean HP B beginning in early 1990. Before
exposure to DCF through inhavenous injection, 18 of the 23 HPs
were screened and found to be seronegative for anti~-HIV-1
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antibodies. Except HP-21 who were diagnosed in 1987,
between 1990 and 1994, 22 Korean HPs (19 HP B and 3 HP
A) were diagnosed Wwith HIV-1 ‘infection after exposure to
DCF. At the time-of these diagnoses, there were.122 HP B
registered at the Korea Haemophilia Clinic (seropositive rate
15-6%). ’

In this study, we performed fusther investigations of the 20
HIV-i-infected HP B and 3 HIV-1-infected HP A patients
mentioned above, including a single HP B diagnosed in 1987
prior {o receiving DCF, and two HP B who received dotting
. factors manufactured outside Korea. Considering the very
low prevalence of HIV-1 in Korea {251 cases out of a popu-
lation size of 47 million as of December 1992}, the increased
prevalence of HIV-1 cases occurring after 1990 within the
122 HP B was very unusual, especially compared to the very
low prevalence of seropositives {jess than 15 per million)
among local blood donors [12]. This large cluster of HIV-)
cases within the haemophilia population prompted the
Center for AIDS Research, Korean National Institute of
Health, to form an investigation committee to examine this
issue.

Before the first anti-HIV-1 antibody testing of HPs
registering at the Korea Haemophilia Clinic, 16 of those
patients had received transfusions (> 785 units in total, in
Table 1). Despite multiple transfusions, they were free of
HIV-1 infection until they began to inject DCF, after which
time they were rarely transfused {a total 16 units in two
HPs}. Thus, it seems unlikely that these patients were infected
with HIV-1 through transfusion. Interestingly, the only
other similar outbreak was seen from 1989 to 1990 in
Germany, where 9 of 48 HPs (18-8%) treated with a single
contaminated batch of clotting factor ¢ were infected with
HIV-1[13).

Here, we investigated whether there is a genetic association

between the Korean HIV-1-infected HPs and HIV-1-infected

plasma donors who are known to have seroconverted a
short time after donating plasma that was used to make
DCF.

Patients and methods

Twenty-three HIV-1-infected haemophiliacs

HPs 1-20 were diagnosed with HIV-1 infection between 1990
and 1994, HP 21 was infected with HIV-1 by imported factor
9 prior to 1987, and was diagnosed in 1987. Two other HP's
{nos 22 and 23) were diagnosed in 1991 and 1994, but they
had lived outside Korea for a prolonged period {Table 1). Two
other HIV-1-infected Korean HPs were not included from this
study, as one was infected with HIV-1 abroad prior to 1987,
and the other was infected through mother-to-child trans-
mission. Informed written consent was obtained from all
living study participants.

Cash-paid plasma donors

In the late 1980s, cash-paid plasma collection occurred at
domestic plasma centres run by Company X, which manufac-
tures various blood products, including clotting factors. At
these centres, four HIV-1-seropositive homosexual donors 0,
P, Q and R were detected duriog primary infection (Table 2).
The last four plasma units (drawn on 30 November and 8, 20

- and 23 December 1989) from donor O were withdrawn, but

the prior 75 units had already been used for manufactaring
_various blood products. Because of the window period between
infection and seroconversion, at least four units (drawn on 4,
10, 13 and 16 October 1989) were not safe, Between 3 January
1990 and 26 March 1990, 21 units of plasma were taken from
donar P. Three units of plasma {taken on 20 and 23 January
and 2 March 1990) from donor P were used to produce DCF
according to the manufacturar’s report. Two units of plasma
were taken from donor ¢ on 29 January and 6 February 1992.
Plasma from donor R was taken nine times between & April
1992 and 8 .June 1992. Except for last two units, seven units
were used for manufacturing blood products. In addition,
donors O and R were also infected with hepatitis C virus (HCV)
on at least 13 March 1951 and 16 March 1993, respectively.

Sequencing of the nefand pol genes

Peripheral blood mononuclear celis (PBMC} from 23 HPs and
three donors {0, P and ) were obtained between 1991 and
2003. To amplify proviral nef sequences from the PBMC,
nested polymerase chain reactions (PCR) were used as previ-
ously described [7]. In cases that were negative for the nested
PCR, a second set of nested primers was applied. The primers
used were as follows: first PCR, CE21 (forward) and CE22
{reverse); second PCR, primer Nef5'5 and LTR3' [14], The PCR
products were purified and uvsed for direct sequencing. We
determined the nef gene sequence at least two different times
in each HP sample except HP 15. We ruled out PCR contam-
ination by physical separation of cach PCR procedure,
inclusion of negative controls, sLast search, and phylogenetic
analysis. To amplify partial pol sequences from PBMC, a nested
PCR was employed as described in our previous studies.[11,15).

nefand pol sequence data

The GenBank accession numbers for the nefsequences from
the donors and HPs are AY121450, AY221654, AY12145],
AY260770, AY584756-AY584759, AYB99339 and AYB99340
from donor O; AF063929, AY363309 and AY363310 from
donor P; AFD63918 from donor Q; AF063523 and AY363311
from HP 1; AF063928 and Z98020 from HP 2; AY221675-
AY221715 and AY260771-AY260791 from the other HPs. The
local nef sequences from non-HPs, which were used for com-
parison purposes, could be found under the following accession

© 2006 Blackwel] Publishing Ltd. Vor Sanguinis {2007) 92, 113-120
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Table 1 Summary on 23 HiV-1 infected Korean haemophiliacs

Age at HIV Deficient Negative for Ox of HIV Time on the CD4+ T eell
Haemophitiacs diagnosis factor anti-HV antibody infection Total number of biood transfusion® {unit} first use of BCF {the caritest)
20 haemophiliacs infected with Korean subclade 8 of HIV-1 subtype B
1 9 9 April 1930 26 November 1990 Not available {death in 1994) Early 1930 §55in 1951
2 14 g No data 21 February 1991 33 from February 1986 to March 1989 May 1990 629 in 1991
3 n 9 21 February 1951 1 April 1991 3 before 1983 and 53 from 1988 to 1990 May 1990 576 in 1991
4 ] 8 No data 24 August 1991 1 in August 1987 Not available 826 in 1994
5 1t g 28 February 1881 13 January 1852 155 {127 from 1981 to 1988 and 28 in 1589) February 1991 554 in 1992
6 4 9 9 May 1989/25 February 1991 20 January 1992 - 90 from September 1988 to & December 14 March 1891 771in 1992
1990 (death in 1998}
7 7 g 27 February 1991 21 Janua?y 1992 265 from 1 August 1987 to 23 January 1991 1 May 1990 804 in 1952
8 19 g 10 June 198919 April 1991 15 February 1992 16 from Jute 1989 t0 September 1990 April 1991 241 in 1092
9 23 9 27 February 1991 25 February 1992 S in Mar 1989 and 3 in 6 Aprit 1991 7 March 1993 589 in 1993
1] 2 8 No data 26 March 1992 56 from March 1990 to September 1980 September 1990 336 in 1993
and 4 In March 1992
n 5 9 28 February 1590/14 March 1981 29 February 1992 4 from March 1989 to October 1989 16 April 1901 966 in 1992
12 23 a 6 March 1991 25 February 1992 4in 1987 and 4 in 1983 March 1991 767 In 1992
13 n 25 February 1991 29 February 1992 3in March 1987 7 March 1987111 446G in 1992
January 1991
14 35 9 20 October 1989/22 February 1991 19 February 1592 24 in Qctober 24 to October 28, 1989 February 1991 420 in 1992
15 16 9 21 February 1991 16 September 1992 1in 1989 March 1991 507 in 1996
16 22 [ 14 March 1991 5 December 1992 30 from September 1988 to October 1588 ' 14 March 1891 315in 1992
17 4 ] 27 February 1991 2% February 1993 30 to Janwary 1931 16 February 1991 512 in 1993
18 35 [: 3 1 July 1991 2 March 1993 Many before February 1988, 2 in March 2 April 198810 173in 1993
1988, and 12 in November 1991 September 1983
19 13 9 5 March 1991}2 March 1952 26 July 1933 0 ) 5March 1991 425in 1996
20 39 8 27 February 1991 4 August 1994 0 (use of six vials of DCF instead of factor 8) 25 February 1991 234in 1994
3 haemophiliacs infected with nt;n-Korean subclade B of HIV-1 subtypé B
2 9 ] No data 3 August 1987 Used clotting factors imported from USA " 1980 627 in 1987
22 35 9 No data 27 March 1993 41in January 1987, lived In USA in 1968 1990 527in 1991
23 0 3 No data 13 October 1994 Octaber 1994 561 in 1956

Lived in Iran Fer 10 years since birth

*Blood transfusion includes Frash frozen plasma, cryoprecipitates, and so on, Haemophilfacs 13 and 18 were also exposed to DCF which was manufactured in 1987. Dx, diagnosis; DCF, demestic clotting factor 9.

gL g sympydemaey m yeaiqme (-ALH

£00-L00ZHNHY -



116 Y.K.Choefal

Table 2 Summary on the four HIV-1 infected cosh-peid plasma donors and domestic clotting factor (BCF)

Plasma Age at HIV FPeriod of plasma itnit of plasma Last negative for Diagnosis of
donor diagnosis donation at Company X donation anti-HIV anfibody HIV infection

0 27 5 January 1988 to 23 December 1989 83 16 October 1989 30 November 1989
P 30 3 January 1330 to 26 March 1850 19 15 March 1950 30 March 1930
DCF has been manufactured from late 1989 in Company X

a 32 2% January 1992 to 6 February 1982 29 Jarsary 1992 6 February 1992

R 22 g 30 May 1992 3 June 1992

6 April 1892 to B June 1332

numbers: AF462701-AF462767, AY121449-AY 121471,
AY363309-AY363369 and AY584754-AYS5B4808.

The GenBank accession numbers for the 532 pol sequences
from the donors, HPs and local sequences from non-fiPs
are as follows: AY585687 and AF407364 from donor O,
AY347694 from donor P, AY347690 from HP 1, AY 166460~
AY166503, AY2195009-AY219031, AY347683-AY347709,
AY392099-AY392125 and AY731184-AY731229 for ofher
HPs and local controls.

Phylogenetic analysis

‘The sequences described in the current study were aligned to
the HIV-} subtype reference set from the HIV Sequence Data-
base [http:/fhiv-web.lanl.gov/content/hiv-db/Subtype_REFf
alignitml} and phylogenetic trees were built using the prvup
pruatisy [F84 model, Ts : Tv 1-7) and NeiGHsoUR programs. Trees
built using the maximum parsimony method in paup produced
identical trees with regard to which sequences fell within KSB
within HIV-1 subtype B.

Results

Characteristics of haemophiliacs

Seventeen of 20 HPs {excluding nos 2, 4 and 10) screened
negative for HIV-1 antibody just before they were adminis-
tered {Table 1). The test was mainly performed by the Korea
Haemophilia Clinic using an internationally marketed ELISA
kit manufactured by Company X. In addition, four of the HPs
{nos &, 8,11 and 14} tested negative for HIV-1 antibody at
other university hospitals 1-2 years before using DCF, This
group was mainly treated with imported factors prior to the
inception of domestic DCF production {officially 12 December
1989, although 154 vials were produced in 1986},

Molecular epidemiologic data from the nefgene

~ Phylogenetic analysis revealed that 20 of the HPs (ros 1-20)

and the three plasma donors (0, P and Q) were infected with
KSB HIV-1, whereas the three HPs (nos 21-23) infected
abroad were infected with non-KSB HIV-1. HPs 1-4 were the

first cases among 20 HPs infected with the KSB (Fig. 1). As
expected from the time period between seroconversion and
sampling for DNA sequencing for this study, intrapatient
DNA sequence identity among the HPs who had progressed
to AIDS {HPs 3, 5, 16 and 21} was less than 95%. In contrast,
in patients whose CD4+ T cell count maintained a steady state,
such as HPs 7 (98-7%), 8 {95-1%), 13 (97-8%), 14 (96-6%), 19
{96-4%) and 22 {96:2%), sequence jdentities were > 95% after
7-9 years of infection.

Molecular epidemiologic data from the pol gene

We determined pol sequences from donoer O (957 bp:
AY585687), donor P (543 bp: AY347694, derived from
September 1993}, and 292 local control sequences from 107

local patients not known to have sold plasma for DCF .

production. In a phylogenetic tiee including 23 domestic pol
sequences (> 957 bp), sequences from eight HPs strongly
clustered around those of donor O without the embedding of
other local sequences (Fig. 2), and sequences from 10 HPs
also strongly clustered. Although we could not include pol
sequences from donor P in this phylogenetic tree or for com-
parison of sequence identities due to small fragment size of
543 bp, seguences from 10 HPs were clustered without an
embedding of other local sequences in the lower cluster.

In regard to the frequency of the specific amino acid
reverse transcriptase {RT} codons in KSB sequences, 1135V,
1202V, and R211K were detected in four, 5ix and six of 45 local
control patients (including two cash-paid plasma donors),
respectively (Table 3). In contrast, the 20 HPs showed signifi-
cantly higher frequencies of these three codons, in a manner
consistent with their occurrence in thettwe cash-paid plasma
donors. Specifically, two RT sequences from donor O showed
1202V but not 1135V and R211K, whereas those of donor P
showed 1135V {sequences after codon 190 were not deter-
mined). The frequencies of 1135V, 1202V and R211K (9, 9 and
12, respectively, based on the earliest sequences from each
patient} were significantly higher in the 20 HPs than in the

45 loeal control patients [P < 0-01 by Student’s r-test for all.

three codons) {Table 3). This finding also supports the epide-
miological linkage for the transmission of HIV-1 from two
plasma donors to at least 17 HPs.

© 2006 Blackwell Publishing Ltd. Vor Sanguinis (2007} 92, 113-120
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Table 3 Frequency of specific amino acids in reverse transcriptase (RT) of
haemophiliacs is statistically significantly higher then those in 45 loral
HIV-1 with Korean subtype B

Reverse transcriptase codons (consensus}

Codon Codon Codon
Haemophiliacs 135 fle 202l 21 Amg GenBank no.
Donor P Val No data No data AY347694
s Val, -Vl lys, AF273134
12 Val, 5 Lys, Rrzisoi?
13 Val, al, fiys, AY166480
15 Vi, 4 Lys, AY347701
17 val, 9 tys, AY219021
19 Val, 4 Lys, AY219023
20 val, 5 Lys, AY219024
4 Val /. 3 Lys, AF273198
% vall. -, s, AY352120
7 7 7 Lys, AF448137
n s 3 Lys, AY219020
] hewy ¢ Lys, AY347699
Donor 0 - vat, o AF273180
1 - Val, 4 AY347698
2 . Val, . AF44B135
3 " et -4y, AF273188
4 3 Val, s AY219015
g . Vai, - AY213016
] 5 val, - AF481437
10 oy Vat, o AY215012
i8 g Val,, 7 AY166489

Number in subseript means times sequenced in each patient. Adot "'
indicates identity to the consensus for this codon.

Discussion

In this stady, we found that 20 of 23 Korean HPs were
infected with KSB HIV-1. Our investigation of molecular
epidemiclogy rules out foreign imported factor 9 zs the cause
of infection in the 20 HPs and indicates that DCF is the most
probable causative factor for this HIV-1 outbreak. This is fur-
ther supporied by medical record evidence that shows that all
20 HIV-1-infected HP with KSB were exposed to the same
DCE. This was manufactured from plasma including dona-
tions of plasma from donors O and P collected a relatively
short time prior to their documented seroconversion dates.
Eighteen of the 23 HIV-I-infected HPs had tested HIV-1
seronegative at the beginning of DCF therapy, but became
seropositive within 2 years of using DCF. Second, more than
50% of the HPs were sexually inactive at the time of diagnosis.
Third, in a case-control study taken as one arm, there were'
statistical associations between six lots of DCF and HIV-1
infection in HPs described in a report from an investigative
committee {April 2004). Fourth, the prevalence of HIV-1

© 2006 Blackwell Publishing Lid. Vor Sanguinis (2007] 92, 113-120

infection in the general popuylation was very low at the time
of the outbreak. A similar overseas study [6] also showed that
only a portion of HPs exposed to contaminaied clotting
factor 9 developed HIV-1 infection.

Despite the 7-10 years time lag between the outbreak in
1991-1992 and our sampling in 1996-2002, our data show
that the sequences from 20 HPs were most closely related
with those from two plasma donors. Taken together, both the
epidemiological data and this molecalar data support the
conclusion that HIV-1 transmission to most of the infected
Korean HFPs occurred from a common source, which is the
intravenous -injection of DCF, rather than transfusions or
imported clotting factors. -

DNA sequences and sequence analysis can indicate that
virus transmission is likely to have occumed between one
person and another. Howevey, other relevant epidemiclogical
information related to such cases must always be used in
concert with the molecniar epidemiology data. In this case, it
is the combination of records providing the dates of cash-paid
plasma donations, plus records providing the serotonversion
dates of the donors and HPs, together with the molecular data
establish the near certainty that the HPs were infected via the
clotting factor. Even taken together, these data cannot prove
that any ene or more of these donors was the cause of the HP
infections. It is possible that each HP received some virus from
both donors, and also possible that doner Q or other, as yet
unidentified donors also contributed to this problem. The
only strong linkage is between the DCF product and this
group of HPs. The individual cases, such as some HPs having
sequences slightly closer to sequences from donor O and
others having sequences slightly closer to donor P, are not
highly significant. We do not have enough information about
pooling of plasma donations and production sizes of batches
of DCF to know if it is likely or possible that each of the HPs
would have been exposed to virus from only one donororto a
combination of viruses from more than one donor.

Regarding the DCF manufacturing technique, Company X
empioyed a solvent/detergent {iri-n-butylphosphate/Tween
80} technique adapted from the New York Blood Center
(NYBC), with no heat treatment. After reporting a series of
FIV-1 cases in US HPs, several improvements were imple-
mented according to an investigator from NYBC. During an
in-house audit of the Company X's manufacturing facility
and processing as part of the activity of the investigation
committee, a specialist from the NYBC noted that ‘several
improvements in processing were instituted jn-mid-1991,
incloding use of a double signature addition, filtration just
prior to solventf/detergent addition, and dilution to preset
protein concentration” (Horowitz B: solvent/detergent usage
by the Company X-summary of technology transfer and 2-
day site visit. Report signed on 1 June 1993}, This mid-1991
time point was after the detection of the first cases of
infection in this cohort {in HPs 1, 2, 3 and 4}. Still no heat
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treatment that has been shown to inactivate retroviruses
[16,17] was used.

Korean subtype B seguences were first detected in homo-
sexual Korean HIV-1 patients diagnosed in 1989 [7-11). Our
previous studies {7-11] showed that the KSB sequences
represent a subclade of global subtype B, indicating 2 founder
effect. All KSB sequences were found among domestic-residing
homosexnals who did not have sexual contact with foreigners.
In contrast, Korean patients infected with non-KSB HIV-1
had sexual contact with US army soldiers in Korea in the late
1980s or had visited the USA, whereas overseas sailors who
had visited foreign countries and their spouses showed
various subtypes according to their epidemiological history
[7-11]. A tota) of 128 HIV-i-infected patients {1 in 1985, 4
in 1986, 9 in 1987, 22 in 1988, 37 in 1983 and 54 in 1990}
were diagnosed in Korea before 1991, Based on epidemiolog-
ical data, 37 of those were presumed ta be infected with KSB
and 91 with non-KSB including 59 overseas sailors, five of
their wives, and 10 prostituies who had worked next 1o US
‘military camps in Korea.

In conclusion, the nef and pol sequences from donors O
and P showed higher DNA sequence identities with those
from the tested HPs than with local sequences from Korean
seropositive individuals including homosexuals diagnosed
with KSB HIV-1 infection before 1991. These data coincide with
the clinical and medical records, and together indicate that
HIV-1 transmission to 20 HPs occurred through IV injection
of DCF rather than transfusions oy imported clotting factors.
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