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Abstract
Background—The yield of screening for acute HIV infection among general medical patients in
resource-scarce settings remains unclear. Our objective was to evaluate a strategy of pooled HIV
plasma RNA to diagnose acute HIV infection in patients with negative or discordant rapid HIV
antibody tests in Durban, South Africa.

Methods—We prospectively enrolled patients with negative or discordant rapid HIV antibody
tests from a routine HIV screening program in an outpatient department in Durban with an HIV
prevalence of 48%. Study participants underwent venipuncture for pooled qualitative HIV RNA,
and if positive, quantitative RNA, enzyme immunoassay and Western Blot (WB). Patients with
negative or indeterminate WB and positive quantitative HIV RNA were considered acutely
infected. Those with chronic infection (positive RNA and WB) despite negative or discordant
rapid HIV tests were considered false negative rapid antibody tests.

Results—Nine hundred ninety-four participants were enrolled with either negative (N=976) or
discordant (N=18) rapid test results. Eleven (1.1%, 95% CI: 0.6–2.0%) had acute HIV infection.
Of the 994 patients, an additional 20 (2.0%, 95% CI: 1.3–.3.1%) had chronic HIV infection (false
negative rapid test).

Conclusions—One percent of outpatients with negative or discordant rapid HIV tests in
Durban, South Africa had acute HIV infection readily detectable through pooled serum HIV RNA
screening. Pooled RNA testing also identified an additional 2% of patients with chronic HIV
infection. HIV RNA screening has the potential to identify both acute and chronic HIV infections
that are otherwise missed by standard HIV testing algorithms.
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Introduction
Acute HIV infection – the period following initial HIV infection prior to antibody
seroconversion – is the time of peak virus concentration in blood and genital fluids.1–4 The
presence of a symptomatic acute viral syndrome is variable, estimated to occur in 40–90%
of patients, though rates appear lower in African cohorts documenting acute infection with
non-clade B virus.5–8 Because symptoms are nonspecific and overlap with many common
syndromes, acute HIV infection is difficult to detect on clinical grounds alone.

However, detection of acute HIV infection is critical for both individual and public health.
Transmission is highest in the period following infection, with transmission from acutely
infected partners nearly 12-fold higher than in prevalent discordant couples.9, 10 Detecting
cases during primary infection would allow for counseling and other prevention strategies
that could help decrease transmission and link the HIV-infected individual to care.11

Though the HIV RNA assay is the most sensitive test for the diagnosis of acute infection,12

its expense and technical requirements limit its utility for screening large volumes of
samples quickly, particularly in resource-limited settings. Pooled sera for detection of viral
RNA is more labor intensive, but is a much more economically efficient method of
estimating HIV incidence 13 and has been used successfully in sexually transmitted disease
clinics in resource-limited settings.14–17

The objective of this study was to evaluate the yield of screening for acute HIV infection
using pooled HIV RNA testing in a general medical outpatient population in Durban, South
Africa. In addition, we compared rapid HIV testing to gold standard serologic tests for the
diagnosis of chronic HIV infection.

Methods
Study setting and participants

Subjects were prospectively enrolled from the outpatient department HIV testing site at
McCord Hospital, Durban, South Africa from March through November 2007. McCord
Hospital is a state-aided urban hospital which serves a predominantly African Zulu-speaking
population; the outpatient department sees 150–200 patients daily with general medical
complaints. During the study period, most patients tested for HIV following physician
referral; patients could also self-refer for testing without prior outpatient department
registration. The outpatient department HIV counselors test approximately 300–400 patients
per month using rapid HIV test kits as per the South African and World Health Organization
testing guidelines.18, 19 The HIV counselors are lay English and/or Zulu speakers trained in
testing techniques and observed for several months prior to working independently. During
the study period the HIV prevalence for adults tested was 48%.

Study eligibility and procedures
All adult patients (≥ 18 years) who had undergone HIV testing during weekday business
hours in the outpatient department and had a negative or discordant rapid HIV test were
eligible for this study. We excluded patients who were too ill to understand the counseling
session or to provide informed consent, and patients known to be pregnant. Pregnant women
were excluded because they are HIV tested in a physically different location at the hospital.
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Eligible patients who consented to participate in the study underwent venipuncture for HIV
RNA, enzyme immunoassay (EIA), and Western Blot (WB) on the same day as the rapid
HIV test and were asked to return for their results in 10 days. Study personnel contacted
subjects found to be HIV-infected with the venipuncture specimen who did not return in 10
days by telephone and advised them to return for test results.

The project was approved by the McCord Hospital Ethics Committee [Durban, South
Africa] and the Partners Human Subjects Committee (Protocol # 2006-P-001379/8) [Boston,
MA].

Rapid HIV antibody testing
During the 9-month study period, testing kits and procedures changed in the outpatient
department due to changes in hospital policy and provincial Department of Health
manufacturer tenders which were beyond the control of the study. The test kits included:
Determine HIV 1/2 Test (Abbott Laboratories, Abbott Park, IL), SmartCheck HIV 1& 2
(World Diagnostic Inc, FL), Sensa Tri-line HIV 1/2/0 (Hitech Healthcare LTD, China), and
SD Bioline (Standard Diagnostics Inc, Korea). Initially, there was a period of serial testing
(March–August 2007), followed by a period of parallel testing (September–November
2007).

During the serial testing period, a positive rapid screening test was confirmed by a second
rapid test using a kit made by a different manufacturer. A single negative rapid HIV test was
reported as negative. During the parallel testing period, two rapid tests were performed
simultaneously for each patient. A rapid HIV test was reported negative if a patient had two
parallel negative tests and positive if a patient had two parallel positive tests. Patients with
one positive and one negative rapid test were considered “discordant” but were included in
the study because of a previously described association of discordant rapid HIV tests with
acute HIV infection.15, 20

HIV RNA testing and confirmatory antibody testing
To ensure no evolution of serologic response between rapid testing and WB, venipuncture
specimens were collected in edetic acid (EDTA) tubes on the same day that the rapid HIV
test was performed. Plasma was removed from the whole blood specimens and stored daily.
Each week, plasma was manually pooled using a modification of a previously described
protocol13, 15, 16: 167μl aliquots from individual patient specimens were pooled into groups
of six. Pools were initially screened qualitatively with Roche COBAS AmpliScreen HIV-1
Test version 1.5 (Roche Molecular Systems, Branchburg, NJ, USA). Quantitative RNA
testing on individual positive specimens was then performed using Roche COBAS Amplicor
HIV-1 version 1.5.

All patients with a positive individual quanitative HIV RNA screen underwent antibody
testing with HIV EIA (Vironostika HIV-1 Microelisa System, Biomérieux or HIV-1 rLAV
EIA, Bio-Rad, Bio-Rad Laboratories, Richmond, WA, USA) and HIV WB (Bio-Rad).
Patients were defined as having acute HIV infection if they had an HIV RNA level >10,000
copies/ml with either negative HIV antibody testing or HIV EIA positivity with a negative
or indeterminate WB.16 Patients were defined as having chronic HIV infection if they had
both positive EIA and WB in the presence of elevated HIV RNA (>5,000 copies/ml);21

these patients were considered to have “false negative” rapid test results. The highest HIV
RNA among chronically infected patients was reported as >750,000 copies/ml (the upper
limit of the assay); this was considered 750,000 copies/ml for the purpose of the analysis.
One patient had a positive qualitative RNA screen but had neither WB nor HIV RNA
available and was excluded from further analysis.
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Response to initial false negative rapid HIV test results
Within the first month of the study, there were several patients identified via RNA testing
with chronic infection and false negative rapid tests results. After the first three false
negative rapid test results, the HIV testing protocol in the outpatient department was
evaluated. Because the issue initially appeared to involve false negatives from a single lot of
confirmatory test kits (i.e. the second rapid test performed in series to confirm an initial
positive test), that test lot was promptly discarded (SmartCheck). The local Department of
Health was notified of the findings and a new confirmatory rapid test kit was adopted (SD
Bioline). The counselors performing the rapid HIV tests were re-trained in testing technique
by representatives from one of the HIV test kit manufacturers. Counselors’ offices were
already air conditioned in an effort to control temperature and humidity for optimal test
integrity. During the last 3 months of the study period, when false negatives continued to
occur, the hospital adopted a parallel rapid testing algorithm as described above.

Statistical analysis and evaluation of rapid HIV test performance
The main study outcome was the proportion of subjects with acute HIV infection among
patients with negative or discordant rapid tests. The second study outcome was the
proportion of patients with chronic HIV infection among patients with negative or
discordant rapid tests (false negative rapid test). Ninety-five percent confidence intervals
around prevalence estimates of acute and chronic HIV infection were calculated using the
binomial distribution.

We evaluated the rapid HIV test performance compared to serologic tests performed on
venipuncture samples. We calculated the sensitivity of the rapid tests for detecting chronic
HIV infection with 95% confidence intervals. We calculated the negative predictive value of
a negative or discordant rapid test. Because patients with two rapid positive tests were
considered HIV-infected, without verification by an independent serologic test, we were
unable to calculate the specificity of the rapid HIV tests from this study. We therefore
calculated the negative predictive value assuming 100% specificity (as reported by some of
the individual rapid test kit manufacturers) and then performed a sensitivity analysis
incorporating published specificity results (90.4%) from a Ugandan study of rapid test
diagnostic accuracy.22

Results
During the 9-month study period, 1,005 patients enrolled in the study with rapid HIV test
negative or discordant results from the outpatient department. Eleven patients either did not
complete the venipuncture or had an inadequate specimen. The remaining 994 patients had
qualitative HIV RNA screen data available and were considered for the analysis (Figure 1,
Table 1). Fifty-eight percent of the enrolled cohort was female; the median age was 36
years. The results of background HIV testing during the study period were: 1,294 patients
had reactive rapid HIV tests (53% female, median age 34 years); 1,429 subjects overall had
negative rapid HIV tests (56% female, median age 38 years).

Thirty-four patients (22 with rapid test negative and 12 with rapid test discordant) had a
positive qualitative HIV RNA screen. Two patients had negative rapid HIV tests with a
positive qualitative RNA screen, but had undetectable quantitative HIV RNA and negative
serum antibody tests; these patients were considered HIV negative. One subject had a
positive qualitative HIV RNA screen but had no WB or HIV RNA available (Figure 1).
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Acute HIV infection
Of the 994 patients, eleven had acute HIV infection, for a prevalence of 1.1% (95% CI 0.6–
2.0%, Table 1). Seven of the acutely infected patients (64%) were women, and the median
age was 34 years (Table 1). All of the participants with acute HIV infection had HIV RNA
>750,000 copies/ml (range 750,000–22,200,000 copies/ml). One patient had two concordant
negative rapid HIV tests (parallel testing period), a positive EIA and insufficient specimen
available for a WB. However, her quantitative HIV RNA was 22,200,000, compatible with
acute infection; she was included among the 11 acutely infected patients based on the
unanimous consensus of 5 clinical HIV experts who were consulted to assist with classifying
this case. Two of the 11 acutely infected cases (one male and one female) had discordant
rapid HIV tests; the other 9 had negative rapid HIV tests.

“False negative” rapid HIV tests or chronic HIV infection
Rapid HIV test negative—Of 976 patients who had a negative rapid test and underwent
qualitative RNA screening, 954 (98%) were confirmed to be HIV negative by qualitative
HIV RNA testing (Figure 1, left side). Twenty-two patients with negative rapid HIV tests
had positive qualitative HIV RNA testing. Ten of these 22 patients were found to have
chronic HIV infection with positive serologic antibody tests (EIA and/or WB). These ten
patients had “false negative” rapid HIV tests (10 chronically infected/976 with negative
rapid tests, 1.0%, false negative, 95% CI: 0.6–1.9%).

Rapid HIV test discordant—Of 18 patients who had discordant rapid HIV tests (11 men
and 7 women) and underwent qualitative RNA screening, 6 (all men) were confirmed to be
HIV negative by qualitative HIV RNA testing (Figure 1, right side). Twelve patients with
discordant rapid HIV tests had positive qualitative HIV RNA testing. Ten of these 12
patients were found to have chronic HIV infection with positive EIA and/or WB (10
chronically infected/18 with discordant rapid tests, 56% false negative, 95% CI: 34–76%).

Chronic HIV infection overall—In total, 20/994 (2.0%, 95% CI: 1.3–3.1%) patients with
negative or discordant rapid HIV test results were confirmed to have chronic HIV infection
with subsequent serologic testing (Figure 1, shaded gray boxes). False negative rapid tests
occurred with all 3 of the trained counselors, and with all different rapid testing kit schemes
employed during the study period (Table 2).

Rapid HIV test performance
The sensitivity for detecting chronic HIV infection using the rapid test kits was 98.5% (95%
CI: 97.8, 99.1%). The negative predictive value of a negative or discordant rapid test,
assuming 100% specificity, was 97.9% (95% CI: 96.9, 98.7%). Using the rapid HIV test kit
specificity published from Uganda 22, the negative predictive value dropped to 88.5% (95%
CI 86.4, 90.3%). Including both acute HIV infections (N=11) and chronic HIV infections
(N=20) discovered by the RNA screening program, a total of 3.1% (31/994) of patients who
tested HIV rapid test negative or discordant in the outpatient department of the hospital had
readily detectable and confirmed HIV infection.

Discussion
We found that ~3% of patients with negative or discordant rapid HIV tests in a medical
outpatient department in South Africa had confirmed HIV infection using pooled HIV RNA
serum screening. One percent of patients who had a negative or discordant rapid HIV test
had acute HIV infection. In addition, standard rapid HIV testing missed 2% of patients who
had chronic HIV infection.
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Pooling serum for detection of acute infection in the setting of high HIV prevalence is
feasible as long as polymerase chain reaction technology is available. In settings like this
outpatient department in Durban, one percent of patients seeking medical care would
otherwise receive a negative rapid HIV test result at the time when they are maximally
infective.9 Diagnosis of acute HIV infection may prevent further HIV transmission by
providing an opportunity for risk behavior counseling.11 Screening for acute HIV and
linking patients to HIV care may be particularly important for infected individuals in
settings such as Durban where CD4 count at the time of HIV diagnosis is typically <200/μl
and the vast majority of patients are accessing care late in the course of their illness.23

Implementation of pooled RNA for acute HIV screening presents several challenges. The
need to provide rapid turnaround of test results in a clinically meaningful time frame to
ensure patient follow-up makes it difficult to accumulate a large number of specimens for
pooling;15 this barrier may be overcome by pooling specimens from dried blood spots.24

Optimal pool size depends on the prevalence of acute HIV in the population and the skill of
the laboratory personnel if a manual pooling technique is required. The failure of rapid HIV
tests in this study to identify all chronic HIV cases led to an increased number of positive
pools requiring additional testing that highlighted chronic rather than acute HIV cases.

Patients with a negative or discordant rapid HIV test had ~2% probability of having chronic
HIV infection in this setting. From this study, we are unable to evaluate whether this
relatively high false negative rate, higher than reported by the test kit manufacturers, was the
result of operator error, faulty test kits/storage, or characteristics of the patient population.
There was no apparent change during the study period in the rate of false negative results,
despite retraining the HIV counselors and changing the test kits. A recently reported South
African field study also noted challenges in HIV rapid test sensitivity compared to ELISA
and pooled HIV RNA PCR. In this study, which also used the SD Bioline kit, 5% of
participants, all of whom were pregnant, had false negative results.25 A high rate of false
negative rapid tests was also reported in a study from South Africa among children on ART,
however, the test kits evaluated were different from those used in the current study.26 Rapid
test kits have had disappointing performance in other contexts22, 27, 28 suggesting that
inaccurate rapid tests may not be a setting- or test-specific problem. Other than the Abbott
Determine HIV 1/2 rapid test, none of the rapid kits used during the study period have been
extensively validated against gold standard tests in Africa in published studies; the World
Health Organization recommends that individual countries evaluate each assay used to
determine its performance characteristics and suitability for use within a given setting.29, 30

To the extent that this is not practiced, many false negatives are likely occurring, since the
settings using pooled HIV RNA are extremely limited.

Rapid HIV testing has been an essential part of improving diagnostic capacity and treatment
opportunities for patients in resource-limited settings.32 It is important to counsel patients
and providers, however, that there is a small but real risk of a false negative test due to both
chronic and acute infection and to encourage retesting; countrywide guidelines should
recommend a re-testing frequency to guide counselors’ efforts. It is also critical to
implement quality control measures, such as periodic operator retraining and temperature/
humidity control for test kits to ensure the integrity of the testing process. In addition,
parallel rapid testing should be promoted, whenever feasible, with follow-up of discordant
samples.

We included patients with discordant rapid HIV tests in this screening study for acute HIV
infection since discordant rapid HIV tests had previously been strongly associated with
acute HIV infection in a sexually transmitted disease clinic in Malawi.20 In our study, only 2
of 18 patients with discordant rapid tests and available HIV RNA results were acutely
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infected, but 10 of the 18 discordant patients had chronic HIV infection. This may reflect
that our study used different test kits, which perhaps have different sensitivity to detect early
infection. Much of the study was performed using serial rapid kits. For participants enrolled
using the serial method, we could not account for subjects who had a negative first test but
who might have had a positive second test if the kits were administered in parallel. In
addition, the pre-test probability of HIV infection is lower in a general medical population
than in a sexually transmitted disease clinic. Because over half of the patients with
discordant rapid tests were chronically HIV-infected, in a setting of high prevalence,
immediate testing with serum EIA is appropriate in all patients with discordant results to
evaluate for chronic HIV infection.

This study has several limitations. The rapid test kits used for HIV diagnosis in the
outpatient department changed several times due to hospital policies and changes in
provincial tenders, so individual test protocols could not be evaluated. The kits may detect
HIV antibodies at different time points in early infection, which makes the determination of
test performance for any one kit or testing protocol difficult from these data. Because of the
kit changes, we were unable to standardize the expected length of the window period; this
would have been helpful for improving the acute HIV incidence estimate from using pooled
RNA in this population.31 Because we do not have CD4 count data for patients who were
found to be chronically HIV-infected, we cannot determine whether advanced immune
suppression predicted a false negative rapid test. However, the HIV RNA levels of many of
the patients with false negative rapid HIV tests may support this conclusion. In addition,
because we have limited clinical data regarding the enrolled patients, we are unable to
examine associations between acute HIV infection and signs and/or symptoms of an acute
viral syndrome or a sexually transmitted infection. Pregnant women were excluded from this
study; however, they may represent a high risk population worthy of consideration in future
studies screening for acute HIV infection. We did not confirm positive rapid HIV tests with
venipuncture serologic specimens, and therefore assumed perfect specificity when
generating the negative predictive value of a rapid negative/discordant test. We performed a
sensitivity analysis on this assumption with Ugandan data; the Ugandan data may not be
fully generalizeable to South Africa because different test kits were used for diagnosis of a
different HIV clade.22

Screening for acute HIV infection using pooled serum in a general medical population in a
high prevalence setting is feasible and identifies patients who would not be recognized as
HIV-infected with the current HIV testing algorithm. In addition, RNA screening revealed
even more patients with chronic HIV infection who had been missed with standard rapid
HIV test kits. The optimal HIV testing algorithm in high prevalence but resource-limited
settings has yet to be defined. The results of this study should be confirmed in other settings;
if they are, then routine pooling of sera from rapid HIV test negative and discordant patients
in resource-scarce settings will identify substantial numbers of both acutely and chronically
HIV-infected patients.
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Figure 1. Flow chart of study population, McCord Hospital outpatient department Acute HIV
screening study, Durban, South Africa, 2007
The flow diagram shows the results of rapid HIV tests (1st and 2nd rows), qualitative HIV
RNA results (3rd row), and then quantitative HIV RNA and WB results (4th row). The solid
bolded boxes outline patients with acute HIV infection, the gray shading highlights those
with chronic HIV infection, and the dashed boxes show HIV negative patients. WB,
Western Blot.
*No WB or HIV RNA available for 1 patient
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