
A Novel Modeling Approach for Estimating Patterns
of Migration into and out of San Francisco by HIV Status
and Race among Men Who Have Sex with Men

Alison J. Hughes & Yea-Hung Chen & Susan Scheer &

H. Fisher Raymond

Published online: 23 March 2017
# The New York Academy of Medicine 2017

Abstract In the early 1980s, men who have sex with
men (MSM) in San Francisco were one of the first
populations to be affected by the human immunodefi-
ciency virus (HIV) epidemic, and they continue to bear a
heavy HIV burden. Once a rapidly fatal disease, survival
with HIV improved drastically following the introduc-
tion of combination antiretroviral therapy in 1996. As a
result, the ability of HIV-positive persons to move into
and out of San Francisco has increased due to length-
ened survival. Although there is a high level of migra-
tion among the general US population and among HIV-
positive persons in San Francisco, in- and out-migration
patterns of MSM in San Francisco have, to our knowl-
edge, never been described. Understanding migration
patterns by HIV serostatus is crucial in determining
how migration could influence both HIV transmission
dynamics and estimates of the HIV prevalence and
incidence. In this article, we describe methods, results,
and implications of a novel approach for indirect esti-
mation of in- and out-migration patterns, and conse-
quently population size, of MSM by HIV serostatus
and race in San Francisco. The results suggest that the
overall MSM population and all the MSM subpopula-
tions studied decreased in size from 2006 to 2014.

Further, there were differences in migration patterns by
race and by HIV serostatus. The modeling methods
outlined can be applied by others to determine how
migration patterns contribute toHIV-positive population
size and output from these models can be used in a
transmission model to better understand how migration
can impact HIV transmission.

Keywords HIV/AIDS .Migration .Menwho have sex
withmen . Population size estimation

Introduction

San Francisco, particularly the Castro District, is con-
sidered by many to be a “gay Mecca.” Political, social,
and economic forces shaped the Castro neighborhood’s
identity during the second-half of the twentieth century
[1]. During the 1960s and 1970s, the Castro District
helped create a sense of belonging to a community, a
pocket of acceptability in an otherwise hostile country,
and a space for gay sexual expression for gay men or
men who have sex with men (MSM). As a result, large
numbers of MSM migrated to San Francisco during the
1960s and 1970s, and by 1980 an estimated 17% of the
city’s population was gay [2, 3]. The first AIDS case in
San Francisco was reported in 1980 and the Castro
District, home to most MSM in the city, was heavily
affected by the AIDS epidemic in the 1980s. By the time
the etiologic agent of AIDS (human immunodeficiency
virus or HIV) was discovered and the first diagnostic
test for HIV was approved in 1985, approximately 50%
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of MSM in San Francisco were HIV-positive [4]. Ini-
tially, life expectancy with AIDS was poor, with a
median survival of 11 months for persons diagnosed
with AIDS between 1980 and 1984 [5]. Life expectancy
increased when the first antiretroviral drug was ap-
proved by the FDA in 1987, and the median survival
of individuals diagnosed with AIDS between 1990 and
1995 had increased to 38 months [5].

The ability of HIV-positive individuals to migrate
has increased as a result of lengthened survival.
Data from the San Francisco Department of Public
Health (SFDPH) indicate that HIV-positive individ-
uals are migrating into and out of San Francisco.
Approximately 29% of HIV-positive individuals re-
ceiving HIV care in San Francisco in 2014 were
living elsewhere at HIV diagnosis, indicating sub-
stantial in-migration from other areas [5]. Between
November 2012 and May 2015, SFDPH conducted a
pilot project in which HIV-positive adults presumed
to reside in San Francisco were sampled from the
HIV registry and recruited for participation in a
survey. Approximately 25% of those sampled and
located no longer resided in San Francisco at the
time of recruitment, indicating significant out-
migration among persons living with HIV. HIV
serostatus may influence in-migration because of
the desire to migrate to an area perceived as having
less HIV stigma, better quality or access to medical
care and HIV-related services, or more affordable
health care. On the other hand, HIV serostatus may
influence out-migration because of the need to live
in a place with a lower cost of living or the desire to
move closer to family or potential caregivers.

Direct estimation of migration among MSM is
not possible because a single data source that con-
tains all necessary information does not exist. The
US Census does not collect data on sexual orienta-
tion or behavior, which results in difficulty
obtaining estimates of MSM population size and
migration from this robust data source. In the Ur-
ban Men’s Health Study, MSM in New York, San
Francisco, Chicago, and Los Angeles were sur-
veyed via telephone, 82% reported in-migrating to
these urban areas since turning 18 years of age, and
in-migration proportions differed by race and age
[6]. There are currently no reliable cohort studies
that are tracking out-migration of MSM from San
Francisco as it is difficult to distinguish whether an
individual who has been lost to follow-up has out-

migrated or has passively refused. The National
HIV Behavioral Surveillance (NHBS) survey col-
lects self-reported survey data on in-migration for
MSM into San Francisco, and there is limited in-
formation on out-migration by HIV-positive MSM
in San Francisco from HIV surveillance data. While
a case record in the HIV surveillance database may
be updated as part of routine HIV case surveillance
activities if the individual has migrated out of San
Francisco, this source is not reliable for estimating
out-migration because the time at which out-
migration occurred is difficult to ascertain through
HIV surveillance data, and there are substantial
discrepancies between HIV surveillance data and
self-reported current residence. Further, there are
no data sources on out-migration for HIV-negative
MSM in San Francisco.

Migration patterns of MSM in San Francisco
have, to our knowledge, never been described. Un-
derstanding migration patterns is crucial in deter-
mining how migration by HIV-positive and HIV-
negative individuals could influence HIV transmis-
sion. An accurate estimate of population size is
essential for allocating resources. Due to the diffi-
culty of directly estimating migration of MSM, a
modeling approach was relied on to estimate in-
and out-migration of MSM by HIV serostatus and
by race, as those in different racial groups are dis-
proportionately affected by HIV and also may have
different migration patterns. The analysis was limit-
ed to white MSM, black MSM, and all MSM com-
bined, due to the small numbers of MSM of other
races (i.e., Asian) and ethnicities in San Francisco.
Here, we describe methods, results, and implications
for a novel approach to estimate in- and out-
migration patterns of MSM, and consequently pop-
ulation size, by HIV serostatus and race in San
Francisco.

Methods

Data Sources and Estimated Parameters

National HIV Behavioral Surveillance

Data from the NHBS project in San Francisco were
used to estimate the number of MSM with unrecog-
nized HIV (ut

HIV +) and the proportion of MSM who
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moved to San Francisco in the prior 12 months who
were HIV-positive (nΔt). NHBS data provided the
proportion of MSM living with unrecognized HIV
[7]. The inverse of this proportion was divided by
the total known HIV-positive MSM (kt

HIV +) to ob-
tain the total number of HIV-positive MSM
(MSMt

HIV +). NHBS is a CDC-funded, national
HIV behavioral surveillance project that collects
data on MSM in San Francisco through standardized
behavioral surveys, including HIV-antibody and in-
cidence testing. NHBS did not sample MSM every
year; data from 2004, 2008, 2011, and 2014 were
used for estimating parameters in the model. Data
for miss ing years were imputed by l inear
interpolation.

MSM Population Estimates

We used previously published data on estimated MSM
population size for all race/ethnicities combined in 2006
(n=63,577) as the estimated starting population size for
the model (MSMt) [8]. To calculate theMSM population
size in 2006 for WMSM and BMSM, the means of the
proportions for each race were calculated from NHBS
2004 and 2008 (because 2006 was the halfway point
between these time points) and multiplied by the total
estimated MSM population size in 2006 [7]. Our as-
sumption concerning the proportion of the male popu-
lation that is MSM in San Francisco (pMSM) was derived
using the above estimated MSM population sizes (all,
white and black subgroups) in 2006 and then dividing
by the corresponding total San Francisco adult male
population sizes in 2006 reported by the US Census
Bureau. This yielded an estimate that 19% of all adult
males in San Francisco were MSM, whereas 23% of all
black adult males wereMSM and 21% of all white adult
males were MSM.

US Census Bureau American Community Survey

The US Census Bureau American Community Survey
(ACS) collects demographic information and migration
status for a subsample of persons and households in the
US Census. Data are given weights that were used to
calculate population estimates. Data from ACS single-
year estimates for the years 2006–2014 were used to
estimate the total number of adult male in-migrants and
out-migrants for San Francisco. The estimated propor-
tion of all adult men who are MSM (pMSM) was then

applied to obtain the total number of MSM in-migrants
(iΔt) and out-migrants (oΔt).

HIV Surveillance Data

California law requires that all HIV laboratory tests
be reported to the local health department by both
the diagnosing provider and the laboratory
performing the test [9]. The San Francisco Depart-
ment of Public Health collects diagnostic, demo-
graphic, mode of HIV acquisition, and vital status
information for all reported persons with HIV [10,
11]. This information is stored in the Enhanced
HIV/AIDS Reporting System (eHARS) case regis-
try. HIV surveillance data were used to estimate the
current number of MSM living in San Francisco
with known HIV diagnosis (kt

HIV +), new HIV di-
agnoses each year or “seroconversions” (sΔt), and
deaths in HIV-positive MSM (dΔt

HIV +). Additional-
ly, the number of deaths for adult male San
Francisco residents each year from 2006 to 2013,
from the San Francisco Department of Public
Health Vital Records, was multiplied by the pro-
portion of all adult men who are MSM (pMSM) to
yield the estimated number of deaths in MSM each
year (dΔt). To calculate the number of deaths
among HIV-negative MSM (dΔt

HIV −), the deaths
among HIV-posi t ive MSM (dΔ t

H IV +) were
subtracted from all MSM deaths (dΔt), as explained
in Table 1.

Model Overview

A mathematical model was built according to a simple
population growth model. For example, Eq. 1 can be
used to calculate the MSM population size in San
Francisco on January 1, 2008 (MSMt + 1) as equal to
the population size that existed on January 1, 2007
(MSMt), plus the MSM who entered the population
during 2007 (inΔt), minus the MSM who exited the
population during 2007 (outΔt). Note that in our equa-
tions Δt denotes a time period from time t to time t+1,
whereas t and t+1 both denote a specific time point.
This model was stratified by HIV serostatus (Eqs. 1a,
1b, and 2) and subsequently by white and black race
(equations not shown). Methods used to calculate the
model for the ent i re MSM popula t ion (a l l
race/ethnicities) are described below. We applied the
same modeling approach to create separate models for
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white MSM (WMSM) and black MSM (BMSM).
Homeless persons were included in NHBS data, MSM
population size estimates, and HIV surveillance data;

however, those who were homeless and then migrated
into and out of San Francisco and were also living on the
street may have been missing in US Census ACS data.

Table 1 Migration model parameters and description as to how the parameter was either estimated from external data or derived from other
model parameters

Description Notation Estimated Derived Varied in
uncertainty
analysis

Notes

Total MSM MSMt x x x Published population estimate used for 2006. Each
subsequent year derived by taking prior year population,
adding total in (during Δt) and subtracting total out
(duringΔt) as described in Eq. 1

Total HIV+ MSM MSMt
HIV + x Derived from Eq. 9

Known HIV+ kt
HIV + x Estimated using eHARS data

Unknown HIV+ ut
HIV + x x Estimated using NHBS data

Total HIV− MSM MSMt
HIV − x MSMt

HIV −=MSMt−MSMt
HIV +

Total in inΔt x inΔt= inΔt
HIV + + inΔt

HIV −

Total in HIV+ inΔt
HIV + x Derived from Eq. 3

Total in HIV− inΔt
HIV − x Equal to total in-migrants HIV−

Newly diagnosed HIV+ sΔt x Estimated using eHARS data

Total MSM in-migrants iΔt x x Number of adult male in-migrants from time t0 to t1 was
estimated using ACS Census data. We then multiplied this
by the proportion of all adult males that wereMSM (pMSM)
to get total MSM in-migrants

New arrival HIV+
proportion

nΔt x x Proportion of MSM that in-migrated from time t0 to t1 who
are HIV+ was estimated from NHBS data

In-migrants HIV+ iΔt
HIV + x Derived from Eq. 11

In-migrants HIV− iΔt
HIV − x Derived from Eq. 12

Total out MSM outΔt x outΔt= outΔt
HIV + + outΔt

HIV −

Total out HIV+ outΔt
HIV + x Solve for by re-arranging Eq. 1a

Total out HIV− outΔt
HIV − x Solve for by re-arranging Eq. 1b

Total MSM out-migrants oΔt x x Number of adult male out-migrants during time t0 to t1 was
estimated using ACS Census data. We then multiplied this
by the proportion of all adult males that wereMSM (pMSM)
to get total MSM out-migrants

Out-migrants HIV+ oΔt
HIV + x Solve for by re-arranging Eq. 6

Out-migrants HIV− oΔt
HIV − x Solve for by re-arranging Eq. 7

Total deaths dΔt x dΔt= dΔt
HIV + + dΔt

HIV −

HIV+ deaths dΔt
HIV + x All-cause deaths were estimated by using eHARS data

HIV− deaths dΔt
HIV − x x Vital statistics data were used to obtain total number of adult

male San Francisco resident deaths from time t0 to t1. We
multiplied the total number of adult male deaths by the
proportion of all adult males that were MSM (pMSM) to
get all MSM deaths and then subtracted the number of
HIV+ MSM deaths (dΔt

HIV +) to get MSM HIV− deaths

MSM proportion pMSM x x Assumptions were made based on empirical data about the
proportion of all adult males who are MSM

MSM men who have sex with men, eHARS Enhanced HIV/AIDS Reporting System, ACS American Community Survey, NHBS National
HIV Behavioral Surveillance
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All modeling analyses used R version 3.2.2 and US
Census data were analyzed in SAS version 9.3.

MSMtþ1 ¼ MSMΔt þ inΔt−outΔt ð1Þ

MSMtþ1
HIVþ ¼ MSMt

HIVþ

þ inΔt
HIVþ−outΔt

HIVþ ð1aÞ

MSMtþ1
HIV− ¼ MSMt

HIV−

þ inΔt
HIV−−outΔt

HIV− ð1bÞ

MSMtþ1
HIVþ þMSMtþ1

HIV−� � ¼ MSMt
HIVþ þ MSMt

HIV−� �

þ inΔt
HIVþ þ inΔt

HIV−� �
− outΔt

HIVþ þ outΔt
HIV−� �

ð2Þ

inΔt
HIVþ ¼ iΔt

HIVþ þ sΔt ð3Þ

inΔt
HIV− ¼ iΔt

HIV− ð4Þ

iΔt ¼ iΔt
HIVþ þ iΔt

HIV− ð5Þ

outΔt
HIVþ ¼ oΔt

HIVþ þ dΔt
HIVþ ð6Þ

outΔt
HIV− ¼ oΔt

HIV− þ dΔt
HIV− þ sΔt ð7Þ

oΔt ¼ oΔt
HIVþ þ oΔt

HIV− ð8Þ

MSMt
HIVþ ¼ utHIVþ þ ktHIVþ ð9Þ

MSMtþ1 ¼ utHIVþ þ ktHIVþ þ MSMt
HIV−� �

þ iΔt
HIVþ þ sΔt þ iΔt

HIV−� �

− oΔt
HIVþ þ dΔt

HIVþ þ oΔt
HIV− þ dΔt

HIV− þ sΔt
� �

ð10Þ
We accounted for MSM who entered the population

during a specific timeframe of 1 year (inΔt). Equation 3
shows that those entering the HIV-positive population

(inΔt
HIV +) equaled the sum of HIV-positive in-migrants

( iΔ t
H IV +) and those who acquired HIV (or

“seroconverters”) during the timeframe (sΔt). HIV-
negative in-migrants (iΔt

HIV −) accounted for all who
entered the HIV-negative population (inΔt

HIV −) in the
model (Eq. 4). The total in-migrants (iΔt) are the sum of
the HIV-negative in-migrants (iΔt

HIV −) and HIV-
positive in-migrants (iΔt

HIV +) (Eq. 5).
We also accounted for exiting from the population

(outΔt). Individuals could exit the HIV-positive popula-
tion (outΔt

HIV +) either through out-migration (oΔt
HIV +)

or by death (dΔt
HIV +), including death from HIVor any

other cause (Eq. 6). Exiting the HIV-negative population
(outΔt

HIV −) occurred by out-migration (oΔt
HIV −), death

from any cause among HIV-negative MSM (dΔt
HIV −),

and HIV seroconversion, when previously HIV-negative
persons moved into the HIV-positive population (sΔt)
(Eq. 7). The total out-migrants (oΔt) are the sum of the
HIV-negative out-migrants (oΔt

HIV −) and HIV-positive
out-migrants (oΔt

HIV +) (Eq. 8). Not all HIV-positive
MSM are aware of their HIV status, so the model differ-
entiates the HIV-positive population size (MSMt

HIV +)
between unknown HIV (ut

HIV +) and known HIV
(kt

HIV +), as in Eq. 9. Substituting Eqs. 3, 4, 6, 7, and 9
into Eq. 2 yields Eq. 10, which describes each individual
parameter that was used in our migration model. In
Eq. 10, sΔt was constrained to equal sΔt in Eqs. 3 and 7.

Derivation of Other Model Components

The remaining model components were derived after all
estimated parameters were calculated from the data
sources as described above. The numbers of MSM with
known (kt

HIV +) and unrecognized (ut
HIV +) HIV were

estimated using information from eHARS and NHBS,
and the sum of these yielded the total number of HIV-
positive MSM for a given time period (MSMt

HIV +).
Subtracting the total number of HIV-positive MSM
from the total population of MSM (MSMt) yielded the
estimated number of HIV-negative MSM for each time
period (MSMt

HIV −).

iΔt
HIVþ ¼ nΔt* iΔt ð11Þ

iΔt
HIV− ¼ 1−nΔtð Þ* iΔt ð12Þ
After using ACS data to calculate the total number of

MSM in-migrants (iΔt), we used the proportion of in-
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migrants in the past 12 months who were HIV-positive
(nΔt) from NHBS data to obtain the number of in-
migrants who were HIV-positive and HIV-negative, as
in Eqs. 11–12. Next, we used the number of serocon-
versions (sΔt) to estimate the total in HIV-positive
(inΔt

HIV +), total in HIV-negative (inΔt
HIV −), and total

in (inΔt), as in Eqs. 3, 4, and 5.
Deriving the number of out-migrants by HIV

serostatus was the main objective for this model. To
generate this estimate, we first used Eq. 1a and then
re-arranged it to solve for total out HIV-positive
(outΔt

HIV +), yielding Eq. 13.

outΔt
HIVþ ¼ MSMt

HIVþ

þ inΔt
HIVþ− MSMtþ1

HIVþ ð13Þ

Likewise, we re-arranged Eq. 1b to derive the total
number of HIV-negative men who “exited” the popula-
tion (outΔ

HIV −), yielding Eq. 14.

outΔt
HIV− ¼ MSMt

HIV−

þ inΔt
HIV−−MSMtþ1

HIV− ð14Þ

The total number of MSM leaving the population
(outΔt) is the sum of HIV-positive MSM out-migrants
(outΔt

HIV +) and HIV-negative MSM out-migrants
(outΔt

HIV −).
Next, we estimated the numbers of HIV-positive out-

migrants (oΔt
HIV +) and HIV-negative out-migrants

(oΔt
HIV −), by re-arranging Eqs. 6 and 7, as in Eq. 15.

In order to obtain the number of HIV-positive out-mi-
grants (oΔt

HIV +), we took the total that exited the HIV-
positive population from time t0 to t1 (outΔt

HIV +) and
subtracted the HIV-positive deaths (dΔt

HIV +).

oΔt
HIVþ ¼ outΔt

HIVþ−dΔt
HIVþ ð15Þ

Finally, to calculate the number of HIV-negative out-
migrants (oΔt

HIV −), we took the total number of MSM
who exited the HIV-negative population (outΔt

HIV −)
and subtracted the HIV-negative deaths (dΔt

HIV −) and
the seroconverters (sΔt), as described in Eq. 16.

oΔt
HIV− ¼ outΔt

HIV−− dΔt
HIV−−sΔt ð16Þ

Output from the model determined our estimates of
the numbers of in-migrants, out-migrants, and MSM
population size from 2006 to 2013 and a final popula-
tion size in 2014. These outputs were further stratified
by HIV status and by black and white race.

Model Fit and Calibration

We used external estimates of the HIV prevalence for all
San FranciscoMSM,WMSM, andBMSM to calibrate the
models.We specified that if the confidence intervals for the
model generated HIV prevalence and the confidence in-
tervals for the NHBS HIV prevalence overlapped for each
of the three data points (years 2007, 2011, and 2014), the
criterion for propermodel fit wasmet. Themodel fit for the
BMSMmodel was poor, so we adjusted the pMSM param-
eter to optimize the fit because there could be differential
pMSM bymodel component (i.e., in-migrants, out-migrants,
and deaths). We changed pMSM incrementally, one at a
time, from 23% until we met the above outlined criterion
for the BMSMmodel. For out-migration, the proportion of
all adult men who were MSM (pMSM) was changed from
23 to 11.5%, for in-migration pMSM was 25%, and for
deaths pMSM remained at 23%.

Uncertainty Analysis

We performed an uncertainty analysis to assess how sen-
sitive themodel results were to changes in estimatedmodel
parameters and to obtain plausible bounds on the model
output. The parameters varied in sensitivity analysis are
highlighted in Table 1. One assumption we varied was the
proportion of the adult male population in San Francisco
who are MSM, where we assumed that for all races/
ethnicities the proportion was 19% for in-migrants, out-
migrants, and deaths. For whites, the proportion of the
adult male population who were MSM was 21% for in-
migrants, out-migrants, and deaths. For blacks, it was
11.5% for out-migrants, 25% for in-migrants, and 23%
for deaths. We sampled from a normal distribution cen-
tered on these assumed values, with a standard deviation of
10%, and allowed the proportion to vary by year and by
which parameter we used (total number of MSM in-mi-
grants, total number of MSM out-migrants, and MSM
HIV-negative deaths). The number of MSM with unrec-
ognized HIV was varied in uncertainty analysis, where we
sampled from a normal curve centered on the NHBS
estimate with a 2.5% standard deviation (5% standard
deviation for the BMSM model). Likewise, we varied
the proportion of in-migrants who were HIV-positive by
sampling randomly from a normal distribution centered at
the empirical estimate with a standard deviation of 2.5%
(5% for BMSM). Last, we sampled from a normal distri-
bution centered at the starting population estimate (for all
race/ethnicities, white and black) with a standard deviation
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of 5% of the population (10% for BMSM). All of the
above parameters were varied in parallel and then the
model was run to obtain a newmodel output; models were
run 100,000 times in order to obtain a good spread of high
and low parameter variations. The 100,000 model runs
yielded 100,000model output copies, and the 2.5 and 97.5
percentiles of the distribution of each output variable were
used to create a plausible 95% confidence interval.

Results

Migration Estimates

We first ran a model and uncertainty analysis for MSM
of all races/ethnicities in San Francisco. Migration pat-
terns differed for HIV-positive and HIV-negative MSM
in San Francisco (Table 2). For HIV-negative MSM,
there was a higher proportion of both in- and out-

migration than for HIV-positive MSM. For HIV-
positive MSM, there was net out-migration in all years,
with the highest net out-migration occurring during
2008–2010 (approximately −4.0% per year). There
was net out-migration of HIV-negative MSM in 2006–
2007 and net in-migration in 2008–2013, with the
highest in-migration (4.5%) in 2011.

Next, we ran a migration model for WMSM only.
There were different migration patterns for HIV-positive
and HIV-negative WMSM (Table 3). For HIV-negative
WMSM, there was a higher proportion of both in- and out-
migration than for HIV-positive WMSM. For HIV-
positive WMSM, there was a slight net out-migration in
all years, ranging from −0.7 to −1.6% net-migration per
year. For HIV-negativeWMSM, net-migration differed by
year. There was net out-migration for HIV-negative
WMSM in 2006, 2007, and 2010, and net in-migration
in each year in 2008–2013, with the highest net in-
migration (4.8%) during 2011.

Table 2 In-, out-, and net-migration estimates for all MSM in San Francisco by HIV serostatus, 2006–2013

In-migrants Out-migrants Net-migrants Cumulative net-migrantsb Totalc

n %a n %a n %a n n

HIV-positive

2006 407 2.7% 446 2.9% −39 −0.3% −39 15,269

2007 367 2.4% 413 2.7% −46 −0.3% −85 15,474

2008 415 2.7% 1,099 7.0% −684 −4.4% −769 15,643

2009 447 2.9% 1,099 7.2% −652 −4.3% −1,421 15,214

2010 548 3.7% 1,164 7.9% −616 −4.2% −2,037 14,771

2011 706 4.9% 848 5.9% −142 −1.0% −2,179 14,331

2012 802 5.6% 941 6.6% −139 −1.0% −2,318 14,355

2013 951 6.6% 1,096 7.6% −145 −1.0% −2,463 14,447

HIV-negative

2006 4,684 9.7% 5,254 10.9% −570 −1.2% −570 48,308

2007 4,081 8.7% 5,593 12.0% −1,512 −3.2% −2,082 46,660

2008 4,463 10.1% 3,503 7.9% 960 2.2% −1,122 44,109

2009 4,412 10.0% 4,332 9.8% 80 0.2% −1,042 44,051

2010 4,987 11.6% 4,404 10.2% 583 1.4% −459 43,167

2011 5,958 13.9% 4,034 9.4% 1,924 4.5% 1,465 42,843

2012 5,264 12.0% 3,900 8.9% 1,364 3.1% 2,829 43,849

2013 5,054 11.4% 4,233 9.6% 821 1.9% 3,650 44,244

MSM men who have sex with men
a Percentage is out of total HIV-positive or HIV-negative, respectively
b Cumulative net-migrants beginning in 2006, within HIV-positive or HIV-negative subpopulations
c Total HIV-positive and HIV-negative population size estimate accounts for migration, HIV seroconversion, death during past year, and
unrecognized HIV
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Finally, we ran the model on BMSM only. The
proportion of the HIV-positive and HIV-negative
BMSM who were in-migrants was roughly similar each
year, but there was higher out-migration among HIV-
positive BMSM compared to HIV-negative BMSM
(Table 4). Among HIV-positive BMSM, there was net
out-migration in all years, with the highest out-
migration in 2006 and in 2007 (−9.9 and −9.4%, respec-
tively). Among HIV-negative BMSM, there was net in-
migration in all years except 2013, when the net-
migration was −2.0%.

Population Size Estimates

The model output showed that the population size of all
MSM subgroups decreased from 2006 to 2014
(Table 5). The all race/ethnicity MSM model showed
that the overall population of MSM decreased 7.8%,
from 63,577 in 2006 to 58,605 in 2014. Figure 1 shows

that the HIV-positive MSM population decreased 5.4%,
from 15,269 in 2006 to 14,452 in 2014, and the HIV-
negativeMSM population decreased 8.6%, from 48,308
in 2006 to 44,154 in 2014. The population of WMSM
decreased from 34,904 to 32,705 between 2006 and
2014 (6.3%). There was a modest decrease (2.1%) in
the HIV-positive WMSM population, from 9264 in
2006 to 9066 in 2014, and there was a 7.8% decrease
in HIV-negative WMSM, from 25,640 in 2006 to
23,639 in 2014 (Fig. 2). The model showed the largest
relative population size decreases for BMSM. There
was an 11.9% decrease in all BMSM. The HIV-
positive BMSM population decreased 27.8%, from
1968 in 2006 to 1421 in 2014, while the HIV-negative
BMSM population remained steady, at 2705 in 2006
and 2697 in 2014 (Fig. 3). Although the models showed
decreases in every subpopulation between 2006 and
2014, after running the uncertainty analysis, the plausi-
ble ranges calculated show that there could have been

Table 3 In-, out-, and net-migration estimates for white MSM in San Francisco by HIV serostatus, 2006–2013

In-migrants Out-migrants Net-migrants Cumulative
net-migrantsb

Totalc

n %a n %a n %a n n

HIV-positive

2006 177 1.9% 318 3.4% −141 −1.5% −141 9,264

2007 148 1.6% 300 3.2% −152 −1.6% −293 9,242

2008 133 1.4% 194 2.1% −61 −0.7% −354 9,187

2009 149 1.6% 214 2.3% −65 −0.7% −419 9,235

2010 168 1.8% 233 2.5% −65 −0.7% −484 9,243

2011 276 3.0% 406 4.4% −130 −1.4% −614 9,240

2012 354 3.9% 484 5.3% −130 −1.4% −744 9,199

2013 469 5.1% 597 6.5% −128 −1.4% −872 9,159

HIV-negative

2006 2,771 10.8% 2,887 11.3% −116 −0.5% −116 25,640

2007 2,704 10.8% 3,213 12.9% −509 −2.0% −625 24,922

2008 2,957 12.4% 2,313 9.7% 644 2.7% 19 23,831

2009 2,779 11.6% 2,745 11.5% 34 0.1% 53 23,923

2010 2,684 11.4% 2,697 11.5% −13 −0.1% 40 23,448

2011 3,841 16.7% 2,731 11.9% 1,110 4.8% 1150 22,946

2012 3,260 13.8% 2,599 11.0% 661 2.8% 1811 23,548

2013 3,137 13.2% 2,713 11.4% 424 1.8% 2235 23,710

MSM men who have sex with men
a Percentage is out of total HIV-positive or HIV-negative, respectively
b Cumulative net-migrants beginning in 2006, within HIV-positive or HIV-negative subpopulations
c Total HIV-positive and HIV-negative population size estimate accounts for migration, HIV seroconversion, death during past year, and
unrecognized HIV
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population decreases or increases in each subpopulation
(see ranges in Table 5 and Figs. 1, 2, and 3). The only
exception was that the uncertainty analysis yielded a
decrease with 95% certainty in the number of HIV-
positive BMSM, from 1968 (range 1674–2382) in
2006 to 1421 (1275–1605) in 2014.

HIV Prevalence

We compared HIV prevalence from the model to HIV
prevalence from the NHBS study to validate the model
(Table 6). The HIV prevalence estimates for all races/
ethnicities of MSM in San Francisco were very similar
between the model (steady prevalence) and NHBS
(slightly increasing), suggesting an HIV prevalence
around 21–25% during 2007 to 2014. Similarly, the
HIV prevalence was steady in our model for WMSM
in San Francisco, 27% in 2007, 29% in 2011, and 28%
in 2014, while NHBS estimated a slightly increasing

prevalence, from 21% in 2007 to 26% in 2014. We
observed a decreasing HIV prevalence over time for
BMSM in San Francisco. Our model showed a decrease
in the prevalence of HIV from 39% in 2007 to 35% in
2014. Similarly, NHBS data showed that for BMSM,
the HIV prevalence decreased slightly from 30% in
2007 to 28% in 2014.

Discussion

All nine MSM populations studied (all MSM, BMSM,
WMSM, and each of these populations stratified byHIV
status) decreased in size from 2006 to 2014. There are
several reasons why there may be decreasing MSM
populations in San Francisco. Given recent cultural
shifts, the Castro neighborhood may no longer be per-
ceived as a “gay Mecca.” It may be less important for
MSM to live in areas defined as “gay friendly” as US

Table 4 In-, out-, and net-migration estimates for black MSM in San Francisco by HIV serostatus, 2006–2013

In-migrants Out-migrants Net-migrants Cumulative
net-migrantsb

Totalc

n %a n %a n %a n n

HIV-positive

2006 85 4.3% 279 14.2% −194 −9.9% −194 1,968

2007 125 7.0% 294 16.4% −169 −9.4% −363 1,794

2008 117 7.2% 192 11.8% −75 −4.6% −438 1,632

2009 85 5.4% 153 9.8% −68 −4.3% −506 1,572

2010 158 10.4% 223 14.6% −65 −4.3% −571 1,525

2011 98 6.6% 129 8.8% −31 −2.1% −602 1,471

2012 142 9.8% 173 11.9% −31 −2.1% −633 1,452

2013 115 8.0% 145 10.1% −30 −2.1% −663 1,436

HIV-negative

2006 340 12.6% 67 2.5% 273 10.1% 273 2,705

2007 292 10.3% 0 0.0% 292 10.3% 565 2,822

2008 176 5.8% 124 4.1% 52 1.7% 617 3,003

2009 140 4.8% 135 4.6% 5 0.2% 622 2,926

2010 286 10.2% 86 3.1% 200 7.2% 822 2,797

2011 196 6.8% 157 5.4% 39 1.4% 861 2,884

2012 178 6.3% 0 0.0% 178 6.3% 1039 2,804

2013 92 3.2% 151 5.3% −59 −2.0% 980 2,879

MSM men who have sex with men
a Percentage is out of total HIV-positive or HIV-negative, respectively
b Cumulative net-migrants beginning in 2006, within HIV-positive or HIV-negative subpopulations
c Total HIV-positive and HIV-negative population size estimate accounts for migration, HIV seroconversion, death during past year, and
unrecognized HIV
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culture has evolved, the LGBTcommunities have found
more acceptance, and stigma has decreased. Research
has shown that acceptance of gays and lesbians in the
US greatly increased from 1990 to 2010 [12, 13]. The
potential for these cultural shifts to change migration
patterns of MSM moving into and away from San
Francisco is likely coupled with the economic changes
and cost of living increases that San Francisco experi-
enced during the time period studied. San Francisco
MSM have similar levels of educational attainment as

the entire San Francisco population, although the medi-
an income of MSM was lower than the median income
of all San Franciscans in 2014, which suggests that it
may be difficult for MSM to continue to stay in or
migrate to San Francisco due to high cost of living [14].

We also found differences in migration by race and
HIV status. For all racial groups, the HIV-positives had
net out-migration every year, although BMSM had the
highest proportion of net out-migration for all years.
Living with HIV could affect one’s ability to work full

Table 5 Total population size estimates for all MSM, white MSM, and black MSM stratified by HIV serostatus in San Francisco, 2006–
2014

All MSM WMSM BMSM
n (rangea) n (rangea) n (rangea)

All

2006 63,577 (57,338–69,804) 34,904 (31,494–38,338) 4,673 (3,761–5,589)

2007 62,134 (52,229–72,024) 34,164 (28,904–39,410) 4,615 (3,482–5,697)

2008 59,752 (47,303–72,129) 33,018 (26,331–39,680) 4,635 (3,369–5,816)

2009 59,264 (45,141–73,307) 33,158 (25,538–40,784) 4,497 (3,105–5,762)

2010 57,938 (42,009–73,867) 32,691 (24,158–41,232) 4,322 (2,825–5,659)

2011 57,174 (39,229–74,960) 32,186 (22,841–41,508) 4,355 (2,712–5,787)

2012 58,204 (38,414–77,856) 32,747 (22,225–43,200) 4,256 (2,520–5,748)

2013 58,691 (37,391–79,716) 32,869 (21,487–44,200) 4,315 (2,527–5,837)

2014 58,605 (35,923–81,148) 32,705 (20,508–44,914) 4,119 (2,246–5,694)

HIV-positive

2006 15,269 (14,395–16,250) 9,264 (8,787–9,796) 1,968 (1,674–2,382)

2007 15,474 (14,596–16,464) 9,242 (8,775–9,758) 1,794 (1,551–2,126)

2008 15,643 (14,759–16,637) 9,187 (8,728–9,697) 1,632 (1,428–1,903)

2009 15,214 (14,396–16,136) 9,235 (8,782–9,739) 1,572 (1,386–1,817)

2010 14,771 (14,009–15,622) 9,243 (8,790–9,742) 1,525 (1,352–1,748)

2011 14,331 (13,623–15,122) 9,240 (8,852–9,736) 1,471 (1,311–1,676)

2012 14,355 (13,648–15,131) 9,199 (8,941–9,687) 1,452 (1,297–1,651)

2013 14,447 (13,869–15,225) 9,159 (9,031–9,639) 1,436 (1,285–1,625)

2014 14,452 (14,018–15,219) 9,066 (9,066–9,535) 1,421 (1,275–1,605)

HIV-negative

2006 48,308 (41,968–54,601) 25,640 (22,187–29,105) 2,705 (1,704–3,671)

2007 46,660 (36,721–56,562) 24,922 (19,649–30,189) 2,822 (1,638–3,925)

2008 44,109 (31,635–56,495) 23,831 (17,126–30,513) 3,003 (1,704–4,193)

2009 44,051 (29,858–58,125) 23,923 (16,292–31,565) 2,926 (1,505–4,201)

2010 43,167 (27,205–59,099) 23,448 (14,899–32,001) 2,797 (1,274–4,142)

2011 42,843 (24,880–60,619) 22,946 (13,580–32,270) 2,884 (1,224–4,322)

2012 43,849 (24,058–63,491) 23,548 (12,981–33,982) 2,804 (1,053–4,299)

2013 44,244 (22,885–65,282) 23,710 (12,268–35,005) 2,879 (1,078–4,405)

2014 44,154 (21,434–66,698) 23,639 (11,342–35,774) 2,697 (813–4,275)

MSM men who have sex with men, WMSM white men who have sex with men, BMSM black men who have sex with men
a Range calculated from 2.5 and 97.5% of the uncertainty analysis distributions
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time and could increase health care expenses, which
could also make it difficult to continue to live in San
Francisco, where the cost of living has continued to rise.
Racial differences in socio-economic status may explain
the higher proportion of out-migration for BMSM esti-
mated in the model. One concern is that the most vul-
nerable people living with HIVare being displaced from
San Francisco, due to rising cost of living, and they may
be re-locating to areas where funding and infrastructure
to provide the services they need to manage HIV do not
exist. Disruption in HIV care can lead to increased HIV
viral load, negatively affecting a person’s health and
increasing the risk of HIV transmission. Homelessness

among persons living with HIV in San Francisco has
been associated with failure to have a suppressed HIV
viral load, putting homeless HIV-positive individuals at
increased risk of poor health outcomes and of transmit-
ting HIV to others [15]. Stable housing can improve
health outcomes, such as ART adherence, and increase
utilization of health and social services [16]. The “dis-
placement” theory of a shrinking MSM population in
San Francisco aligns well with our model results and
with the recent economic changes in San Francisco, but
further research is needed to determine if displacement
or homelessness has contributed to a decline in the
number of MSM in San Francisco. Additionally, while

20000

30000

40000

50000

60000

2006 2007 2008 2009 2010 2011 2012 2013 2014

P
o
p
u
la

ti
o
n
 s

iz
e

HIV−positive MSM HIV−negative MSM

Fig. 1 HIV-positive and HIV-
negative MSM population size,
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negative white MSM population
size, San Francisco, 2006–2014
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San Francisco is generally seen as a city widely
accepting and supportive of persons living with HIV
especially relative to other parts of the country, HIV-
positive MSM in San Francisco still face stigma based
on their HIV serostatus [17, 18]. As a result, this stigma
may lead some HIV-positive MSM to leave San
Francisco and may explain the pattern of out-migration
we observed for HIV-positive individuals.

For the HIV-negative populations, there tended to be
net in-migration, but after accounting for HIV serocon-
versions, deaths, and migration, the HIV-negative popu-
lations declined from 2006 to 2014. Of note, a substan-
tially higher proportion of HIV-negative MSM in-
migrated versus the proportion of HIV-positive MSM
that in-migrated for all races combined and for WMSM.
One reason we may have observed a general pattern of
more out-migration for HIV-positive individuals and net
in-migration of HIV-negatives is an effect of age struc-
ture. HIV prevalence increases with age, and in San

Francisco the majority (58%) of persons living with
HIVare ≥50 years of age [5]. HIV-positive out-migrants
may be of older or retirement age, no longer working in
San Francisco, and therefore out-migrating to lower cost
areas. Similarly, HIV-negative MSM likely are on aver-
age younger and may be more likely to move to San
Francisco due to employment opportunities, or because
of the “gayMecca” theory. Black et al. argued that due to
extra resource availability (due to lower frequency of
having children and lower demand for larger housing
units suitable for families), gay men live in San Francisco
for access to “urban amenities” such as art, entertainment,
and fine dining; HIV-negative MSM may have more
economic resources than HIV-positive MSM, which
could explain why there is more in-migration by HIV-
negative MSM [19].

The models are subject to several limitations. We
made a number of assumptions in creating the models
and were limited by the variables we were able to include
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Fig. 3 HIV-positive and HIV-
negative black MSM population
size, San Francisco, 2006–2014

Table 6 HIV prevalence comparisons between external NHBS source and model output

2007 2011 2014

MSM NHBS 20.8% (17.4–24.3%) 22.4% (18.8–26.1%) 24.3% (20.2–28.5%)

MSM model 24.9% (21.2–29.9%) 25.1% (19.0–36.7%) 24.7% (17.8–40.4%)

WMSM NHBS 21.1% (16.4–25.7%) 24.7% (19.9–29.6%) 26.2% (20.5–31.9%)

WMSM model 27.1% (23.2–32.2%) 28.7% (22.2–40.6%) 27.7% (20.4–44.7%)

BMSM NHBS 29.5% (15.8–43.3%) 25.8% (10.4–41.2%) 28.0% (10.4–45.6%)

BMSM model 38.9% (30.0–53.9%) 33.8% (24.8–55.1%) 34.5% (24.5–64.0%)

MSMmen who have sex with men,WMSMwhite men who have sex with men, BMSM black men who have sex with men, NHBS National
HIV Behavioral Surveillance
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in the model. For example, we did not model migration
patterns by age or income or for races/ethnicities other
than white and black. We also did not include in our
models the geographical location of the migration, or
differentiate between migration from or to counties adja-
cent to San Francisco as opposed to migration that oc-
curred out of state. We assumed that the number of
individuals who “enter” the MSM population through
change in behavior was roughly equal to those that exited
the MSM population by stopping sex with men; there-
fore, ourmodels did not include sexual behavior changes.
We also did not account for the number of young MSM
that turned 18 years of age each year in our model. The
largest uncertainty in the model was for the estimation of
the proportion of the total adult male population (pMSM)
who areMSM. However, other researchers used different
methods to estimate MSM population size and reported
pMSM as 18.5% in San Francisco which was very close to
our estimate (19%) [20]. We accounted for uncertainty in
pMSM and other parameters by performing an uncertainty
analysis and including ranges of plausible values for the
model outputs.

Other researchers can apply our methods for esti-
mating migration patterns for MSM, or other hidden
populations, in their respective jurisdiction. Model
output may be useful in understanding how migration
affects the size of MSM populations, stratified by
HIV status. Researchers in King County, Washington
demonstrated that failure to account for migration
resulted in an overestimation of the number of per-
sons living with HIV and the number of persons who
were out of HIV care in that jurisdiction [21]. Grey
et al. recently reported an estimated San Francisco
MSM population of 66,586 during 2009–2013, which
is 13% higher than our MSM population size estimate
in 2013, but their method did not incorporate migra-
tion [20]. Similarly, another recent publication dem-
onstrated that the number of people living with HIV
in the US may be overestimated by as much as 25%
when using HIV case reporting data [22]. The authors
noted that this overestimation is, in part, due to mi-
gration of people living with HIV across public health
jurisdictions and that failure to de-duplicate these
cases results in an HIV case being counted more than
once in the national HIV registry [22]. As more health
departments use HIV surveillance data to identify
persons out of HIV care and re-engage them in care,
migration can make efforts to track people presumed
to be living in that jurisdiction more difficult [23, 24].

Migration estimates from these models can also be
used as inputs in HIV transmission models to determine
how migration influences HIV transmission. Modeling
HIV transmission in South Africa under different sce-
narios has shown that if migration is coupled with
higher sexual risk behaviors, it can increase transmis-
sion tenfold [25]. Migration could affect HIV transmis-
sion not only if it is related to high risk behaviors (i.e.,
condomless sex) but also if HIV-positive migrants ex-
perience disruption in their HIV care and their HIV viral
load increases enough to transmit HIV. Prior research in
Africa has shown that migration is a risk factor for
acquiring HIVand is related to riskier sexual behaviors,
having more sexual partners, and expanded sexual net-
works [26–28]. Another analysis found that the odds of
having HIV did not differ significantly between foreign-
born and US-born MSM in San Francisco, after control-
ling for other factors [29]. More research is needed to
characterize age, employment status, and income of
MSM who are migrating, their reasons for migrating,
and how these factors relate to their risk of acquiring or
transmitting HIV. We aim to use our migration output in
a transmission model to better understand how migra-
tion can impact HIV transmission among MSM in San
Francisco.
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