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ABSTRACT

Objectives For persons living with HIV (PLWH) in long-
term care, clinic transfers are common and influence
sustained engagement in HIV care, as they are associated
with significant time out-of-care, low CD4 count, and
unsuppressed viral load on re-entry. Despite the geospatial
nature of clinic transfers, there exist limited data on the
geospatial trends of clinic transfers to guide intervention
development. In this study, we investigate the geospatial
characteristics and trends of clinic transfers among

PLWH on antiretroviral therapy (ART) in the Western Cape
Province of South Africa.

Design Retrospective spatial analysis.

Setting PLWH who initiated ART treatment between 2012
and 2016 in South Africa’s Western Cape Province were
followed from ART initiation to their last visit prior to 2017.
Deidentified electronic medical records from all public
clinical, pharmacy, and laboratory visits in the Western
Cape were linked across space and time using a unique
patient identifier number.

Participants 4176 ART initiators in South Africa (68%
women).

Methods We defined a clinic transfer as any switch
between health facilities that occurred on different days
and measured the distance between facilities using
geodesic distance. We constructed network flow maps to
evaluate geospatial trends in clinic transfers over time,
both for individuals’ first transfer and overall.

Results Two-thirds of ART initiators transferred health
facilities at least once during follow-up. Median distance
between all clinic transfer origins and destinations among
participants was 8.6 km. Participant transfers were
heavily clustered around Cape Town. There was a positive
association between time on ART and clinic transfer
distance, both among participants’ first transfers and
overall.

Conclusion This study is among the first to examine
geospatial trends in clinic transfers over time among
PLWH. Our results make clear that clinic transfers are
common and can cluster in urban areas, necessitating
better integrated health information systems and HIV care.

INTRODUCTION
South Africa is home to the world’s largest
HIV epidemic, with approximately 7.7 million

Strengths and limitations of this study

» This study is among the first to visualise and quantify
spatially the phenomenon of clinic transfers among
persons living with HIV, highlighting the unique spa-
tial characteristics of clinic transfers in the Western
Cape Province.

» Our dataset contains all public clinical, pharmacy,
and laboratory data, linked using a unique patient
identifier number for consistent identification of in-
dividuals across visits and facilities.

» We analyse clinic transfers across the entire Western
Cape Province, providing spatial descriptions of
transfers both in localised urban areas and across
long distances within the Province.

» A limitation of this study is that our dataset includes
all healthcare visits, as we cannot reliably distin-
guish HIV visits from non-HIV visits or visits at which
ART was dispensed versus others.

» Since our study only used data from the Western
Cape Province and lacked detailed patient charac-
teristics, we were not able to analyse clinic transfers
between provinces in South Africa or infer motives
for transfers.

individuals living with HIV." Despite having
the largest treatment programme in the
world, in South Africa only 62% and 54%
of people living with HIV (PLWH) were on
treatment and virally suppressed, respec-
tively, in 2018, highlighting the need for
efforts to improve retention in care.”* For
PLWH in long-term care, clinic transfers may
be an important factor influencing sustained
engagement in HIV care.” In South Africa,
significant proportions of PLWH deemed
to be lost to follow-up (LTFU) actually
transferred to another clinic; these esti-
mates range from one-third to nearly two-
thirds.® 7 However, there is evidence that
these transfers affect continuity of care for
these patients, as interrupted care is associ-
ated with significant gaps in ART access and
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adherence.”® Namely, patients who transfer within prov-
ince exhibit substantial time out-of-care, low CD4 cell
count, and unsuppressed viral load on re-entry.” Overall,
gaps in access to clinical care not only lead to an inef-
ficient use of resources, including inaccurate ART drug
forecasting and programme evaluation and underesti-
mated rates of retention, but also negatively impact HIV
clinical outcomes.®’

Despite the geospatial nature of clinic transfers, there
exist limited data on the geospatial trends of clinic trans-
fers to guide intervention development.” Spatial analysis
can help to identify high-risk areas or health facilities
where transfers are most frequent as well as common
patterns of movement between these spaces, thereby
serving as a functional research tool for intervention devel-
opment to improve engagement in HIV care.’ A strong
spatial understanding of clinic transfers will complement
our overall understanding of the HIV epidemic in South
Africa and inform policy decisions about resource allo-
cation and service delivery and design, including patient
care coordination and referral systems.

In addition, there are specific characteristics of South
Africa’s HIV epidemic that uniquely necessitate this
geospatial lens. South Africa exhibits a high rate of
population mobility, where working-age adults move
frequently for employment, a pattern which inevitably
fuels clinic transfers.'’ ! Both in-migrants (new residents)
and return migrants (former residents returning) exhibit
higher infection and mortality risk from both non-
communicable and infectious diseases.'*'* Mortality due
to HIV and TB is four times higher among some South
African migrant populations than among non-migrants.'®
Migrants also face barriers to retention in care and are
less likely to be retained at each step of the HIV treatment
cascade.'” Given the associations between continuity of
care and positive HIV care outcomes, the clinical impact
of transfers may at least partially explain this excess
risk among highly mobile populations. A spatial under-
standing of clinic transfers is thus critical in developing
effective interventions to support engagement in care
among mobile populations. Ultimately, spatial methods
will provide insight into coordination, surveillance, and
identification systems that can better identify and address
issues of patient mobility.

In this study, we investigate the geospatial characteris-
tics and trends of clinic transfers among 4176 PLWH on
ART in the Western Cape Province of South Africa. We
use visualisation aids and quantify travel distances in order
to offer insights into the geographical distribution and
patterns of clinic transfers, allowing for more informed
decision-making about how to strengthen retention in
care in South Africa.

METHODS

Study setting and population

This analytic sample came from a cohort of PLWH who
tested positive for HIV in Klipfontein, a health subdistrict

of the City of Cape Town metropolitan municipality in
the Western Cape.'® The Western Cape is one of nine
provinces of South Africa and in 2016 had a population
of 6.3 million people, four million of whom were located
in the City of Cape Town.'” HIV prevalence among adults
in the Western Cape is 12.6%, which is lower than the
national average, though the City of Cape Town expe-
riences a particularly high HIV burden.' Klipfontein is
among the top three most impoverished subdistricts of
Cape Town, with a large proportion of individuals living
in informal settlements, a high burden of HIV, TB, and
homicide mortality, and heavy reliance on minibus taxis
for transportation to clinics."** Between 2012 and 2015,
PLWH in South Africa with a CD4 count <350 cells/
mm?® were eligible to initiate lifelong ART.*' South Africa
adopted universal ART for all pregnant and breastfeeding
women (Option B+) in 2015 and for all PLWH in 2016,
regardless of CD4 count or clinical stage.”*

Participants were included if they tested positive for
HIV at any health facility in the health subdistrict during
2012 and 2013, if they were older than 15 at the time of
testing, and if they initiated ART during the follow-up
period. Using Provincial Health data, we then docu-
mented all clinical encounters among this cohort at any
public health facility in the Western Cape until the end of
2016. Specifically, we included participant visits from their
ART initiation date, as reported in their medical records,
through their last healthcare visit prior to 31 December
2016, the last date for which visit data was available.

Data sources

Clinical

We accessed deidentified electronic medical records
through the Provincial Health Data Centre (PHDC) of
the Western Cape Department of Health. This dataset
contains information on all public clinical, pharmacy,
and laboratory visits from health facilities across the
Western Cape. These data were linked by the PHDC using
a unique patient identifier number, which permits consis-
tent identification of individuals across visits and facilities
within all districts of the Province. This data linkage effort
has been described elsewhere.*** A deterministic linkage
algorithm that relies on civil identification numbers as
well as text-edit-distance fuzzy comparisons was used to
reliably link patients’ visits across health facilities and
remove duplicate identities.**

Spatial

Of the 302 recorded health facilities visited by partici-
pants in the study population, we identified and included
237 unique sites visited by individuals on ART; the rest
consisted of duplicate facilities or ones visited prior to
ART initiation. We manually geocoded all 237 health facil-
ities using Western Cape Government facility addresses
and Google Maps. When addresses were not available
on the Western Cape Government website, we relied
on Google Maps’ open-source search engine to identify
facility locations. Two clinics were mapped in-person for
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accuracy. Facility types were likewise obtained on the
Western Cape Government website whenever possible
and on Google otherwise. Facility types included clinics,
hospitals, mobile services, reproductive health facilities/
midwife obstetric units (MOUs), and an ‘other’ category
that was used to group rehabilitation clinics, prisons,
non-governmental organizations (NGOs), hospices, and
dental clinics. Approximately 91% of health facilities
were geocoded and facility type obtained with Western
Cape Government data and the rest with an open-source
search engine.

Measures

Clinical

We defined a clinic transfer as any visit to two health facil-
ities that occurred on different days. When a participant
visited multiple health facilities on the same day, we used
the visit at the most frequented site over the follow-up
period in order to determine clinic transfers. Each unique
transfer between two healthcare facilities was counted as
a clinic transfer, meaning that multiple transfers between
the same two sites were counted individually. Information
was not available on whether a transfer was official (ie, the
origin clinic formally referred the patient) or unofficial
(ie, the patient moved independently without a formal
referral or transfer letter).

Spatial

Each clinic transfer consisted of both an origin and a
destination healthcare facility. Across a participant’s clin-
ical encounters, a facility could act as both an origin and
a destination at different time points, as transfers could
occur in which a participant returned to a site previously
visited. For ease of interpretation and given South Africa’s
varied road network, we measured the distance between
the origin and destination facilities of a transfer using
geodesic distance.

Spatial analysis

The goal of this spatial analysis was to evaluate geospatial
trends in clinic transfers over time among this cohort of
ART initiators. To do so, we constructed network flow maps
to quantify distance between all clinic transfer origins
and destinations using ArcMap’s XY to Line tool, which
connects two points in space with a geodesic (straight)
line. Network flow maps depict movement across time
and space, allowing us to visualise all clinic transfers
across the Western Cape Province from 2012 to 2016. All
spatial visualisations and analyses were conducted using
ESRI ArcMap V.10.6.*° Descriptive statistics of partici-
pant characteristics, travel distance, and other transfer
summary measures were calculated using STATA (V.15.1)
software.?’

Patient and public involvement

Patients or the public were not involved in the design,
or conduct, or reporting, or dissemination plans of our
research.

RESULTS

Among 8382 individuals who tested positive for HIV in
Klipfontein in 2012 or 2013, 4176 (49.8%) were on ART
treatment at some point between 2012 and 2016 and
thus were included in our analytic sample. Most individ-
uals initiated ART during 2012 (1311, or 31.4%) or 2013
(1771, or 42.4%). Only 561 (13.4%), 477 (11.4%), and 56
(1.3%) individuals initiated ART in 2014, 2015, and 2016,
respectively. The majority of ART initiators were women
(67.7%; table 1). Median age at HIV diagnosis was lower
for women than for men (29.0 vs 36.0). Furthermore, at
ART initiation, median CD4 count among women was
almost 100 cells higher than that of men (272.9 vs 179.7).
Median follow-up duration on ART was 31.6 months
(36.2 for those tested in 2012 vs 27.9 for those tested in
2013). Only 1912 (56.5%) of the 3383 individuals who
had testing location data available initiated ART at the
same facility at which they were tested, including a higher
proportion of men and a higher proportion of those
tested in 2013. The most common testing sites included
large community health clinics and reproductive units,
though one hospital also sourced 8% of tests among this
cohort. The most common ART initiation sites included
large community health clinics.

Among all ART initiators, the median number of clinic
transfers during follow-up was 2 (IQR 0-5), and the
median number of transfers per year on ART was 0.98
(IQR 0-2.6). Overall, 33% of individuals never trans-
ferred, 9% transferred once, 13% transferred twice, and
10% transferred 10 or more times during follow-up.
Among the 67% of ART initiators who transferred health
facilities at least once during follow-up, women were more
likely than men to transfer at least once (56.6% of men
vs 71.9% of women). Among the 2797 participants who
transferred at least once, a total of 14 849 clinic transfers
occurred across 237 clinics.

Figure 1 shows a cumulative spatial visualisation of the
first clinic transfers that occurred during participants’
follow-up during ART treatment from 2012 to 2016
(ie, participants’ first transfer following ART initiation,
herein referred to as ‘first transfers’). This includes one
transfer for each of the 2797 participants who trans-
ferred at least once during follow-up. Figure 1A shows
the Western Cape Province within South Africa at large.
Figure 1B shows participant movement across the entire
Western Cape Province. Figure 1C-E shows the high
concentration of clinic transfers surrounding and within
the City of Cape Town metropolitan municipality and the
Klipfontein health subdistrict. Out of 2797 first transfers,
2694 (96%) occurred within the Cape Town municipality.
Approximately 1800 first transfers (65%) originated from
Klipfontein, and 20% occurred entirely (both origin and
destination) within Klipfontein. Not all first transfers
originated in Klipfontein because participants may have
transferred from their initial HIV testing site to a new
healthcare facility between HIV testing and ART initia-
tion, a move that falls outside the purview of this analysis
about transfers after ART initiation. In figure 1D, hubs of
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Participant characteristics by sex and year of initial HIV-positive test among people who initiated ART

Table 1

Analytic cohort (n=4176)

Tested in 2013

(n

1916)
31.0 (25.0-38.0)

2260)

Tested in 2012 (n
31.0 (26.0-38.0)

2828)

29.0 (24.0-36.0)

Female (n

=1348)

Male (n
36.0 (30.0-42.0)

All

Characteristic

31.0 (26.0-38.0)

Median age at test (IQR)

262.3 (140.2-374.0)

231.5 (132.9-327.4)

272.9 166.4-379.0)

179.7 (94.7-284.4)

Median CD4 count at ART initiation 245.3 (135.7-344.3)

(IQR)

71.9 67.0 66.9

56.6

67.0

% transferred at least once post-

test

1 (0-4) 2 (0-5) 2 (0-5) 2 (0-4)

2 (0-5)

Median number of clinic transfers

post-test (IQR)

27.9 (13.7-35.2)

31.6 (15.6-40.7) 31.7 (16.1-42.1) 31.5 (15.3-40.2) 36.2 (17.4-46.5)

Median follow-up time on ART in

months (IQR)

60.7 52.2 61.2

54.6

% who initiated ART at same facility 56.5

as testing

A~ South Africa , c-ciyor |
— CapeTown |

e
D - Kiipfontein

E - Klipfontein (modified)

— 1
05 10 Kilometers 0 25 5 Kilometers

050 100 Kilometers

Figure 1 Network flow map of participants’ first clinic
transfer during ART treatment. Panel (A) contextualises the
Western Cape Province (outlined in red) within South Africa.
Panel (B) (the Western Cape outlined in red) depicts the first
clinic transfer of each of the 2797 individuals who transferred
at least once following ART initiation. A black line represents
at least one transfer between facility endpoints. Direction

of transfer is not specified. Panel (C) zooms into the City

of Cape Town metropolitan municipality outlined in blue.
Out of 2797 first transfers, 2694 (96%) occurred within the
Cape Town municipality. Panel (D) further zooms into the
Klipfontein health subdistrict (outlined in purple) where all
participants first tested positive for HIV in 2012 or 2013. A
green line depicts a transfer whose origin facility was within
Klipfontein (1823 out of 2797 transfers, or 65%). The black
dots mark specific hubs of participant movement originating
from within Klipfontein. Panel (E) removes the traffic across
the Klipfontein boundary, depicting only those 567 first
clinic transfers (20%) that occurred strictly within Klipfontein
(outlined in purple).

participant movement within Klipfontein are visible. At
the southern centre of Klipfontein, two health facilities
account for approximately 13% of first transfer origins.
To the north, one facility accounts for approximately 7%
of first transfer origins. At the eastern tip of Klipfontein,
three facilities account for nearly 50% of first transfer
origins. These hubs are made up of large community
health centres that offer extensive HIV outreach, testing,
and treatment services.

Median distance between all clinic transfer origins
and destinations among participants on ART was 8.6 km
(IQR 2.7-12.3; table 2). Only 1.2% of clinic transfers
occurred over a distance greater than 100 km, whereas
36.8% occurred over a distance less than 5 km. Overall,
14 284 (96%) of clinic transfers that occurred after ART
initiation were within the Cape Town municipality, with a
maximum transfer distance of 52.8 km. More participants
transferred facilities within Cape Town, and participants
displayed more frequent transfers within Cape Town than
beyond. Overall, 24.8% of clinic transfers occurred within
the Klipfontein health subdistrict.

Observable differences in distance between facili-
ties involved in a clinic transfer exist according to time
on ART, year of ART initiation, sex, CD4 count at ART
initiation, transfer location, and age at time of transfer
(table 2). There was a trend towards longer distances
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Table 2 Summary statistics of transfer frequency and distance among those who transferred at least once while on ART

First transfer (n=2797)

All transfers (n=14849)

Median number of

Median transfers among
Median distance % over distance in km % over those who transfer
Demographic variable in km (IQR) 50km (IQR) 50 km at least once (IQR)
Total (n=14 849 transfers, 7.6 (1.8-12.1) 0.49% 8.6 (2.7-12.3) 2.16% 4 (2-7)
m=2797 participants)
Sex Male (n=4021, m=763) 6.0 (2.0-12.3) 0.72% 7.7 (2.3-12.3) 5.15% 2 (3-6)
Female (n=10828, m=2034) 7.7 (1.6-12.1) 0.41% 8.9 (2.7-12.3) 1.05% 4(2-7)
Age at visit <20 (n=277, m=73) 8.6 (1.3-12.1) 0.00% 8.6 (2.0-13.6) 0.00% 3 (1-4)
20-29 (n=5216, m=1124) 7.6 (1.6-11.8) 0.63% 8.6 (2.5-12.3) 291% 4 (2-6)
30-39 (n=5601, m=1184) 7.3 (1.9-11.8) 0.34% 8.6(3.0-12.3) 1.59% 3 (2-6)
40-49 (n=2245, m=454) 7.7 (2.2-12.3) 0.67% 8.6 (2.7-12.3) 2.32% 3 (2-6)
50-59 (n=1244, m=198) 8.4 (2.0-12.3) 0.48% 8.4 (2.2-12.3) 2.25% 4 (2-8)
60-69 (=266, m=42) 4.3 (1.4-10.2) 0.00%  7.7(2.5-12.3) 0.00% 4 (2-9)
Year of ART  2012-2014, before universal 6.7 (1.3-10.9) 2.63% 8.6 (2.7-12.3) 221% 4 (2-7)
initiation ART (n=13682, m=2505)
2015-2016, Option B+ and 4.7 (1.3-10.8) 2.40% 7.6 (2.1-12.1) 1.54% 3 (2-5)
universal ART (n=1167,
m=292)
Months on <3 (n=2123, m=1251) 3.4 (1.3-10.8) 094% 6.0(1.4-11.4) 1.41% 1(1-2)
fRT ";"‘ time of 3_g (n=1006, m=623) 10.8 (2.5-12.3) 0.30% 9.3(3.0-12.3) 0.89% 1(1-2)
ransfer
6-12 (n=1800, m=883) 10.2 (2.7-12.3) 0.17% 10.3(3.3-12.7) 1.33% 2 (1-2)
CD4 countat  <200cells/mm?® (n=6195, 5.1 (1.6-11.0) 2.73% 8.6 (2.7-12.3) 1.95% 4 (2-7)
ART initiation m=1064)
200-499 (n=6775, m=1347) 6.7 (1.3-10.8) 2.52% 8.6 (2.3-12.3) 2.20% 4 (2-6)
>500 (n=1879, m=386) 7.7 (1.3-11.6) 2.59% 9.9 (8.0-13.1) 2.71% 3 (2-6)
Location of Within Cape Town 7.0 (1.5-11.4) 0.01% 8.6 2.5-12.3) 0.01% 4 (2-7)
transfer (n=14284, m=2721)
Outside of Cape Town 97.1 (36.4-199.9) 12.74% 52.6 (23.4— 56.64% 2 (2-4)
(n=565, m=176) 113.8)

Table 2 shows summary statistics for a variety of transfer distance and frequency measures among the 2797 participants who transferred at
least once during their time on ART. For sample sizes, n represents the number of total transfers during the specified time period and by the
specified cohort while on ART, and m represents the number of participants in the specified cohort that transferred at least once during the
specified time period. The distance 50 km was chosen in reference to the approximate square root of the square area of the City of Cape

Town metropolitan municipality (2444 km?).

between clinic transfers with more time on ART, both
among participants’ first transfers and overall. Median
transfer distance was 6.0 km among all transfers that
occurred within 3 months of ART initiation, 9.3 km
among those between 3 and 6 months of ART initia-
tion, and 10.3 km among those between 6 months and
lyear of ART initiation. Individuals who initiated ART
in 2015 or 2016 tended to travel less far than those who
initiated ART between 2012 and 2014 (median 7.6 vs 8.6
km). Furthermore, women travelled farther on average
than did men, both in their first transfer and across the
entirety of their transfers while on ART. Median distance
of the first transfer among women was 7.7 km (IQR 1.6,
12.1) versus 6.0 (IQR 2.0-12.3) among men. Despite this,
only 1% of all transfers among women occurred across a

distance of over 50 km, compared with 5% of all transfers
among men. Those with a relatively low CD4 count at ART
initiation exhibited substantially lower transfer distances
both among their first transfer and overall. On average,
individuals aged 60 and above travelled shorter distances
than younger individuals, though the small sample size of
older adults prevent us from drawing robust conclusions.

Aggregating across all destination facility types, approx-
imately 60% of all transfers originated at clinics, which
generally provide primary care services for chronic
diseases, reproductive health, HIV and TB, and acute
conditions (table 3). One-third (83%) of transfers
occurred between two clinic facilities (a clinic as both
origin and destination). Approximately 27% of transfers
occurred between a clinic origin and a hospital destination,
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Table 3 Categorising origins and destinations of clinic transfers by facility type

Facility type of destination of clinic transfer

Clinic Hospital
Facility type | Clinic 33.39% 27.14%
of origin Hospital 26.61% 6.49%
of clinic k i 0 0
transfer Mobile services 0.07% 0.01%
Other 0.22% 0.08%
Reproductive 2.74% 0.63%
health facility/MOU
Column total 63.03% 34.35%

Mobile Reproductive health

services Other facility/MOU Row total
0.01% 0.22% 1.66% 62.41%
0.01% 0.11% 0.52% 33.74%
0.00% 0.00% 0.00% 0.08%
0.00% 0.07% 0.00% 0.38%
0.00% 0.00% 0.02% 3.39%
0.01% 0.40% 2.20% 100.00%

Table 3 represents a relative frequency matrix of the n=14 849 clinic transfers that occurred among ART initiators during the period of their
ART treatment, categorising transfers according to facility type of the transfer origin and facility type of the transfer destination. Red cells
mark a relative frequency value above 1%. Grey cells mark a relative frequency value of 0%.

and an additional 27% occurred in the reverse direction.
Overall, this includes 1856 (66%) individuals who trans-
ferred from a hospital and 1866 individuals (67%) who
transferred to a hospital; across all visits (including non-
transfers), only 14% of visits occurred at a hospital. Other
significant portions of movement included: 6% between
two hospitals, 3% between a reproductive health facility/
MOU origin and a clinic destination, and 2% from a
clinic to a reproductive health facility/MOU.

DISCUSSION

Among over 4000 adults who initiated ART in the
Western Cape, South Africa, 67% transferred at least
once during the follow-up period, making clinic transfer-
ring a common phenomenon. Clinic transfers occurred
across a median distance of 8.6 km. On average, women
transferred facilities more frequently and across larger
distances; however, a greater proportion of men trans-
ferred across a distance of over 50 km. Longer time on
ART and higher CD4 count at ART initiation were both
positively associated with greater transfer distance. Those
who initiated ART in 2015 or 2016 tended to transfer
across shorter distances than those who initiated ART
between 2012 and 2014.

In this analysis, participant transfers were heavily
clustered around the City of Cape Town metropolitan
municipality. In addition, one out of every four transfers
occurred within Klipfontein itself. Participants exhibited
minimal movement across the entire province (only 1%
of transfers occurred over a distance of 100 km). It is
important to note that since our population was sampled
from a cohort of individuals testing positive for HIV at
an urban site, our analysis may not be generalisable to
rural populations or populations with high rural-to-urban
migration. In addition, since our data were confined to
the Western Cape Province, we were unable to quantify
clinic transfers to other provinces. Given high rates of
migration between Cape Town and the Eastern Cape Prov-
ince, we expect to have missed a significant proportion

of transfers. While migration is typically conceived of as
long-distance travel, this analysis suggests that patient
mobility across short distances within urban areas may
account for a large proportion of clinic transfers in some
more urban settings. Prior evidence suggests that partic-
ipants who transfer clinics within province exhibit worse
retention and clinical outcomes than individuals who
transfer across provinces (likely for relocation).” The
dominance of urban transfers—potentially driven by the
clinic shopping pattern described by Clouse et al—iden-
tified through our geospatial approach further supports
the importance of addressing clinic transfers in efforts to
improve retention in HIV care.

Our results support the need for strongly integrated
health information systems and HIV care and inform
where these efforts might most effectively be concentrated
geographically. As individuals transfer clinics during long-
term HIV care, both within urban hubs and across long
distances, health systems must ensure that access to ART
and monitoring of clinical outcomes is uninterrupted.
South Africa is largely unique within Africa in terms of its
utilisation of patient identification numbers that allow for
some tracking of individuals in HIV care across space and
time.”® Specifically, the PHDC’s extensive data linkage
efforts, ongoing since 2012, benefit not only research
and operational purposes, but also clinical care through
comprehensive integration of patient data and easier
identification of patients in need of intervention.* In the
context of HIV, these efforts are critical to ensure unin-
terrupted HIV care regardless of where a patient chooses
to receive care and, concomitantly, to prevent further
transmission.

Given the high rates of mobilityamong the South African
population, expansive referral and surveillance systems
are crucial in ensuring continuity of care within the large
spatial catchment area across which patients transfer
clinics. Systems of patient identification across space
and time and comprehensive HIV information systems
could be foundational to these improved retention and
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surveillance efforts, both within South Africa and else-
where.”” These systems are critical not just among long-
distance migrant populations, but also among patients
of high mobility within contained areas of urbanisation.
Further inquiry into this urban-concentrated movement
is key. Additionally, in this cohort, transfer distance
increased with time on ART, potentially reflecting the
high mobility of the population over time. However,
transfers within 3 months of ART initiation, when the risk
of LTFU is highest, were most commonly within the same
subdistrict.”® These results suggest that integrated health
systems where patients can access ART across a range of
clinics may be particularly important around the time
of ART initiation, when patients are evaluating the best
option for accessing ART.

Our study also provides important insights into the
role of gender, CD4 count, and year of ART initiation on
patient movement. Those who initiated ART during 2015
or 2016—when a test-and-treat approach was first imple-
mented in South Africa through Option B+ and universal
ART—exhibited shorter transfer distances compared
with those who initiated ART earlier. This pattern is likely
explained by the increasing decentralisation of services
following universal ART guidelines whereby patients had
more options for where to seek care.”’ Those with CD4
counts <200 cells at ART initiation exhibited some of the
shortest transfer distances, whereas those with a higher
CD4 count travelled relatively far. This latter trend may at
least partially explain why patients who initiate ART with a
higher CD4 count are at increased risk of LTFU.* Finally,
women transferred more frequently and across larger
distances. This gendered pattern of transfer frequency
might be driven in part by pregnant women who switch
from standard to prenatal care and back, although we did
not have data on pregnancy status to verify this hypothesis.
The pattern of distance is more surprising, as men largely
drive the migration patterns in South Africa.'* That being
said, women fear inadvertent HIV status disclosure and
associated stigma, abandonment, or violence from part-
ners; longer transfer distances among women might be
due in part to the desire to hide HIV care from loved ones
at a clinic further from home.”

This study is among the first to visualise and quan-
tify spatially the phenomenon of clinic transfers among
persons living with HIV. This analysis has allowed us
to identify the unique spatial catchment area that is
required when public health officials call for integrated
and continuous HIV care. Our unique dataset contains all
public clinical, pharmacy, and laboratory data from this
sample of patients within the Western Cape, allowing us
to use the plenitude of clinic-based data that exist to map
clinic transfers—data that has been shown to successfully
capture the broad spatial structures of HIV epidemics.™
While other studies offer more insight into patient charac-
teristics and the motives for transfers, these studies often
rely on active patient tracing, which is costly and not scal-
able to a large sample size such as ours.”” *® Overall, both
kinds of data are critical to deepening our understanding

of how to better support individuals who transfer during
HIV care.

Various study limitations should be considered. First,
we manually geocoded study health facilities using open-
source data because of the lack of complete addresses
available for these clinics. Thus, it is possible that health
facility coordinates are not entirely accurate and that
some sites were double-counted. Similarly, our dataset
includes all healthcare visits, as we cannot reliably distin-
guish HIV visits from non-HIV visits. In particular, we do
not have sufficient granularity to reliably identify visits at
which ART was dispensed (ie, pharmacy pickups). These
two limitations could lead to over-estimates of transfer
frequency during ART, potentially inflating the observed
dominance of urban-concentrated movement. That
being said, it is likely that other health visits (eg, emer-
gency room visits, primary care check-ups, dental exams)
are much less stigmatised compared with HIV visits and
that, as a result, patients seek that care as close to home as
possible. Our estimates of HIV care transfer distance are
then likely under-estimated. Our exclusion of multiple
visits to different facilities on the same day could under-
estimate clinic transfer frequency, though these instances
make up only 4% of all records.

We were also limited by the available data from the
PHDC. In particular, our study would have benefited
from more behavioural and demographic information,
which was not available. We did not have information on
the nature of or motive for a transfer. We also did not
have access to participants’ home addresses, which may
have further clarified the impact of transfers and travel
distance on retention in care. We acknowledge that clinic
closings, clinic location changes, and participant migra-
tion and residential movement could not be explicitly
accounted for or determined in this analysis. Due to these
data limitations, we cannot infer motives for clinic trans-
fers. Additionally, since our study only used data from
the Western Cape Province, we were not able to analyse
clinic transfers between provinces in South Africa. Finally,
our quantifications of transfer distance do not use road
network information, thus overlooking elements such as
traffic and time cost in clinic transfers. We opted for a
geodesic distance measure because it is difficult to obtain
accurate and comprehensive spatial information about
South Africa’s road networks and minibus taxi routes, the
most likely mode of transportation for this cohort. We did
not add reference features or basemaps on map figures in
order to protect the anonymity of health facilities.

Further research might consider the distinct impact of
clinic transfers on HIV care experience and outcomes by
gender and by time on ART. We hope to understand what
patterns and predictors define the movement of patients
who transfer most. With more information about health
facilities and about participants’ home location, we could
also investigate whether clinic transfers are driven by
facility size, range of services provided, or distance from
patients’ residence. While we focus on transfers that
occur after ART initiation to address the question of

Espinosa Dice AL, et al. BMJ Open 2021;11:€055712. doi:10.1136/bmjopen-2021-055712 7



retention on ART, we encourage consideration of what
patient movement looks like during pre-ART care as well
given that a significant proportion of participants did not
initiate ART at their testing site. Finally, we might inves-
tigate interprovince transfers and the phenomenon of
clinic transfers among a migrantlabour or otherwise long-
distance migrant population. These analytical extensions
would provide even more nuance to our spatial visualisa-
tion and quantification of clinic transfers among persons
living with HIV in the Western Cape, South Africa.
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