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Malaria may impact upon human immunodeficiency virus (HIV) test results. We evaluated two HIV enzyme
immunoassays (EIAs) by testing 1,965 Ugandans with malaria. We found poor positive predictive values (53%
and 76%), particularly with younger age. Combining EIAs eliminated false positives but missed 21% of true
positives. Performance of HIV EIAs in malaria may be unsatisfactory.

Same-day human immunodeficiency virus (HIV) testing uti-
lizing simple enzyme immunoassay (EIA) test kits is rapidly
becoming the standard method for diagnosing HIV infection in
sub-Saharan Africa (7, 11, 12, 16, 20, 24). These methods
reduce laboratory costs and obviate the need for patients to
return at a later date for test results. However, these methods
typically use repeated EIAs in place of the more specific West-
ern blot assay for confirmation of initial HIV-positive EIA
results, which could be problematic. It is known that a number
of infectious and autoimmune diseases can produce false-pos-
itive EIA results (2, 15, 18, 23). In particular, acute malarial
infection may be associated with false-positive EIA results for
HIV (4, 8-10, 17). This interaction is thought to be driven by
marked immunological stimulation and hypergammaglobu-
linemia that occur with malaria, especially in children with
limited antimalarial immunity (3, 13, 14). Given the wide over-
lap of the HIV and malaria epidemics, the potential for mis-
diagnosis of HIV infection with combination EIA algorithms in
regions where malaria is endemic may be significant.

The aims of this study were to (i) estimate the prevalence of
false-positive HIV EIA results in children and adults with
acute uncomplicated malaria, (ii) determine the positive pre-
dictive values (PPVs) of single HIV EIA results and a combi-
nation EIA algorithm similar to those in widespread use in
sub-Saharan Africa, and (iii) assess the relationship between
age and false-positive HIV EIA results in persons with acute
uncomplicated malaria.

To estimate the prevalence of false-positive HIV EIA results
in children and adults with uncomplicated acute malaria, we
tested blood samples from 1,965 subjects aged 18 months or
older with a history of fever in the last 24 h or an axillary
temperature of >37.5°C, a positive thick blood smear for ma-
laria parasites, and no evidence of a concomitant febrile illness.
Subjects with evidence of other concomitant febrile illnesses or
with fever without smear positivity for malaria were excluded
from the study. Study subjects were participants in a trial con-
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ducted at seven sites in Uganda between December 2002 and
February 2004 who were treated for uncomplicated malaria
and followed up for 28 days (1, 25). Finger prick dried blood
spot samples were collected on filter paper (Whatman 3MM)
at the time of malaria diagnosis, air dried, and stored at am-
bient temperature in sealed plastic bags containing silica des-
iccant. HIV testing was performed with EIA kits compatible
with dried blood spot testing for antibodies to HIV type 1
(HIV-1), i.e., the Genetic Systems rLAV EIA (Bio-Rad Lab-
oratories, Hercules, CA) and the Vironostika HIV-1 Plus O
Microelisa System (BioMerieux, Inc., Durham, NC). The
rLAV EIA contains target antigens from HIV-1 strain LAV
propagated in a CEM cell line and purified recombinant gp41
expressed in Escherichia coli. The Vironostika HIV-1 Plus O
Microelisa System contains antigens from inactivated, purified
HIV-1 (clades A to H) viral lysate proteins, purified viral
envelope proteins, and a synthetic peptide with an amino acid
sequence corresponding to that of the transmembrane immu-
nodominant domain of the HIV-1 group O (ANT 70) isolate.
We also employed a confirmatory Western blot assay (Genetic
System HIV-1 Western Blot; Bio-Rad). EIAs and Western blot
testing were performed in accordance with the manufacturers’
recommendations. Specimens testing positive by either the
rLAV or the Vironostika HIV EIA were subsequently tested
with the other EIA kit and evaluated by Western blotting.
Specimens testing negative by both EIA kits were assumed to
be negative for antibodies to HIV and were not tested by
Western blotting. Specimens identified as false positive and a

TABLE 1. Diagnostic performance of EIA for HIV*

No. of specimens tested for HIV

Test(s) or algorithm True False P(I;V
Positive ~ Negative L S (%)

positive positive
Both EIAs plus WB 96 1,869 NA NA NA
GS rLAV EIA 146 1,819 78 68 53
Vironostika ETA 123 1,842 93 30 76
Serial algorithm® 75 1,890 75 0 100

“ Abbreviations: NA, not applicable; WB, Western blotting. A total of 1,965
specimens were tested.

®See text for details. Briefly, the two EIAs were used in a serial testing
algorithm.
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TABLE 2. Concordance of EIAs for HIV
Vironostika No. of specimens tested by GS rLAV EIA“
EIA result Negative Positive
Negative 1,771 712 (3)
Positive 48° (18) 75 (75)

“ Values in parentheses are numbers of specimens that were confirmed to be
positive by Western blotting.
® Discordant results. A total of 119 specimens had results that were discordant.

random group of 10 Western blot-confirmed positive samples
were subsequently tested for the presence of HIV-1 DNA by
using Chelex resin extraction of DNA from dried blood spots
and the Roche AMPLICOR HIV-1 DNA test, version 1.5, as
described by Fischer et al. (6). The observed PPV was calcu-
lated as the ratio of the number of individuals testing positive
for antibodies to HIV who were confirmed by Western blotting
(true positives) to the sum of the number of individuals testing
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positive for antibodies to HIV who were confirmed by Western
blotting (true positives) plus the number of individuals testing
positive for antibodies to HIV who were not confirmed by
Western blotting (false positives). Data were analyzed in the
STATA statistical analysis package (STATACorp, College Sta-
tion, Texas). This study was approved by the University of
California, San Francisco, Committee on Human Research;
the Makerere University Research Ethics Committee; and the
Uganda National Council on Science and Technology.
Results from EIAs of the 1,965 specimens indicated that
1,771 (90%) were negative by both EIAs, 75 (4%) were posi-
tive by both EIAs, and 119 (6%) produced discordant results
with the rLAV and Vironostika EIAs (Tables 1 and 2). Among
the discordant specimens, 21 (18%) were confirmed by West-
ern blotting to contain antibodies to HIV. Overall, the preva-
lence of HIV in this population of acute uncomplicated ma-
laria patients was 4.9% (95% confidence interval [CI], 3.9% to
5.8%). Western blot assays of the false-positive specimens

Probability of HIV test being falsely positive
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FIG. 1. Relationship between the probability of a false-positive HIV-1 EIA result and increasing age among subjects witha positive HIV-1 EIA
test result, determined using locally weighted scatter plot smoothing (LOESS). A, rLAV test; B, Vironostika test.
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showed that the majority were reactive with p51 and p41 in
both EIAs, with a mixture of bands for gp160 and p24. All
(10/10) of the randomly selected EIA-positive, Western blot-
ting-confirmed samples were also positive for HIV DNA, and
100% (98/98) of the EIA false-positive samples tested negative
for HIV DNA.

We next applied a serial HIV EIA-reporting algorithm to
our results. In this algorithm, a single negative EIA is reported
as negative and a positive test is confirmed with a second EIA
kit from a different manufacturer. If the confirmatory EIA is
positive, the test is reported as positive. If the confirmatory
EIA is negative (and thus, the two tests are discordant), the
test is reported as negative. Regardless of which EIA was used
first in the serial algorithm, the combination of the two tests
would not have misdiagnosed any individuals as HIV infected.
However, 20 individuals would have been incorrectly identified
as not being HIV infected (false negatives). Considering the
ages of the test subjects, we found that younger age was sig-
nificantly associated with a higher prevalence of false-positive
EIA results (Fig. 1). In a multivariate logistic regression anal-
ysis, there was a strong association between age and the odds
of having a false-positive EIA result (per 5-year increase in
age, the rLAV test odds ratio was 0.39 [95% CI, 0.25 to 0.60;
P < 0.001] and the Vironostika test odds ratio was 0.61 [95%
CIL, 0.47 to 0.80; P < 0.001]) after controlling for gender,
baseline temperature, and pretreatment parasite density.

We found a high prevalence of false-positive EIA results for
HIV among acute uncomplicated malaria patients. The PPV of
an HIV EIA in this population was substantially lower than
that previously reported for HIV EIA in sub-Saharan Africa
(5, 11, 19, 21, 22). Two pieces of evidence argue against acute
HIV infection as a reason for false-positive HIV test results in
this setting. First, nucleic acid testing of the false-positive sam-
ples failed to detect the presence of HIV-1 DNA. The second
piece of evidence that argues against acute HIV infection as
the cause of false-positive HIV EIA results is that the observed
patterns of the Western blot assays were inconsistent with the
typical pattern seen with acute HIV infection. The association
of false-positive results with young age as depicted in Fig. 1
argues that this finding is related to the immune response to
acute malaria. We postulate that younger individuals with a
less developed immune response to malaria are more likely to
exhibit nonspecific B-cell stimulation, producing antibodies
that cross-react with HIV-1 antigens in the absence of HIV
infection. Although the rLAV and Vironostika EIAs are com-
monly used on dried blood spots for seroepidemiology studies
and quality control, direct extrapolation of this study’s results
to clinical rapid HIV EIA kits used on whole blood is limited
by the nature of the study specimens (dried blood spots) and
the use of nonrapid HIV EIAs. While this study reports an
unexpectedly high prevalence of false-positive EIA results in
the setting of acute malaria, it does not provide definitive proof
of malaria as the causal factor as a cohort of treated subjects
with malaria does not contain negative control subjects without
malaria. However, the proportion of false-positive EIA HIV
results among the positive results in this population with ma-
laria (98/194 or ~50%) is substantially higher than published
EIA HIV results ranging from 0% to 6% false positives out of
all EIA positives from adults in neighboring Kenya (7). Further
investigation of the specificity of the clinical rapid EIA HIV

NOTES 3023

kits in use in sub-Saharan Africa, in particular for patients with
malaria over time, is warranted.
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