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Abstract A cross-sectional study was conducted to
evaluate the utility of a commercial enzyme immunoassay
(EIA) as a screening test for detecting HIV-1 antibody in
urine in a population at risk for HIV infection in Catalonia,
Spain. Paired urine and serum samples were collected
consecutively from 99 patients who attended two drug-
dependency treatment centres and 151 patients who
attended a sexually transmitted diseases (STD) clinic in
Barcelona. Antibodies against HIV in urine samples were
detected using the Calypte HIV-1 Urine EIA (Calypte
Biomedical Corporation, Berkeley, CA, USA) and con-
firmed by urine-based Western blot (WB) analysis. Sera
were analysed using Bioelisa HIV-1+2 EIA (Biokit
Laboratories, Barcelona, Spain), and the results were

verified using serum-based WB analysis. Results of both
urine and serum testing were available for 246 of 250
participants. For 52 individuals the results of both urine
and serum testing were positive and for five the results
were discordant (2 with urine-negative/serum-positive
results and 3 with urine-positive/serum-negative results).
The respective sensitivity and specificity values obtained
for the urine EIA were 100% and 96.2% for intravenous
drug users (IDUs) and 80% and 99.3% for persons
attending the STD clinic. According to the 1997 UNAIDS/
WHO strategy I recommendations, these values are
acceptable for surveillance purposes, particularly in
populations with a high prevalence of HIV infection.

Introduction

Detection of antibodies to HIV in serum remains the gold
standard for the diagnosis of HIV infection. However,
during the last decade specimens other than serum have
proven useful for HIV screening and surveillance [1]. In
this context saliva has been investigated extensively with
good laboratory results [2] and has been used for routine
surveillance purposes in sentinel populations [3]. Similar
to saliva, urine is a more convenient and safe type of
specimen for routine testing compared to blood; its use
allows samples to be collected and processed in large
numbers without specialized personnel or equipment
being required, and the collection materials are inexpen-
sive and disposable [4]. Research has shown that
antibodies against HIV-1 can be detected in urine even
in the absence of the HIV-1 p24 antigen [5].

Previous evaluations of urine testing have shown
encouraging results for epidemiological purposes [6, 7],
while other results were not so good regarding sensitivity
(from 82.8% to 95.2%) and specificity (from 91.2% to
97.4 or 99.6% with immediate testing) [1, 8]. This
suggests it could be prudent to evaluate urine-based tests
for each setting and population in which they are to be
used. The possibility of using Western blot (WB) analysis
to confirm the results of reactive urine samples, by
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following criteria for serum samples, could make urine a
useful alternative to serum in epidemiological and clinical
studies.

The US Food and Drug Administration licensed the
Calypte Urine HIV-1 enzyme immunoassay (EIA) (Ca-
lypte Biomedical Corporation, Berkeley, CA, USA) for the
detection of HIV-1 antibodies in urine in 1996 and the
one-band gp160 WB confirmation test for detecting HIV-1
antibodies in urine in 1998. Although these tests are
widely used for screening purposes in the USA [4], none
of the currently available urine-based tests have yet been
used in Spain for epidemiological purposes. The aim of
the study presented here was to evaluate this commercial
urine-based test for its possible use as a screening tool in
Spanish populations at risk for HIV infection. The 1997
UNAIDS–WHO recommendations on the use of HIV
antibody tests [9] were followed.

Materials and methods

A total of 250 subjects participated in the study; 151
attended the sexually transmitted diseases (STD) unit of
Drassanes Clinic in Barcelona, and 99 were intravenous
drug users (IDUs) attending the outpatient detoxification
units of Hospital Germans Trias i Pujol (HUGTIP) in
Badalona (n=65) and Ciutat Sanitària Universitària de
Bellvitge in L’Hospitalet (n=34). We sought to recruit
enough participants (opportunistic sample) from each
centre to reflect the expected number of positive results
according to the prevalence of HIV infection in each
population. This prevalence was 55% for patients attend-
ing the IDU units and 6% for patients attending the STD
centre. Patients were systematically recruited between July
1998 and July 1999 after giving their oral informed
consent under condition of anonymity. Paired serum and
urine samples of 3 ml and 5 ml, respectively, were
collected from all participants.

All specimens were collected, stored and processed
according to each test manufacturer’s recommendations.
The urine samples were collected in sterile containers and
stored at 4°C until processing. Samples obtained from the
IDU and STD participants were analysed within 1–2
months and 3–4 months following collection, respectively.

Antibodies to HIV-1 in urine samples were detected
using the Calypte Urine HIV-1 EIA, which contains a
recombinant envelope protein (gp160) of HIV-1 adsorbed
to the inside of the wells of a microtitration plate.
Although not required to achieve our objective of
evaluating the urine EIA for epidemiological purposes,
the reactive urine samples were confirmed using urine-
based WB analysis (Calypte HIV-1 WB test; Calypte
Biomedical Corporation). The criterion for positive inter-
pretation of a urine WB test was the presence of a sole
reactive gp160 band. A negative result was defined as the
complete absence of bands, and an indeterminate result as
the presence of any band other than gp160.

HIV antibody in serum samples was detected using a
conventional EIA test (Bioelisa HIV-1+2; Biokit Labora-
tories, Barcelona, Spain). Reactive specimens, defined as
indeterminate, weak, or strong, were confirmed by serum-
based WB analysis (New Lab Blot I; Sanofi Diagnostics
Pasteur, Paris, France). The serum WB results were
interpreted according to the WHO criteria as follows: the
presence of at least two HIV-1 envelope bands was
considered positive; the complete absence of bands was
considered negative; and all other reactions were con-
sidered indeterminate results [10].

For analysing the reactivity of the EIA determinations in
the matched specimens, the ratio between optical density
and the cut-off point was calculated. The cut-off points for
both the serum and the urine EIAs were calculated
following each manufacturer’s recommendations, using
the mean of the negative controls plus a constant of 0.200
for the serum determinations and 0.180 for urine.

The sensitivity, specificity, positive and negative
predictive values with 95% confidence intervals (95%CI)
were calculated by comparing the results of urine EIA
testing with the results of the gold standard serum EIA
+WB testing. The degree of agreement between urine and
serum results was measured using the kappa statistic
index.

Results and discussion

Among 250 individuals included in the study, sufficient
samples of both urine and blood were available for 246.
The anonymous nature of the study precluded the

Table 1 Results of the urine HIV-1 EIA test evaluation according to centre

Result parameter Bellvitge (n=32) HUGTIP (n=64) STD clinic (n=150)

Percent sensitivity (95%CI) 100 (82.4–100) 100 (86.3–100) 100 (86.3–100)
Percent specificity (95%CI) 84.6 (54.5–98.1) 100 (91–100) 99.3 (96.1–100)
PPV % (95%CI) 90.5 (69.6–98.8) 100 (86.3–100) 88.9 (51.8–99.7)
NPV % (95%CI) 100 (73.5–100) 100 (91–100) 100 (97.4–100)
No. of urine-positive/serum-negative results 2 0 1
No. of urine-negative/serum-positive results 0 0 0a

Kappa value 0.87 1.00 0.94
aThere were two indeterminate serum EIAs, 1 with WB band gp160 and 1 with WB bands gp160 plus p68
IDU, intravenous drug user; STD, sexually transmitted diseases; PPV, positive predictive value; NPV, negative predictive value
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collection of demographic data. Since the prevalence of
HIV at the two participating centres varied, the urine EIA
results are presented for each centre separately (Table 1).
All sera that reacted in the EIA were confirmed by WB,
except for two specimens from the STD centre for which
the EIA results were indeterminate; one had the gp160
band and the other had gp160 plus p68, but the urine EIA
results were negative (optical density : calculated cut-off
point ratios were 0.406 and 0.533, respectively).

For participants from the drug treatment centres, the
sensitivity values and agreement of results were higher
than overall (100% sensitivity; 95%CI, 92–100; kappa,
0.96). The urine EIA produced only two false-positive
results, and these were not confirmed by urine-based WB
analysis. Thus, specificity was 96.2% (95%CI, 86.8–99.5).
Although the observed prevalence of HIV among these
IDUs was concordant with that expected at the beginning
of the study, it was smaller (45.8%; 95%CI, 35.6–56.3).

Among the STD centre patients, the observed preva-
lence was also similar to the expected prevalence (5.3%;
95%CI, 2.3–10.2). Values for sensitivity, specificity and
agreement of results were similar to those recorded for
participants from the drug treatment centres (Table 1). It is
important to note the two urine-negative/serum-indetermi-
nate results and the one false-positive case that was not
confirmed by urine-based WB analysis.

Overall, the sensitivity and specificity values were
100% (95%CI, 93.2–100) and 98.5% (95%CI, 95.6–99.7),
respectively. The positive predictive value was 94.5%
(95%CI, 84.9–98.9), the negative predictive value was
100% (95%CI, 98.1–100), and the agreement between
results was very high according to the kappa index (0.96).
Even when considering the two indeterminate WB results
in sera as positive for the purpose of comparing urine
results with serum results, which entails using a most
conservative criterion, the overall sensitivity and negative
predictive values would change to 96.3% (95%CI, 87.2–
99.5) and 99% (95%CI, 96.3–99.9), respectively.

Table 2 shows the results of EIA reactivity with serum
and urine samples according to each centre and the HIV
status of the participants. In general, the reactivity of the
EIA with the urine samples was lower than the reactivity
of the EIA with the serum samples.

The finding of HIV antibody concentration in the urine
samples of HIV-seropositive individuals has been demon-
strated here and elsewhere [5]. In 1990, Connell et al. [11],
proposed that this finding might be explained by a direct
effect of HIV on capillary permeability in the renal and

urinary tract, which could lead to more plasma reaching
the urine, or that indirect effects such as immunosuppres-
sion, inflammation or severe renal dysfunction could be
the cause.

The strategy for HIV testing recommended by UNAIDS
and WHO varies according to the test objective and the
prevalence of infection in the target population [6]. Our
results indicate the urine EIA we assessed has acceptable
sensitivity and specificity values for use as an epidemio-
logical screening test in populations with an expected
prevalence of infection greater than 10%, as outlined by
the WHO in strategy I, without the use of a confirmatory
test [9]. As for populations with an expected prevalence
lower than 10%, it would be necessary to develop or to
apply a second urine test, such as the eg IgG antibody
capture ELISA [12, 13], in accordance with strategy II of
the WHO [9]. Some authors have even suggested
improving the WHO strategy II algorithm by using a
saliva test plus a serum test instead of a urine-based test as
an initial screening method [8]. Furthermore, some authors
have proposed testing both urine and blood samples to
increase sensitivity for diagnostic purposes [14]. However,
when screening for HIV antibodies in the biological
specimens of populations for which the final objective is
not diagnosis, the most important criterion for method
selection must be sensitivity [1, 15, 16].

The sensitivity, specificity, and positive and negative
predictive values obtained in this study are similar to those
found in previous investigations [6, 7, 17], and when
restricted to the IDU population they are even higher.
However, the results we obtained using urine samples are
not as good as those found in previous studies of saliva or
gingival-crevicular transudate (GCT) samples, perhaps
since antibody concentration in urine may suffer more
circadian alterations than in GCT [1]. Nevertheless, a
correlation has been shown between antibody levels in
urine and serum [5] and GCT [1].

In a few cases, the urine screening and confirmation
tests in our study were non-reactive while the paired serum
sample tests were reactive. This could be explained by the
fact that the antibody concentration in urine samples may
be up to 104 times lower than in serum [18]. This low level
of antibody concentration in urine may be compensated
for by increasing the specimen volume [7, 19], extending
the incubation time [20], and not diluting specimens [5,
13], as done in this study according to updated
manufacturers’ recommendations. Prior testing for total
immunoglobulin has also been shown to be a useful way

Table 2 Results of EIA testing
(optical density : calculated cut-
off point ratio) of urine and
serum samples from HIV-1-se-
ropositive and HIV-1-seronega-
tive individuals according to
centre

na, not available

HIV status Bellvitge HUGTIP STD clinic

No. Median Range No. Median Range No. Median Range

Serum
Positive 19 12.600 10.824–13.971 na 8 11.730 11.122–14.359
Negative 13 0.270 0.123–0.698 na 142 0.100 −0.052–3.112
Urine
Positive 19 3.908 1.689–4.646 25 3.905 1.025–5.327 8 3.190 2.400–5.108
Negative 13 0.428 0.326–1.280 39 0.429 0.292–0.879 142 0.439 0.255–2.167
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of determining whether sufficient antibody is available,
using a cut-off level of 0.5 mg/l [21].

Other factors such as the consumption of certain drugs
(diuretics), intake of a large volume of liquids, a short
interval between last urination and urine collection, and
immunosuppression may also explain false-negative re-
sults [1, 6, 11]. A compartmental immune response or an
HIV-1 infection restricted to some organs or tissues could
also lead to false-negative reactions [14]. While Tribble et
al. [8] did not agree that medication or abnormal urinalysis
could be confounding factors, they did acknowledge that
delayed testing could play a role. When false-negative
results occur it could be interesting to test other
techniques, such as ultrafiltration [22], which can improve
antigen detection.

Although it has been reported that urine is stable for up
to 1 year at 2–8°C and for 55 days at room temperature
[23], some authors have suggested that prolonged storage
could cause false-negative results; they consequently
recommend that tests be performed as soon as possible
and indicate that specificity could increase from 91.2% to
97.4% or 99.6% if specimens are tested immediately [1,
8]. In our two cases in which urine samples were negative
while serum samples were reactive in EIA but not
confirmed by WB, the samples were not tested until
more than 3 months after collection. It is also possible that
these patients were in the early stage of HIV infection and
the antibody concentration in urine was consequently
lower than that necessary for detection by WB.

Freezing and thawing of specimens [24] and previously
described endogenous retroviral genes [25] are other
possible causes of false-positive results. Taking this into
account, it is remarkable that total agreement of results
was achieved at one of the two centres treating drug users
(Table 1). At that centre, specimens were analysed on the
day of collection, while samples obtained at the other IDU
treatment centre, were analysed days later, following
storage and transport, because of the centre’s distant
location from the laboratory. Although the cold chain was
maintained during storage and transportation, differences
in storage and time until analysis may have contributed to
the discordant results.

As described above, reactive urine EIA results were
confirmed by WB analysis. Although this testing was
supplemental to our objective of testing the commercial
urine EIA, the combined use of both test methods
improved both the agreement with serum results (kappa,
0.976) and the specificity (100%; 95%CI, 98.1–100),
while the sensitivity remained the same. Thus, this
algorithm represents a potentially useful diagnostic tool.

In spite of one unique report of HIV-1 isolation from
urine [26], the possibility of HIV being transmitted
through exposure to urine from an HIV-1-seropositive
person is considered low to non-existent [27]. Thus, in
addition to posing minimal risk to healthcare and labora-
tory workers, urine samples have the following advan-
tages: (i) urine samples do not require concentration or
pre-treatment [12, 28], which could have a bearing on
results; (ii) a test using urine samples would be easier to

use than tests using blood samples, particularly in
developing countries with scarce medical facilities [17];
(iii) it should be easier to obtain urine samples than blood
samples from IDUs attending detoxification units since
they are often reluctant to undergo venepuncture [29]; (iv)
the good agreement between the results of urine and serum
testing, combined with the ease of obtaining urine
samples, render urine tests of special interest for
epidemiological studies of populations like prison inmates,
IDUs and STD clinic attendees; and (v) the future
development of urine-based tests for other STDs such as
gonorrhoea and chlamydia would increase the interest in
urine-based HIV testing, since all tests could be easily
performed in parallel.

In conclusion, the urine-based EIA test evaluated here
demonstrated overall sensitivity and specificity values that
are acceptable for surveillance purposes in populations
with a high prevalence of HIV, according to strategy I
recommended by the UNAIDS/WHO organisations.
Given that this type of sample procurement was well
accepted by the individuals studied, urine testing may be a
useful tool when other biological specimens are difficult to
obtain or use.
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