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Abstract
Objectives—Recently developed genotyping tools allow better understanding of Trichomonas
vaginalis population genetics and epidemiology. These tools have yet to be applied to T vaginalis
collected from HIV+ populations, where understanding the interaction between the pathogens is of
great importance due to the correlation between T vaginalis infection and HIV transmission. The
objectives of the study were twofold: first, to compare the genetic diversity and population
structure of T vaginalis collected from HIV+ women with parasites from reference populations;
second, to use the genetic markers to perform a case study demonstrating the usefulness of these
techniques in investigating the mechanisms of repeat infections.

Methods—Repository T vaginalis samples from a previously described treatment trial were
genotyped at 11 microsatellite loci. Estimates of genetic diversity and population structure were
determined using standard techniques and compared with previously reported estimates of global
populations. Genotyping data were used in conjunction with behavioural data to evaluate
mechanisms of repeat infections.

Results—T vaginalis from HIV+ women maintain many of the population genetic characteristics
of parasites from global reference populations. Although there is evidence of reduced diversity
and bias towards type 1 parasites in the HIV+ population, the populations share a two-type
population structure and parasite haplotypes. Genotyping/behavioural data suggest that 36%
(12/33) of repeat infections in HIV+ women can be attributed to treatment failure.

Correspondence to: Dr Jane M Carlton, Department of Biology, Center for Genomics and Systems Biology, New York University,
12-16 Waverly Pl., New York, NY 10003, USA; jane.carlton@nyu.edu.

Contributors MDC, PK, NS, DHM and JMC conceived and designed the experiments; MDC performed the experiments; MDC and
NS analysed the data; PK, NS and DM contributed reagents/materials/analysis tools; and MDC and JMC wrote the paper with
comments and suggestions provided by PK, NS and DHM.

Competing interests None.

Patient consent Obtained.

Ethics approval This study was approved by the institutional review boards of the clinical sites (HIV Outpatient Clinic, NOAIDS,
Crossroads Clinic, Thomas St Clinic, Northwest Clinic).

Provenance and peer review Commissioned; externally peer reviewed.

NIH Public Access
Author Manuscript
Sex Transm Infect. Author manuscript; available in PMC 2013 September 01.

Published in final edited form as:
Sex Transm Infect. 2013 September ; 89(6): 473–478. doi:10.1136/sextrans-2013-051053.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Conclusions—T vaginalis infecting HIV+ women is not genetically distinct from T vaginalis
infecting reference populations. Information from genotyping can be valuable for understanding
mechanisms of repeat infections.

INTRODUCTION
With >248 million new infections each year, trichomoniasis is the most common non-viral
sexually transmitted infection worldwide.1 This high prevalence is troubling given the
significant association of Trichomonas vaginalis (TV) infections with increased risk of
HIV-1 acquisition and transmission.2–5

Trichomoniasis is frequently diagnosed among HIV+ women, where prevalence ranges from
18% to 36%.6–9 HIV+ women also tend to experience higher rates of repeat T vaginalis
infection (ie, diagnosis of TV during follow-up exams after metronidazole (MTZ) treatment)
than HIV− women (~30%6–10 vs 5% to 8%9–12). Repeat infections can result from treatment
failure, lack of adherence to treatment regimens or reinfection by new or untreated sexual
partners.9 Aetiology of a T vaginalis repeat infection typically relies on patient self-report.
Despite attempts to encourage accurate reporting,1314 erroneous questionnaire responses
may still be a confounding factor. New T vaginalis-specific genetic markers1516 allow us to
augment self-reports with genetic profiles of parasites isolated from sequential infections to
more accurately determine the source of reinfection. When applied to T vaginalis isolates
from around the world, these markers revealed extensive genetic diversity15–18 that assorts
into a two-cluster population structure.1617 Cluster type 1 parasites harbour T vaginalis virus
(TVV) significantly more frequently than type 2 parasites, and type 2 parasites may be more
resistant to MTZ.17 Type 1 and type 2 parasites were detected in near-equal frequencies in
all but a few regions globally.17 Whether this diversity and population structure are
maintained within HIV+ populations was unknown. The purpose of this study was to (1)
evaluate the diversity and population structure of the parasites isolated from HIV+ women
and (2) differentiate between sources of recurrent infection by using genotyping to compare
parasites from repeat infections.

MATERIALS AND METHODS
Origin of samples

We used repository samples from a treatment trial published by Kissinger et al19 Briefly,
270 HIV+ women undergoing routine gynaecological examination at public HIV/
reproductive health outpatient clinics in New Orleans (LA), Houston (TX) and Jackson
(MS) who tested positive for T vaginalis by culture were enrolled in the study, randomly
assigned to one of two MTZ treatment regimens and provided with MTZ to deliver to their
sex partner(s). The participants were scheduled to return 6–12 days after completing
medication doses for a test of care (TOC) visit. Any woman who tested positive for T
vaginalis at the TOC visit was considered an early repeat infection. Women who tested
negative for T vaginalis at the TOC visit or who did not complete a TOC visit were
scheduled for a follow-up visit at 3 months after enrolment. Testing was also performed at 3
months for some patients diagnosed with T vaginalis at the TOC visit and at 6 months for
some patients with a positive diagnosis at either the TOC visit or 3-month visit. At each
study visit, participants were asked to take a survey conducted using audio computer-
assisted self-interview (ACASI) format that asked detailed information about participant
treatment adherence, delivery of treatment to partner(s) and sexual exposure to baseline or
new partners.

The study was approved by the institutional review boards of the clinic sites, and all women
gave written informed consent before randomisation.
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Genotyping T vaginalis from HIV+ women
DNA extracted from T vaginalis-positive cultures was sent to New York University for
genotyping. The DNA samples were subjected to whole genome amplification using a
REPLI-g Mini Kit (Qiagen), following the manufacturer’s protocol, and genotyped in
duplicate at 11 microsatellite loci as previously described.1520 Samples where multiple
alleles were detected at two or more microsatellite loci were classified as mixed, that is,
consisting of multiple parasite genotypes in the same infection.17

T vaginalis global, national and regional reference datasets
T vaginalis genotypes from previously published studies172021 were used to establish a
global reference dataset with which the population genetic metrics of T vaginalis isolated
from HIV+ women were compared. This dataset comprises isolates from the USA (N=137),
Mexico (N=11), Chile (N=14), Italy (N=12), South Africa (N=18), Mozambique (N=1),
Australia (N=13), Papua New Guinea (PNG) (N=30) and India (N=1) and represents
samples from both symptomatic and asymptomatic women seeking medical care in a range
of clinical settings (total N=237). The HIV status of the patients infected with the global
reference samples is unknown.

To allow for comparisons at national and regional levels, we used subsets of the global
dataset: the national dataset comprises samples from patients within the USA (N=137), and
the regional dataset, a subset of the national dataset, included samples from patients
attending southeastern USA clinics (New Orleans, Louisiana, USA and Atlanta, Georgia,
USA; N=37).

Population genetic analyses
Population genetic analyses were conducted as previously described.17 Briefly,
microsatellite allelic richness was estimated using ADZE.22 Arlequin3.523 was used to test
for Fst between populations and to estimate genetic diversity (expected heterozygosity
(HE)). STRUCTURE 2.324 was used to determine T vaginalis population structure.
Simulations were run 10 times each for six K values (K=1–6) with a burn-in period of 5×105

iterations followed by 105 iterations. The number of populations was inferred by plotting the
log probability of the data (Ln P(D)) for each k value, followed by clusteredness
calculations.22

Classification of T vaginalis reinfections in an HIV+ population
Genotyping data and patient responses to questions in ACASI surveys were used to
categorise a repeat infection as (i) treatment failure, (ii) incomplete treatment, (iii)
reinfection by baseline partner, (iv) infection by exposure to a new partner or (v) possible
new infection. The definitions of these categories can be found in online supplementary
appendix 1.

Statistical analyses
Statistical analyses were performed using the software package JMP Genomics.
Contingency analyses were used to test for associations between categorical data, using χ2

statistical tests. Fisher’s exact tests are reported for 2×2 categorical analyses, and likelihood
ratios are reported for all other categorical analyses.
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RESULTS
Genotyping T vaginalis parasites from HIV+ women

To compare the diversity of T vaginalis isolates from HIV+ women with that of global
isolates, we genotyped samples collected from 139 HIV+ women using a panel of 11
microsatellite markers (see online supplementary appendix 2). We successfully genotyped
165 samples from 123 patients at ≥6 loci, detecting 13 mixed infections (7.9%). We inferred
the haplotypes of two of these mixed infections using genotype data from their subsequent
infections and excluded the remaining mixed infections from further analysis. Of the
remaining 154 samples, 25 were collected from the same patient at different clinic visits and
had identical haplotypes, suggesting that these were persistent infections. To prevent over-
representation of these non-incident infections, only the initial infection was included in the
population genetic analyses. Ultimately, genotypes from 131 samples collected from 112
patients were analysed.

Demographics of the HIV+ hosts and T vaginalis parasites used in population genetic
analyses

Of the 131 samples from 112 HIV+ women, 60 (46%) originated from Houston, 41 (31%)
from Jackson and 30 (23%) from New Orleans (table 1, see online supplementary appendix
2). Average CD4 count at the time of the first T vaginalis diagnosis was 369.77 cells/mm3

(SD=±282), and the mean and median viral loads were 73 516 copies/ml (SD=±165 013)
and 2299 copies/ml (IQR=309–68 366), respectively. The large difference between the mean
viral load and median viral load resulted from a high proportion of patients having very low
viral levels, while a few had very high viral loads.

Haplotypes are shared among HIV+ and global reference host populations
We found 17 cases, encompassing 36 isolates (36/131), of possible shared haplotypes within
the HIV+ population, whereas within the global reference dataset we found only five cases
of shared haplotypes (figure 1A). We found 12 haplotypes that were shared between the
HIV+ and global populations. The isolates from HIV+ women clearly have more instances of
shared haplotypes, although whether this difference is related to host HIV status or to deeper
sampling of HIV+ women from a more limited geographical area cannot be determined
without further sampling.

Population genetic indices of T vaginalis parasites from HIV+ women versus the global
dataset

To determine whether parasites from the HIV+ and global isolates constitute distinct
populations, we calculated the population pair-wise fixation index (FST), a measure of
population differentiation due to genetic structure. FST can range from 0 (no difference in
allele frequencies between populations) to 1 (complete differentiation). Significant FST was
detected for the HIV+ isolates versus global, national and regional populations (0.03, 0.03
and 0.02, respectively), but the low values suggest that the HIV+ population, while distinct,
is not highly differentiated (table 1).

Similarly, we compared the diversity metrics of HIV+ and global populations. We found no
significant difference between allelic richness values estimated for a population size of 10 at
any population level (table 1). We did, however, find significant difference in HE (table 1),
with HIV+ population diversity being intermediate compared with the global dataset (see
online supplementary appendix 3). Isolates from New Orleans, Jackson and Houston clinics
have HE values of 0.65, 0.65 and 0.62, respectively, higher than those of isolates from
southern Africa and comparable with those of isolates from Mexico, Italy and PNG (see
online supplementary appendix 3).
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T vaginalis from HIV+ women maintain a two-type population structure
Using a Bayesian clustering model implemented in STRUCTURE 2.2,23 we confirmed that
the previously described two-cluster population structure is maintained in HIV+ isolates.17

HIV+ samples were assigned to the same parasite types when analysed alone or combined
with the global dataset. Of 113 HIV+ T vaginalis parasites genotyped, 75% were assigned to
type 1, a higher frequency than that found in global, national and regional reference datasets
(table 1).

Differentiating treatment failure from reinfection in MTZ-treated HIV+ women with repeat T
vaginalis infections

Non-repeat infections and repeat infections rarely share haplotypes—In our
analyses of repeat infections, we used a subset of 149 T vaginalis samples from 107
different patients (see online supplementary appendix 2). The samples comprise 107
baseline infections, 11 infections diagnosed at the TOC visit, 19 at the 3-month follow-up
visit and 12 at the 6-month visit. Of these, 72 patients were successfully treated and had no
repeat infections. Among the remaining patients, 25 were diagnosed with T vaginalis for
second time at a follow-up visit (single-repeat infection), and 10 were diagnosed two
additional times (two-repeat infections). The 72 non-repeat infections comprised as few as
64 unique haplotypes, seven of which appear to be shared (figure 1B). All but one of the
shared haplotypes (Isolate 184-B) were found exclusively within women with non-repeat
infections.

Among the 45 non-persistent infections identified among single-repeat infections, we
identified as few as 41 different haplotypes, eight of which appear to be shared (figure 1B).
All haplotypes except Isolate 184-B were found exclusively among repeat infections (either
single repeats or two repeats). Among the two-repeat infections, we detected 16 non-
persistent infections comprising 14 haplotypes, with four shared haplotypes similarly found
only among repeat infections.

Determining the source of reinfection—Of the 42 repeat infections genotyped,
patient-reported behavioural data were available for 37, 33 of which were complete datasets.
Among these, we detected 12 cases of treatment failure (36%), two cases of incomplete
treatment (6%), seven cases of reinfection by a baseline/untreated partner (21%) and three
cases of reinfection by exposure to a new partner (9%) (figure 2). Genotyping clarified two
ambiguous calls. Patient information alone would have led to categorising one repeat
infection (#3103) as being due to exposure to a new partner, but since both infections have
the same genotype, it was likely due to treatment failure. In the second case, a patient had
sexual contact with the baseline partner and a new partner. Again, because the genotypes
matched across both diagnoses, we were able to rule out infection by the new partner. The
remaining nine cases (27%) were likely new infections due to the detection of new
genotypes at follow-up visits. While it is possible that the new genotype was present initially
at undetectable levels and became more prevalent after drug treatment, inaccurate self-
reporting cannot be discounted as a cause.

T vaginalis genetic type and clinical treatment failure—We next sought to
determine whether the T vaginalis genetic type influences the outcome of reinfections
caused by treatment failure. We found type 1 parasites in 10 of 12 treatment failures, with
one of the remaining being type 2 and the other being a mixed infection that was maintained
in both samples from the patient. For the nine ‘New Infection Possible’ samples, the
majority changed from a type 1 haplotype to a different type 1 haplotype (4/9, 44%), three
changed from a type 1 haplotype to a type 2 haplotype and two changed from a type 2
haplotype to a type 1 haplotype.
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Interpreting these changes is challenging as the sample size is small and the high frequency
of the type 1 parasites that remain after MTZ treatment likely reflects type 1 prevalence
within the population. We find no difference in the proportion of the types that were cleared
or that underwent treatment failure. In addition, we find no difference in the proportion of
type 1 and type 2 parasites at baseline visit, the TOC visit or at the 3-month follow-up or 6-
month follow-up. Thus, we find no evidence that parasite genetic type influences whether an
infection is likely to be cured by drug treatment.

Association of T vaginalis genetic type with viral load—To determine if parasite
type plays a role in the association of T vaginalis with increased HIV viral load in the
seminal and cervicovaginal compartments of HIV-infected patients, 24 25 we compared the
viral loads of patients diagnosed with type 1 (N=82) or type 2 (N=28) infections. Type 1
parasites were associated with higher HIV viral loads than type 2 parasites (median: 4475.5
vs 400, Wilcoxon; p=0.01). After stratifying for antiretroviral therapy (ART) use, this
relationship held only among patients currently receiving ART (type 1: N=51, type 2: N=20;
median: 2850 vs 86; Wilcoxon; p=0.0022).

DISCUSSION
Trichomoniasis is implicated in increasing sexual transmission of HIV up to twofold,226

making parasite–virus–host interactions a topic of great significance in controlling HIV/
AIDS. We used genetic markers and information about the global population structure of T
vaginalis to investigate the association of HIV coinfection with changes in the genetic
diversity and distribution of the two-type population structure of the parasite. We genotyped
T vaginalis genomes isolated from female patients attending public outpatient HIV clinics
and compared their genetic diversity and population structure with those of isolates from
patients of unknown HIV status. Because these isolates were collected without consideration
of the HIV status of the patient, we expect the number of HIV+ individuals sampled to
reflect the prevalence of HIV infections within the sample’s population.

We determined that the two-type population structure derived from global datasets1617 is
maintained in T vaginalis parasites found in HIV+ women, albeit with reduced diversity in
HIV+ isolates, which might be expected from the limited geographical distribution and
ethnic diversity of the patients involved in the study. The genetic diversity of T vaginalis
parasites from HIV+ women attending the clinics is comparable with that of the global
reference population, suggesting that they are not abnormally homogeneous. However, we
detect small but significant FST difference between the HIV+ and reference populations at
global, national and regional levels. This difference can most readily be attributed to the bias
towards type 1 parasites particular to the HIV+ population. Although this could be an
artefact of the low geographical diversity of the HIV− population, it is interesting that this
same trend is only detected in southern Africa (see online supplementary appendix 3) where
we expect a higher prevalence of HIV in the reference population. Uncovering a type 1 bias
in HIV+ women in other geographical areas would lend support to a hypothesis that type 1
parasites have increased fitness in comparison with type 2 within the context of HIV
infection.

Genotypic markers can be very useful in determining the source of repeat T vaginalis
infections in women, particularly in cases where multiple sources of repeat infection are
possible or self-reported behavioural data may be flawed. Here, we have demonstrated that a
panel of 11 microsatellite markers can assist in differentiating recrudescent infections
(reappearing after being quiescent) from infections resulting from contact with sexual
partners. The significant proportion of samples that genotypically appear to be new
infections despite patients reporting no contact with sexual partners highlights the need for
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objective, reproducible tools for understanding the epidemiology of repeat infections. While
a number of these cases are likely to be attributed to inaccurate self-reporting, it is also
important to acknowledge and quantify the sensitivity limits of markers when detecting
multiple genotypes in a single infection. Despite previously demonstrating that
microsatellite markers are effective in detecting mixed infections,1720 the actual prevalence
of mixed infections will always be underestimated,27 and the field will benefit from further
studies elucidating the likelihood of missing minor genotypes in mixed infections and the
frequency with which inaccurate behavioural data is reported.

Finally, the association that we detected between type 1 T vaginalis infections and increased
HIV viral loads in patients on ART may be of clinical importance. Further studies to verify
this trend will be important, as will investigating the role that TVV may have in this
association. Because of the high prevalence of TVV in type 1 parasites, it will be necessary
to discriminate between the contributions of parasite genetics, of TVV infection and to
understand how they may work in concert to influence HIV viral loads.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Key messages

• Population genetic analyses indicate that T vaginalis infecting HIV+ women is
not genetically distinct from T vaginalis infecting reference populations,
although there is evidence of population differentiation.

• Genotyping methods can be valuable sources of information for understanding
mechanisms of repeat infections.

• The increased HIV viral load associated with T vaginalis infection may be
specific to type 1 parasites.
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Figure 1.
(A) Venn diagram representing the distribution of unique and shared haplotypes among the
HIV+ population and the global reference population. The light blue and light red circles
represent the number of isolates comprising the HIV+ population and the global reference
population, respectively. The darker blue and red circles within the light circles indicate the
number of isolates that have haplotypes that are shared by multiple Trichomonas vaginalis
strains within the population. The numbers within the overlapping regions indicate the
number of isolates that have haplotypes that were detected in those categories (eg, there are
six haplotypes that are shared among multiple HIV+ hosts and hosts from the global
reference population). The colour-coded boxes below indicate the regions in which each of
the shared haplotypes was identified. The isolates shared between HIV+ populations and
reference populations are connected to their counterparts with a black line. (B) Venn
diagram representing the relationship of parasite haplotypes among non-repeat, single-repeat
and double-repeat infections. The light blue, light red and light green circles indicate the
number of haplotypes among the non-repeat infections, single-repeat infections and double-
repeat infections, respectively. The darker blue, red and green circles within the light circles
represent the haplotypes that are shared by multiple T vaginalis strains from the same
category of repeat infection. The numbers within the overlapping regions indicate the
number of haplotypes shared between these groups (eg, there are three haplotypes that were
isolated from both women with double-repeat infections and from women with single-repeat
infections).
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Figure 2.
Strain and audio computer-assisted self-interview survey data for repeat Trichomonas
vaginalis infections. Parasite types for isolates collected at baseline, test of care, 3 months
and 6 months are indicated by green (type 1) or red (type 2) shading. In cases where
repeated infections were assigned to the same parasite type, the letters A and B are used to
indicate differences in parasite haplotype. Self-reported behavioural events of importance to
the source of reinfection are indicated by colour coding of columns between clinical visits.

Conrad et al. Page 11

Sex Transm Infect. Author manuscript; available in PMC 2013 September 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Conrad et al. Page 12

Ta
bl

e 
1

Pa
tie

nt
 d

em
og

ra
ph

ic
s 

an
d 

po
pu

la
tio

n 
ge

ne
tic

 m
at

ri
ce

s 
fo

r 
T

ri
ch

om
on

as
 v

ag
in

al
is

 p
ar

as
ite

s 
is

ol
at

ed
 f

ro
m

 a
n 

H
IV

+
 h

os
t p

op
ul

at
io

n 
an

d 
fr

om
 g

lo
ba

l,
na

tio
na

l a
nd

 r
eg

io
na

l r
ef

er
en

ce
 p

op
ul

at
io

ns

H
IV

+  
P

op
G

lo
ba

l r
ef

er
en

ce
 p

op
ul

at
io

n
N

at
io

na
l r

ef
er

en
ce

 p
op

ul
at

io
n

R
eg

io
na

l r
ef

er
en

ce
 p

op
ul

at
io

n
St

at
is

ti
ca

l t
es

t

Is
ol

at
es

N
=

13
1

N
=

21
3

N
=

11
3

N
=

37

Pa
tie

nt
s

N
=

11
2

N
=

76
†

N
=

68
†

N
=

26
†

Pt
. d

em
og

ra
ph

ic
s

 
A

vg
. a

ge
39

.3
31

*
30

*
25

*
W

ilc
ox

on

 
E

th
ni

ci
ty

*
**

χ
2

 
 

B
la

ck
 n

on
-H

is
pa

ni
c

93
%

73
%

80
%

88
%

 
 

W
hi

te
 n

on
-H

is
pa

ni
c

4%
12

%
13

%
4%

 
 

H
is

pa
ni

c
3%

5%
6%

8%

 
 

N
at

iv
e 

A
m

er
ic

an
<

1%
0

0%
0%

 
 

O
th

er
<

1%
10

%
1%

0%

Po
pu

la
tio

n 
pa

ir
-w

is
e 

fs
t

 
H

IV
+
 P

op
 v

s:

 
G

lo
ba

l r
ef

er
en

ce
 p

op
0.

03
*

 
N

at
io

na
l r

ef
er

en
ce

 p
op

0.
03

*
N

S

 
R

eg
io

na
l r

ef
er

en
ce

 p
op

0.
02

**
N

S
N

S

A
lle

lic
 r

ic
hn

es
s 

(f
or

 N
=

10
)

3.
68

4.
02

3.
98

4.
08

t t
es

t

E
xp

ec
te

d 
he

te
ro

zy
go

si
ty

0.
63

0.
71

*
0.

70
*

0.
72

**
t t

es
t

Pe
r 

ce
nt

 ty
pe

 1
 p

ar
as

ite
s

75
%

52
%

*
52

%
*

57
%

†
χ

2

* H
IV

 p
op

ul
at

io
n 

di
ff

er
s 

at
 p

≤0
.0

01
 le

ve
l.

**
H

IV
 p

op
ul

at
io

n 
di

ff
er

s 
at

 p
≤0

.0
5 

le
ve

l.

† D
em

og
ra

ph
ic

 in
fo

rm
at

io
n 

w
as

 n
ot

 a
va

ila
bl

e 
fo

r 
al

l p
at

ie
nt

s.
 O

nl
y 

on
e 

is
ol

at
e 

w
as

 c
ol

le
ct

ed
 f

ro
m

 e
ac

h 
pa

tie
nt

.

N
S,

 n
o 

si
gn

if
ic

an
t p

op
ul

at
io

n 
st

ru
ct

ur
e.

Sex Transm Infect. Author manuscript; available in PMC 2013 September 01.


