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Background: In low HIV prevalence settings, understanding the
transmission dynamics and the impact of drug resistance is critical to
curb down the epidemic. This study aims to explore the prevalence
and dynamics of transmission of HIV drug-resistance mutations
(DRMs) among key populations in Haiti.

Settings: Eligible participants (naive, treated) were selected from 7
key population friendly health care centers in Port-au-Prince, Haiti,
from September 2018 to July 2019.

Methods: A total of 119 HIV-1 pol sequences were analyzed from
men having sex with men (MSM), female sex workers (FSWs), and
their sexual partners. Screening for HIV DRMs was performed using
the Stanford University Drug Resistance Database. Phylogenetic and
network analyses using HIV-TRACE software were performed to
infer putative relationships and shared DRMs.

Results: Of the 119 participants, 62.2% were men (74/119), and
75.7% of them (56/74) reported MSM as a main risk factor. The
overall DRM prevalence was 58.8% (70/119). A DRM was observed
in 37.5% of MSM (21/56), 82.2% of FSWs (37/45), and 66.7% (12/
18) among FSWs’ clients. In a multivariate model, age and FSWs
were significant predictors for DRMs (P = 0.001). Transmission
network analysis found 24 of the 119 (20.2%) genetically linked
individuals forming 8 clusters. Clustering participants were mostly

MSM (15/24; 62.5%). Five clusters (62.5%) had shared DRMs, and
K103N and M184V were the main shared mutations.

Conclusions: High prevalence of HIV DRMs was observed among
MSM, FSWs, and their clients in Port-au-Prince, Haiti. Network
analysis revealed frequent DRM transmission among genetically
linked individuals, highlighting the need for appropriate interven-
tions to limit HIV transmission in these high-risk populations.
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INTRODUCTION
In low HIV prevalence settings, identifying hotspots of

HIV transmission and understanding the burden of drug
resistance are critical to curb the epidemic.1,2 Although the
overall HIV prevalence in Haiti has been stable around 2% for
the past 15 years, the prevalence in high-risk groups, such as
men having sex with men (MSM) and female sex workers
(FSWs), is much higher, 12.9% and 8.7%, respectively.3,4

Unprotected transactional and commercial sexual activities
among MSM and FSWs have been reported as main drivers of
new HIV infections in Haiti.5 With major support from the
United States President’s Emergency Plan For AIDS Relief
(PEPFAR) and the Global Fund to Fight AIDS, Tuberculosis,
and Malaria, more than 91,000 individuals were receiving
antiretroviral therapy (ART) as of March 2019; these patients
on ART represent approximately 80% of people with HIV
(PWH), who know their status.5 As the country continue to
scale-up ART with the goal to achieve the UNAIDS 95-95-95
target, HIV drug resistance might pose a growing threat toward
epidemic control. HIV drug-resistance mutations (DRMs) can
emerge in HIV-infected individuals with suboptimal adherence
to ART and in individuals who become HIV infected while
taking preexposure prophylaxis (PrEP).6–8 In the face of a
global rise in emerging HIV drug resistance, the World Health
Organization recommended the use of integrase strand transfer
inhibitor such as dolutegravir (DTG)-based therapy as the
preferred first-line because of moderate-quality evidence that
showed a generally more effective regimen, higher viral
suppression and CD4 cell recovery rates, and lower risk of
treatment discontinuation.9–11 The Haitian National AIDS
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Control Program launched in November 2018 the use of DTG-
based therapy as the preferred first-line following the 2016
World Health Organization guidelines on ART.9,12 As of
September 2019, 75.4% of the PWH were either placed or
transitioned on DTG.12 The National AIDS Control Program
also launched the PrEP in 2019, as part of HIV prevention
services offered to key populations and other high-risk groups
in Haiti.12 These prevention services face several challenges:
the key populations are hard to reach because they are highly
stigmatized, are often victims of violence, and the dynamics of
HIV transmission in these groups is not well understood.13

Understanding the dynamics of HIV transmission in these
high-risk populations and identifying the drivers of the
epidemic are key to streamline prevention and treatment
efforts. Phylogenetic analysis of viral sequences, combined
with epidemiological, demographic, and behavioral data has
provided a valuable method of elucidating transmission
dynamics in high-risk populations.14,15 Limited data are avail-
able on HIV DRM prevalence and HIV transmission dynamics
in key populations in Haiti.

This study aims to explore the overall prevalence of
HIV DRMs and to identify transmission networks and factors
associated with DRMs among key populations in Port-au-
Prince, Haiti.

METHODS

Study Population
Enrolled individuals included PWH who were newly

diagnosed or on ART for 1 year or less. All eligible
participants were tested for HIV viral loads, and we
sequenced samples from those who had viral loads at least
250 copiesper milliliter at study entry. Demographic, clinical,
and behavioral data were collected at the screening visit. A
total of 119 HIV-1 pol sequences were sampled and analyzed
from MSM, FSWs, and their sexual partners, enrolled in 7
key population friendly health care centers in Port-au-Prince,
Haiti, from September 2018 to July 2019.

Laboratory Testing
HIV viral load was performed using the RealTime HIV-

1 Viral Load Assay (Abbott Molecular, Abbott Park, IL;
lower limit of quantification of 40 copies per milliliter). To
identify individuals who were likely to be recently infected at
the time of sample collection, we performed the HIV-1
Limiting Antigen Avidity EIA (LAg) (Lag-Avidity assay;
SEDIA Biosciences Corporation, Portland, OR and Maxim
Biomedical, Bethesda, MD), according to their respective
product inserts.16,17 Bulk sequencing of the partial HIV-1 pol
coding region was performed (Viroseq v.2.0; Celera Diag-
nostics, Alameda, CA).

DRMs and Genetic Network Analysis
Genotypic analysis was performed to detect DRMs in

the HIV-1 pol gene fragment encoding protease and reverse
transcriptase (RT), as previously described.18 Screening for

major DRMs was performed according to the Stanford
University Genotypic Resistance Interpretation (http://
hivdb.stanford.edu). We assessed potential confounding
effects of convergent evolution for drug resistances by
repeating our analysis after we have excluded 48 codon
positions in protease and RT, which are associated with drug
resistance.19,20 Phylogenetic and genetic network analyses
were performed to infer putative transmission links and
shared DRMs. We used HIV-TRACE software (HIV
TRAnsmission Cluster Engine: www.hivtrace.org) to infer
transmission links between sequences.21 We performed a
sensitivity analysis across genetic distance thresholds,
varying from 0.5% to 5%, to determine the most accurate
threshold to detect recent transmission clusters. Putative
transmission links (ie, edges) were inferred when 2
sequences (ie, nodes) had a Tamura-Nei 9322 genetic
distance of #1.5%. We defined a shared DRM as any
DRM present in 2 or more genetically linked individuals
(#1.5% genetic distance). All nucleotide ambiguities were
resolved, and only sequences with less than 1.5% diversity
were retained. Multiple linkages were then combined into
putative clusters.

Statistical Analysis
Descriptive statistics were generated for demographic,

clinical, and behavioral parameters comparing participants
with and without DRMs. The prevalence of DRM in the
different risk groups was estimated. Unadjusted and adjusted
logistic regressions were used to describe the association
between behavioral, clinical, and demographic factors with
the odds of harboring any DRM. Only variables tested in the
univariable analysis with P value ,0.05 were included in the
multivariable model. Characteristics between clustering and
nonclustering participants in the transmission network were
compared using the Fisher exact or x2 tests and calculating
odds ratios (ORs) for categorical variables. Values of P ,
0.05 were considered statistically significant. SPSS version
26.0 (SPSS Inc., Chicago, IL) was used for analyses.

Ethical Considerations
The Haiti National Bioethics Committee (Ref: 1718-46)

and the Institutional Review Board of the University of
California San Diego (Project# 180456) approved the pro-
tocol for this project. Data were fully anonymized before they
were extracted for analysis. All participants signed an
informed consent form.

RESULTS

Samples Included in the Resistance Study
This study included analysis of samples from 267 HIV-

infected individuals screened for participation. Among par-
ticipants, 130 (48.7%) had a viral load of at least 250 copies
per milliliter at study entry, and among them 117 had a viral
load higher or equal to 1000 copies per milliliter. HIV
genotyping was performed, and protease/RT genotyping
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results were obtained for 119 (91.5%) of the samples; 11
failed genotyping.

Demographic, Clinical, and
Behavioral Characteristics

Demographic, clinical, and risk factor characteristics of
the sampled population are displayed in Table 1. The majority
of participants were men (74/119; 62.2%), and 75.7% of them
(56/74) reported MSM as main risk factor. Almost all
participants were already on ART at the time of enrollment
(115/119; 96.6%). About 75% of FSWs (33/44, 1 missing),
56.6% of MSM (30/53, 3 missing), and 61% of FSWs’ clients
(11/18) have been on ART for more than 6 months, and
77.4% (89/115) were on Tenofovir-Disoproxil Fumarate
(TDF)-Lamivudine (3TC)-Efavirenz (EFV) and 22.6% (26/
115) were on TDF-3TC-DTG.

Analysis of HIV Drug Resistance
Determination of genetic linkage was robust to the

inclusion or exclusion of sites associated with drug resistance.
The percentage of participants who harbored at least 1 DRM
was 58.8% [70/119; 95% confidence interval (CI): 49.4% to
67.8%]. At least 1 DRM was observed in 37.5% of MSM
(21/56, 95% CI: 24.9% to 51.5%), 82.2% of FSWs (37/45, 95%
CI: 67.9% to 92.0%), and 66.7% among FSWs’ clients (12/18,
95% CI: 41.0%–86.7%) (Table 1). The most common DRMs
identified were associated with nonnucleoside reverse transcrip-
tase inhibitors (NNRTIs) resistance at 58.0% (69/119; 95% CI:
48.6% to 67.0%), followed by NRTI at 33.6% (40/119; 95%
CI: 25.2% to 42.8%) and protease inhibitors (PIs) resistance at
4.2% (5/119; 95% CI: 1.4% to 9.5%). Multiple class DRM
were found in 32.8% of participants (39/119; 95% CI: 24.4 to
42.0). Of the DRM, K103N (46/119; 38.6%), which causes
high-level resistance to efavirenz and nevirapine, and M184V
(35/119; 29.4%), associated with TDF and Emtricitabine (FTC)
resistance, were the most frequently observed (Fig. 1). We also
analyzed cases of possible transmitted drug resistance. About
67% of participants (80/119) reported been infected within
0–3 months of sample collection. Nevertheless, the results of
the LAg-Avidity assay revealed 114 individuals with long-term
infections and only 5 recently infected individuals. Resistance
mutations were detected in 1 of the 5 individuals classified as
recently infected (NNRTI: K103N; K101E).

Factors Associated With HIV Drug Resistance
We next evaluated the association of drug resistance

with behavioral, demographic, and clinical factors (Table
2). In univariable analyses, older age (30–34 and $35
years) was significantly associated with any HIV DRM
(OR: 4.85, 95% CI: 1.89 to 12.44 and OR: 5.53, 95% CI:
2.20 to 13.90, respectively). FSWs and participants who
never attended schools or had some primary education had
an increased odd of DRM (OR: 3.43, 95% CI: 1.78 to 6.60
and OR: 2.16, 95% CI: 1.12 to 4.18, respectively). In
multivariable analyses, older age (30–34 and $35 years)
and being a FSW remained significant predictors for HIV

TABLE 1. Baseline Demographic, Risk, and Clinical
Characteristics of the Participants Comparing the Presence of
or Not of DRMs

Characteristics at Time of
Sampling

DRM

Present (n = 70) Absent (n = 49)

n (%) 95% CI n (%) 95% CI

Risk

MSM 21 (17.6) 11.6 to
25.2

35 (29.4) 21.8 to
38.0

FSW 37 (31.1) 23.3 to
39.8

8 (6.7) 3.2 to
12.3

FSWs’ clients 12 (10.1) 5.6 to
16.4

6 (5.0) 2.1 to
10.1

Age, yrs

#24 8 (6.7) 3.2 to
12.3

24 (20.2) 13.7 to
28.0

25–29 14 (11.8) 6.9 to
18.5

17 (14.3) 8.9 to
21.4

30–34 18 (15.1) 9.6 to
22.4

4 (3.4) 1.1 to 7.8

.35 30 (25.2) 18.1 to
33.5

4 (3.4) 1.1 to 7.8

Gender

Male 33 (27.7) 20.3 to
36.2

41 (34.5) 26.4 to
43.3

Female 37 (31.1) 23.3 to
39.8

8 (6.7) 3.2 to
12.3

Education

Never attended/some primary
school

27 (22.7) 15.9 to
30.8

9 (7.6) 3.8 to
13.3

Secondary school or higher 41 (34.5) 26.4 to
43.3

40 (33.6) 25.6 to
42.4

Marital status

Single 44 (37.0) 28.7 to
45.9

33 (27.7) 20.3 to
36.2

Others (married or living
with partner)

23 (19.3) 13.0 to
27.1

16 (13.4) 8.2 to
20.4

No. of sex partners past 6 mo

5 or less 45 (37.8) 29.5 to
46.7

38 (31.9) 24.1 to
40.7

More than 5 23 (19.3) 13.0 to
27.1

11 (9.2) 5.0 to
15.4

ART regimen

TDF-3TC-EFV 56 (47.1) 38.3 to
56

33 (27.7) 20.3 to
36.2

TDF-3TC-DTG 11 (9.2) 5.0 to
15.4

15 (12.6) 7.6 to
19.4

Time on ART

6 mo or less 20 (17.4) 11.3 to
25.1

21 (18.3) 12.0 to
26.1

More than 6 mo 47 (40.9) 32.2 to
50.0

27 (23.5) 16.5 to
31.8

Viral load

#1000 copies/mL 7 (5.9) 2.7 to
11.2

6 (5.0) 2.1 to
10.1

.1000 copies/mL 63 (54.3) 44 to
61.7

43 (36.1) 27.9 to
45.0

Recently infected

Yes 1 (0.8) 0.1 to 3.9 4 (3.4) 1.1 to 7.8

No 69 (58.0) 49.0 to
66.6

45 (37.8) 29.5 to
46.7
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DRM [adjusted OR (aOR): 9.53, 95% CI: 2.21 to 41.06;
aOR: 19.88, 95% CI: 4.68 to 84.42, and aOR: 7.13, 95%
CI: 2.39 to 21.26, respectively].

Cluster Analyses
Sensitivity analysis across genetic distance thresholds

varying from 0.5% to 5% showed that the 1.5% threshold was
accurate in detecting the most recent transmission clusters (see
Fig. S1, Supplemental Digital Content, http://links.lww.com/QAI/
B522). However, a 3% threshold allowed the detection of 5
additional clusters that are more likely reflective of more historical
genetic linkage (see Fig. S2, Supplemental Digital Content, http://
links.lww.com/QAI/B522). Transmission network analysis, using
a 1.5% genetic distance threshold, found 24 of the 119 (20.2%)
genetically linked individuals forming 8 clusters (size 2–6
individuals). Clustering participants were significantly more likely
to be men (87.5%; x2 = 8.19, P = 0.004), reporting MSM
behavior as their main risk factor (62.5%; x2 = 8.56, P = 0.01)
(see Table S1, Supplemental Digital Content, http://links.lww.
com/QAI/B522). Five clusters had shared resistance mutations,
and K103N (14/24) and M184V (12/24) were the main DRM
shared (Fig. 2). Of all clustering individuals, 62.5% contained at
least 1 DRM. The frequency of DRMs did not differ between
clustering and nonclustering individuals [62.5% (15/24) versus

TABLE 1. (Continued ) Baseline Demographic, Risk, and Clinical
Characteristics of the Participants Comparing the Presence of
or Not of DRMs

Characteristics at Time of
Sampling

DRM

Present (n = 70) Absent (n = 49)

n (%) 95% CI n (%) 95% CI

Cluster

Yes 15 (12.6) 7.6 to
19.4

9 (7.6) 3.8 to
13.3

No 55 (46.2) 37.4 to
55.2

40 (33.6) 25.6 to
42.4

Values in bold in the same row are significantly different at P , 0.05 in the 2-sided
test of equality for column proportions. Cells with no subscript are not included in the
test. Tests assume equal variances. Tests are adjusted for all pairwise comparisons within
a row of each innermost subtable using the Bonferroni correction.

FIGURE 1. Proportion of resistance
mutations in sequences. A, Pro-
portion of NRTI mutations. B, Pro-
portion of NNRTI mutations. C,
Proportions of PI mutations.

HIV-1 Drug Resistance in HaitiJ Acquir Immune Defic Syndr � Volume 85, Number 4, December 1, 2020

Copyright © 2020 The Author(s). Published by Wolters Kluwer Health, Inc. www.jaids.com | 419

http://links.lww.com/QAI/B522
http://links.lww.com/QAI/B522
http://links.lww.com/QAI/B522
http://links.lww.com/QAI/B522
http://links.lww.com/QAI/B522
http://links.lww.com/QAI/B522


56.8% (54/95); P = 0.65]. Among participants with DRMs, men
were significantly more likely to cluster within the network than
women (OR: 2.1, 95% CI: 1.38 to 3.20); and MSM were
significantly more likely to cluster within the network than FSWs
(OR: 2.63, 95% CI: 1.46 to 4.73) (see Table S2, Supplemental
Digital Content, http://links.lww.com/QAI/B522). Only one of
the sequences from the 5 individuals identified as recently
infected clustered with other study sequences.

DISCUSSION
To the best of our knowledge, this is the first study to date

looking at HIV-1 transmission network and drug resistance in key
populations in Haiti. This study showed a very high prevalence of

HIV DRMs of approximately 58.8% in key populations in Port-
au-Prince, Haiti. In 2008, Charles et al23 raised the alarm on high
levels of HIV DRMs (86%; 26/29) in a small cohort of Haitian
adolescents and young adults on antiretrovirals. We previously
showed high rates of resistance to NRTIs and NNRTIs among
newly HIV-diagnosed children in Haiti, suggesting a high vertical
HIV DRM transmission rate, which have led the National HIV
Program to revise the pediatric guidelines to include PIs in first-
line regimens for all HIV-positive newborns.24 Nevertheless, the
dynamics of transmission of HIV and the risk factors associated
with DRMs are different in key populations. Reports from the
Latin America and Caribbean region showed low to high levels of
transmitted HIV drug resistance in key populations (9.0 among
MSM and 10.3 among FSWs in Salvador, 3.7% among MSM in

TABLE 2. Factors Associated With HIV Drug Resistance

Characteristics at Time of Sampling Total

DRM Univariable Analysis Multivariable Analysis

Present Absent OR 95% CI P aOR 95% CI P

Age, yrs

18–24 32 8 24 — —

25–29 31 14 17 1.54 0.95 to 2.48 0.12 2.12 0.64 to 7.02 0.22

30–34 22 18 4 4.85 1.89 to 12.44 ,0.001 9.53 2.21 to 41.06 0.002

35 and older 34 30 4 5.53 2.20 to 13.90 ,0.001 19.88 4.68 to 84.42 ,0.001

Gender

Male 74 33 41 —

Female 45 37 8 3.24 1.65 to 6.33 ,0.001

Risk

MSM 56 21 35 — —

FSW 45 37 8 3.43 1.78 to 6.60 ,0.001 7.13 2.39 to 21.26 ,0.001

FSWs’ clients 18 12 6 2.48 1.04 to 5.91 0.055 1.55 0.53

Marital status

Single 77 44 33 —

Others (married or living with partner) 39 23 16 1.05 0.62 to 1.77 1.00

No. of sex partners in the past 6 mo

5 or less 83 45 38 —

More than 5 34 23 11 1.51 0.81 to 2.79 0.22

Education

Never attended/some primary school 36 27 9 2.16 1.12 to 4.18 0.015 2.47 0.82 to 7.43 0.11

Secondary school or higher 81 41 40 — —

ART regimen

TDF-3TC-EFV 89 56 33 1.22 0.98 to 1.51 0.07

TDF-3TC-DTG 26 11 15 —

Time on ART

#6 mo 41 20 21 —

.6 mo 74 47 27 1.25 0.93 to 1.67 0.17

Viral load

#1000 copies/mL 13 7 6 —

.1000 copies/mL 106 63 43 1.14 0.61 to 2.14

Recently infected

Yes 5 1 4 —

No 114 69 45 2.03 1.24 to 3.32 0.16

Cluster

Yes 24 15 9 1.17 0.56 to 2.45 0.82

No 95 55 40 —

Reference category denoted by “—”.
OR and aOR values in bold type indicate significance of ,0.05.
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Peru, 12% among MSM in Chile, and 28% among MSM in
Jamaica).25–28 In this study, women had a significantly higher risk
for DRMs than men in general, and FSWs were more likely to
harbor DRMs compared with MSM. Unreported data from FSWs
in Haiti show that they are less likely to adhere to ART because of
reported side effects that might interfere with their sex work, as
also reported by others.29,30 In addition, FSWs had more previous
treatment exposure (75% on ART for more than 6 months vs 57%
for MSM). This very high burden of HIV drug resistance in a
population with a high background prevalence of HIV is
worrisome and requires routine monitoring of HIV drug resistance
as well as targeted prevention and treatment interventions. We
also found older age (30–34 and $35 years) to be significantly
associated with HIV DRMs in our study; this is due to the fact
that 46.4% of the study population who were older than 29 years
were FSWs, and this subgroup presented a 92% DRM rate. The
prevalence of DRM to NNRTI was higher than DRM to NRTI
and PI in this cohort, which is consistent with other studies.23,27,31

The overall NNRTI DRM prevalence was 58%, and this high rate
of resistance justified the decision of the National AIDS Control
program to switch from NNRTI-based first-line regimens to DTG.
Resistance to TDF/FTC was also observed, which could impact
use of PrEP in key populations in Haiti.

Findings from this study suggest that some participants
may have been infected with drug-resistant HIV. We detected
DRMs in 1 of 5 individuals who were classified as recently
infected using the LAg-Avidity assay that reflects a case of
transmitted drug resistance. Time on ART was not associated
with drug resistance. This suggests that the mutations
identified may be the result of poor adherence to ART
regimens or treatment interruptions (acquired drug resis-
tance); unfortunately, adherence is often self-reported and
poorly documented at these settings, which makes the data
difficult to analyze.

In this study, 20% of participants were involved in
transmission clusters. More than 87% of transmission clusters
identified in this study consisted exclusively of men, and 71% of
them are younger than 35 years. Young men, specially MSM,
represent a particular target for the Haitian National AIDS
Control program because of the higher prevalence of HIV in this
subgroup of the population.3,5 Because sampling was not
population based, more linkages between MSM were observed
because they tend to enroll in studies with their sex partners.
FSWs rarely enroll with their specific male clients, and in fact, it
is challenging to reach these men due to the stigma and the
illegal status of prostitution in Haiti. It is worth noting the
absence of links between FSWs and FSWs’ clients in our study.
Because of the low sample size and the limited sampling density
in this study, additional unsampled individuals could have been
intermediary members of the transmission chain linking the 2
linked individuals.32–34 Unobserved intermediaries or misrepre-
sentation of risk potentially related to stigma that prevents men
from self-identifying as MSM might explain the presence of a
triad of MSM and FSWs’ client, as also reported by others.33

There are several limitations to our findings; the most important
of which is sampling bias. The participants were selected from 7
key population friendly health facilities in the metropolitan area
of Port-au-Prince; thus, our study population might not be
representative of the overall local key populations. More
comprehensive sample from other regions in Haiti and higher
sampling density would likely have resulted in more putatively
identified transmission links and a higher overall clustering rate,
and thus, a better picture of the transmission network throughout
the country.

CONCLUSIONS
The high prevalence of HIV drug resistance was

observed among key populations in Port-au-Prince, Haiti.
Network analysis revealed frequent DRM transmission
among genetically linked individuals. These findings provide
a framework for prioritization and allocation of treatment and
prevention resources. These results can be used to design
tailored HIV prevention and intervention strategies to key
populations in Haiti.
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FIGURE 2. HIV drug resistance transmission among genetically
linked individuals. Individuals (nodes) are shaped as square
(men) and circle (women). Nodes are colored according to risk
factors: blue for MSM, orange for FSWs, green for FSWs’ clients,
and yellow for multiple risks (MSM and FSWs’ client). Shared
DRMs are showed in red edges. All edges represent a genetic
distance of #1.5% separating nodes.
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