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Abstract

The aim of the study was to describe the HIV care continuum in emergency department (ED) patients in the
Eastern Cape region of South Africa. This is a cross-sectional, identity-unlinked serosurvey, whereby dis-
carded/excess samples from all patients who had blood drawn during the study period for routine care and
sufficient serum remaining were tested for HIV, hepatitis B virus, and hepatitis C virus infection; HIV viral
load (VL); and presence of antiretroviral (ARV) drugs. We also estimated cross-sectional incidence using the
Limiting-Antigen Avidity assay and HIV VL. The study was conducted between September and November
2016 at the Frere Hospital Emergency Department in East London, South Africa. The overall HIV prevalence
in our study population was 26.9% [95% confidence interval (CI): 25.0–28.8; n = 2,100]. The highest pre-
valence was observed among females in the 30–39 years age group [60.3% (95% CI: 53.2–67.1)]. HIV
prevalence was significantly higher among females compared with males in both the 20–29 years age group
and 30–39 years age group (p < .05), but nearly identical to older age groups. ARV drugs were detected in
53.5% (95% CI: 48.1–58.9) of HIV-infected subjects. The frequency of HIV viral suppression (< 1,000
copies/mL) was 48.5% (95% CI: 44.3–52.7), and was not statistically different between males and females
(age-adjusted prevalence ratio = 1.15, 95% CI: 0.95–1.39). The HIV incidence rate was estimated to be 2.6%
(95% CI: 1.2–3.9). The Frere Hospital ED has an extremely high burden of HIV infection. The detection of
ARV drugs and prevalence of viral suppression fall short of the World Health Organization 90-90-90 goals in
this population. Furthermore, there were a large number of patients with recent infection in the ED. The ED is
a critical venue for testing and linkage to care of high-yield population who are likely missed by current
testing and linkage-to-care programs.

Keywords: HIV epidemiology, HIV incidence, South Africa, emergency medicine

Introduction

South Africa has the greatest burden of HIV disease in
the world with >7 million infected individuals.1 The 2016

South Africa country fact sheet reports an HIV prevalence of
18.9% with an annual incidence of *1 per 100 adults be-
tween the ages of 15 and 49 years.2,3 These modeling esti-
mates were derived using the SPECTRUMª platform based
on HIV prevalence from surveillance of pregnant women
attending antenatal care clinics, and from nationally repre-

sentative population-based surveys.4 Expanding HIV sur-
veillance to a variety of health care venues will better allow
policymakers to better identify other testing venues with high
HIV incidence to better target testing resources.

For decades, emergency department (ED)-based sero-
surveys have been used in the United States as a robust
approach for obtaining population-level estimates of HIV
prevalence, incidence, and more recently metrics along the
HIV care cascade.5,6 ED-based surveillance has allowed
policymakers and implementers to advocate for routine
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ED-based testing services in the United States.7,8 The ED
provides a valuable window into the community delivering
care to high numbers of patients with a wide range of clinical
conditions.9 Furthermore, patients with substance abuse,
homelessness, mental health problems, and victims of violent
crime are more likely to seek care in the ED compared with
other primary care settings.10 Finally, in the United States,
ED populations have been shown to have a higher prevalence
of HIV infection compared with antenatal clinics and other
primary care settings.5,11–14 This study sought to estimate
HIV and hepatitis prevalence, HIV incidence, and the HIV
care cascade, in a South African ED setting, using a blinded
serosurvey approach.

Materials and Methods

A cross-sectional, identity-unlinked serosurvey was con-
ducted at Frere Hospital in the Eastern Cape region of South
Africa from August 29 to November 30, 2016. Frere Hospital
is a government-funded tertiary care hospital that provides
24-h emergency services. Patients attending the ED come
from an *100-km radius catchment area, and are either self-
referred or referred from district hospitals and clinics in the
region. The blinded serosurvey methodology has been pre-
viously described in depth elsewhere.5,15,16 During the 3-
month study period, excess blood samples (i.e., samples that
had completed clinical testing and undergone mandatory
storage for 7 days) were retained from all patients aged ‡18
years who presented in the ED. Samples were stripped of
protected health information (PHI) except for age and sex,
and were then centrifuged and screened in the hospital lab-
oratory for HIV, hepatitis B virus (HBV), and hepatitis C
virus (HCV). Extended serum analysis for HIV incidence, the
presence of antiretrovirals (ARVs) and viral loads (VLs), was
conducted at the NIAID International HIV/STD Laboratory
located in Baltimore, Maryland.

This study was approved by the Johns Hopkins University
School of Medicine Institutional Review Board, the Uni-
versity of Cape Town, and the Walter Sisulu University
Human Research Ethics Committees. Informed consent was
deemed unnecessary given the use of remnant samples due
to be discarded and collected during routine clinical care.
All patients presenting to the ED for care were informed of
the blinded serosurvey through educational posters and by
hospital staff during triage. Given that patient identifiers
were stripped of PHI before testing, it was not possible to
share testing results with the patient. To overcome this
quandary, a parallel study was conducted in the ED that
offered voluntary counseling and testing to all ED patients
during the study period using 24 h a day 7 days a week lay
counselors.17

Laboratory testing

All tests were conducted based on sample availability;
tests undertaken in the Frere Hospital laboratory required a
minimum of 800 lL, and all testing at the Johns Hopkins
University ( JHU) laboratory required 400 lL of excess se-
rum. In the Frere Hospital laboratory, samples were tested
for HIV using the fourth-generation ARCHITECT HIV Ag/
Ab Combo ELISA, HCV antibodies using the ARCHITECT
anti-HCV assay, hepatitis B surface antigen using the AR-
CHITECT HBsAg Qualitative II assay, and HBV core IgM

antibody using the ARCHITECT Anti-HBc IgM Assay
(Abbott Laboratories, Abbott Park, IL). At the JHU labora-
tory, HIV-positive samples were further analyzed for HIV
VL using the Abbott m2000 RealTime System (Abbott La-
boratories) (limit of detection, 320 copies/mL). HIV-positive
samples were also tested using the LAg-Avidity assay (Maxim
HIV-1 Limiting Antigen Avidity EIA; Maxim Biomedical,
Inc., Rockville, MD). After all tests were performed, a subset
of HIV-positive samples with available specimen (‡250 lL)
were assessed for the presence of ARV drugs using high-
performance liquid chromatography (HPLC)–high-resolution
accurate mass (HRAM) spectrometry, which detects all
commonly used ARVs reliably.18

Statistical analysis

Comparisons of prevalence estimates were made using
Pearson’s chi-squared tests, and 95% confidence interval (CI)
was estimated from a binomial distribution. Adjusted prev-
alence ratios (aPRs) of ARV detection and HIV viral sup-
pression were calculated among HIV-positive patients using
multivariable log-binomial regression models that included
an adjustment for age group and sex. ARV detection was
defined as the presence of any ARVs. For purposes of HIV
incidence estimation and cascade description, HIV viral
suppression was defined as a VL <1,000 copies/mL.3,19,20 For
HIV incidence and 95% CI estimates patients with a LAg
Avidity assay <1.5 OD-n and HIV VL >1,000 copies/mL
were considered recently infected; this Centers for Disease
Control and Prevention incidence testing algorithm has a
window period of 144 days and a false-recent rate of 0%.21–25

The analysis was conducted using STATA version 14.2
(StataCorp LP, College Station, TX).

Results

Sample population

During the study period, the ED had 9,583 patient visits, of
which 2,289 patients had blood drawn for routine clinical
care in the ED and were included in the study. One hundred
eighty-nine patients did not have sufficient excess serum
(400 lL) for any testing, and thus were excluded from the
analysis. The remaining 2,100 samples were all tested for
HIV infection, of which 1,351 were also tested for HBV
infection (HBsAg+ and/or HBcAb+), and 1,353 samples
were also tested for HCV IgG antibody. Seven hundred
forty-seven samples did not have sufficient excess serum
(800 lL) for hepatitis testing. Of the 565 samples identified
to be HIV positive, 542 samples were assessed for HIV VL and
cross-sectional incidence biomarkers, the remaining 23 had in-
sufficient serum. Only 326 of the HIV-positive samples had
sufficient volume (250lL) to complete testing for detectable
ARVs.

HIV prevalence and incidence

Of 2,100 patients, 565 were HIV positive yielding an
overall HIV prevalence of 26.9% (95% CI: 25.0–28.8). The
HIV prevalence among males was 21.9% (95% CI: 19.5–
24.5; n = 1,049) compared with 32.2% (95% CI: 29.3–35.1;
n = 998) among females ( p < .001). In females, HIV preva-
lence was highest among patients aged 20–29 years [40.4%
(95% CI: 33.8–47.4); n = 198] and 30–39 years [60.3% (95%
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CI: 53.2–67.1); n = 189] (Fig. 1A). In males, HIV prevalence
was highest among patients aged 40–49 years [39.2% (95%
CI: 31.6–47.3); n = 58] (Fig. 1A). HIV prevalence was sig-
nificantly higher among females compared with males in
the 20–29 and 30–39 years age groups ( p < .05), but nearly
identical among older age groups (Fig. 1A).

The incidence testing algorithm identified 4 males (of 220
HIV+ tested) and 11 females (of 311 HIV+ tested) as recently
infected (i.e., infected within 144 days), yielding an overall
annual HIV incidence estimate of 2.6% (95% CI = 1.2–3.9).
HIV incidence was estimated to be 4.3% in females (95% CI:
1.6–6.9) and 1.3% in males (95% CI: 0.0–2.6; Fig. 1B).
Thirty-four patients did not have sufficient serum for the
incidence testing algorithm, and thus were excluded for this
analysis.

HIV care continuum

ARVs were detected in 53.5% (95% CI: 48.1–58.9;
n = 326) of HIV-infected subjects with sufficient sample
volumes available. Of the 174 patients with detectable ARVs,
67.2% (95% CI: 59.9–73.9) were virally suppressed (HIV VL
<1,000 copies/mL). Approximately half of all HIV-infected
patients [48.5% (95% CI: 44.3–52.7); n = 542] were virally
suppressed (HIV VL <1,000 copies/mL). An infographic
quantifying the burden of HIV, percentage on ARVs and
percentage viral suppressed is provided in Figure 2.

The prevalence of HIV viral suppression (<1,000 copies/
mL) was significantly higher among the 40–49 year olds
when compared with 20–29 year olds (aPR = 1.37, 95% CI:
1.04–1.82), independent of sex (Table 1).

Coinfections

The prevalence of active HBV infection (HBsAg+) was
5.2% (95% CI: 4.1–6.5; n = 1,346). Of the patients with active
HBV infection, 7.1% (5/70) were acutely infected (HBc
IgM+). HIV-positive patients were significantly more likely
to have active HBV infection than HIV-negative patients
[8.5% (95% CI: 6.0–11.9) vs. 4.0% (95% CI: 2.9–5.4);

FIG. 1. HIV prevalence (A) and incidence (B) by age and
sex. *p < .05. LAg, limiting antigen; VL, viral load.

FIG. 2. Infographic demonstrating proportion of emergency department patients who are HIV positive, virally suppressed,
on antiretrovirals, and recently infected during the study period.
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p = .001]. Prevalence of HCV IgG antibody was 1.0% (95%
CI: 0.6–1.7; n = 1,349). HIV-positive patients were signifi-
cantly more likely to have been infected with HCV in com-
parison with HIV-negative patients [2.2% (95% CI: 1.1–4.3)
vs. 0.6% (95% CI: 0.3–1.4); p = .012].

Discussion

This anonymous serosurvey revealed a much higher HIV
prevalence (26.9%) than that nationally reported for the local
district (13.6%). The observed prevalence of >60% in fe-
males between 30 and 39 years is almost double the national
estimates of 36% in the same group.26 The high HIV prev-
alence in this venue is in keeping with other African ED HIV
prevalence studies of 23%–43%.26–30

The HIV incidence estimate observed in this ED (2.9%)
is also higher than the national estimate (1.7%).26 The high
incidence and prevalence likely reflect ED population
biases, which attract patients who have higher risk of ac-
quiring HIV, such as those who are homeless, victims of
crime and substance-related comorbidities.17,31 Furthermore,
it is possible that current sampling strategies (i.e., antenatal
clinical and population-based surveys) that are used for na-
tional incidence estimates may underestimate the national
incidence.3

ARVs were detected in only 53% of persons/people liv-
ing with HIV (PLWH) falling short of the World Health
Organization (WHO) 90-90-90 goals (81% of PLWH). Un-
fortunately, while this demonstrates some access to ARVs,
the region is far short of reaching the WHO 2020 goals.32 Part
of the shortfall in ARV treatment observed is accounted for
by the fact that a proportion of HIV-positive individuals in
this study may have been unaware of their serostatus. No-
tably, as well, only 67.2% of those taking ARVs were virally
suppressed, again falling short of the third 90% target. This is
concerning given the increased risk of ongoing transmission

of HIV, and potential for emergence of drug resistance as-
sociated with poor adherence.

The increased burden of HBV and HCV among the HIV-
infected and non-HIV-infected patients is a universal finding,
most likely due to shared transmission routes. The 8.5%
HBV coinfection of HIV patients is higher than that reported
in urban and rural South African HIV cohorts of 4.8% and
7.1%, respectively.33,34 The HCV seroprevalence (2.2%) among
HIV-infected patients is similar to other South African
studies (2.9%).35 The higher prevalence of HBV in our study
population may be attributable to risky sexual behavior,
given the young median age of the ED population. However,
given the overall low numbers of the HBV- and HCV-
positive individuals and the lack of additional demographic
data further interpretation is limited.

A limitation of this study is that the blood sampling was
not universal or random across the ED patients, but ac-
cording to clinical indication and availability of excess
blood samples. This may overestimate the actual HIV
prevalence, as sicker patients would be more likely to have
their blood drawn. Furthermore, the quantity of excess se-
rum available was not equal among participants, and thus a
small number of patients were excluded from extended se-
rum analyses such as hepatitis screening, ARV presence,
and the incidence algorithm. Another limitation is that due
to the identity-unlinked nature of this study, we are unable
to ascertain if patients were aware of their HIV status. Fi-
nally, the generalizability of these results to the surrounding
community is unknown, given the unique nature of the ED
population and the referral pathways within the health care
system.

Conclusion

This anonymous serosurvey of a South African ED dem-
onstrates that the ED population has almost double the
HIV prevalence and incidence rates compared with national

Table 1. Antiretroviral Detection and Viral Suppression in HIV-Positive

Patients by Sex and Age Category

ARV detection Viral suppression

N
tested

No. on
ARV (%)

Adjusted PR
(95% CI)

N
tested

No. virally
suppressed (%)

Adjusted PR
(95% CI)

Sex
Male 131 69 (52.7) Reference 218 97 (44.5) Reference
Female 185 102 (55.1) 1.11 (0.91–1.37) 310 159 (51.3) 1.15 (.95–1.39)
Unknown 10 4 (40.0) — 14 7 (50.0) —

Age group, years
0–19 11 3 (27.2) 0.58 (0.22–1.54) 33 19 (57.6) 1.38 (0.95–2.01)
20–29 73 37 (50.7) Reference 113 45 (39.8) Reference
30–39 101 59 (58.4) 1.17 (0.88–1.55) 167 82 (49.1) 1.20 (0.91–1.58)
40–49 72 47 (65.3) 1.31 (0.98–1.76) 112 62 (55.4) 1.37 (1.04–1.82)*
‡50 55 25 (45.5) 0.92 (0.63–1.33) 95 42 (44.2) 1.11 (0.81–1.53)
Unknown 14 4 (28.6) — 22 13 (59.1) —

Total 326 175 (53.5) 542 263 (48.5)

Multivariable log-binomial model for each outcome was adjusted for sex and age group. Individuals with missing data on sex and age
group were excluded from the model.

*p < .05.
ARV, antiretroviral; CI, confidence interval; PR, prevalence ratio.
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estimates. The ED population likely represents a poten-
tial transmission hot spot, given the high burden of both
undiagnosed and new HIV infections. Furthermore, the
proportion of HIV-infected patients in the ED taking ARVs
and achieving viral suppression falls short of WHO targets.
Thus, the ED is a critical venue for targeted interventions
focused on HIV prevention, testing, treatment initiation, and
linkage to care.
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