41

9- ] o |

N AN

1 BN [%§ ' Seow
;% 5 Z§ Z§ /) cD4 500200
£ 4 %§ % § F N CD4 <200

. N N |

£ E 1

Figuregy HIV-1 viral RNA copy number quantified by dot blot hybridization in
relation with blood CD4 lymphocyte count.

The relationship of blood CD4+ lymphocyte count and HIV-1 viral RNA copy
number in plasma and genital fluid samples from infected couples were studied.
Blood CD4 lymphocyte count was classified in to 3 groups. In both plasma and
genital fluid samples, the lowest mean RNA copy number of 7.7 log and 7 log,

respectively was found in CD4 >500 cells/mm’group.
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Figuresb HIV-1 viral RNA copy number quantified by ROCHE AMPLICOR
HIV-1 MONITOR Test in relation with blood CD4 lymphocyte count.

The relationship of blood CD4+ lymphocyte count and HIV-1 viral RNA copy
number in plasma and genital fluid samples from infected couples were studied. The
lowest mean viral RNA copy number of 4.0 log RNA in plasma sample was found in
CD4 >500 cells/mm’ group while the lowest viral RNA copy number of 3.5 log was
found in CD4 < 200 cells/mm”.
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Fig. sInfectivity assay of HIV-1 isolates in primary maccrophage
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Shedding of HIV-1 Subtype E iI:l Semen and Cervico-
Vaginal Fluid

RUENGPUNG SUTTHENT, M.D., Ph.D.¥, PONGSAKDI CHAISILWATTANA, M.D.**,
ANUVAT ROONGPISUTHIPONG, M.D.**, PIYANOT WIRACHSILP, B.Sc.*,

KWONCHID SAMRANGSARP, B.Sc.*, PATTRAWAN CHAIYAKUL, B.N.***,
PILAIPAN PUTHAVATHANA, Ph.D.*, CHANTAPONG WASI, M.D.*
Abstract

The uneven expansion of HIV-1 subtypes in each transmitted group raises the possibility
that some viruses have less/more potential by qualitative/quantitative for heterosexual transmission
compared to others. In Thailand, HIV-1 subtype E is mainly spread via heterosexual route and
accounts for about 95 per cent of the infected cases. To determine whether high sexual infectivity
of HIV-1 subtype E is due to the presence of a virus in genital fluid, we conducted a study to cha-
racterize shedding of HIV-1 in seminal and cervico-vaginal fluids of 30 HIV-! subtype E infected
Thai couples by PCR and virus isolation methods. All subjects had no HIV-associated diseases
and other sexually transmitted diseases. HIV-1 subtype E DNA was detected in 22/30 (77.33%) of
cervico-vaginal and also 22/30 (77.33%) of seminal fluid samples. The isolation rate of HIV-1
from semen and cervico-vaginal secretion was 36.67 per cent and 16.67 per cent, respectively.
Number of HIV-1 subtype E DNA copies in the blood is reversely comrelated with the number
of blood CD4+ T cells, while that in genital fluid was not related t¢ CD4+ T cell count. An
increase in shedding of HIV- DNA subtype E in female genital tract compared to other HIV
subtypes reported by other investigators might be one reason 1o explain the rapid spread of subtype
E by heterosexual transmission in Thailand.

There are three patterns of human immu-  II, heterosexual transmission by sexual contact;
nodeficiency virus type I (HIV-1) transmission; pattern III, mother-to-child route 1.2}, Heterosexual
pattern I, homosexual and injecting drug user iransmission has accounted for about 75 per cent
groups by exchanging contaminated blood; pattern  of HIV-1 infected cases worldwide(3). More than

* Departments of Microbiology,
** Departments of Obstetrics-Gynecology,
*** Departments of Nursing, Faculty of Medicine, Siriraj Hospital, Mahidol University, Bangkok 10700, Thailand.
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90 per cent of HIV-1 infection in developing coun-
tries like Thailand is transmitted via pattern II,
while, pattern I transmission has been far more
common than pattern Il in western countries.
Hence, there are epidemiological differences in
sexual HIV-1 transmission observed in developing
countries compared with the developed ones.

HIV-1 subtypes or clades have been
classified according to HIV env and gag gene
sequences obtained from about 669 strains world-
wide and designated as A-H and O, Subtype E
accounts for only 10 per cent of HIV-1 strains
tsolated worldwide but more than 90 per cent of
them are present in Thailand. Approximately 95
per cent of heterosexually acquired cases in Thai-
land are B subtype, although the B subtype used
to be a more common genotype among injecting
drug users(3). In Thailand, the segregration of
HIV-1 subtype B and E by mode of transmission
was demonstrated.

Some preliminary data suggested that
among HIV-1, some clades may differ in their
transmissibility and virtlence as well. There is
also evidence from motber-infant pairs suggesting
selective transmission of certain maternal HIV-1
variants, and also suggestive evidence for dif-
ferential transmissibility of two different subtypes
through sexual contact(6:7). In Thailand, the risk of
infection to a male per sexual encounter with an
infected female is 10-fold higher than that occurr-
ing in the US.A. 3% & 0.3%)3). The uneven
expansion of HIV-1 subtypes in each transmitted
group raises the possibility that some viruses have
less/more potential by qualitative/quantitative for
heterosexual transmission compared to others. Pre-
liminary in vitro findings suggested that HIV-1
subtype E from heterosexual Thais can grow more
efficiently in Langerhans cells than subtype B
from homosexual Americans(®). HIV-1 subtypes
may have differing sexual infectivity related to the
level of viremia, cell wopism, presence of virus in
genital fluid and related sexually tramsmitted
diseases. The prevalence of HIV-1 subtype B in
seminal and cervico-vaginal fluids, reported by
other investigators, was 70-80 per cent and 30-50
per cent, rcpocﬁvcly(lo‘14).

To compare the detection of HIV-1 sub-
type E in %?nital fluid with those reported on
subtype BUV-14) we made a cross-sectional study
of 30 asymptomatic HIV-1 subtype E infected
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couples (husband-wife pairs) who attended Siriraj
Hospital, Bangkok, Thailand. The prevalence of
HIV-1 subtype E in genital fluids detected by PCR
and cocultivation methods and the correlation
between amount of proviral DNA in blood and
number of CD4+ T cell were determined in this
study.

MATERIAL AND METHOD
Subjects

Thirty HIV-1 seropositive women, in the
age range of 18-37 years, attending Siriraj Hos-
pital, Bangkok underwent an interview with written
consent, physical examination including pelvic
examination, STD screening, and CD4 lymphocyte
count. None of the subjects in this study had
HIV-associated discases. The exclusion criteria
were STD, genital ulcer, or bleeding in the vaginal
canal. Cervico-vaginal (C-V) secretions were
collected by a swab at the endocervix and the
vaginal walls and the swab was placed into § ml
of RPMI 1640 medium in a sterile tube. Ten milli-
litres of clotted and EDTA blood were collected for
HIV serological assay and virus isolation by cul-
ture and polymerase chain reaction (PCR).

Husbands of seropositive women, in the
age range of 21-40 years, attending the clinic were
also enrolled with HIV seropositivity. All husbands
underwent an interview with written consent, phy-
sical examination, and collection of donated EDTA
blood and semen specimens achieved by mastur-
bation. None of the husbands had a history of
recent exposure, HIV-related diseases or clinical
examinations suggesting active infection with other
sexually transmitted pathogens.

Specimen processing

The unclotted (EDTA)} blood was divided
for determining the lymphocyte subset count per-
formed at Department of Immunology, Siriraj Hos-
pital (FACScan, Becton-Dickenson, U.S.A.) and
separating plasma and peripheral blood mononu-
clear cells (PBMCs) by Ficoll-Hypaque gradient
{Lymphoprep, Becton-Dickenson), which were used
for cocultivation and frozen at -70°C for further
analysis by PCR. Plasma was used to investigate
for anti-HIV antibody by ELISA methods (Virono-
stika HIV Uniformll, Organon and Genelavia Mixt,
Sanofi) and Western blot technique (HIV blot 2.2,
Diagnostic Biotech).
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Semen was processed within 2 hours(13),
Phosphate buffered saline (PBS) was used to
dilute semen in 1:1 dilution. The diluted speci-
mens were centrifuged at 2,940 x g for 2 minutes.
The supernatant (seminal plasma) was filtered (0.45
mm) and the pellet (seminal cells) was suspended
in PBS for HIV-1 coculmre and frozen at -70°C
for further analysis by PCR.

C-V secretions in 5 ml of culture medium
were centrifuged at 2,940 x g for 2 minutes, the
supernatant and cell pellet were divided and tested
separately. Samples were examined under the
microscope upon arrival in the laboratory, and
again after centrifugation, to confirm the absence
of red blood cells. The resuspended cell-pellet
was used for HIV-1 coculture and frozen at -70°C
for PCR analysis.

HIV-1 cultares(16,17)

HIV was isolated from PBMCs, cells
from semen and C-V secretion of each infected
case by cocultivation with 3-to-d-day-old phyto-
hemagglutinin stimulated donor cells at a concen-
tration of I x 107 cells in 10 mi RPMI 1640 medium
supplemented with 15 per cent fetal calf serum
and 10 units/ml recombinant human nterleukin-2.
Cellular and fluid/plasma fractions were coculti-
vated separately. Culiares were maintained for 6
weeks before considered negative and p24 antigen
assay (Coulter, U.S.A.) was used to detect HIV in
the culture.

J Med Assoc Thai June 1997

Detection of HIV proviral DNA by PCR
Cell lysate

The PBMCs, seminal cells, and C-V cells
were lysed in PCR lysis buffer (10 mM Tris-HCl

' pH 8.3, 25 mM MgCL, 50 mM KCl, 0.45% NP-40,

0.45% Tween 20 and 10 mg/ml proteinase K) at
the concentration of 10¢ celis per 100 i of lysis
butfer for 1 hour at 56°C, thereafier, proteinase K
was inactivated for 10 min at 95°C. The lysates
were stored at -70°C until used for PCR. 25 pl
of lysate, equivalent to 2 pg of genomic DNA
or 2.5 x 10° cells, was used in each amplifica-
tion(!8),

The BES T cell line stably infected with
HIV-1, each cell containing one copy of inte-
grated HIV proviral DNA defective in the pol gene,
was used as positive control at 25 copies per reac-
tion. To check reagents for contamination of
HIV-1 amplicons, a reagent and negative coutrol
samplies, which were provided by CDC, U.S.A..
were included in every amplified reaction.

Primers

Oligonucleotide primers specific for gag
gene; SK380/390 and SK38!39(19). and env gene;
ED3/4 and BD5/12(20) were used for nested PCR.
The sequences of these primers are shown as
follows:

Pomer Gene Sequence (5'-3°) Locaton
SK380 gag GAGAACCAAGGGGAAGTGACATAGGAG 684-712
SK3%0 gag TAGAACCGGTCTACATAGTCTCTAAAGGG 303-894
SK38 gag ATAATCCACCTATCCCAGTAGGAGAAAT 1551-1578
SK39 gag TTTGGTCCTTGTCTTATGTCCAGAATGC 1665-1638
ED3 env TTAGGCATCTCCTATGGCAGGAAGAAGCGG 5537-556
ED14 env TCTTGCCTGGAGCTGCYTGATGCCCCAGAG 7538-750%
EDS env ATGGGATCAAAGCCTAAAGCCATGTG 6134-6159
EDI12 env AGTGCTTCCTGCTGCTCCCAAGAACCCAAG 7388-7359
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Amplification

The PCR assay was performed, as pre-
viously described,(21) briefly, 25 pl of cell lysates
were amplified for 30 cycles in 50 pl volume
containing 2.5 mM for gag gene amplification or
1.25 mM for env gene amplification of MgCL,
The amplification cycle of primary and secondary
PCR for gag gene was 94°C for 1 min, 60°C for
1 min, and 72°C for 1 min and for env genc was
94°C for 15 sec, 55°C for 45 sec, 72°C for 1 min
and final extension at 72°C for 5 min. The
amplified product from the second PCR of gag
gene {118 bases long) and env gene (1,200 bases
long) was electrophoresed through a 1 per cent
low melting point agarose gel (Sigma, U.S.A.)
and visualized by ethidium bromide staining under
UV light transilluminator.

Quantitation of HIV-1 proviral DNA(22)

The quantitative polymerase chain reac-
ton (qPCR) was performed as described above.
For each PCR assay, two-fold dilutions equal to
1 1o 2560 copies of the plasmid control, HIVZ6
(Perkin Elmer) were amplified in duplicate and
used as standards for copy number quantitation.
Amplified HIV-1 DNA products (lysate of 10,000
cells) and positive controls were dot blotted,
denatured, and hybridized with a fluorescein-
labelled specific eligonucleotide probe (ECL,
Amersham). The hybridized blot was exposed to
X-ray film. Detection signal was accomplished
using an Image analysis (Biomed Instruments
Inc., AAB) to measure the density of samples in
autoradiogram compared with those of positive
control dilutions.

HIV-1 subtype identification
Heteroduplex mobility assay (HMA)(QO)

SHEDDING OF HIV-1 SUBTYPE E IN SEMEN AND CERVICO-VAGINAL FLUID a5l

5 pl of nested PCR product as using
primers ED3/14 and ED5/12 was mixed with
cither 5 pl of water (for homoduplex) or 5 pl of
single PCR product-as using ED5/12 of reference
plasmid specified for HIV-1 subtype B or E in a
500 pl eppendorf PCR tube containing 1.1 pl of
10X heteroduplex annealing buffer (1M NaCl,
100 mM Tris-HCl pH 7.8, and 20 mM EDTA).
Heteroduplex formation was done by denaturing
the mixture at 94°C for 2 min'in DNA Thermal
Cycler (Perkin Elmer 4800), then cooling rapidly
in wet ice. Heteroduplex reaction was mixed with
3 pl of 5x Ficolloading dye and load onto a §
per cent non-denaturing polyacrylamide gel. The
electrophoresis was performed at 200 Volts for 6
hours, then the gel was stained in ethidium bromide
solution for 15 min and photographed under UV
light. Electrophoresis pattern of each unknown
sample was compared to that of the standard of
subtype B and E. The subtype of each PCR pro-
duct sample was unambiguously assigned by this
method as the amplified products would form fast
migrating heteroduplexes with standard DNA of
the cotresponding subtype in 5 per cent polyacry-
lamide gels, and slow migrating heteroduplexes
with the other subtype.

Peptide ELISA (PELISA)

The PELISA used in this study has been
described prcviously(23), with 14 amino acids
long specific for Thai A (env subtype E:
TSITIGPGQVFYRT) and Thai B (erv subtype B:
KSTHLGPGQAWYTT). 100 pl of peptide solution
at concentration of 5mg/ml in 20 mM carbonate
buffer pH 9.6 were immobilized on each weli of
the microtiter plate by incubation for 16-18 hours
at 4°C. The next day, antigen was aspirated and
plates were blocked with 200 ul/well of PBS con-

Table 1. Delection of HIV-1 sobtype E2& in PBMCs, semen, and C-V secretion of 30 HIV-1 seropositive
husband-wile pairs.

Positive result FBMCs-husband (%) PEMCs-wife (%) Semen (&) C-V secretion (%)

PCRb 30/30 (100.003 29730 (96.67) 22f30{73.3%) 22/30(73.33)

Cultures 1830 (60.00) 11730 (36.67 830 (26.674 5730 (16674

A HIV-1 subtype E characterized by HMA and PEL{SA
b PCR result of gag and env genes amplification

€ coculture with PHA activated donor PBMCs

4 coculture from ceils peitet of seminal’C-V fluid
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taining 5 per cent dry skimmed milk powder. In the
test assay, serum samples at a dilution of 1:400 in
blocking buffer were added to the antigen-coated
plates and incubated for | hour at 37°C. Afier six
washes with washing buffer (PBS containing
0.05% Tween 20), anti-buman IgG peroxidase con-

Table 2. HIV-1 proviral DNA in semen and cer-
vico-vagina] secretion of husband-wife
palr from corresponding couple.

Group PCR result in seminal/C-V fluid Pair (%}
L. i+ 15/30 (50.00)
2. +- 6/30 (20.00)
3. 4+ 6/30 20.00)
4. - 3/30 (10.00) .

J Med Assoc Thal June 1997

jugate (Sigma, U.S.A)) diluted in blocking buffer
was applied 1o a well for 1 hour at 37°C. The color
was developed with orthophenylenediamine dihy-
drochlonide substrate after a further six washes.
Absorbance at 492 nm against 620 nm was mea-
sured. A cutoff of 0.3 was used throughout the
study, with dual-reactions further classified as
monoreactive.

RESULT
Prevalence of HIV-1 subtype E in genital flaid
Thirty HIV-seropositive asymptomatic
couples were enrolled at Siriraj Hospital, Bangkok
and studied on a singie occasion and classified into
three groups according to blood CD4+ T cell count;
1) 13 cases with CD4+ T ceil count more than 500,
2) 39 cases with CD4+ T cell count between 200-

Table 3. Quantitation of HIV-1 DNA in PBMC, semen apd cervico-vaginal secretion.

Couple Husband Wife
CDM level copy number of HIV in CDA level copy number of HIV in
PBMC Seminal cells PEMC C-V cells
| 274 200 12 136 § 4
2 422 400 0] 430 100 NA
3 504 40 2 125 80 12
4 604 80 NA 534 40 NA
5 438 16 8 339 8 NA
6 245 4 4 162 200 2
7 378 16 NA 256 16 4
8 228 2 40 155 100 2
9 g2 12 2 159 2 2
10 402 12 2 469 2 2
1 108 100 2 389 4 2
12 267 40 2 725 2 2
13 301 60 2 506 20 2
14 203 80 2 264 60 2
15 525 12 2 359 8 2
16 135 400 2 437 2 NA
17 489 4 NA 229 20 ]
18 448 B 2 246 100 1
1% 235 80 20 447 12 NA
20 388 8 2 07 NA NA
21 558 4 2 415 80 2
2 633 4 NA 468 2 2
23 565 4 NA 298 100 20
24 551 200 4 n 2 2
25 251 80 4 600 2 2
26 599 8 NA 638 4 NA
27 471 100 2 244 20 NA
28 253 200 2 497 100 4
29 29 80 NA 439 40 i6
0 54 200 NA 363 60 4

NA = not amplificable
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Fig. L
fluids.

500, and 3) 8 cases with CD4+ T cell count less
than 200. Cervico-vaginal secretion and semen
specimens were obtained from all couples. HIV-1
proviral DNA was detected in 59 (98.3%) of 60
PBMCs, 22 (73.33%) of 30 C-V samples, and also
22 (73.33%) of 30 semen samples by PCR ampli-
fication at gag and env genes (Table 1). All of
these sixty cases were infected with HIV-1 subtype
E, which was identified by heteroduplex mobility
assay (HMA) and PELISA. While, HTV.1 isolated
by coculture method was only 5 in 30 (16.67%)
from cells of C-V secretion samples and 8 in 30
(26.67%) from seminal cells. We could not isolate
any HIV-1 from fluid part of semen and C-V secre-
tion by culture method. The rate of HIV-1 culture
positive from PBMCs of husbands and wives were
18/30 (60.0%) and 11/30 (36.67%), respectively.
Blood CD4+ T cell count of cutrurable HIV-1 spe-
cimens from PBMCs all was less than 500. HIV-}
proviral DNA presence in both seminal and C-V
fluids of corresponding couple was found in 15
(50.0%) from 30 couples (Table 2). Only three
couples (10.0%) had no HIV-! proviral DNA in

51-100 cop
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{@arBMCs-M
MPBMCs-F
Oseminal fluld
‘ B vaginal fluid

=100 cop

Quantitation of BIV-1 proviral DNA subtype E in 10,000 cells from bleod, semioal and C-V

neither semen nor C-V secretion. All of these
couples had blood CD4+ T cell count more than
500.

Quantitation of HIV-1 proviral DNA in blood
and genital fluid (Table 3, Fig. 1-3)

Of 44 HIV-1 DNA positive cases in geni-
tal fluid, 35 (79.5%) of them contained less than
5 copies of proviral DNA per 10,000 cells, and
only 9 cases, which had blood CD4+ T ceil count
in group 2 and 3, contained more than 5 copies
of proviral DNA perl0,000 cells (Table 3 and
Fig. 1). HIV-1 proviral DNA copies in genital
fluid were not correlated with blood CD4+ T cell
count (Fig. 3). While the amount of HIV-1 pro-
viral DNA in the blood varies from less than 5 to
more than 10Q copies/10,000 cells and reversely
correlated with blood CD4+ T cell count (Table 3
and Fig. 2). In group | with CD4+ T cell count
more than 500, 7/13 (53.8%) cases had HIV-1 pro-
viral DNA less than 5 copies/10,000 cells, while,
only 7/39 (17.9%) and 1/8 (12.5%) cases in group
2 and 3 with CD4+ T cell count between 200-500
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B CD4>500
®CD4,200-500
OCD4<20U
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Fig. 2. Quantitation of HIV-1 proviral DNA in 10,000 cells of PBMCs in relation to blood CDd+ T cell
count.

Number
25 -

20

CD4>500
B CD4,200-500
O CD4<200

15 -
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—

| ) L

1-5cop 5-50 cop 51-100cop >100 cop
DNA copies/10* cells

Fig. 3. Quanttation of HIV-1 proviral DNA/10,000 cells in seminal and cervico-vaginal Nuids in relation to
blood CD4+ T cell count.
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and less than 200, respectively, had HIV-1 DNA
less then 5 copies/10,000 cells.

DISCUSSION

HIV-1 subtype E is predominantly spread
in Thailand mainly in beterosexual transmission
groups, while in developed countnies, HIV-1 sub-
type B is more predominant. The reasons for
rapid transmission of HIV via sexual route in
Thailand might be because of more mucosal or
Langerhans cell tropism of subtype E than subtype
B or higher amount of HIV subtype E secreted in
seminal/vaginal fluids. We found that the preva-
lence of subtype E HIV-1 DNA detected by PCR
in seminal and C-V fluids were similar as 73.33
per cent, on contary, other investigators reported
that subtype B was found only 30-50 per cent in
C-V fluid(10-12) The high secretion of subtype E
HIV-1 DNA in C-V fluid of Thai women did not
correlate with other STDs because of exclusion
criteria at the enrollment. The shedding of HIV-1
subt B DNA in semen was about 70-80 per
ccnr{f; 15} which is similar to what we found in
our study for subtype E. The culture rate of HIV-1
subtype E from C-V fluid was much lower than
that of subtype B, but, from seminal fluid there
was no difference. Cocultivation with phytohemag-
glutinin activated PBMCs might not be suitable
for isolation of HIV-1 subtype E from C-V fluid.

SHEDDING OF HIV-1 SUBTYPE E IN SEMEN AND CERVICO-VAGINAL FLUID 3ss

HIV subtype E copy level in blood among
individuals ranged from 2 1o 400 copies per 10*
PBMC. This is similar to those cbserved ranges
in sul;type B(24-26), There was an increase in
proviral copies with a decrease in CD4+ T cell
count which was also observed by others in sub-
type B(2427.28) Contrary, HIV-1 copy level in
genital fluid did not correlate well with blood
CD4+ level, 35/44 (79.5%) of cases with less than
5 copies of HIV-1 proviral DNA in genital fluid.

The increase in the presence of HIV-1
DNA of subtype E in C-V fluid in this study was
more than that report of subtype B; may render
Thai women more infectious to sexual partners.
Larger scale studies should be undertaken to
obtain better understanding of sexual transmission
of HIV-1 subtype E and to help formulate HIV pre-
vention policies. '
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V3 Sequence Diversity of HIV-1 Subtype E in Infected Mothers
and Their Infants

*Ruengpung Sutthent, *Suporn Foongladda, tSanay Chearskul, tNiran Wanprapa,
}Sirirat Likanonskul, *Uraiwan Kositanont, §Suda Riengrojpitak, §Somphong Sahaphong, and
*Chantapong Wasi

*Depa'nmem of Microbiology, TDepartment of Pediatrics, Facullv of Medicine Siriraj Hospital, Mahidol University, Banghok;
fBumrasnaradura Hospital, Nontaburi; §Departinent of Puthabivlogy, Faculty of Sciences, Mahidol University,
Bangkok, Thailund

Summary: To elucidate genetic characteristics of HIV-1 subtype E involved in ver-
tical transmission, V3 regions of HIV-1 subtype E isolated from 17 infected mothers
{MI1-M17) and their infams (I1-117) at | momh after birth were sequenced afier
cloned into pCRII vectors. At least three clones of each sample were collected. All
mothers were asymptomatic and had been infected through a heterosexual route. Nine
infants (19-117} showed mild sympilomatic and immunosuppression within the fisst
year of life. The interpaticat nucleotide distance of mothers and infants in this group
{0.065 + 0.008) were of greater diversity than those of a nonirmunosuppression group
(0.039 £ 0.006) by a significant amount (Fischer's exact test, p = .003), The substi-
tution with asparagine (N) a1 threonine (T) at position 13 and aspartic acid (D} at
position 29 of the V3 sequence were significantly associated with nonimmunosup-
pression in the first year of life (F-test, p = 0.003). Either a single or multiple viral
variants could transmit from mothers to their infants. Key Words: HIV-1 subtype
E—Vertical trunsmission—V3 sequences.

At least 1.5 million children are infected with HIV-1
worldwide (1). Most children with HIV infection have
derived it from the mother either in utero, at the time of
birth, or postpartum by breast-feeding, with transmission
rates varying from 14% to 39% (2) in global rates and
24.2% and 28% in That cohorts (3.4).

Although several studies have shown that high mater-
nal viral load was associated with transmissien, this can
also occur at low viral load (5-7). Many studies in ver-
tical transmission of HiV-1 subtype B suggested that
maternal antibodies (8-11), CD4* T-cell count (6.12),
and virus phenotype (13-18) were factors associated
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Division of Virclogy, Departmem of Microbivlogy. Faculty of Medi-
cine Siriraj Hospial, 2 Prannok Road, Bangkoknoi, Bungkok 10700
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with mother-child transmission. Certain subtypes may be
predominantly associated with specific modes of trans-
mission: for example, subtype B with homosexual con-
tact and intravenous drug use (essentially in blood) and
subtype E, predominantly found in Thailand, with het-
erosexual transmission through 2 mucosal route (19-21).

Vertical transmission of HIV-1 is complex. It is pos-
sible that HIV-[ subtype may rejate with transmissibility.
HIV-1 subtype E in Thailand was spread heterosexually,
In this situation, the genetic variants of HIV-1 in vertical
Iransmission rmust be studied. V3 appears to be the major
determinant of severat biologic properties of HIV. Mu-
tations in this region could potentially affect mother-to-
child transmissjon, in that the V3 loop is an important
determinant for viral neutralization and cellular wopism.
Therefore, the V3 region of HIV-1 subtype E involved in
mother-te-infant transmission was studied.

To further elucidate the molecular characteristic of
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HIV-T subtype L involved e serical sransimission, we
have observed the genetic diversity ol V3 sequences
from proviral DNA in 17 THUV- - inlected mother-intang
pairs.

MATERIALS AND METHODS

Patients

Ethylencdiumine (etraacetie acid (EIXTA ) veated blovd specimens
were collected from 17 HIV-1aseropositive nwaher ol pairs, Jesip-
aated M1 vrough MI7 and 11 through 117, respectively, who reveived
medical care in the pediauiv clinic ot Siriraj Hospital, Bangkok. Thai-
land in 1994 and 1995, All mothers were asymptomatic and hid begn
infected with HIV beterosexnally. Blood samples were taken tromn the
mothers ul e indial visit, then from | duy 10 30 duys alter delivery and
frony 1he inbuns, at | month und every o lu & manthas fur 2 wears

DNA Preparation

Viral DNA Yor polymerase chain reaction (PCR) amplilication was
isulatled from pedpheral bloud wononuclear cells (PBMCs) ot ihe pa-
tienls, PBMCs were isolated by Ficoll-Hypaque density grudient ven-
trifugation and plasma was kept al =80°C for viral load asxay. PHMCy
were Jysed in PCR-lysis buffer (10 M Tris-HC1 pH 8.3, 2.5 1w
MgCly, 50 mM KCl, 0.45% NP-40, 0.45% Tween 20, and 100 pg/m)
proteinase K) ot u concentration of 107 cells per mitliliter of fysis buller
for 1 hour a1 36°C followed by 10 minutes a 93°C in o waler bwh 1o
deactivale The enzyme,

Polymerase Chain Reaction Amplification

HiV-t proviral DNA lysate was muplified by nested PCH oy de-
scribed in the procedure of Delwart et al. {23} The outer primers were
ED3 (§-TTAGGCATCTCCTATGGCAGGAAGAAGUGG w posi-
tion 5956-5985 of the HXB2CG genone. Genbauk aveession nwmbwr
K03455) and ED14 (5" -TCTTGCCTGGCGCTUTTITGATG -
CCCAGAC, position 7960-7931). The tnner primers were ED3 (57
ATGCGATCAAAGCCTAAAGCCATG TG, pusition 6356-658 1),
ERi2 (5-AGTGCTTCCTGCTGCTCCCAAGAACCCAAL, pusition
1822-7792). Nested PCR was carried out with o el voluaie ol 50 gkl,
containing 10 ul of the cell lysute, 10 mM ‘Fris-HCl pH 4.3, 50 mM
KCi, 1.25 mM MyCl,, 0.2 mM of each UNTP, 10 prwd of coclt primer
and 2.5 units of Tag DNA polynerase (Gibeo- BRL, Grand isluul, MY,
U.S.AL). The amplifications were carried owmt in a Perkin-Elmer Ther-
msreyaler (Perkin: L, Nurwalk, CF LLS.AL e S0 eyeles sith saep
of 94°C for 13 seconds, 35°C for 45 sevonds, 727 C tor | minute. and
final extension at 72°C (or 5 mrinutes and 2 pl of 1he (et recoon
product were nsed as temphaite o secomd vound PO st tie b
priowrs af the xame condition,

Clening und Sequencing

The sevomd vonnd POR reactinis aens delevivad s e DN amnpeli
Neation product (- 8200 bpd by hervamal Q8% aganse gt clecro
phuresis (0 Tris-hurste EDTA (TBLE) bulfer at 101V {or 30 minutes
The PCR products were gurilied frome gel slives with Gemneglean (e
HOL Tae., Lo Julls, CAL US.AL) tnd clemed in pCRT vector esing the
TA Cloning system {lwvicrogen. San Dicga, CAL US. AL aevonding

the pricedire in e mumufactueer's instructions. Three clones wids the
iiacred eev-mipliticd DNA isuluted from mothers und infants, ot @
munth atter Lirth, were selected il sequenced by dideoxy sequencing
with Sequeiaise Yersion 2.2 (United Stutes Bivchemical Corp., Cleve-
land, OH, U.S.A.). The sequencing primer used for ¥3 was 3'-
CTGTTAAATGUCAGTCTAGCT (sequence derived 1roin HIV-A
LAL Cenbunk uccession no KU2013; primer CB 207) (23),

Scquence Analysis

The 105 nucheotide sequences of the V3 region of the HIV-T o
gene trom 17 inviler-infant pairs were tronstaied to the corresponding
aniing acids aod aligned by using DNASIS version 2.1 {(Hitchi Sof-
wure Engineering, Sun Brune, CA, U.5.A.} Puirwise distences defing
s he proponion of necleotide differences between two aligned nucleo-
tide sequences were performed o stody the extent of genetic virtion
within seynence set and between sels by using software ESEE and
MEGA (kindly provided by Dr. Marcia Kalish, Centers for Discuse
Coniral and Prevention, Atlanta, GA, U.S.A.) {24). The value of awans
wis prewnt i means x stundard ¢rror of mesns.

Plasma Viral RNA Quantification

Plasma wus thuwed and used for HIV-1 RNA gqaaniification by
Amplicor HIV Monilr test (Roche Molecular Sysiems, Somerville,
MJ, U.5.A.). The quantification assay was done according to the mang-
lucturer's instruction, Briefly, RNA was exiracted from 0.2 ml plasma
und known amouatl of quaatification standard (QS). Reverse trunscrip-
tion IRT) and PCR were carried out in a siogle reaction by using rTth
DNA polymerase and biotinylated primers specified for pol genes
(SK43| and SK462). Fivefold seriul dilutions of the amplified product
were made. The biotinylated HIV-1 and QS amplicons were detected
with an avidin-hurseradish peruxidase conjugate nnd a chromogenic
subsirate wixlure. Absorbance was measured ul 450 nm. The R1V-1
RNA copy nuntber wan caleulated (ram the known inpot copy number
ol the QS RNA,

RESULTS

Clinical Status of Patients

The clinical status, age, and lymphocyte levels and
plasma viral RNA at inital visit (first month after deliv-
ery) ol the inothers and infants and gender of inlunes
were summurized in Table 1. All mothers were asymp-
tematic and had never received any antiretroviral drug.
They were neither intravenous drug users nor partaers of
intravenous drog users, [nfants (11-18) showed as mildly
symplomitic with HIV-reluled diseases gnd evidence of
immunosuppression by having CD4% T-lymphocyte
depletion w lower than one Tourth of blaod CD4* el
count ut | month old within 1 year of age {25). The
athers (19 -117) comprised an infant group that remained
asymptomatic and manifested no immunosuppression in
the first year of life.
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TABLE 1. Demngruphic data, COA* T Ivmphocyie fevels, und plasma vired RNA of HIV- 1-infecred mothers and iheir infants ar their

indrial visirs®
Mothers Infanis
D4 lymphocytes CD4 lymphocyle
e yophocy Plasma RNA ymphoext Plasma RMA
Ne. Age (¥} celis'mm’ % {copies/in) No. Sex cellsmm? % {copies/ml)
M1 23 319 11.81 78,406 i F 2,437 2093 1,381,852
w2 29 4t 17.3 66,936 12 M 2137 3131 570
M3 26 586 23.24 16,692 13 M 1,946 2456 3,536,269
M4 22 276 9.33 ND 14 F 2114 27.0% ND
M5 28 400 24719 44,892 15 F 3,650 38.76 381,529
Mé k)| 1.609 27.04 453,663 16 F 2231 24,38 15,434,887
M7 . 23 645 25.96 ND 17 F 2,416 3597 ND
M3 24 541 18.46 ND I8 F 2,256 26,53 MND
My 2 - ) ML63 NL ] F 2,975 38.2 ND
MID 27 657 20.44 ND 110 M 2,543 4292 ND
MIl 24 791 17.76 ND 11 F 4,347 35.99 ND
MI2 26 516 213 ND 12 F 1,748 26.76 ND
M13 26 480 §5.99 18,949 113 M 2,147 2511 12,823,848
MIi4 22 413 17.34 54,582 114 F 4,565 49.64 205,739
M5 27 849 3537 40,567 113 F 2,393 32.56 1,237,191
mlé 28 428 8,52 61,251 116 M 1,633 26.04 3,193,585
Mi7 21 ND NL N 17 M 3075 45.13 ND

“ Moathers al {irst month slter delivery, intanis at nge 1 month,
ND, not done.

Plasma HIV-1 RNA Quantitation

A study of plasma HIV-1 RNA qyuantification was
determined in nine mother-infant pairs as showa in Tuble
). No correlation was found between the level of HIV-|
RNA in mothers and their corresponding infants. Thus,
HI1V-infected infants appeared to have a higher viral load
earty in life. The level of HIV-1 RNA in plasma and
blood CD4 at first month of the infants’ hives was not
associated with immune status.

V3 Reglon Sequences

The multiple alignments of the amino acid sequences
of V3 of H1V-1 env from PBMC DNA of the £7 mother-
infant pairs were shown in Figure !, The degree of vari-
ability of distances of the V3 nucleotide sequences is
shown in Figure 2. The net charge was calculated from
the number of positively charged amino acids (R und K)
minus the number of negatively charged amino acids (D
and E),

Comparison of V3 Nuocleotide Sequences of Mothers
and Infants

V3 nucleotide sequences of HIV-1 isolated from each
mother (M1-M17) were heterogeneous with mean intra-
sample variations from 0% to 7.87% with total mean
value of 3.54% x 0.6% as shown in Figure 2. The mean

distance for iotrasample of each mother's isolate of M1
to M8 (0.034 £ 0.010) was no different from those of M9
to M17 (0.037 £ 0.008). The interpatient nucleotide se-
quences distance among all mothers showed a large
variation, ranging from 1.21% to 12.30% (mean, 0.070 =
0.003). The mean distances among M1 to M8 (0.071 £
0.005) and among M9 to M17 (0.070 = 0.004) were
almost exactly the same.

The variability within each infant (I1-117) ranged
from 0% to 7.62% (mean, 0.023 x 0.006). The mean
distance of each Il to I8 (0.028 + 0.010) and the mean
distance of each 19 to I17 (0.018 * 0.006) were not
significantly different.

The V3 nucleotide sequence distance of 17 mother-
infant pairs showed a large variation, with a range of
differences from 0 to 23.81% (data not shown; p-distance
mean value, .051 £ .006). Further analysis of pairwise
sequences showed that the nucleotide distance of M1/T1
o M&/8 (mean, 0.065 + 0.008) were more heteroge-
neous than those of M9/19 1o M17/117 (mean, 0.039 £
0.006; Mann-Whitney U test, p = .0269). The pairwise
distance of mother-infant intersample pairs was signifi-
cantly higher than intrasample distance of each of moth-
ers and infants {Wilcoxon matched-pair signed-rank test,
p = 0352 and p = .0016, respectively). To compare the
nucleotide distances between the mothers’ samples and
the infants, we have plotted each value of mother and
infant pairs on a bar chart (Fig. 2). Most pairs showed
less distance in the infants’ samples than their mothers’,
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FIG. 1. Amino acid sequence mullipie alignments of tha V3 region of the envelope gena of HIV-1 subtyps € lrom 17 Inlected mother-
infant pairs al 1 month after birth. The top row shows consensus sequence of subtype E. Amino aclds that match the consensus at the
top of the alignment are indicated by a minus sign. The double asterisks above the alignmant indicate the Atlink glycosylation sites, The
question marks indicate pesitions that could not be resolved. Aming acid positions above the alignment are numbered according to thair
positions in the V3 lcap. Net charges were calculated by the number of posltively charged amino acids (B and K) minus the numbaer of

negatively charged amino acids (D and E).

whereas pairs 4, 5, and 16 were similar. Seven of eight
pairs from the M1/1t to MB8/I8 group have nucleotide
distances >6%, whereas eight of nine from M9/19 to
M17/117 group showed the distances <6%. These data
demenstrated that in mother-infant pairs of M1/11 to M8/

{8, the infants’ sequences were far from the mothers’
sequences. Therefore, a significant correlation was found
besween a mother-infant pair’s nucleotide distance >6%
and ropid disease progression in the infected infants
(Fisher's exact test, p = ,003).
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Amine Acid Sequence Variation

The amino acid sequence alignments of the 17 mother-
infant pairs are presenied in Figure 1. From ali 158 V3
sequences in this study, arginine (R position 3), proline
(P position 4 and 16), glycine (G position 17), and tyro-
sine (Y position 21) were conserved in all sequences.
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FIG. 1. Continued.

Amino acids at positions 3 to 7 and 9 (RFSNNXR) of the
V3 sequence were conserved in all infant sequences. The
GPGQ motif was nighly conserved in both mothers® and
infunts’ sequences. Although GPGR was found in only
one clone of M3, it was also found in her infant (I3).
Clone number 4 of M1 had V3 sequence close to con-
sensus of HIV-1 subtype B but it was not found in her
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FiG. 2. Msean pair-wise distances of the V3 nucleotide se-
quence within the mother sets, within lhe infant sets, and be-
tweaeh mother-infant sats.

infant. Only five infants (13 and 110-113) had V3 amino
acid sequences completely identified with the corre-
sponding mothers’ sequences, whereas V3 sequences of
i1, 12, 16, and 17 showed amino acid substitulions dif-
ferent than the mothers' sequences. Most HIV-1 V3 se-
quences in infants shared some amino acid similarity
with their mothers. No evidence was found of specific
variants transmitted from mothers to infants.

The substitutions of acidic amino acid at position 29 of
the V3 loop from aspartic aeid (D) 10 asparagine (N) wi
found in 6 of Y of 1910 117 V3 sequences, which wis not
found in 11 to 18, Substitution with N was found at threo-
nine (T) position 13 of V3 sequences of [1, 111,115, and
117. Thus, 19 to 117 group had N substitution at positien
13 andfor 29 of the V3 sequence. The N at position 29
andfor 13 was significantly associated with a tack of
immunosuppression status group in the irst yeur of life
(Fisher's exact test, p = ,003; ¢ coefficient value =
0.764). This N substitution at positions 13 and 29 in
these infants was clearly derived from those of the moth-
ers (M9, M10, M11, M12, M15, M6, MI17). The loss of
D negative charge at the position 29 gave more positive
charge to the V3 amino acid sequences in this group
(Mann-Whitney U test, p = .0032).

Pattern of N-Linked Glycosylation of Mother and
Infant Sequences

The N-linked glycosylation sites at position 6 and 7
close 1o the first cysteine of the V3 sequence were com-
pletely conserved in all sequences of infants (Fig. 1).
These positions in some clones of M1, M3, M4, and M6
were substituted with S or T or H: however, the trans-
mitted cicnes to the corresponding infants had N at these
positions.

DISCUSSION

Many of the previous studies of V3 sequences of
mother and child in perinatal transmission had been fo-

cused on HIV-! subtype B, HIV-1l subtype E was dem-
onsirated to be more sexually transmissible than subtype
B and is the most serious public health problem in Thai-
land and other Southeast Asian countries (26). The V3
sequences pattern had been implicated as important in
H1Y-1 perinatal infection, in that genetic variation within
¥ 3 has been found to influence host antibody response as
well as affinities for epitopes within V3 and was related
to the transmitted variants (10,27). This region was also
an important determinant for replicative capacity and
cellular tropism (14-18). Therefore, we have analyzed
the proviral DNA V3 region sequences of the envelope
gene from 17 HiV-1 subtype E~infected mother-infant
pairs.

The previous published reports of HIV-{ subtype B
(28-31) showed that the ¥3 sequences of mothers had a
high degree of genetic diversity compared with their cor-
responding infants. Although most of our results (Fig. 2)
also confirmed the earlier published reports, pairs 4, 5, §,
and 16 had similar genetic diversity as reported by Briant
et al. (32). The viral variation of newly infected infants,
especially the V3 loop, were different, which may be
necessary lo escape the immune response or cell tropism
in the individual, Most earlier published reports (28-29,
32) indicated the selection of the minor genotypes or
variants from the heterogeneous virus population that
mothers transmitted to their infants. However, Scarlatti
et al. (30) showed that the transmitted virus could exist as
cither major or minor varfants. Although we cannot infer
from the data whether major or minor variants in the
virus population of the mothers were transmitted, we can
observe from the V3 amino acid sequences that both a
single variant or several variants of HIV-1 were abie to
transmit and replicate in the infants as shown in the
previpus reports (31,32). Most infants showed single
cluster homogeneous viral sequences, which were
closely related with their mothers' sequences (Fig. 1).
This particular feature was obvious in infants 14, 15, I9,
110,112, 113,114, I15, and I117. These events may be the
selection of a single transmitted variant and its subse-
quent variation or may be the selection after infection by
more than one variant. It is also possible that these vari-
ants may be the minor variants from the mother or may
reflect the duration of transmission and sampling. How-
ever, 13 samples showed two different ciones that are
closely related to two different clones from the mother
and this evidence also confirmed the transmission with
more than one variant to the infant {31-33},

The pattern of transmitted and nontransmitted viral
sequences could not be identified from the comparison of
the amino acid sequence of the mother with sequences of
their respective infants. The GPGQ motif at the tip of V3
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loop was predominant in HIV-1 subtype E in Thailand
{23,34-35). The tip of the V3 loop, GPGQ, showed itself
as highly conserved in sequences of mothers and their
infants, which might reflect the important function for
viral entry into cells {36),

The glycosylation of envelope might determine 1he
pathogenesis in individuals, which finding was suggested
to effect the infectivity and cellular host range by the
carbohydrate binding protein on the cell surface or a
macrophage endocytosis receplor (37). N-glycosylation
site at, positions 6 and 7 close to the C of the V3 loop
were perfectly conserved in all infants. Although the sub-
stitution of N in some clones of M1, M3, M4, and M6
were found, the transmitted variances also have N al
these positions.

In our study, I9 through 117 remained asymptomatic,
whereas 11 through 18 showed immunosuppression and
were diagnosed with pediatric AIDS within the first year
of life. The nucleotide sequences of asymptomatic in-
fants were significantly closer to maternal sequences
than those of the AIDS cases. Qur data suggested that
one or two genotypes from the mother was selected and
transmitted to the infant and then became diverse by the
time.

From the studies of HIV-1 subtype B, the substitution
with N or P at position 13 of the V3 domain lead to
lowering the ability of neutralizing antibodies to bind the
virus (38). The mutation to positively charged amino
acid arginine (R) at position 11 and 25 of the V3 loop
were shown to be associated with the S! phenotype of
HIV-1 subtype A, B, C, D, and E (39). In addition, the
mutation of aspartaie to asparagine (D to N} at position
29 of the V3 loop was modulated by the S1 phenatype (R
at position 11 and 25) or enhanced by virus infectivity in
T cells, which were major factors for disease progression
in HIV infection (16). Thus, all viral variants in this
siudy were predicted to be non-SI phenotype by V3
amino acid sequence prediction. The observed V3 se-
quences of HIV-2, which provide the long incubation
period to the development of AIDS, were used to deter-
mine that HIV-2 contains N at both sites of the tip of V3
loop, at position 6, and at position 27. The other primate
immunodeficiency viruses that give a long-term disease
progression also contain N at both sites of the tip of V3
loop: simian immunodeficiency virus from macaque
(SI¥mac), simian immunodeficiency virus from sooty
mangabeys (S1Vsmn), and simian immunodeficiency vi-
rus from African green monkey (SIVagm) al position 6
and 27; simian immunodeficiency virus from mandrills
(SIVmnd) at position & and 29; simian immunodeficien-
¢y virus from chitnpanzee (8IVcepz) at position 6, 7, 22
and 25; simian immunodeficiency virus from Sykes’

monkeys {(SiVsyk) at position 6 and 11 (40—46). From
our result, the comparison of the V3 amino acid se-
quences of asymptomatic and symptomatic infants
showed the significant correlation of N at position 13 ([)
and/or 29 (D) with the slow-progressor infant group.
Thus, N substitution at position 13 (I) and/or 29 (D) may
be an indicator for slow-progressor HIV-infected infants,

The wansmission could occur early or late during
pregnancy (33). Wolinsky et al. {28) and Ahmad et al.
(29) suggested that a minor genotype of maternel virus
wus transmitted to the infants, whereas Scarlatti et al.
(30) showed that the transmitted virus represented either
a minor or a major population which was present in the
mother, The V3 infant sequences were less diverse than
those of their mothers in many published reports (28—
30). Three infants from the study of Briant et al. (32)
showed more heterogeneous than their mothers. The -
linked glycosylation site proximal to the first cysteine of
V3 locp absent in the infant sets described by Wolinsky
et al. (28), but other investigators reported that this gly-
cosylation site remained conserved between mother and
infant sequences (29-30,32-33). The pattern of M-linked
glycosylation site in the HIV-1 envelope glycoprotein is
generally well conserved and can play an important role
in protein folding, viral infectivity, and immunogenicity
by limiting epitope recognition by T lymphocytes, mask-
ing potential epitopes or actually forming an epitope
(47--50).
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