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The Western blot (WB) assay is the most widely accepted confirmatory assay for the detection of antibodies
to human immunodeficiency virus type 1 (HIV-1). However, indeterminate WB reactivity to HIV-1 proteins may
occur in individuals who do not appear to be infected with HIV. The profiles of WB reactivity among Ethiopians
are hardly known. Here, we describe the profiles of indeterminate WB reactivity in Ethiopians with discordant
screening assays. Between 1996 and 2000, a total of 12,124 specimens were tested for HIV-1 antibodies. Overall,
1,437 (11.9%) were positive for HIV-1 antibody. Ninety-one (�0.8%) gave equivocal results because of discor-
dant results among the various screening assays and indeterminate WB profiles by the American Red Cross
(ARC) criteria. Most (30.4%) of these indeterminate WB results were due to p24 reactivity. However, 12
samples (13.2%) displayed reactivity to p24 and gp41 or to p24 and gp120/160 proteins (positive by Centers for
Disease Control and Prevention [CDC] criteria). Only two samples (2.2%) were reactive to both env glycopro-
teins gp41 and gp120/160 (positive by the World Health Organization [WHO] criteria). Of 31 WB assays
initially indeterminate by the ARC criteria and with follow-up samples, 29 (93.5%) became negative when
retested subsequently while 2 (6.5%) remained indeterminate for more than a year and were thus considered
negative. Using CDC and WHO criteria, 6 (19.4%) and 2 (6.5%), respectively, of these WB assays would have
been considered falsely positive. In addition, 17 indeterminate samples were negative when assessed by a
nucleic acid-based amplification assay for HIV-1 viremia. In general, there was 97.8% concordance between the
ARC and WHO criteria and 85.7% concordance between the ARC and CDC criteria for an indeterminate WB
result. The ARC criteria best met the specified objectives for diagnosis in our setting.

Although the Western blot (WB) assay is probably the most
widely accepted confirmatory assay for the detection of anti-
bodies to human immunodeficiency virus type 1 (HIV-1),
indeterminate WB profiles in HIV-uninfected subjects are
frequent and are as high as 23 to 53% in some African popu-
lations (5, 8). The type of HIV-1 predominantly circulating in
Ethiopia is subtype C (1, 2, 7). The performance of WB assays
in identifying samples from individuals infected with HIV-1
subtype C has not been widely investigated. The frequency and
profiles of indeterminate WB reactivity to HIV-1 proteins
among the Ethiopian population have not been systematically
investigated. In this report we describe the profiles of indeter-
minate WB reactivity in blood samples found to be reactive by
rapid testing and/or enzyme-linked immunosorbent assay
(ELISA) screenings.

MATERIALS AND METHODS

Study population. The samples evaluated in this study were obtained from
participants in a long-term cohort study of the progression of HIV-1 infection in
Ethiopia (13, 14) and several other studies. These studies are being conducted by
the Ethio-Netherlands AIDS Research Project (ENARP), Ethiopian Health and
Nutrition Research Institute (EHNRI), Addis Ababa, Ethiopia. Informed con-
sent was obtained from ENARP study participants, and the study protocols were
reviewed and approved by institutional and national ethical clearance commit-
tees.

Laboratory methods. HIV screening for samples from ENARP cohorts was
performed by a rapid test (HIVSPOT; Genelabs Diagnostics, Singapore) and
ELISA (Vironostika-HIV Uni-Form II plus O; Organon Teknika, Boxtel, The
Netherlands). Specimens giving discordant results or those testing reactive by
both rapid test and ELISA were then confirmed by WB (HIV Blot 2.2; Genelabs
Diagnostics). The algorithm for HIV testing is shown in Fig. 1. HIV screening for
samples from other studies was initially performed with an ELISA (Vironostika-
HIV Uni-Form II plus O). Specimens testing reactive were then confirmed by
another methodologically different ELISA (HIV 1�2; Murex Biotech Ltd., Dart-
ford, United Kingdom). Only discrepant results were then evaluated by WB
(HIV Blot 2.2; Genelabs Diagnostics). In HIVSPOT, the capture HIV proteins
are the recombinant protein of HIV-1, corresponding to a region overlapping the
junction between the gp120 and gp41 fragment of the env protein, plus a highly
purified peptide which corresponds to a region of the envelope transmembrane
protein of HIV-1. In Vironostika ELISA, the HIV antigens are a mixture of
HIV-1 p24, HIV-1 gp160, HIV-1 ANT70 peptide, and HIV-2 env peptide (amino
acids 592 to 603). In Murex ELISA, the HIV antigens comprise the highly
purified immunodominant antigens of the core and envelope proteins of HIV-1
and an immunodominant peptide of the HIV-2 envelope. In our laboratory, a
WB test is interpreted as positive for HIV-1 antibodies according to the Amer-
ican Red Cross (ARC) criteria, requiring the presence of at least three bands,
one from each gene product group of gag, pol, and env (4). Three observers read
all the WB results independently. Also, we compared the performance of the
ARC criteria with those of the World Health Organization (WHO) (a specimen
is interpreted as positive when there is reactivity to at least two env bands [16])
and of the Centers for Disease Control and Prevention (CDC) (a specimen is
interpreted as positive when there is reactivity to any two of p24, gp41, or
gp120/160 bands [3]). The HIV-1 viral load in plasma was assessed by using
nucleic acid-based amplification assay (NASBA; Organon Teknika). All assays
were done as specified by the manufacturers.

Statistical analysis. Factors associated with false-positive HIVSPOT and
ELISA and indeterminate WB test results were examined by univariate analysis
(chi-square and t test where appropriate) and multivariate analysis (logistic
regression). The statistical analysis was performed using the STATA statistical
package (Intercooled Stata 6.0; Stata Corp., College Station, Tex.).
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RESULTS

Between 1996 and 2000, a total of 12,124 samples were
tested for HIV-1 antibodies. A total of 1,437 plasma specimens
(11.9%) were HIV-1 antibody positive. Of these, 91 (�0.8%)
gave equivocal results, with discordant serological data and
indeterminate WB profiles.

The WB reactivities measured on 91 indeterminate test re-
sults are summarized in Table 1. Most of the indeterminate
WB results were due to antibodies against the HIV-1 core
antigen p24 (30.4%). In addition, reactivities to pol p51
(13.9%), pol p66 (14.6%), and env gp41 (15.2%) antigens were
frequent. Isolated p17 reactivity was observed rarely (only
2.3% of the samples). A total of 12 samples (13.3%) displayed
reactivity to two of the three proteins p24, gp41, and gp120/160
and thus can be considered positive by CDC criteria (3). Only
two samples (2.2%) were found to be reactive to both env
glycoproteins gp41 and gp120/160. These samples (also posi-
tive by the CDC criteria) can be considered as positive by the
WHO criteria (16). Combined reactivities to pol (p51 or p66)
and env or core (p24) were not frequent (6.6%). Other infre-
quent WB profiles were a combination of p17 and p24 (2.3%),
p17 and pol proteins p51 and/or p66 (6.7%), or p17 and gp41
(4.5%). In general, there was 97.8% concordance between the
ARC and WHO criteria and 85.7% between the ARC and
CDC criteria for an indeterminate result.

Among 1,475 HIV-negative cohort participants, 31 (2.1%)
had at least one indeterminate WB test result during follow-up,
of which 19 (61%) were related to false-positive ELISA results
only, 11 (36%) were related to false-positive HIVSPOT test
results only, and 1 (3%) was related to both (Table 1). Most of
the initially indeterminate WB assays (30 of 31 [97%]), includ-
ing samples considered positive by the CDC criteria (6 of 6),
were negative when retested. One subject with initial indeter-
minate WB profile was negative throughout 30 months of fol-
low-up, at which time he seroconverted. Only two samples
remained persistently indeterminate (as long as 18 and 48

months, respectively) without developing any WB reactivity
that indicated seroprogression. In addition, 17 indeterminate
WB assays, including the two samples that persistently gave
indeterminate WB profiles, were assessed by NASBA for
HIV-1 viremia. Plasma HIV-1 viremia was not detected in any
of the above specimens. None of the indeterminate WB test
results turned out to be a preseroconversion sample.

In univariate analysis, the proportion of cohort participants
with false-positive HIVSPOT test results was higher among
heavy smokers (10 or more cigarettes per day) than among
light smokers or nonsmokers (5.6 and 0.6%, respectively; P �
0.001). Also, hemoglobin levels were lower in those with false-
positive HIVSPOT test results compared to others (14.1 and
15.3 g/dl, respectively; P � 0.009). In multivariate analysis,
false-positive HIVSPOT test results were independently asso-
ciated with cigarette smoking and lower hemoglobin levels
whereas false-positive ELISA results were independently as-

FIG. 1. HIV testing algorithm of ENARP laboratory for cohort samples. aELISA, Vironostika-HIV Uni-Form II plus O; bWestern blot test
results interpreted according to the ARC criteria, requiring the presence of at least three bands, one from each gene product group of gag, pol,
and env (4).

TABLE 1. Profile of indeterminate WB reactivity to HIV-1
proteins in HIV uninfected Ethiopians

Band profile No. (%) of indeter-
minate resultsa

env
gp120/160........................................................................... 12 (7.6)
gp41.................................................................................... 24 (15.2)

pol
p66...................................................................................... 23 (14.6)
p51...................................................................................... 22 (13.9)
p31...................................................................................... 4 (2.5)

gag
p55...................................................................................... 10 (6.3)
p24...................................................................................... 48 (30.4)
p17...................................................................................... 15 (9.5)

a The total number of samples with indeterminate WB test results is 91.
Therefore, some samples had band profiles in overlapping categories (see the
text).
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sociated with male gender and lower hemoglobin levels (Table
2; marginal associations, P � 0.08 and 0.06, respectively). Sam-
ples that are viscous or that contain a precipitate may form a
residue and can interfere with the assay (M. Moore, personal
communication). It appears possible, therefore, that alter-
ations of blood viscosity linked to smoking (6) may lead to the
false-positive HIVSPOT test results that we observed in this
study. Of note, one male participant had a transient false-
positive HIVSPOT test result at a visit when he was diagnosed
with Taenia saginata infection. We did not find any association
between false-positive test results and other intestinal parasitic
infections, symptomatic medical conditions (e.g., tuberculosis),
or high-risk sexual behavior (e.g., frequent contacts with sex
workers).

The performance of the screening assays is summarized in
Table 3. Based on the results at intake of the cohort, the
sensitivity of ELISA was 100% (one-sided 97.5% confidence
interval [CI], 97.6 to 100.0), with a specificity of 99.0% (95%
CI, 98.3 to 99.4%), a positive predictive value of 90.9% (95%
CI, 85.4 to 94.8%), and a negative predictive value of 100%
(one-sided 97.5% CI, 99.7 to 100.0%). The sensitivity of the
HIVSPOT was 97.4% (95% CI, 93.4 to 99.3%), with a speci-
ficity of 99.5% (95% CI, 99.0 to 99.8%), a positive predictive
value of 95.5% (95% CI, 90.9 to 98.2%), and a negative pre-
dictive value of 99.7% (95% CI, 99.3 to 99.9%).

DISCUSSION

The results of this study indicate that indeterminate WB
reactivity to HIV-1 proteins using the ARC criteria may occur

among Ethiopians who do not otherwise appear to be infected
with HIV-1. In most cases, the indeterminate WB results in
this population were due to reactivities to p24 antigens, al-
though reactivities to other HIV-1 antigens were also present.
None of the indeterminate WB test results turned out to be a
preseroconversion sample.

In our setting, using negative HIV-1 serology at follow-up
visits as a “gold standard” for the subjects being uninfected
with HIV-1, the CDC criteria would have inappropriately clas-
sified 12 ARC-indeterminate samples (13.2%) as HIV-1 sero-
positive and the WHO criteria would have misclassified 2 sam-
ples (2.2%). The most strict interpretation criteria set by ARC
proved to be the most accurate in the Ethiopian context. Thus,
because of the reported relatively high frequency of the inde-
terminate WB profile in apparently healthy HIV-seronegative
Africans (5, 8), it could be concluded that, in general, stricter
criteria may be required for interpretation of WB test results
on African samples.

Many initially indeterminate results that subsequently be-
come negative or remain indeterminate are probably the result
of nonspecific reactions between antibodies to residual cell
components on the WB strips or are due to the presence of
hypergammaglobulinemia or of cross-reacting antibodies to
some parasites or are due to infection with an unknown but
related retrovirus (4, 15). HIV-1 vaccine trials are under way in
many developing countries. One of the major practical obsta-
cles for HIV-1 vaccine trials is the development of tests that
discriminate between vaccinees and those who are truly in-
fected. This is particularly relevant for those who will receive
candidate vaccines that elicit antibodies to a limited number of
HIV-1 proteins. The WB profiles of such vaccinees will have to
be studied and put in the context of the indeterminate WB
profiles, as described in this paper. In the Ugandan vaccine
trial currently under way, infection with helminths was associ-
ated with indeterminate WB bands to HIV-1 glycoproteins,
thus necessitating deworming of volunteers before vaccination
(R. Mugerewa, personal communication). These findings indi-
cate that it is important to assess the background WB profile of
HIV-uninfected individuals in a given community before em-
barking on vaccine trials. However, in the present study we did
not find any association between false-positive test results and
other intestinal parasitic infections. However, one male cohort
participant had a transient false-positive HIVSPOT test result
at a visit when he was diagnosed with T. saginata infection. A
high rate of indeterminate WB profiles in Africans might be
the result of dysregulated immune status background, which is
commonly observed in these populations (10, 12). The under-
lying reason(s) for such high background immune activation
status remains to be determined (10).

TABLE 2. Factors associated with false-positive HIVSPOT
and ELISA and indeterminate WB test results

from cohort participants

HIV test status and variables ORa (95% CI)

False-positive HIVSPOTb (n � 12/1,475 [0.8%])
Smoking (cigarettes per day)

�10 1.0
�10 10.4 (2.67, 40.4)

Per increase of 1 g of hemoglobin/dl 0.75 (0.61, 0.92)

False-positive ELISAb (n � 20/1,475 [1.4%])
Male gender

No 1.0
Yes 4.31 (0.85, 21.9)

Per increase of 1 g of hemoglobin/dl 0.82 (0.66, 1.01)

a OR, odds ratio.
b False-positive HIVSPOT: specimens tested initially as positive by HIVSPOT

but negative by ELISA and indeterminate by WB; false-positive ELISA: speci-
mens tested initially as positive by ELISA but negative by HIVSPOT and inde-
terminate by WB. All were then subsequently negative by all parameters.

TABLE 3. Performance of screening assays compared to the gold standard, WB,a in cohort samplesb

Assay type Sensitivity (%) Specificity (%) PPVc NPVc

ELISA 100 (97.6–100.0)d 99.0 (98.3–99.4) 90.9 (85.4–94.8) 100.0 (99.7–100.0)d

HIVSPOT 97.4 (93.4–99.3) 99.5 (99.0–99.8) 95.5 (90.9–98.2) 99.7 (99.3–99.9)

a All WB-negative results, or not done (when the test results of the two screening assays were negative), or indeterminate results were considered HIV negative, and
all WB-positive results were considered HIV positive.

b Data are presented as percentages (95% CI or one-sided 97.5% CI).
c PPV, positive predictive value; NPV, negative predictive value.
d One-sided 97.5% CI.
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The interpretation of indeterminate WB test results, in par-
ticular those with discordant results in two screening assays,
like rapid tests and ELISA, is a challenge to laboratories in the
developing or least developed countries. An important impli-
cation of this is how to address these issues with respect to
counseling. Although such problems may not be frequent
(�1%), counseling should be tailored differently for individu-
als with equivocal HIV-1 test results. Follow-up of such cases,
in combination with an offer to obtain a repeat blood sample
for retesting, is one of the most important measures. This
would be a more practical approach than to use alternative
laboratory tests, such as determination of plasma viral load, to
help clarify such cases (9, 11; this study). Viral load determi-
nations are still largely not available in many developing coun-
tries where HIV-1 infection is also highly prevalent.

New HIV-1 subtypes and circulating recombinant forms of
HIV-1 are being discovered regularly. Thus, the performance
of WB assays in correctly identifying samples from individuals
infected with these viruses needs constant attention. In con-
clusion, each laboratory must adopt the criteria that best meet
specified objectives for diagnosis. In the Ethiopian setting, it is
recommended to opt for the most stringent criteria of inter-
pretation of the WB, namely, by ARC. It may well be that these
criteria prove optimal for other African contexts too.
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