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Background: The optimal approach for diagnosing primary
HIV-1 infection has not been defined.

Objective: To determine the usefulness of symptoms and viro-
logic tests for diagnosing primary HIV-1 infection.

Design: Prospective cohort study.

Setting: A teaching hospital in Los Angeles and a university
research center in San Diego, California.

Patients: 436 patients who had symptoms consistent with pri-
mary HIV infection.

Measurements: Clinical information and levels of HIV antibody,
HIV RNA, and p24 antigen.

Results: Primary infection was diagnosed in 54 patients (12.4%).
The sensitivity and specificity of the p24 antigen assay were

88.7% (95% Cl, 77.0% to 95.7%) and 100% (Cl, 99.3% to
100%), respectively. For the HIV RNA assay, sensitivity was
100% and specificity was 97.4% (Cl, 94.9% to 98.9%). Fever,
myalgia, rash, night sweats, and arthralgia occurred more fre-
quently in patients with primary infection (P < 0.05).

Conclusions: No sign or symptom allows targeted screening for
primary infection. Although assays for HIV RNA are more sensitive
than those for p24 antigen in diagnosing primary infection, they
are more expensive and are more likely to yield false-positive
results.
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Primary HIV infection is characterized by diverse
clinical symptoms (1, 2). Since patients with pri-
mary infection are just developing HIV antibodies, rec-
ognition of the syndrome in at-risk persons should
prompt antibody testing as well as a virologic assay (3,
4). Diagnosing primary infection may decrease HIV
transmission (5) and allow consideration of early treat-
ment (2, 6). To date, the optimal patients to screen and
the best algorithm for use of diagnostic tests have not
been determined. The objectives of this study were to
determine the sensitivity and specificity of virologic tests
and specific clinical symptoms for diagnosing primary

HIV infection.

MEeTHODS
Patients

Patients with potential exposure to HIV and com-
patible symptoms were referred from clinics, testing cen-
ters, emergency departments, and community physi-
cians for primary infection screening at Cedars-Sinai
Medical Center in Los Angeles, California, and the Uni-
versity of California, San Diego. In Los Angeles, 127
patients were screened between March 1993 and August
1995 (cohort 1) for enrollment in a placebo-controlled
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trial of zidovudine (7). A similar group of 255 patients
was screened in Los Angeles between June 1996 and
July 1999 (cohort 2), and 54 patients were screened
between June 1996 and March 1999 in San Diego (co-
hort 3). Patients in cohort 2 received a standardized
questionnaire regarding results of past HIV tests, pres-
ence of specific symptoms, and potential exposure to

HIV during the preceding 2 months.

Virologic and Serologic Assays

The study was approved by local institutional re-
view boards. All patients provided informed consent and
received pre- and post-test counseling. Patients in co-
horts 1 and 2 had real-time testing for HIV antibodies
and p24 antigen by a polyclonal enzyme immunoassay
(Abbott Laboratories, Abbott Park, Illinois); plasma was
stored at —70 °C. In cohort 2, real-time plasma HIV
RNA measurements were performed by branched-chain
DNA (bDNA) assay, version 2.0 (lower limit of detec-
tion, 500 copies/mL), between June 1996 and July 1998
and by version 3.0 (lower limit of detection, 50 copies/
mL) between August 1998 and July 1999 (Chiron Di-
agnostics, Emeryville, California). Stored samples from
cohort 1 were retrospectively tested by bDNA assay,
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version 3.0. After April 1998, p24 antigen was measured
by using the monoclonal HIV AG-1 enzyme immuno-
assay (Abbott Laboratories), which replaced the previous
assay. All samples with detectable p24 antigen were con-
firmed by neutralization (Abbott Laboratories). Samples
positive for HIV antibody were confirmed by Western
blot (Cambridge Biotech Corp., Rockville, Maryland).
Samples that yielded indeterminate Western blots (<2
envelope bands, core bands, or both) were tested again
in approximately 1 month to document seroconversion.

Patients in cohort 3 were screened in San Diego by
using HIV antibody enzyme immunoassay (Abbott Lab-
oratories). Plasma HIV RNA level was determined by
using Amplicor HIV Monitor (Roche Diagnostic Sys-
tems, Indianapolis, Indiana), which had a lower limit of
detection of 400 copies/mL. Samples that were positive
for HIV RNA but negative for HIV antibody were
tested for p24 antigen (Beckman Coulter, Fullerton,
California).

Statistical Analysis

Primary infection was defined as a confirmed posi-
tive virologic test result with either a negative HIV
antibody assay result or an indeterminate Western blot.
Because there is no virologic gold standard, we assumed
that levels of plasma HIV RNA had a sensitivity of
100% for diagnosing primary infection. False-positive
HIV RNA measurements were defined as those that
were negative on repeated testing and those obtained in
patients who did not undergo seroconversion. In cohort
1, frozen plasma samples that were negative for HIV
antibody and p24 antigen were retrospectively tested for
HIV RNA. Follow-up was not available for these pa-
tients; therefore, before testing any samples, we deter-
mined that an HIV RNA level greater than 10 000
copies/mL would be considered a true-positive result.
This HIV RNA level, in our experience, has not been
seen in false-positive samples. Sensitivity and specificity,
along with corresponding 95% confidence intervals,
were determined by using tabulated exact binomial lim-
its for sample sizes less than or equal to 100 (8) and by
using the normal approximation to the binomial for
sample sizes greater than 100.

Patients in cohort 2 were analyzed for predictors of
primary infection on the basis of uniformly collected dem-
ographic characteristics, exposure history, and symptoms.
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All variables were compared by using a two-sample
t-test. To assess the impact of several predictor variables,
a stepwise discriminant analysis was performed by using
variables that differed significantly between patients with
and those without primary infection (significance was
indicated by a P value < 0.05).

Role of the Funding Sources

The funding sources had no role in the collection,
analysis, or interpretation of the data or in the decision
to submit the paper for publication.

REsULTS

Demographic characteristics were similar across co-
horts. Overall, 89% of patients were male, 74% were
white, 13% were Hispanic, and 9% were African Amer-
ican. Regarding risk factors, 77% of patients were ho-
mosexual men, 18% were heterosexual women, and 4%
used intravenous drugs. Patients were categorized as
having 1) primary infection with undetectable HIV an-
tibodies or an indeterminate Western blot (12.4%), 2)
chronic infection with a positive Western blot (18.1%),

or 3) no infection (69.5%).

Sensitivity and Specificity of Virologic Assays

The results of screening tests are summarized in
Table 1. Patients with primary infection had undetect-
able HIV antibodies or indeterminate Western blot but
a confirmed positive virologic test result. Two patients
in cohort 1 were negative for HIV antibody and p24
antigen but positive for HIV RNA, with levels greater
than 100 000 copies/mL. For the purpose of this analy-
sis, they were considered to be true positive for primary
HIV infection. Overall, p24 antigen testing had a sen-
sitivity of 88.7% (95% CI, 77.0% to 95.7%). The mean
concentration of HIV RNA in the five patients who had
primary infection but undetectable p24 antigen was
251 189 copies/mL (range, 100 000 to 630 957 copies/
mL). The overall specificity of tests for HIV RNA and
p24 antigen was 97.4% (CI, 94.9% to 98.9%) and
100% (CI, 99.3% to 100%), respectively. Eight of 303
uninfected patients (2.6%) had false-positive results on
HIV RNA testing (mean concentration, 269 copies/mL
[range, 52 to 1950 copies/mL]).
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Table 1. Serologic and Virologic Results in Patients Screened for Primary HIV Infection

Variable Cohort 1 (n = 127) Cohort 2 (n = 255) Cohort 3 (n = 54) Total (n = 436)*
Positive for Positive for  Positive for Positive for Positive for Positive for  Positive for Positive for
HIV RNA p24 Antigen HIV RNA p24 Antigen  HIV RNA p24 Antigen HIV RNAt p24 Antigen
n/n (%)

Primary HIV infection
Negative for HIV anti-
body on enzyme
immunoassay

Indeterminate Western

16/16 (100.0) 14/16 (87.5) 19/19 (100.0) 17/18 (94.4)% 6/6 (100.0)

6/6 (100.0)

blot 6/6 (100.0) 5/6 (83.3) 6/6 (100.0)
Chronic HIV infection Not done 3/19 (15.8)  26/26 (100.0) 7/26 (26.9)
Uninfected9 0/86 (0.0) 0/86 (0.0) 8/204 (3.9)

0/204 (0.0)

4/6 (66.7) 41/41 (100.0) 35/40

(87.5 73.2-95.8))t
1/1(100.0)  1/1(100.0) 13/13 (100.0) 12/13
(92.3 [64-99.8])
34/34 (100.0) 0/10(0.0)§  60/60 (100.0)|] 10/55 (18.2)§
0/13(0.0)  0/13 (0.0) 8/303 (2.6) 0/303 (0.0)

* HIV RNA assay had a specificity of 97.4% (CI, 94.9% to 98.9%); p124 antigen assay had a specificity of 100% (CI, 99.3% to 100%). Numbers in square brackets are 95% Cls.

1 Because sensitivity for the HIV RNA assay was 100%, no confidence intervals are provided.

¥ p24 antigen assay was not performed in 1 patient at the time of the negative result on enzyme immunoassay.

§ p24 antigen assay was not performed in 24 patients.
|| HIV RNA assay was not performed in 19 patients.

91 All patients who were positive for HIV RNA but were classified as uninfected (false positives) had repeated HIV RNA assays at subsequent time points and were found to be negative. The patients

had follow-up serologic examination that showed no evidence of seroconversion.

Predictors of Primary HIV Infection

Cohort 2 was divided into patients with primary
infection and those who were uninfected or had chronic
HIV infection (Table 2). The primary infection group
involved 25 patients who had a negative antibody test
result or indeterminate Western blot and 15 patients
who had had a negative antibody test result in the pre-
ceding 3 months. Of these 15, 4 had had a negative
Western blot in the previous 3 weeks and 11 had had a
documented negative antibody test result or evolving
Western blot in the previous 3 months. Those with pri-
mary infection were more likely to be homosexual; to
have been exposed to an HIV-infected person; and to
report fever, myalgia, arthralgia, rash, or night sweats
(P < 0.05 for all comparisons) (Table 2). Combining
fever, myalgia, and rash increased the predictive value of
symptoms; however, no combination of symptoms iden-
tified more than 75% of patients with primary infection.

Discussion

Our study shows that no clinical symptoms have
sufficient sensitivity or specificity for primary infection
to allow targeted screening of at-risk persons. In addi-
tion, we show that while both p24 antigen and plasma
HIV RNA assays are useful virologic tests for diagnosing
primary infection, each has limitations. Assays for HIV
RNA are likely to be more sensitive but are associated
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with lower specificity and can therefore yield more false-
positive results.

Similar to our study, a study in India that screened
patients in sexually transmitted disease clinics showed
that certain symptoms occur with increased frequency in
patients with primary HIV infection (9). Nevertheless,
both this study and our study demonstrate that selective
screening would miss a substantial number of patients

Table 2. Clinical Predictors of Primary HIV Infection in
Cohort 2

Sign or Symptom Patients with Primary Patients with No
HIV Infection Primary HIV Infection
(n = 40)* (n = 164)t
n (%)
Fever 35 (87.5)¢ 82 (50.0)
Myalgia 24 (60.0)% 43 (26.2)
Rash 23 (57.5)% 34 (20.7)
Night sweats 20 (50.0)% 52 (31.7)
Arthralgia 11 (27.5)% 21(12.8)
Nasal congestion 7 (17.5) 62 (37.8)f
Malaise 29 (72.5) 95 (57.9)
Headache 22 (55.0) 72 (43.9)
Sore throat 17 (42.5) 80 (48.8)
Lymphadenopathy 15 (37.5) 48 (29.3)
Oral ulcers 3(7.5) 13 (7.9)
Thrush 2 (5.0 7 (4.2)

* Involves patients who were screened between June 1996 and February 1999. Primary infec-
tion was defined as a negative result on enzyme immunoassay for HIV antibody, an indeter-
minate result at the time of screening, or symptoms that occurred in temporal relation to a
negative or evolving result on Western blot in the preceding 12 weeks.

T Involves patients who were chronically infected or were uninfected.

F P < 0.05.
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with primary infection. Thus, to maximize the number
of identified infected patients, many seronegative per-
sons must be screened.

Several groups have reported that assays for HIV
RNA are more sensitive than those for p24 antigen in
diagnosing primary infection. However, these studies of-
ten screened asymptomatic patients, such as those found
to experience seroconversion during cohort studies (10)
and those with indeterminate Western blots (11). This
makes the findings less relevant for the prospective
screening of symptomatic patients. Similar to our study,
other studies have shown that the assay for p24 antigen
is sensitive in symptomatic antibody-negative patients,
in whom virologic testing is necessary for diagnosis (4,
7, 12). Overall, these studies and our own emphasize the
importance of analyzing the sensitivity and specificity of
virologic assays in the context of the patient’s clinical
and serologic status.

When selecting a virologic test, it is important to
consider its cost in clinical practice. In our study, it cost
approximately $6000 ($20 per test) to screen all sero-
negative patients in cohort 2 for p24 antigen. To iden-
tify a single patient missed by p24 antigen testing, we
were required to perform HIV RNA assays on more
than 100 patients at $100 per test, an additional cost of
more than $10 000. Furthermore, false-positive results
on HIV RNA assays require follow-up testing and ex-
tensive post-test counseling and are associated with sub-
stantial psychological distress. In addition, all screened
persons are counseled about the possibility of false-
negative results and the need for follow-up testing.

False-positive results on plasma HIV RNA assays
(both bDNA and reverse transcriptase polymerase chain
reaction) have been reported in case series (13), prospec-
tively screened at-risk persons (14), and studies of assay
performance (15). We found that during screening for
symptomatic primary infection, false-positive results
generally occurred at values less than 10 000 copies/mL.
True-positive values, in contrast, consistently exceeded
100 000 copies/mL. However, a threshold for the inter-
pretation of HIV RNA results in this setting will need to
be defined in future studies.

Our study had several limitations. First, it was re-
ferral based and may be biased toward more symptom-
atic patients. However, patients were primarily referred
from a broad range of ambulatory clinics, and the fact
that recruitment was done at two centers may make our
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results more generalizable. Second, we do not address
the potential role of other virologic tests, such as proviral
DNA. Finally, studies involving presenting symptoms
could be biased by poor patient reporting or recall, an
effect we attempted to minimize by administering a
standardized questionnaire.

Our study provides important information on opti-
mal use of diagnostic tests in the evaluation of patients
with suspected primary HIV infection. It could be ar-
gued that if resources for assays and pre- and post-test
counseling are unlimited, then tests for HIV RNA may
be the best screening tool. Alternatively, when testing
patients for suspected primary symptomatic HIV infec-
tion, clinicians can be confident that more than 90% of
those with negative results on assays for HIV antibody
or indeterminate Western blots will be identified by the
assay for p24 antigen alone.

APPENDIX

The following study sites and investigators participated in
the Los Angeles County Primary HIV Infection Recruitment
Network. All sites are located in Los Angeles, California.

Cedars-Sinai Medical Center: E. Daar (principal investiga-
tor), J. Pitt, P. Gaug, S. Nichols; Los Angeles County HIV Epi-
demiology/Project Open Window: P. Kerndt (principal investiga-
tor), N. Harawa, W. Senterfitt, E. Sey, C. Whitfield, Satellite
Testing Office for Research and Education personnel; University
of California, Los Angeles: R. Mitsuyasu (principal investigator),
J. Giorgi, S. Chafey, C. Price, M. Carlson; Los Angeles County
University of Southern California: M. Dube (principal investiga-
tor), J. Currier, C. Funk; Harbor/University of California, Los
Angeles: G. Beale (principal investigator), S. Kruger, M. Witt, R.
Lewis; AIDS Healthcare Foundation: C. Farthing (principal in-
vestigator), E. Graham; King Drew Medical Center: W. Jordan
(principal investigator), L. Tolbert; Pacific Oaks Medical Group:
D. Hardy (principal investigator), D. Morales; Jeffery Goodman
Clinic: R. Bolan (principal investigator), E. Castrejon.

From Cedars-Sinai Burns & Allen Research Institute, University of Cal-
ifornia, Los Angeles, School of Medicine, Los Angeles County HIV Ep-
idemiology Program, University of California, Los Angeles, Center for
AIDS Research, and Los Angeles Free Clinic, Los Angeles, California;
and University of California, San Diego, and San Diego Veterans Affairs
Healthcare System, San Diego, California.

Note: The coauthors acknowledge the contribution of Janis V. Giorgi,
PhD, who died on 30 May 2000. Dr. Giorgi, an internationally recog-
nized cellular immunologist, will be remembered for her influence on her
colleagues and for the profound impact of her work on the understand-
ing of HIV immunopathogenesis.
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