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Objectives: We evaluated the ability for molecular epidemiology to augment tradi-
tional HIV surveillance beyond the detection of clusters for outbreak investigation. To
do this, we address a question of interest to Public Health — Seattle and King County:
what proportion of HIV diagnoses among people born outside of the United States are
acquired locally?

Design: King County residents diagnosed with HIV, 2010-2018.

Methods: We linked HIV-1 pol gene sequences to demographic information obtained
from the National HIV Surveillance System, Public Health — Seattle and King County
case investigation and partner services interviews. We determined the likely location of
HIV acquisition based on HIV testing, travel histories and cluster-based molecular
analyses.

Results: Among 2409 people diagnosed with HIV, 798 (33%) were born outside of the
United States. We inferred the location of acquisition for 77% of people born outside
of the United States: 26% likely acquired HIV locally in King County (of whom 69%
were MSM, 16% heterosexual), and 51% likely acquired HIV outside of King County
(primarily outside of the United States). Of this 77% of people for whom we inferred
the location of HIV acquisition, 45% were determined using traditional epidemiol-
ogy methods and an additional 32% were inferred using molecular epidemiology
methods.

Conclusion: We found that the National HIV Surveillance System misclassified the
majority of HIV-infected foreign-born residents as ‘new’ local infections, and that these
cases contribute to an overestimate of local incidence. Our findings highlight how
molecular epidemiology can augment traditional HIV surveillance activities and
provide useful information to local health jurisdictions beyond molecular cluster
detection. Copyright © 2020 The Author(s). Published by Wolters Kluwer Health, Inc.
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Introduction

Molecular epidemiology and viral sequence analyses are
now commonly used to identity HIV infection clusters
and study patterns of HIV transmission. In approaches
based on pairwise genetic similarity, sequences that cluster
together are inferred to have epidemiological links and
potentially represent a shared transmission network, and
can be used to guide public health responses or targeted
prevention measures. HIV gene sequence data are
reportable in many parts of the United States, and the
Centers for Disease Control and Prevention (CDC)
aggregates these data at a national level as part of the HIV
Cluster Detection and Response (CDR) program within
the National HIV Surveillance System (NHSS). The
CDC requires that all state and selected local public health
agencies use molecular cluster detection to improve the
identification of emerging HIV outbreaks within their
jurisdictions [1]. However, the marginal benefit of these
and other types of molecular epidemiological analyses
over traditional HIV surveillance for local public health
agencies is unclear.

We aimed to assess the ability of molecular epidemiology
to improve traditional surveillance beyond the detection
of clusters for outbreak investigation. We used data from
the NHSS and supplementary data from HIV case
investigations and partner services interviews in King
County, Washington to address a key question of interest
to Public Health — Seattle and King County (PHSKC):
‘What proportion of new HIV diagnoses among residents
who were born outside of the United States were
acquired locally in King County? King County, which
includes the city of Seattle, has a larger proportion of
residents who were born outside of the United States
(22%) than the United States overall (13%) [2,3]. Since
2006, King County has experienced an increase in the
proportion of HIV cases among people born outside of
the United States, despite an overall decline in HIV
incidence over that same period [3—5]. While some HIV-
infected individuals certainly acquired HIV prior to
arriving in the United States, there is also local acquisition
[6—8]. The extent to which HIV infections among
foreign-born people are locally acquired is unclear. For
individuals who acquired HIV outside of the United
States, these infections contribute to an overestimate of
local incidence. These diagnoses are still of public health
importance, with the goal of diagnosis and linkage to care
as soon as possible after arrival to the United States. In
addition, understanding the degree of local HIV
acquisition is important for HIV prevention, and for
assessing which populations are not being reached by
current prevention efforts.

Several recent studies have used molecular epidemiology
to examine transmission dynamics among foreign-born
residents of the United States [6,7,9,10]. However, they
only considered individuals from a single region of birth

(e.g. Africa and Latin America) [6,10], or did not utilize
linked clinical and epidemiological data, such as HIV
testing or travel histories [7,9]. In this study, we combine
data collected through traditional HIV surveillance
activities with information from HIV sequences collected
from drug resistance tests, and develop an algorithmic
approach to understanding the location of HIV acquisi-
tion for foreign-born United States residents. Our
primary aim was to estimate the proportion of foreign-
born individuals who likely acquired HIV locally.

Methods

Study population and data collection

Our study population includes all residents of King County,
Washington who were diagnosed with HIV between 1
January 2010 and 31 December 2018. Our analysis used
linked, deidentified data from four sources: NHSS; HIV
surveillance case investigations that review the medical
records of persons who test positive; HIV partner services
interviews conducted by PHSKC; and HIV-1 pol gene
sequences collected through the CDR  program. In
Washington State, providers and laboratories are required
to report HIV diagnoses to the local health jurisdiction, and
laboratories are required to report all positive HIV antibody
tests, HIV RINA test results, and HIV genotype results.
Genotype results include HIV pol gene sequences and are the
basis of the CDR program within NHSS. All HIV gene
sequences are obtained as part of routine clinical care and not
for the sole purpose of CDR. For all positive HIV test results
received by PHSKC, staff conduct case investigations to
determine if cases have been previously reported in other
states or if persons were diagnosed prior to arrival in the
United States. PHSKC also attempts to offer partner services
to all individuals newly diagnosed with HIV. The NHSS
includes demographic information and data on likely mode
of HIV acquisition, country of birth, and clinical measures
(such as CD4 ™" cell counts and viral load). Partner services
interviews collect additional information on HIV testing
history, date of arrival in the United States, and sexual
behavior, including sexual histories related to travel abroad
(Supplemental Digital Content). Non-English-speaking
patients are interviewed with in-person or phone inter-
preters.

Sequence analysis

HIV-1 sequences from the protease and reverse tran-
scriptase (PR/RT) region of the pol gene were aligned
with the HXB2 reference genome using the MAFFT
algorithm [11]. We chose to conduct distance-based
clustering analyses (in lieu of other phylogenetic or
phylogeographic methods) as these are most easily
reproducible by local health departments. We identified
genetic similarity clusters of two or more individuals
using Tamura-Nei (TN93) pairwise genetic distance with
a 0.02 substitutions/site threshold [12]. At this distance
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threshold, belonging to a cluster is consistent with
belonging to the same transmission chain and being
epidemiologically linked [13,14]. In addition, we
conducted sensitivity analyses using distance thresholds
0f 0.025, 0.015 and 0.01. HIV subtypes were determined
using the COMET and REGA typing tools [15,16]. A
phylogenetic tree was constructed using the FastTree
approximate maximum likelihood method [17].

‘We only considered sequences obtained in King County
(i.e. we did not include sequences that were not sampled
in King County, which might be obtained via GenBank
or the Los Alamos National Laboratory HIV Database).
Any clusters, then, were suggestive of local transmission
or acquisition. To increase the likelihood of detecting
putative transmission clusters, we used all available PR/
RT pol gene sequences from people who were residents
of King County when they were diagnosed with HIV or
AIDS (11625 sequences from 6458 people) when
identitying clusters. Variation in rates of clustering among
subpopulations can be due to variation in transmission
rates or variation in the time between infection and
sequence collection, as sequences sampled in early
infection are more likely to cluster [18,19]. Thus, we
assessed the odds of clustering using logistic regression
and adjusted for year of diagnosis and early HIV infection
(defined as CD4 " cell count >500 cells/pl at diagnosis).

Determining location of HIV acquisition

The NHSS defines new HIV diagnoses based on
residence in the United States at the time of a first
documented positive HIV test. Therefore, some foreign-
born individuals may have been diagnosed with HIV
prior to arriving in the United States, but are counted as
‘new’ diagnoses in the NHSS if the individual does not
have documentation of a previous positive test result.
Using data collected through case investigation, PHSKC
determines if individuals without such documentation
were diagnosed prior to being a resident of King County
(either outside of the United States or elsewhere within
the United States). Thus, PHSKC’s definition of local
HIV cases excludes individuals for whom case investiga-
tion revealed they had a prior diagnosis (but are counted
as a ‘new’ diagnosis in the NHSS).

Our primary analysis, described below, aims to determine
the location of HIV acquisition for all individuals that
PHSKC determined to be a local case of HIV (e.g.
individuals without a prior diagnosis outside of King
County). In addition, we estimate the proportion of all
NHSS defined new HIV diagnosis that were locally
acquired, abroad or outside of King County.

To determine the likely location of HIV acquisition for
PHSKC-defined new diagnoses, we first used information
collected from partner services interviews on date of last
HIV negative test, date of arrival to the United States, and
sex during travel outside of the United States (Fig. 1). We

categorized individuals as likely having acquired HIV
outside of the United States if they report a negative HIV
test result after arrival in the United States and subsequently
tested positive for HIV after having sex while traveling to
their country of birth. We categorized individuals as likely
having acquired HIV in King County (local acquisition) if
they report a negative HIV test after arrival in the United
States and no sex during subsequent travel abroad. We were
unable to use partner services data to determine the
location of HIV acquisition for individuals who never
tested for HIV prior to their diagnosis; were missing a date
of arrival to the United States, or; whose most recent
negative HIV test was prior to their arrival in the United
States (noninformative testing history).

Next, we used sequence data for individuals for whom we
were unable to determine the likely location of acquisition
based on partner services information alone. Individuals
who clustered (regardless of HIV subtype) were assumed to
be associated with either local acquisition or transmission.
Examining HIV subtypes among individuals who were
born in regions where B is not the most common subtype is
informative for the location of infection [20]. Individuals
who did not cluster and had a non-B HIV subtype likely
acquired HIV outside of the United States (or their local
transmission source was unsampled). Among individuals
who did not cluster, those who were born in sub-Saharan
Africa and have a subtype B HIV virus likely acquired HIV
in the United States because subtypes C, D, F and
circulating recombinant forms O1AE and 02AG are
dominant in sub-Saharan Africa. Lastly, we are unable to
infer the location of acquisition among individuals with
subtype B who did not cluster and who were born in Asia,
Latin/South American, Europe/Canada, Oceania or the
Middle East/ North Africa because subtype B circulates
more frequently in those regions [20].

All analyses were conducted in R version 3.4.2 (R
Foundation for Statistical Computing, Vienna, Austria)
and our scripts are available at https://github.com/
dianatordoft/KClocalHIV. This study received ethical
approval from the Washington State and University of
Washington Institutional Review Boards.

Results

From 2010 to 2018, 2409 King County residents were
diagnosed with HIV and categorized as new infections
based on the NHSS definition. Of these 2409 individuals,
798 were born outside of the United States. Among King
County residents who were born outside of the United
States: 37% were born in Latin/Southern America, 29%
in sub-Saharan Africa, 15% in Asia, 9% in Europe or
Canada, 5% in Oceania and 3% were born in the Middle
East or North Africa (Table 1). One hundred and fifty-
five people had an unknown or unspecified country of

657


https://github.com/dianatordoff/KClocalHIV
https://github.com/dianatordoff/KClocalHIV

658 AIDS 2021, Vol 35 No 4

NHSS-defined New Diagnosis

N=798
Acquired HIV outside of
PHSKC case investigation determined person had previously Yes . the US (N=241), or
been diagnosed with HIV outside of King County? N=254 in the US outside of

King County (N=13)

N=544 l No

PHSKC-defined Local HIV Cases

2 1 . No
Has partner services interview? e Has HIV sequence? No ,
N=156 N=114
N=388 Il Yes N=330| Yes
L
No Never tested
N=247 | Yes N=180/B  N=140, non-B
+
| Date of arrival to the US known? | | Clustered? I | Clustered? |
N=140 | Yes N=116 | Yes N=74 |No N=19 Yes N=121 |No
L h 4
Last negative test occurred No Noninformative Subtype non-B,
—— i . Subtype B, Clustered: d
after arrival in the US N=56 testing history Suggestive of local . Clustered: |
5 uggestive of local
acquisition or
tranenilasion acquisition or
transmission
N=107 No /N-u Yes L] 4
= No ra v Subtype B, ?btyépo non-B,
= Acquired HIV Not Clustered ot Clustered:
Reported sex while / Reported sex while No
«| locally in King Suggestive of acquisition
BN Mo S A N=62 County l outside of the US
' e jon of birth?
No /N=12 \L‘g«b o o N=72
N=28_ Yes I N=22 | Yes -
Tested positive after Tested positive after Yes. L':'w;::::':d sub-Saharan Africa: Other Regions:
reported sex abroad? reported sex abroad? N=18 f the US Likely acquired HIV Noninformative
. locally in King County
.
Yes
N=16

Fig. 1. Decision tree for determining the location of HIV acquisition for people born outside of the United States who were
designated as new diagnoses in the National HIV Surveillance System.

birth and were excluded from our analysis. The
proportion of King County cases that were foreign-born
increased from 17% in 2010 to 33% in 2017 (Supple-
mental Digital Content).

Public Health — Seattle and King County case
investigation

Among the 798 foreign-born people with a newly
reported positive HIV test in the NHSS, PHSKC
identified 254 (32%) individuals with a prior HIV
diagnosis outside of the United States (N =241) or in the
United States but outside of King County (N=13;
Fig. 2). The proportion of individuals with a prior
diagnosis varied by region, and was highest among people
born in sub-Saharan Africa (Table 2A). The remaining
544 (68%) foreign-born individuals were categorized as
local cases of HIV based on the PHSKC definition
(Fig. 2). In the next two sections, we only present data for
these 544 PHSKC-defined local HIV cases among people
born outside of the United States.

Partner services interviews
From 2010 to 2018, 1383 of PHSKC-defined new cases
completed a partner services interview (82% of United

States-born v. 71% of foreign-born individuals). Among
the 388 foreign-born people who completed a partner
services interview, we determined that 9% (34/388) likely
acquired HIV outside of the United States because they
reported testing positive for HIV for the first time after
having sex while traveling to their country of birth (Table
2B). We also estimated that 17% (66/388) of people
acquired HIV in the United States because they reported
a negative HIV test after arrival in the United States and
no sex during subsequent travel abroad. For the
remaining individuals, 36% (141/388) had never tested
for HIV prior to their diagnosis and 38% (147/388) had
their last negative test result prior to their arrival in the
United States.

Molecular epidemiology

There were 1448 people who had an available HIV gene
sequence (80% of US-born v. 74% of foreign-born
individuals). HIV subtype distribution generally mirrored
individuals’ regions of birth (Table 2C) [20], except for
MSM, in which a higher proportion of MSM had HIV
subtype B compared with non-MSM (across all regions of
birth) (86 vs. 32%, P value <0.001). The phylogenetic
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Table 1. Demographics of Public Health - Seattle and King County-defined local HIV cases in King County by region of birth, 2010-2018.

Latin/ Sub- Middle All
South Saharan Europe/ East/North  foreign-
America Africa Asia Canada Oceania Africa born US-born
N=203 N=160 N=84 N=51 N=29 N=17 N=>544 N=1304

Sex, n (%)

Cisgender women 24 (11.8%) 94 (58.8%) 19 (22.6%) 7 (13.7%) 1 (3.4%) 3(17.6%) 148 (27.2%) 09 (8.4%)

Cisgender men 176 (86.7%) 66 (41.2%) 65 (77.4%) 44 (86.3%) 26 (89.7%) 14 (82.4%) 391 (71.9%) 1180 (90.5%)

Transgender women 3 (1.5%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 2 (6.9%) 0 (0.0%) 5 (0.9%) 13 (1.0%)

Transgender men 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 2 (0.2%)
Age at diagnosis (years), n (%)

<25 19 (9.4%) 17 (10.6%) 16 (19.0%) 3 (5.9%) 2 (6.9%) 0 (0.0%) 7 (10.5%) 203 (15.6%)

25-34 75 (36.9%) 32 (20.0%) 23 (27.4%) 17 (33.3%) 13 (44.8%) 6 (35.3%) 166 (30.5%) 482 (37.0%)

35-44 67 (33.0%) 40 (25.0%) 20 (23.8%) 19 (37.3%) 5 (17.2%) 8 (47.1%) 159 (29.2%) 281 (21.5%)

>45 42 (20.7%) 71 (44.4%) 25 (29.8%) 12 (23.5%) 9 (31.0%) 3 (17.6%) 162 (29.8%) 338 (25.9%)
Transmission category, n (%)

PWID 4 (2.0%) 1 (0.6%) 4 (4.8%) 5(9.8%) 0 (0.0%) 0 (0.0%) 4 (2.6%) 221 (16.9%)

MSM 140 (69.0%) 12 (7.5%) 51 (60.7%) 38 (74.5%) 23 (79.3%) 13 (76.5%) 277 (50.9%) 1053 (80.8%)

Heterosexual 24 (11.8%) 45 (28.1%) 8 (9.5%) 2 (3.9%) 0 (0.0%) 1 (5.9%) 0 (14.7%) 5 (5.0%)

Unknown 34 (16.7%) 102 (63.7%) 22 (26.2%) 9 (17.6%) 4 (13.8%) 3 (17.6%) 174 (32.0%) 0 (6.9%)
CD4™ cell count at diagnosis (cells/ul), n (%)

<200 60 (30.0%) 71 (45.2%) 25 (29.8%) 7 (14.3%) 6 (20.7%) 4 (23.5%) 173 (32.3%) 237 (18.7%)

200-500 97 (48.5%) 60 (38.2%) 39 (46.4%) 21 (42.9%) 18 (62.1%) 9 (52.9%) 244 (45.5%) 530 (41.7%)

>500 43 (21.5%) 26 (16.6%) 20 (23.8%) 21 (42.9%) 5 (17.2%) 4 (23.5%) 119 (22.2%) 503 (39.6%)
Completed PS interview, n (%) 163 (80.3%) 88 (55.0%) 59 (70.2%) 41 (80.4%) 26 (89.7%) 11 (64.7%) 388 (71.3%) 995 (81.5%)
Available PR/RT sequence, n (%) 167 (82.3%) 116 (72.5%) 63 (75.0%) 31 (60.8%) 15 (51.7%) 12 (70.6%) 404 (74.3%) 1044 (80.1%)

This table excludes 155 individuals with an unknown country of birth and 406 individuals with a date of diagnosis that precede the date of their first
laboratory or medical visit while a resident of King County and who were thus not defined as a local cases of HIV by Public Health — Seattle & King

County. PR/RT, protease/reverse transcriptase; PS, partner services; PWID,

tree highlights the subtype diversity in King County
(Fig. 3).

Among all individuals with an available sequence, 1104
(76%) clustered into 295 genetic similarity clusters. Fewer
foreign-born people clustered compared with US-born
people (44 vs. 89%, P value <0.001). In a multivariate
regression model adjusting for early infection and year of
diagnosis, foreign-born individuals had a significantly
lower odds of clustering [adjusted odds ratio (AOR) 0.23;
95% confidence interval (CI): 0.19, 0.28; Supplemental
Digital Content|. This association was true for all regions,
but varied substantially between regions of birth, such
that the odds of clustering was lowest for sub-Saharan
Africa (AOR 0.06; 95% CI: 0.04, 0.09) and highest, but
still below unity, for Latin/South America (AOR 0.48;
95% CI: 0.36, 0.63). We also found that foreign-born
individuals were more likely to cluster with other foreign-
born individuals (AOR 1.88; 95% CI. 1.28, 2.75)
compared with US-born individuals.

Combined inference on the location of HIV
acquisition

When we combine our inference from traditional
surveillance data with additional information from
molecular analyses, we are able to infer the location of
HIV acquisition for 611 (77%) of all 798 HIV-infected
foreign-born residents of King County categorized as
new diagnoses by the NHSS (Fig. 2): PHSKC case
investigation determined that 254 (32%) people acquired
HIV outside of King County (primarily outside of the

person who injects drugs.

United States); additional analysis of partner services data
determined the location of HIV acquisition (either local
or outside of the United States) for another 100 (13%)
people; and the location of HIV acquisition for the
remaining 258 (32%) people was inferred using molecular
epidemiology methods. We were unable to determine the
location of acquisition for 186 people because our
inference was noninformative (IN=72) or because they
neither completed a partner services interview nor had an
available PR/RT sequence (N=114).

Our combined inference suggests that 394 (49%) likely
acquired HIV outside of the United States, 13 (2%)
acquired HIV in the United States outside of King
County, and 205 (26%) likely acquired HIV locally in
King County (Table 2D). This varied by region and
transmission group: Individuals from Latin/Southern
America had the highest proportion of individuals who
likely acquired HIV locally (43%), while individuals born
in sub-Saharan African were most likely to acquire HIV
outside of the United States (78%). This may reflect
differences in transmission risk among individuals from
these regions of birth, since 42% of MSM likely acquired
HIV locally compared with 67% of heterosexuals and
66% of people with unknown transmission who likely
acquired HIV outside of the United States.

Figures 1 and 2 show the incremental information gained
over traditional epidemiologic data from molecular
cluster analyses, reported as the additional proportion
of individuals who did or did not cluster by HIV subtype.
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Fig. 2. Combined analysis of HIV testing and travel histories obtained during partner services interviews and molecular
epidemiology among all 798 foreign-born residents of King County diagnosed with HIV, 2010-2018. The National HIV
Surveillance System defines new HIV diagnoses as a first documented positive HIV test. Therefore, some foreign-born individuals
may have been previously diagnosed with HIV prior to arriving in the United States, but are counted as ‘new’ diagnoses in the
National HIV Surveillance System if the individual does not have documentation of a previous positive test result. Public Health —
Seattle and King County identified 254 individuals with a prior diagnosis date, thus only 544 foreign-born residents of King County
were categorized as new diagnoses per the Public Health — Seattle and King County definition (left column). The right column
indicates inference from self-reported HIV testing and travel histories as well as date of arrival to the United States using data from
Partner Services interview in blue (see Fig. 1 for decision tree), and the additional information gained through molecular

epidemiology analyses in purple.

Beyond the 66 individuals whose HIV testing and travel
histories suggested they acquired HIV locally, 135
additional individuals clustered (116 subtype B, 19 non-
B), suggesting they are linked with local HIV transmission
or acquisition. We also observed that 121 had a non-B
subtype and did not cluster, which is suggestive of
acquisition outside of King County. Lastly, 74 had a subtype
B virus and did not cluster: Two of these individuals were
born in sub-Saharan Africa, suggesting they acquired HIV
locally, while 72 were born in regions where subtype B isin
circulation, and thus are noninformative.

Lastly, we observed concordance between clustering and
inference from partner services interviews. There were
315 foreign-born individuals who had both an available
sequence and partner services interview. Among individ-
uals whose HIV testing and travel histories suggested that
they likely acquired HIV locally, 68% belonged to a
genetic cluster. This might suggest that 32% of persons
who transmitted HIV to these foreign-born residents are

unsampled, a proportion that is concordant with the
overall HIV sequence coverage in King County. In
contrast, only 25% of individuals whose HIV testing and
travel histories suggested that they acquired HIV outside
of the United States belonged to a genetic cluster. This
suggests that these individuals may have transmitted HIV
to another individual who resides in King County, or
immigrated to the United States with the person they
acquired HIV from or transmitted HIV to (e.g. a spouse).
Sensitivity analyses obtained comparable results.

Discussion

Opverall, we inferred the location of acquisition for 77% of
people living with HIV (PLWH) in King County who
were born outside of the United States. We estimate that a
minimum of 26% of HIV-infected foreign-born residents
likely acquired HIV locally in King County between
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Fig. 3. FastTree Phylogeny of All Sequences Sampled 2010-2018 in King County, Washington by region of birth and HIV

subtype.

2010 and 2018. However, most (51%) foreign-born HIV-
infected residents likely acquired HIV outside of King
County (primarily outside of the United States) and were
misclassified by the NHSS as ‘new’ local infections and
contribute to an overestimate of local HIV incidence.
Traditional epidemiology methods — including case
investigation and analysis of data collected through
partner services interviews — identified the location of
HIV acquisition for 45% of PLWH who were born
outside of the United States and defined as a new
diagnosis by the NHSS. Molecular epidemiology
methods allowed us to infer the location of HIV
acquisition for an additional 32% of foreign-born
residents of King County newly diagnosed with HIV.

These findings suggest that there is some degree of local
acquisition among people born outside of the United
States, the majority of whom were MSM (69%) and a
minority of whom were heterosexual (13%) or had
unknown mode of transmission (16%). Location of HIV

acquisition also varied significantly by region of birth.
Consistent with prior studies, sub-Saharan African
residents newly diagnosed with HIV were mostly
women, and few were MSM [2,5,7]. Although they
were the least likely to cluster, our combined inference
approach suggest that at least 7% of people born in sub-
Saharan Africa acquired HIV locally, a proportion that is
much lower that previous findings from King County,
which estimated 21-26% of African-born people
acquired HIV locally [6]. HIV among individuals born
in other regions more closely reflected the epidemic in
King County in that they were predominantly MSM
infected with HIV subtype B.

Molecular epidemiology provided additional insight into
HIV transmission patterns. Patterns of clustering and
coclustering suggest that foreign-born individuals are not
contributing substantially to either the heterosexual or
MSM epidemics in King County. Few heterosexual
foreign-born individuals belonged to a genetic cluster. In
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addition, while the majority of foreign-born individuals
who clustered were MSM, foreign-born MSM still had
significantly lower odds of clustering with other MSM
compared with people born in the United States. Thus,
these data suggest that being born outside of the United
States is associated with relatively lower local transmission
rates. These dynamics have also been observed in
European settings. A phylogenetic analysis from Belgium
similarly found that sub-Saharan African immigrants had
a limited contribution to ongoing HIV transmission,
despite comprising a large proportion of the population of

PLWH [21].

Our results are limited by the large proportion of foreign-
born individuals who had not been tested for HIV since
arriving in the United States or who had never tested for
HIV prior to diagnosis; notably, over half of individuals
reporting heterosexual or unknown transmission had
never previously tested for HIV. This finding is consistent
with a previous study of nation-wide data [22]. Another
limitation is that genetic clustering methods rely on the
choice of a distance threshold (for the current study we
performed sensitivity analyses on these thresholds) and are
unable to determine directionality of putative transmis-
sions. Thus, our analyses are vulnerable to some degree of
misclassification; while clustering is suggestive of an
individual being linked to a local chain of transmission,
this may be due to either acquisition or transmission.
Thus, some individuals who acquired HIV abroad may be
misclassified as local cases if they clustered, and others may
not be identified as local cases because they did not cluster
at the chosen distance threshold. However, at a
population level, this is a reasonable proxy for the
proportion of infections that are locally acquired. Lastly,
clustering is also vulnerable to confounding by sampling
coverage and time from infection to sample collection
[18,19]. Our analysis is also limited to individuals residing
in King County at the time of diagnosis due to
jurisdictional boundaries that govern the management
of partner services and surveillance data. Thus, we may
not capture individuals who cluster with people in
neighboring counties or elsewhere in the United States.
Lastly, clustering analyses are not able to determine
location of acquisition for marital partners who cluster
and who immigrate to United States together.

In summary, the majority of PLWH in King County who
were born outside of the United States likely acquired HIV
abroad and efforts should be made to diagnose and link
them to care as soon as possible after arrival to the United
States. In addition, some foreign-born residents (e.g. MSM
and persons born in Latin America) were more likely to
have acquired HIV locally, suggesting these populations
may not be reached by prevention eftorts. Our findings also
highlight how molecular epidemiology can complement
traditional epidemiology and provide useful information to
local public health jurisdictions beyond molecular cluster
detection. This study demonstrates how molecular

epidemiology can fill gaps left by variations in the content
and completeness of partner service interview and HIV
surveillance data. Specifically, molecular analyses provided
key information on the location of HIV acquisition that
may provide more accurate estimates of local incidence and
help tailor interventions.
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