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ABSTRACT (Continued)

evaluated among the 123 cases who were still EIA repeatedly reactive with an IWB at visit

one and 112 controls who were both EIA and Western blot negative.

Six (3.4%; 95% CI=0.6%, 6.1%) of the 178 cases who were followed for six months or

longer seroconverted. The specificities of HIV-1 culiure, PCR, serum p24 antigen, the

recombinant Cambridge BioSciences Recombugen (or, CBr3), Syva Microtrak, and the

synthetic peptide assay, Genetic Systems GENIE, were 97-100% among the nonseroconverters.

Independent risk factors for IWB among the nonseroconverter cases were:

autoantibodies (positive antinuclear antibodies or rheumatoid factor) (O.R. 2.3; 95%

CI=1.2,4.5); sexual contact with a prostitute since 1978 (O.R. 5.6; 95% CI=1.5, 21), history of STDs

" h (O.R. 0.5, 95% CI=0.2,0.9), and elective testing for HIV (O.R. 2.3; 95% CI=1.1,4.7). Separate

analyses for men and women sihowed different risk factors for IWB. Among men, these risk

factors included sex with a prostitute since 1978 (O.R. 5.8; 95% CI=1.6,20.5) and a tetanus

booster in the past two years (O.R. 5.6; 95% CI=1.4,23). Among women, parity (O.R. 1.4; 95%

CI=1.1,1.7) and elective testing for HIV (O.R. 3.8; 95% CI=1.4,10.4) were positively associated

with IWB , and history of STDs (O.R. 0.2; 95% CI=0.08,0.6) was negatively associated with an

IWB. No cross-reactivity was detected when the IWB sera were tested for antibodies to

HIV-2, HTLV-1, FIV, FeLV, or BIV.

The cases reported significantly more anxiety and depression than the controls at the

first study visit. High-risk behavior was strongly associated with anxiety arl-, depression for

both cases and controls. The notification of the IWB accounted for the majority of the

difference in anxiety among the cases.
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INTRODUTIQON

The sensitivity and specificity of the human immunodeficiency virus type-I (HIV-1)

enzyme-linked immunosorbent assay (ETA) are greater than 99% (1-51. Specimens.that are

repeatedly reactive by HIV-1 EIA are confirmed by a supplemental test, usually the Western

blot which detects antibodies to denatured HIV-1 proteins. The HIV-1 Western blot has a

reported specificity of 98% [5]. However, between 4 and 20% of sera that are repeatedly

reactive by HIV-1 ETA are interpreted as indeterminate by Western blot [6-91. The proportion

subsequently classified as indeterminate varies according to the immunoblot and the

interpretative criteria used and the prevalence of HIV-1 infection in the population tested [8].

In addition, up to 33% of HIV-1 ETA negative specimens have had indeterminate banding

patterns on Western blot in reports of ETA negative volunteers for HIV-1 vaccine trials (10,11].

Indeterminate HIV-1 Western blots (IWB) in HIV-I infected individuals may result

from antibody production against viral core antigens early in HIV-1 infection [12-14] oi loss of

core antibodies late in HIV-1 infection [15,161. In HIV-1 negative individuals, IWB have been

shown to result from cross-reactive antibody to HIV-2 [17-20] or cross-reactive autoantibedies

and alloantibodies [21-261. In earlier studies of blood donors, the seroconversion rate ranged

from 0-5% and was seen exclusively among donors who initially denied HIV risk behaviors

and who had p24 bands on the initial Western blot [23-26]. Conversely, 18 of 20 (90%) high-

risk individuals from anonymous testing sites in San Francisco who had initial p24 bands

only seroconverted to a positive Western blot in two to four weeks (141. Etiologies of TWB

other than HIV seroconversion have otherwise not been well-characterized and have been

described primarily in case series and case reports.

Individuals with a reactive HIV-1 ETA and IWB are currently excluded from blood

donations and have had difficulty obtaining life and disability insurance, U.S. immigration

status, and visas for foreign travel, regardless of their risk history. Persons notified of a

reactive HIV-1 ETA and IWB are often concerned not only about their risk of HIV

seroconversion but also whether the IWB reflects any underlying medical condition [27].

Our study assessed risk of seroconversion through 6-9 months prospective follow-up of the
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cases and risk factors for IWB other than early HIV infection through a case-control study.

Cases included individuals with and without risk factors for HIV infection, who were

referred to the study because of repeatedly reactive EIAs and IWB. Controls were EIA

negative persons recruited from the same testing sites. In addition, we assessed anxiety and

depression related to the IWB through comparison of cases and controls and comparison of

high- and low-risk cases.

We found that IWB were associated with a low risk of seroconversion of 3.4%. HIV-'

culture, polymerase chain reaction, and the recombinant HIV-1 tests, Cambridge BicSciences

Recombigen and Syva Microtrak, and synthetic peptide Genetic Systems GENIE, had

specificities of 97-100% and all had negative predictive values of 100%. Sixty-nine percent of

cases had an identifiable etiology for IWB unrelated to HIV infection, such as autoantibodies,

autoimmune disease, parity, or a recent tetanus booster. Cases were significantly more

anxious than controls and the majority of this anxiety was attributed to notification about the

indeterminate HIV result.

-a
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Studly P&pulation

This case-control study was initiated at the University of Washington in March 1988

[28). Cases included men and women 13-85 years of age with a repeatedly reactive EIA and an

IWB in the past, who were referred from testing sites in Washington and Oregon states. The

HIV-1 Western blot interpretation for Western blots performed on subjects prior to study

enrollment was accepted for study entry. Individuals with a prior diagnosis of HIV

seropositivity or AIDS and recipients of experimental HIV-1 vaccine were excluded from the

study. Cases were recruited by letters sent to providers about the study together with the

HIV-1 Western blot result (i.e., the IWB). The rate of response by cates is undefined, given

the recruitment from providers and occasional use of anonymous testing.

Controls who had a negative HIV-1 EIA within the past three months were recruited

from the same HIV-1 testing sites and were frequency-matched by HIV-l testing site. After

informed consent was obtained, cases and controls were interviewed about HIV risks and

general medical history, and were examined. Cases were asked to refer current sexual

partner(s) to the study for evaluation and HIV-1 antibody testing.

Cases were followed prospectively for 6-9 months to determine the rate of

seroconversion. Cases and controls were administered a questionnaire about medical history

and risk behaviors for HIV and other sexually-transmitted diseases (STDs). The subset of

cases who did not seroconvert and who still had a reactive EIA and indeterminate Western

blot at visit one were compared with EIA negative, Western blot negative controls to

ascertain etiologies for IWB other than acute HIV-1 seroconversion. Cases and controls were

administered a psychological questionnaire to assess anxiety and depression at the first study

visit.

Due to the heterogeneity of cases referred from low-risk (i.e., blood banks) as well as

high-risk testing sites (e.g., AIDS Prevention Project and Sexually Transmitted Disease clinic),
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cases and controls were frequency-matched by HIV testing sites and stratified by testing site in

the multivariate analyses. The cases and controls were stratified into three groups (blood

donors; high-risk testing sites of the AIDS Prevention Project and the STD clinic; and the

women's and prenatal clinics) to reduce potential confounding variables incroduced from the

heterogenous mix of high- and low-risk cases from different testing sites. Low-risk cases for

whom random controls could not be enrolled (i.e., life insurance applicants and patients

referred by private physicians) were matched to blood donor controls.

Laboratory Testing

The University of Washington Virology laboratory and the Washington State Public

Health laboratory performed EIAs and Western blots for the study. Both laboratories

subscribe to the College of American Pathologists Proficiency panel for HIV-I antibody testing.

Cases were followed prospectively with repeat HIV-I EIAs and Western blots every three

months for six to nine months to detect seroconversion.

Dupont (Biotech Research Laboratory Inc., Rockville, MD) and Genetic Systems

(Seattle, WA) EIAs and Epitope (Beaverton, OR) Western blots were performed on study

subjects. The CDC interpretivie criteria were used for Epitope Western blots; a Western blot

was considered positive if antibodies were present to two of the following HIV-l viral

proteins: p24, gp4l, and gp120 or gp160 [8]. Western blots without any bands were considered

negative and blots with bands not meeting the criteria for a positive blot were interpreted as

indeterminate. The diagnosis of HP-I infection was based upon seroconversion to a

positive Western blot with persistently reactive EIA. Positive Western blots were repeated.

The screen for autoantibodies included antinuclear antibodies (ANA) and rheumatoid

factor. ANA testing was performed using an initial 1:40 serum dilution on rat liver and 1:100

dilution on HEp-2 cells. Rheumatoid factor testing was performed using latex agglutination

at a serum dilution of 1:20. A titer of > 1:10 was considered a positive ANA or rheumatoid

factor. Lymphocyte subset analyses were performed by flow cytometry for cases and for a

subset of the controls. The screen for other infectious diseases included serum VDRL,
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antibody to herpes simplex types 1 and 2 by Western blot [29], and serum hepatitis B surface

antigen and antibody. ElAs for HTLV-1 and HIV-2 were assessed in a subset of randomly

selected 116 and 91 cases, respectively. To ascertain possible cross-reactivity with animal

retroviruses, serum from a subset of 27 cases who reported raw milk ingestion or farm

animal contact were tested for antibodies to bovine leukemia (BLV) and immunodeficiency

virus (BIV) by p24 agar immunodiffusion and Western blot. Sera from 26 cases with a pet cat

were tested for reactivity on Western blots for feline leukemia virus (FeLV) and for feline

immunodeficiency virus (FIV) [301.

Sera were screened for the presence of antibodies to class I HLA antigens using a panel

of T-lymphocytes for the presence of antibodies from 50 donors of known HLA type. Sera

were screened for the presence of antibodies to class II HLA antigeins using a panel of B-

lymphocytes from 25 donors of known HLA type. In both assays a modified

microlymphocytotoxicity assay was used to detect complement-fixing antibody [311.

IgG antibodies to tetanus toxoid were measured by EIA, according to the

manusfacturer's instructions (The Binding Site, Birmingham, UK) [321. The EIA was run in

duplicate and the mean of the two results was obtained.

Supplemental HIV-1 tests

HIV-1 supplemental tests were performed on sera and peripheral blood mononuclear

cells obtained from cases at the first study visit. HIV-1 culture was performed using the'

cocultivation method with peripheral blood mononuclear cells from seronegative donors

and sampling the supernatant for p24 antigen every three days for one month, using the the

antigen capture EIA (Abbott Laboratory, Chicago, Illinois ) [331. Serum p24 antigen assays

were performed, using the same antigen capture EIA method with acid neutralization

confirmation of positive results [34-361. Polymerase chain reaction was performed by CETUS

Corporation (Emeryville, CA), Roche Biomedical Laboratories (Research Triangle Park, NC),

the University of Washington Retroviral Laboratory, and SRA Laboratory, using the SK 38/39

and SK 101/145 primer pairs [371. SRA performed PCR for HIV-2 for two cases with residence
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in West Africa, using primer pairs SK100/104 and the HIV-2 specific primer SK 89/90. Cell

lysates were obtained from cryopreserved FBMCs and amplification competency was checked

by amplification of a conserved region within the HLA-DQ alpha locus with primer pair GH

25/26. HIV-1 DNA amplification was performed as described previously [37] and each

specimen was run in duplicate for both primer sets. HIV-1 proviral sequences were

considered present if both primer pairs were positive in duplicate, indeterminate if only on.,

of the duplicate reactions was positive fur one or both primer pairs, and not present if neither

primer pair resulted in a positive signal.

Two recombinant antigen EIAs, Cambridge Biosciences CBr3 or Recombigen

(Cambridge, MA) and Syva Microtrak (Palo Alto, CA), and one synthetic peptide, Genetic

Systems GENIE (Seattle, WA) were perfomed. CBr3 and Microtrak are recombinant-based

EIAs that have proteins from two conserved gene products--the carboxy-terminal half of

gp120, the amino-terminal half of gp41, and all of p24. The GENIE is derived from synthetic

peptides of HIV-1 gp~l and HIV-2 gp36 [38].

Psychological instruments

At the first study visit, cases and controls were administered the following

questionnaires: the 13.-item Beck Depression Inventory (BD[) [39,401, the Symptom Checklist-

90 (SCL-90) anxiety subscale [411, and a 16-item scale regarding life events in the past six

months, including two questions related to the decision to be tested for HIV and the impact of

the result of the HIV test. The 13-item BDI is a self-report measure that is a shortened version

of the 21-item BDI and has correlated well with clinical diagnoses of depression in previous

studies [401. The BDI provides a quantification of the intensity of depressive symptoms on a

scale of 0-4, no or minimal depression; 5-7 mild; 8-15 moderate; and scores of > 16 correlating

with severe deprcssion. The SCL-90 anxiety subscale consists of 10 items measured on a 5

point scale. The SCL-90 anxiety is standardized to nory- derived from large samples of non-

psychiatric outpatients with separate standardizations for men and women [40]. The lowest

standardized score is 36 for males and 38 for females. In logistic regression analyses that
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included depression and anxiety as independent variables to predict case-control status, a

dichotomized variable was created from the continuous BDI and SCL-90 scores; a score of one

standard deviation above the mean was used (i.e., a BDI score of >5 and a SCL-90 score of >

65-1 and BDI <5 and SCL-90 <65 =0).

The 16-item life event scale is a modificatica of the 14-item life event scale used in

previous studies to assess the impact of stressful life events in the previous six months [42).

Two additional questions were included int he life event scale about HIV testing and the

impact of the HIV test result, which were coded into a dichotomous variable of 0 for no stress

related to the HIV result and 1 for mild to severe distress. In addition, cares only were

administered a 9-item questionnaire related to the impact of the indeterminate Western blot,

which was derived from interviews with the first 20 cases referred to the study (Appendix B).

A subset of 31 cases were administered the same psychological questionnaire at a

follow-up visit. These responses were compared to their responses at the first study visit to

determine the change in anxiety and concerns about the IWB over time.

Statistical methods

Demographic variables and potential HIV risk factors were compared using the Chi-

square test and Fisher's exact test for categorical data and Student's t-test for continuous data.

The Mann-Whitney test and Kruskal-Wallis tests were used for comparing continuous

distributions when the assumption of a normal distribution was not appropriate. Ninety-

five percent exact binomial confidence intervals for the seroconversion risk were calculated.

To assess risk factors for IWB other than HIV-1 infection, the nonseroconverter cases

and controls were compared in terms of reported autoimmune illness, viral illness in the

preceding three months, past history of tuberculosis or a positive skin test for TB (purified

protein derivative or PPD), parity, immunization and transfusion history, past STDs, and risk

behaviors for HIV since 1978. To reduce potential misclassification bias from inclusion of EIA

"or Western blot negative cases and EIA negative, Western blot indeterminate controls, risk
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factor analyses were restrictedI to only the cases who were still EIA repeatedly reactive and

IWB, and to controls who were both EIA and WB negative, at visit one.

Conditional logistic regression was used to compare the cases and controls for risk

factors for indeterminate Western blots, stratified by three groups of testing sites--I) blood

donors and low-risk cases from disability and life insurance screening, 2) high risk testing

sites (AIDS Prevention Project and Sexually Transmitted Disease clinic), and 3) women's and

prenatal clinics. Analyses were also performed for males and females combined and

separately.

The psychological data were analyzed in three ways. The cases and controls were

compared by univariate analyses in terms of demographics, self-reported history of

depression and psychotropic medication use, and scores on the Beck Depression Inventory

and the SCL-90 anxiety subscale. Multivariate analyses were also performed for the cases only

in which the SCL-90 anxiety score was the dependent variable and independent variables

were entered, i.e., demographic, history of depression and psychotropic medication use, the

BDI score, and the dichotomous variable drived from indicating distress due to the results of

the HIV test (item 16 on the life event scale). Analyses restricted to cases only were performed

to -nialyze differences in expectations and impacts of the IWB among high- and low-risk cases.

Finally, the subset of 31 cases with psychological data from follow-up visits were analyzed in

terras of changes in anxiety and depression scores and concern about the IWB over time.
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RESULTS

Of 244 persons with indeterminate HIV-1 Western blots referred and enrolled in the

study, 178 were followed for six months or longer and were included in the calculation of

seroconversion rate and specificities of supplemental tests. Sixty-three percent of cases were

referred from blood banks and 31% from the Seattle-King County Department of PubliL

Health clinics, primarily the AIDS Prevention Project and the Sexually Transmitted Diseases

clinic, and 5% from women's and prenatal clinics. One hundred four (44%) cases electively

sought HIV-1 testing due to concern over possible exposure to HIV-1; the remaining 132

(56%) were routinely screened for HIV-1 as blood donors, military recruits, life insurance or

immigration applicants.

One hundred forty-five EIA negative controls were recruited from the same HIV-1

testing sites as the cases. Ninety-one (63%) controls were recruited from blood banks, 47 (33%)

from the AIDS Prevention Project and Sexually Tra ismitted Diseases clinic, and 5 (4%) from

prenatal clinics.

Eighty-three current sexual partners of 83 cases were enrolled in the study. Fifty-seven

(72%) were partners of index cases who were blood donors, 18 (23%) had partners from the

AIDS Prevention Project and the Sexually Transmit½:d Disease clinic, and 4 (5%) from

women's and prenatal clinics.

Characteristics of cases, sexual partners of cases, and controls are shown in Appendix

A, Table 1. Cases and controls were similar demographically, but the cases' sexual partners

were significantly more likely to be married, have a family income greater than $20,000, have

fewer sexual partners in the past three months, and fewer of the partners reported a history of

STDs than cases or controls.

HIV serologies among cases, controls, and cases' sexual partners

Results of HIV-1 EIA and Western blots from the first study visit are shorn in

Appendix A, Table 2. Of 244 cases referred to the study because of previous reactive EIA and

IWB, 139 3till had repeatedly reactive EIA and of these, 124 also had IWB at the first study
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visit and did not seroconvert to a positive Western blot. These 124 cases are further analyzed

for risk factors for IWB other than HIV infection. Of the 145 EIA negative controls, 3 (261)

had indeterminate Western blots and the remaining 112 with negative Western blots were

included as controls for the risk factor analyses. it is of interest that banding patterns included

p17 and p24 (core) bands in 87% of the 155 cases who had indeterminate Western blots at

study visit one compared to 50% of 38 controls and 14% of the 21 cases' sexual partners with

IWB (P_< 0.001).

Five partners of the cases were EIA repeatedly reactive; one was negative by Western

blot and one was indeterminate with a p55 band. Three (4%) of the cases' sexual partners

were confirmed seropositive by Western blot, two of whom had HIV risk behaviors (a

bisexual man and a hemophiliac). The third sexual partner was married to a recent

imm,grant from West Africa. Her husband, the case, had a stable p17 band on Western blot

and negative HIV culture and PCR; the source of her infection is uncertain.

Risk of seroconversion among cases

The risk of seroconversion was determined for cases with 2L bix months follow-up

beyond the initial IWB. Of the 178 cases with six months or greater follow-up, 72% remained

indeterminate by Western blot at follow-up visits and 28% developed negative blots. We

have previously reported on 89 of these individuals, amcng whom four (4.5%) seroconverted

[231. In the larger sample of 178 individuals, a total of six seroconverted (3.4%; 95% confidence

interval, 0.6% - 6.1%). All six seroconverters had a p24 band on the initial Western blot prior

to seroconversion and had recent HIV risk behavior, Five of the six seroconverters

progressed from a p24 band only to a positive Western blot within one month. The sixth

seroconverted after 10 months, with ongoing unprotected homosexual activity during the

study period. He was likely infected after his six month visit, given his stable indeterminate

Western blot (p24 only) and a negative recombinant HIV-1 p24 and gp4l EIA at his six month

visit. Two low-risk cases and one high-risk case had false positive Western blots during
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follow-up with the presence of p24 and envelope bands, but were determined to i.ot be HIV-

infected through HIV-1 culture, PCR, and recombinant HIV-1 EIAs.

Supplemental HIV-1 tests

To aid in a more rapid determination of the HIV serostatus of persons referred with

IWB, we analyzed the specificity and negative predictive value of several supplemental HIV-

1 tests. HIV-1 culture was negative in 122 of 122 nonseroconverters, polymerase chain

reaction was negative in 177 of 178, and serum p24 antigen was negative in 192 of 192

nonseroconverter cases, resulting in specificities of 99.4%-100%. However, given the low

sen3itivity of serum p24 antigen [34-361 and the time and expertise needed to perform HIV-1

culture and polymerase chain reaction, we sought more rapid assays for use in the algorithm

we proposed to evaluate persons with IWB [281. The two recombinant assays, Cambridge

BioSciences Recombugen (or, CBr3) and the Syva Microtrak. and the synthetic peptide assay,

Genetic Systems GENIE, had specificities of 99%, 97%, and 100% respectively, and all had

negative predictive values of 100% (Appendix A, Table 3). Given the EIA format of the

Recornbugen and Microtrak and the dipstick methodology of the GENIE, these supplemental

tests appear promising as rapid and accurate methods for ruling out HIV-1 infection,

especially in persons with p24 bands.

The difficulty in evaluating supplemental tests is determining their sensitivity in early

HIV infection due to the few number of seroconverters identified in our study. Using a panel

of commercially available seroconverter sera, we compared the sensitivity of the

Recombugen, Microtrak, and GENIE (Appendix A, Table 4) and found that they were positive

from 12 to 14 days before the conventional Genetic Systems HIV-1 EIA, indicating a high

sensitivity relative to the conventional EIA and Western blot.

The results of supplemental tests in one of the seroconverters from our study are

shown in Table 5, Appendix A. Within two days, the EAA went from a high negative R-value

of 0.9 with weak p24 and gp4l bands on Western blot and a strongly positive p24 antigen of

>1,000 pg/ml to a positive EIA (R-value of 1.8) and po-sitive Western blot with p24, gp4I, and
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gp120/160 bands. Peripheral blood mononuclear cells were not available from the initial

visit. His PCR and PBMC culture were positive a month later at the time his EIA was

positive with a R-value of 4.0 and the HIV-A Western blot had all viral bands, but the serum

p24 antigen was negative. These data demonstrate how more than one supplemental tests

may need to be performed in a person with an 1WB during the seroconversion window due

to the dynamic and variable amount of cell-free and proviral HIV present early in HIV

seroconversion.

Risk factors for IWB

The demographics of the 124 nonseroconverter cases who had repeatedly reactive EIA

and IWB at visit one and the 112 EIA and Western blot negative controls were similar, except

that the median number of years of education was lower for cases than controls (Appendix A,

Table 6).

Univariate Analyses

The 124 cases who did not seroconvert and were EIA repeatedly reactive and

indeterminate by Western blot at visit one were compared with the 112 EIA and Western blot

negative controls in terms of general medical history, autoantibodies, hepatitis B antibodies,

lymphocyte subsets, and HIV risk factors (Appendix A, Table 7). In univariate analyses, cases

had significantly higher prevalences of autoantibodies (rheumatoid factor ard/or antinuclear

antibodies), history of sexual contact with a prostitute, tetanus booster within the past two

years, history of autoimmune disease (systtmic lupus erythematosus, rheumatoid arthritis,

juvenile onset diabetes, thyroiditis, and Crohn's disease), were less likely to be tested

electively for HIV, and a lower frequency of reported prior STDs. The 67 (31%) cases with

autoantibodies in our study usually had low titer ANAs (median titer of 40, range 10-640) or

rheumatoid factor (median titer of 320, range 20-10,240).

Among men, cases significantly more often reported sexual contdct with a prostitute

since 1978, any high risk behavior since 1978, and a tetanus booster in the past two years, had
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a significantly higher prevalence of autoantibodies, and a higher proportion of cases than

controls had shared needles during injection drug use.

In comparison with female controls, female cases were significantly more often

parous, and more often sought testing for HiV infection, more often reported a viral-like

illness in the preceeding three months, had a lower prevalence. of antibody to hepatitis B

surface antigen, and more often gave a history of autoimmtzne disease.

Multivariate analyses

The results of the conditional logistic regression analyses are also shown in Table 7.

The independent variables associated with IWB among malet ind females combined

included presence of autoantibodies, history of sex with a prostitute, -1 less frequent history of

STDs, and more frequent elective testing for HIV. The variables that were independently

and significantly correlated with IWB for males were sex with a prostitute and a tetanus

booster in the past two years. For females these variables were parity, less frequent history of

STDs, elective testing for HIV, and viral illness in the past three months. Fifteen female

cases (13%) and four (6%) female controls were pregnant at study enrollment (&=0.07). Seven

of the pregnant cases had risk factors for HIV, but none seroconverted.

HLA antibodies and lymphocyte subsets

HLA antibodies were tested for 78 cases; anti-class I HLA reactivity was found in 13

(17%) and definite anti-class II HLA reactivity could not be identified in any of the samples.

All but one of the cases who demonstrated anti-class I HLA reactivity were multiparous

females. There was no correlation between HLA antibodies, a positive ANA or rheumatoid

factor, and presence of p17 or p24 banding patterns on Western blot.

Cases and controls did not differ in median absolute CD4 count (1018 versus 1124) or

median percentage CD4 lymphocytes (48% versus 50%; L>0.2 for both comparisons).

Tetanus IgG among cases and controls

Given the association between a tetanus booster in the past two years and IWB, an t i-

tetanus lgG titers were compared between cases and controls. The median titer of lgG was 254

in the 16 male cases tested (range 46-4056) and 310 in the 5 male controls tested (range 245-
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4056) (.P=0.06 by Mann-Whitney test). Higher titers of tetanus IgG were associated with more

recent vaccination.

Herpes simplex type-2 antibodies among cases and controls

To pursue the association between high-risk behavior and IWB among the male cases,

antibodies to herpes simplex type-2 were measured among male cases 2nd controls. The

prevalence of HSV-1 and HSV-2 specific antibodies among male cases was 5 (19%) and 20

(74%) of 27 male cases, respectively, and 11 (55%) and 3 (15%) of 20 male controls, respectively

(T=0.02 for HSV-1 and r<0.001 for HSV-2). In comparison among females, the prevalence of

HSV-1 and HSV-2 antibodies was 17 (59%) and 9 (31%) of 29 female cases, respectively, and 9

(37%) and 5 (21%) of 24 female controls, respectively (P=0.21 and E=0.60).

Cross-reactivity among other human and animal retroviruses among cases

Of 116 cases tested, only one case had a weakly reactive HTLV-1 EIA and an

indeterminate HTLV-1 Western blot. Ninety-one cases tested for HIV-2 by the synthetic

peptide GENIE for HIV-2 gp36 were negative. Two cases with residence in West Africa or

with West African sexual partners were tested for HIV-2, one by HIV-2 EIA and RIPA and one

by HIV-2 PC•, both :ases were not infected with HIV-2.

Among 27 cases who reported raw milk ingestion or farm animal contact, none had

antibodies to bovine immunodeficiency virus. Among the cases who reported a cat as a pet

and were tested by Western blot for antibodies to FeLV and to FIV viruses, 8 of 26 (31%) had

antibodies apparently reactive against plSe of FeLV, the transmembrane protein, compared to

4 of 14 (29%) controls (E > 0.2). No cases or controls had antibodies against FIV.

Pyschologcal IMpact of the IWB

One hundred eighty-nine cases and 116 controls who had completed the psychological

questionnaire at visit one were compared. The cases and controls were similar in age, gender,

marital status, income, high-risk behavior since 1978, history of anxiety, depression, and

previous psychotropic medication use, all of which could be associated with current anxiety

and depression (Appendix A, Table 8). The cases reported significantly higher amounts of
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anxiety, as demonstrated by their median standardized SCL-90 anxiety subscale of 62 (range 36,

82) compared to 49 among the controls (range 36, 82; _P<0.0001 by Kruskal-Wallis test of

significance). The score on the 13-item Beck Depression Inventory was higher among the

cases (median 3; range 0, 21) than controls (median 2; range 0, 18), but the difference was not

statistically significant (P=0.19). High-risk behavior was strongly associated with higher

anxiety and depression scores among both cases and controls (Appendix A, Table 9). High-

risk cases had higher anxiety scores than high-risk controls who had higher scores than low-

risk cases (P<0.001).

Anxiety and concerns about the IWB among cases

In multiple regression models, the independent predictors of anxiety among the cases

at study visit one were frequency of thinking about the IWB, younger age, the Beck

Depression Inventory score, distress related to notification of the IWB (as indicated on the life

event scale), and male gender. The model was able to explain 65% of the variance in anxiety

scores among the cases. In multiple regressin models with the continuous Beck Depression

Inventory score as the dependent variable, the independent predictors were the SCL-90

anxiety score and a history of anxiety and depression. The regression model explained 31% of

the variance in BDI scores among the cases.

The psychological questionnaire that was piloted and derived from interviews with

the first 20 cases referred to the study was administered to the cases only to ascertain the

impact of notification of the IWB. The 62 high-risk cases had significantly higher anxiety and

depression scores than the 113 low-risk cases (P<0.001). In addition, the high-risk cases were

more likely to indicate that they thought the IWB was related to HIV infection, that the

Western blot might turn positive in the subsequent six months of serologic follow-up, and

were less likely to feel reassured if they did not seroconvert. The six seroconverter cases had

similar anxiety and depression scores relative to the nonseroconverter cases (P=0.36 and 0.29,

respectively for differences in the SCL-90 and BDI scores). The small number of

seroconverters, however, limits the power to detect a difference between the two groups.
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A subsample of 31 cases completed psychological questionnaires at follow-up study

visits. A Beck Depre.-sion Inventory score of > 5 at the first study visit was highly correlated

with a score of > 5 at follow-up visits (E=0.01). Similarly, a standardized SCL-90 score of > 65 at

the first study visit was correlated with a score of > 65 at follow-up visits (P=0.02) and the

frequency of thinking about the IWB at the first study visit was correlated with the frequency

of thinking about the IWB at follow-up visits (P=0.02). Specific anxiety related to the IWB at

the first study visit was significantly lower at the last follow-up visit (E=0.002).
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DISCUSSION AND CONCLUSIONS

With increasing pressure to screen more of the population for antibodies to HIV-1,

more indeterminate HIV-1 serclogic results will be generated [21,43]. This is the first case-

control study to examine the etiology and psychological impact of indeterminate HIV-1

Western blots in persons at either high- or low-risk for HIV infection as well as to evaluate

the cases' sexual partners and to follow the cases prospectively. Previous reports comprised

case series of either high-risk persons, such as the San Francisco cohort, or low-risk persons,

such as blood donors [14,23-261. We compared both high- and low-risk cases with controls

for medical conditions and exposures that might result in autoantibodies or

alloimmunization and prospectively followed the cases for six months or longer to

determine whether they seroconverted to a positive Western blot. The risk of

seroconversion was 3.4% and was observed only among persons with recent high-risk

behavior. The low risk of seroconversion in our sample population was comparable with

that of earlier reports of seroconversion in 0% to 5% in blood donor cohorts [23-261.

Seroconverters in the earlier blood donor cohorts had p24 antibodies on initial Western blot

and retrospectively admitted to HIV risk behaviors.

We found the specificity and negative predictive value of the recombinant assays, the

Cambridge BioSciences Recombugen and Syva Microtrak, and the synthetic peptide, Genetic

Systems GENIE, to be very high (97%-100%) and would recommend their use in the

evaluation of persons with IWB, especially those with p24 bands. A negative supplemental

assay can provide additional reassurance and potentially shorten the follow-up of persons

with IWB [281. In our study two blood donors without identifiable risk of HIV infection and

one male with multiple heterosexual partners had false positive immunoblots with the

presence of envelope bands. Supplemental tests confirmed the lack of HIV-1 infection in

these three cases.

The cases had immunoblot banding patterns that differed from patterns of the current

sexual partners of the cases and the controls; the cases had anti-core (p17 or p24 ) antibodies

whereas the majority of the controls and cases' sexual partners who were EIA nonreactive but
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had IWB had polymerase bands. Previous studies have shown that up to 33% of EIA

nonreactive individuals will be indeterminate on Western blot, often with p24 or polymerase

reactivity, depending on which immunoblot is used [10,11].

In previous case reports and case series, individuals with IWB have had T cell

lymphoma, multiple sclerosis, and dermatologic disorders [441, passive transfer of antibody by

hepatitis B immune globulin [45], injection drug use [461, alcoholic liver disease [47], class il

HLA antibodies [48], cross-reactivity with HIV-2 [17-20,491, and autoantibodies such as those

found in patients with systemic lupus erythematosus or Sjogren's disease [501. A recent

study by Jackson and coworkers of 99 Minnesota blood donors with indeterminate HIV-1 blots

"found no evidence fcr HIV-1 or HIV-2 infection [261. One case series from the New York

Blood Center in Syracuse suggested an association between indeterminate HIV-1

immunoblots and bovine immunodeficiency virus, but subsequent confirmatory assays did

not confirm BIV reactivity (24]. We found no association between HIV-1 IWB and serologic

reactivity to other known human and animal retroviruses (i.e., HTLV-1, HIV-2, BIV, or feline

leukemia or immunodeficiency viruses).

A potential non-HIV basis for IWB was identified in a majority of the

nonseroconverter cases in the present study. For example, autoantibodies (either a positive

antinuclear antibody or rheumatoid factor), recent tetanus vaccination, and among women,

parity, were risk factors for IWB. Autoantibodies could perhaps cause an IWB through cross-

reactivity with epitopes of human cellular or HIV core proteins, or this could be a secondary

association if both the IWB and autoantibodies were caused by another factor. Parity could

reflect alloimmunization during pregnancy, producing antibody to cellular proteins that

comigrate with HIV proteins on the Western blot. False-positive EIA in multiparou:;

females have been associated with presence of HLA-DR4 antibodies [51]. Although 12 of 13

cases in our study with anti-class I HLA reactivity were multiparous females, we found no

significant relationship of HLA antibodies to IWB and anti-class II reactivity was not

observed. Golding and colleagues have demonstrated homology between HIV-1 gp4l and
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human class 91 domains [52], however, most of our cases had cross-reactivity to core proteins,

either p17 or p24.

Autoantibodies are found in 5-10% of the population, and these autoantibodies might

cross-react with normal cellular determinants of the H-9 or CEM cells in which HIV-1 is

cultured prior to Western blot production. Of 22 cases with a reported autoimmune history,

13 (59%) reported a history of autoimmune thyroid disease. However, we did not

specifically measure antithyroglobulins. There was no correlation between a reported history

of autoimmune disease and the presence of autoantibodies (either a positive ANA or

rheumatoid factor).

Although a link between human retroviruses and certain autoimmune illnesses has

been suggested [50,53-57], only limited data exist to support this hypothesis. Of note, p24

reactivity has been reported among one-third of persons with systemic lupus erythematosus

[54,551.

A recent tetanus booster could result in immunogenic polyclonal stimulation of B

cells and production of antibody with cross-reactivity to epitopes of HIV-1 or cellular

proteins. A similar effect of influenza vaccine has been reported [581, but we did not observe

an association with recent influenza vaccination in our study (data not shown).

Stratified analyses of men and women found different risk factors to be associated with

IWB. The strongest risk factors for IWB among males were sexual contact with a prostitute

and sharing of needles during injection drug use. Previous studies have indicated that

antibodies to HSV-2 is a surrogate marker for sexual activity and STDs [59,60]. The prevalence

of HSV-2 antibodies was higher among both male cases than controls corroborating their risk

histories; however, HSV seropositivity was not correlated with high-risk behavior or past

number of sexual partrers among the male cases. These data, in conjunction with the

similar rate of indeterminate HIV-1 Western blots among the cases' sexual partners as

controls, argue against either a sexually-transmissible or blood-borne agent responsible for

rWB [611.
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The most significant risk factor for IWB among women was parity. Although there

was a trend towards current pregnancy as a risk factor for IWB among female cases with an

odds ratio of 3.2 (95% CI of 0.8, 12.8), the sample size was small and the difference was not

statistically significant. For pregnant women with indeterminate HIV-1 serologies due to

alloimmunization, rapid evaluation protocols and counseling will be necessary not only to

avoid unnecessary anxiety reiated to an indeterminate test result but also to determine the

HIV status of the mother and fetus (28].

The cases reported significantly more anxiety than the controls at the first study visit,

but had similar rates of previous psychiatric morbidity. Interestingly, high-risk behavior was

strongly correlated with higher anxiety and depression scores for both cases and controls.

This finding could lead to possible interventions in post-test counseling if providers can help

individuals to see the link between their high-risk behavior and anxiety and ways to modify

their risk-taking behavior.

The higher amount of anxiety among cases, but not depression, is consistent with

other studies which have found anxiety to be an early response to a stressful event, such as

notification of an indeterminate HIV result or premature coronary heart disease [421.

Consistent with this hypothesis was the ability of our multivariate model to explain a larger

proportion of the variance in anxiety among cases than depression. The multivariate

analyses that examined predictors of anviety among the cases indicated that previous

psychologic morbidity and current concerns about the IWB, as indicated in the 16-item life

event score and the 9-item questionnaire administered to cases only, were the strongest

predictors of anxiety.

The anxiety among a subset of 31 cases persisted at follow-up visits, but specific anxiety

related to the IWB decreased over the follow-up period. If providers are able to address the

specific concerns of individuals notified of an IWB about etiologies (such as autoantibodies

and cross-reacting antibodies), some of that anxiety can be reduced. The six months follow-up

that is currently recommended by CDC can accentuate the anxiety and uncertainty about the
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IWB. Shorter follow-up with the use of supplemental tests with high negative predictive

value can reduce the anxiety and uncertainty that often accompany notification of an IWB.

There are several limitations to our study. We attempted to recruit a population-based

sample of high- and low-risk individuals with IWB referred from the community. We

attempted to recruit EIA negative controls from the same distribution of testing sites to match

for the heterogeneous mix of high- and low-risk cases. However, we were not able to recruit

EIA negative controls from private providers and life insurance companies, so we used blood

donor controls to match these low-risk cases and may have introduced bias into the case-

control matching. The source of potential bias could explain why some variables, such as

fewer STDs were reported by female blood donor and low-risk life insurance cases than the

female blood donor controls. We attempted to control for the heterogeneity cf our study

population by frequency-matching cases and controls by testing site and by performing

conditional logisitc regression using three strata of testing sites (blood banks, high-risk testing

sites such as the AIDS Prevention Project and the Sexually Transmitted diseases clinic, and

women's clinics). Sample size limited our power to perform subset analyses by specific

testing site (eg., blood donors).

Since blood donors referred to our study had been deferred from donating blood for up

to three years following repeated EIA reactivity and IWB, we were concerned that time to

study enrollment could be a confounder. Analyses limited to cases whose first IWB was

within six months of study enrollment, however, demonstrated the same risk factors for IWB

(data not shown). Recall bias may have accounted for cases having a higher likelihood of

remembering recent exposures, such as tetanus vaccination. The problem of multiple

comparisons could result in some associations appearing significant by chance.

Case-control studies usually involve examination of potential exposure risk factors for

a relatively rare disease outcome. Case-control methodology to examine risk factors for a

reactive laboratory test that is not always reproducible over time or with different

manufacturer's tests presented methodologic issues. Many cases referred to us because of

prior repeatedly reactive EIA and IWB were EIA nonreactive at the first study visit, and a

J¥
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subset of these EIA nonreactive cases were also negative by Western blot. Conversely, 26'17 of

the EIA nonreactive controls had an IWB at the first study visit. To reduce potential

misclassification, we performed the analyses including only those cases who were still EIA

RR and IWB at visit one and the controls who were both EIA nonreactive and Western blot

negative. Power was not sacrificed; the variables implicated as independently and

significantly associated with an IWB in the analyses that included all 238 nonseroconverter

cases and 145 controls were the same as those shown in Table 7.

Our data have five main implications for facilitating the management of

indeterminate HIV Western blets in the clinical setting. First, approximately one third of

persons who present with IWB will not be repeatedly reactive by follow-up EIA and retesting

within one month to identify this group is warranted [28]. Second, less than five percent of

persons with IWB in this study were infected with HIV-1, and the most important factor for

seroconversion was high-risk behavior, which could be determined from the risk history. As

previously reported [28!, selective supplemental testing for HIV should decrease the period of

uncertainty directly associated with repeat testing at three and six months as currently

recommended by the CDC [9]. The use of rapid supplemental HIV-1 tests with a high

negative predictive value, such as recombinant p24 and gp4l EIAs, can be a useful aid in the

evaluation of persons with IWB. Supplemental testing was also useful in ruling out HIV

infection in three cases with false positive Western blots.

Our third major finding was that no cross-reactivity with known human retroviruses,

HTLV-1 or HIV-2, or animal retroviruses was demotistrated in our study population. As

additional retroviruses are identified, serologic and virologic studies should be performed

among persons with indeterminate HIV-l serologies. Fourth, 69% of persons with IWB had

an identifiable factor as a potential etiology for the IWB reactivity: parity among the female

cases, a history of autoimmune disease, prostitute contact, presence of autoantibodies, or a

recent tetanus booster. Medical history will identify subjects with a potential immune-

related basis for IWB, such as parity, autoimmune diseases, autoantibodies, recent viral

illness, and recent vaccination.
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Fifth, even with intensive counseling at the first study visit, a high Proportion of both

low- and high-risk :ases were still anxious about the IWB. Discussion of the overall low-risk

of seroconversion unless the person has recently engaged in high-risk behavior, other non-

HIV etiologies for IWB, such as autoantibodies, and the use of supplemental tests to rule out

infection may help to reduce patient's anxiety about the meaning of the IWB.

As HIV-1 testing becomes more widespread, laboratories and clinicians must be

prepared to evaluate and counsel persons who have indeterminate serologies [431. This

presents a challenge to clinicians given the relatively infrequency of indeterminate HIV-1

Western blots. Both individuals notified of indeterminate HIV-1 serologies and their

providers can benefit from educational materials that accompany the test result. We include

in Appendix C examples of the brochures we have designed and distributed through the

University of Washington Virology laboratory. Evaluation of persons with IWB should

include an assessment of HIV risk behavior as well as potential immune-related etiologies by

history, but persons with a low-risk of seroconversion should be reassured and an extensive

medical evaluation is not usually indicated.



26

Acknowledgments

We thank the following individuals for their assistance and collaboration: Todd

Damrow, PhD, MPH and Delores Villareal, MT from the Washington State Public Health

Laboratories; Paul Swenson, PhD and June Nakata from the Seattle-King County Department

of Public Health laboratory; and, Joan Dragavon, MS of the University of Washington

Virology laboratory for performing HIV-1 EIAs and Western blots; Kirn Chaloupka and the

staff of the University of Washington Retrovirus laboratory for performing the HIV-1

cultures; Chester Roberts, PhD of Walter Reed Army Institute of Research, Retrovirology

Division, for performing CBre3, HTLV-1, and HIV-1 and HIV-2 PCR assays; Danny Youngs

and Karen Nelson, PhD of the Puget Sound Blood Center for testing for HLA antibodies; and

Diane Whetstone, PhD from the University of Iowa for performing bovine

immunodeficiency virus serologies.

We thank the following clinics and blood banks for referrals to the study: the Seattle-

King County Dep3rtment of Public Health AIDS Prevention Project and Sexually Transmitted

Diseases clinic at Harborview Medical Center, University of Washington and Harborview

Medical Centers prenatal and women's clinics, Portland American Red Cross, and Puget

Sound and Pierce County Blood Centers.

We appreciate Noel Weiss, PhD, for his review of our manuscript and his valuable

suggestions.



27

REFERENCES

1. Reesink HW, Huisman JG, Gonsalves M, et a!. Evaluation of six enzyme immunoassays

for antibody against human immunodeficiency virus. Lancet 1986; ii:483-6.

2. Burke DS, Brundage JF, Redfield RR, et al. Measurement of the false positive rate in a

screening program for human immunodeficiency virus infections. N Engl J Med

1988319:961-4.

3. Weiss SH, Goedert JJ, Serngadharam MG, Bodne AJ, Gallo RC, Blattner WA.

Screening tests for HTLV-II1 (AIDS agent) antibodies. JAMA 1985;253: 221-5.

4. Ward JW, Grindon AJ, Feorino PM, Schable C, Parvin M, Allen JR. Laboratory

and epidemiologic evaluation of an enzyme immunoassay for antibodies to HTLV-Ill.

JAMA 1986;256:357-61.

5. Update-. Serologic testing for HIV-1 antibody-United States, 1988 and 1989.MMWR

1990;39"380-2.

6. Carlson 04, Bryant ML, Hinrich SH, et al. AIDS serology testing in low- and high-risk

groups. JAMA 1988;253:3405-8.

7. Schwartz JS, Dans PE, Kinosian BP. Human immunodeficiency virus test evaluation,

performance, and use. JAMA 1988;259:2574-9.

8. CDC, Interpretation and use of the Western blot assay for serodiagnosis of Human

Immunodeficiency Virus Type 1 infections. MMWR 1989;38(No.S-7):1-7.

9. McDonald KL, Jackson JB, Bowman RJ, et al. Performance characteristics of serologic

tests of human immunodeficiercy virus type I (HIV-1) antibody among Minnesota

blood donors. Ann Intern Med 1989;110: 617-21.

10. Midthun K, Garrison L, Clements ML, et al. Frequency of indeterminate Western blot

tests in healthy adults at low risk for human immunodeficiency virus infection. J Infect

Dis 1990; 162:1379-82.

11. Westblorn TU, Belshe RB, Gorse GJ, et al. Characteristics of a population volunteering for

human immunodeficiency virus immunization. Intl J STD AIDs 1990; 1: 126-128.



28

12. Gaines H, Sonnerborg A, Czajkowski J, et al. Antibody response in primary human

immunodeficiency virus infection. Lancet 1987;i:1249-53.

13. Ranki A, Krohn M, Allain J-P, Franchini G, Valle SL, Antonen J. Long latency precedes

overt seroconversion in sexually-transmitted human immunodeficiency virus infection.

Lancet 1987;ii:590-3.

14.Wilbur JC, Louie B, Soncuya E, Barnes J, Myers R, Back A. Evaluation of indeterminate

results in HIV serology: Distinguishing seroconversions from false positives [Abstract

829). in: Program and abstracts of the 27th Interscience Conference on Antimicrobial

Agents and Chemotherapy, Los Angeles, CA: American Society for Microbiology, 1988.

15. Biggar RJ, Melbye M, Ebbesen P, et al. Variation in human T lymphotrophic virus Ill

(HTLV-Ill) antibodies in homosexual men: decline before onset of illness related to

acquired immune deficiency syndrome (AIDS). BMJ 1985;291:997-8.

16. Farzadegan H, Polls MA, Wolinsky SM, et al. Loss of human immunodeficiency vi,

type 1 (HIV-1) antibodies with evidence of viral infection in asymptomatic homosexual

men. Ann Intern Med 1988; 108:785-90.

17. O'Brien TR, George JR, Holberg SD. Human immunodeficiency virus type 2 infection in

the United States: Epidemiology, diagnosis, and public health implications. JAMA 1992;

267: 2775-9.

18. DeCock KM, Porter A, Kouadio J, et al. Cross-reactivity on Western blots in HIV-A and

HIV-2 infections. AIDS 1991; 5: 859-60.

19. Myers RA, Patel JD, Joseph JM. Identifying HIV-2 seroposit've individuals by

reevaluating HIV-1 indeterminate sera. .1 Acquir Immune Defic Syndr 1992; 5: 417-23.

20. George JR, Rayfield MA, Phillips S, et al. Efficacies of U.S. Food and Drug

Administration-licensed HIV-1 screening enzyme immunoassays for detecting antibodies

to HIV-2. AIDS 1990, 4: 321-6.

21. Rhame FS, Maki DG. The case 'or wider use of testing for HIV infection. N EngI J Med

1989; 320: 1248-51.



29
22. Ranki A, Johansson E, Krohn K. Interpretation of antibodies reacting solely with human

retroviral core proteins. N Engl J Med 1988; 318: 448-9.

23. Kleinman S, Fitzpatrick L, Secord K, Wilke D. Follow-up testing and notification of anti-

HIV Western blot atypical (indeterminant) donors. Transfusion 1988; 28: 280-2.

24. Dock NL, Lamberson HV, O'Brien TA, Tribe DE, Alexander SS, Poiesz BJ.

Evaluation of atypical human immunodeficiency virus immunoblot reactivity in blood

donors. Transfusion 1988;28:412-8.

25. Dock NL, Kleinman SH, Rayfield MA, et al. Human immunodeficiency virus infection

and indeterminate Western blot patterns. Arch Intern Med 1991; 151: 525-30.

26. Jackson JB, MacDonald KL, Cadwell J, et al. Absence of human immunodeficiency virus

infection in blood donors with indeterminate Western blot tests for antibody to HIV-1. N

Engl J Med 1990; 312: 217-22.

27. Courouce AM. Following up indeterminate HIV-1 Western blots. Lancet 1989; 2: 1330-1.

28. Celum CL, Coombs RW, Lafferty W, et al. Indeterminate human imrounodeficiency

virus type I Western blots: Seroconversion risk, specificity of supplemental tests, and an

algorithm for evaluation. J Infect Dis 1991; 164: 656-64.

29. Ashley RL, Militoni J, Lee F, et al. Comparison of Western blot (immunoblot) and

glycoprotein G-specific immunodot enzyme assay for detecting antibodies to herpes

simplex virus types I and 2 in human sera. J Clin Microbiol 1988; 26: 662-7.

30. Shelton GH, Grant CK, Cotter SM, et al. Feline immunodeficiency virus and feline

leukemia virus infections and their relationships to lymphoid malignancies in cats: A

retrospective study (1968-1988). 1AIDS 1990; 3: 623-630.

31. ASHI Laboratory Manual, Second Edition, ASHI, Lenexa, KS. 1990.

32. Rubin RL, Fu-Lin T, Lucas AH, et al. IgG subclasses of anti-tetanus toxoid antibodies in

adult and newborn normal subjects and in patients with systemic lupus erythematous,

Sjogren's syndrome, and drug-induced autoimmunity. J Immunol 1986; 137: 25222-7.

33. Jack•on JB, Coombs RW, Sannerud K, et al. Rapid and sensitive viral culture method for

human immunodeficiency virus type 1. j Clin Microbiol 1988; 26: 1416-8.



30
34. Kenny C, Parkin J, Underhill G, et al. Human immunodeficiency virus antigen testing.

Lancet 1987; 1: 565-6.

35. Kellogg DE, Kwok S. Detection of human immunodeficiency virus. In: Innis MA,

Gelfand DH, Sninskv 1J, White TJ. eds. PCR protocols. San Deigo: Academic Press, 1990:

337-47.

36. Kenny C, Parkin J, L'nderhill G, et al. Human immunodeficiency virus antigen testing.

Lancet 1987; 1: 565-6.

37. Busch MP, Taylor PE, Lenes BA, et al. Screening of selected male blcod donors for p24

antigen of Human immunodefiency virus type 1. N Engl J Med 1990; 323: 1308-12.

38. Murphy VM, Celum CL, Roberts CR, et al. Recombinant antigen and synthetic peptide

assays as supplemental tests for indeterminate HIV-1 Western blots. VIII International

4' Conference on AIDS, PoC 4442, Amsterdam, NL, July 19-24, 1992.

"39. Beck AT, Steer RA, Garbin MG. Psychometric properties of the Beck Depression

Inventory: Twenty-five years of evaluation. Clin Psych Review 1988; 8 (1): 77-100.

40. Derogtais LR. The SCL-90 Manual I: Scoring, --f-inistration, and procedures for the

SCL-90. John Hopkins University School of Medicine, Clinical Psychometrics Unit,

Baltimore, MD, 1977.

41. Beck AT, Beck R. Screening depressed patients in family practice. Postgrad Med 1972; 52

(6): 81-5.

42, Horowitz MJ, Simon N, Holden M, et al. The stressful impact of news of premature

heart disease. Psychosom Med 1983; 45: 31-40.

43. Celum CL, Coombs RW. Indeterminate HIV-1 Western blots: Implications and

considerations for widespread HIV testing. J Gen Int Med; in press.

44. Ranki A, Johansson E, Krohn K. Interpretation of antibodies reacting solcly with human

retroviral core proteins. N Engl J Med 1988; 318: 448-9 (letter).

45. Schlech WF, LeeSH, Cook J, et al. Passive transfer of HIV antibody by Hepatitis B

immune globulin. JAMA 1989; 261: 411-3.



I-

31
46. Moore JD, Cone EJ, Alexander SS. HTLV-III seropositivity in 1971-1972 parenteral drug

abusers-A case of false positives or evidence of viral exposure? N Eng J Med 1986; 314:

1387-8 (letter).

47. Mendenhall CL, Roelle GA, Grossman CJ, et al. False positive tests for HTLV-III

antibodies in alcoholic patients with hepatitis. N Engl J Med 1986; 314: 921-2 (letter).

48. Sayers MH, Beatty PG, Hansen JA. HLA antibodies as a cause of false-positive reactions in

screening enzyme immunoassays for antibodies to human T-lymphotropic virus Type

Ill. Transfusion 1986; 26: 113-5.

49. Centers for Disease Control. Update: HIV-2 infection-United States. MMWR 1989; 33:

572-80.

50. Talal N, Dauphinee MJ, Dang H, et al. Detection of serum antibodies to retroviral

proteins in parIents with primary Sjogren's syndrome. Arthritis and Rheumatism 1990;

33:774-781.

51. Kunhl P, Seidl S, Holzberger G. HLA DR4 antibodies cause positive HTLV-III antibody

ELISA results. Lancet 1985; 1: 1222-23.

52. Golding H, Robdy FA, Gates FT, et al. Identification of homologous regions in human

immunodeficiency virus type 1 gp4l and human class 11131 domain. J Exp Med 1988; 167:

914-23.

53. Garr RF, Fermin CD, Hart DJ, et al. Detection of a human intracisternal A-type retroviral

particle antigenically related to HIV. Science 1990; 250: 1127-9.

54. Talal N, Garry RF, Schur PH, et al. A conserved idiotype and antibodies to retroviral

pro iins in systemic lupus erythematosis. J Clin Invest 1990; 85: 1866-71.

55. Talal N, Dauphinee MJ, Dang H, et al. Evidence suggesting a retroviral etiology for

human autoimmune disease, in Progress in Immunology, Vol. VII, e. F.

Melchers, et al. pp. 837-41.

56. Ciampolillo A, Mirakian R, Schulz T, et al. Retrovirus-like sequences in Grave's disease:

Implications for human autoimmunity. Lancet 1989; 1: 1096-1100.



32

57. Humphrey M, Baker JR, Carr FE, et al. Absence of retroviral sequences in Grave's disease.

Lancet 1991; 337:17-18.

58. Press release from American Association of Blood Banks (FAXNET), December 19, 1991.

59. Johnson RE, Nahmias AJ, Madger LS, et al. A seroepidemiologic survey of the prevalence

of herpes simplex virus type 2 infection in the United States. N Engl J Med 1989; 321: 17-

21.

60. Koutsky LA, Stevens CE, Holmes KK, et al. Underdiagnosis of genital herpes by current

clinical and viral-isolation procedures. N Engi J Med 1992; 326: 1533-9.

61. van der Poel CL, Lelie PN, Reesink HW, et al. Blood donors with indeterminate anti-p24

reactivity in HIV-1 Western blots: absence of infectivity to transfused patients and in

virus culture. Vox Sang 1089; 56: 162-7.



33

4 APPENDIX A

TABLES



34

TABLE 1
DEMOGRAPHIC AND HIV RISK FACTORS OF CASES, THEIR SEXUAL PARTNERS, AND

EIA NEGATIVE CONTROLS:

CASES CONTROLS CASES' SEX PARTNERS
NUMBER OF CASES 238 145 80 p-value
AGE

Mediar (range) 37(13,85) 35 (17,69) 38(19,62) NS
SEX

Male (%) 113(48%) 68 (47%) 42 (53%) NS
RACE

Caucasian (%) 211 (89%) 125 (86%) 73(91%) NS
MARITAL STATUS

Never married (%) 78 (33%) 61 (42%) 13 (16%) <0.001
Married (%) 108 (46%) 58 (40%) 57 (71%)
Divorced/widow (%) 51 (22%) 26 (18%) 10 (13%)

EDUCATION

Ž>12 yrs (%) 212(90%) 136 (94%) 74 (94%) NS
ANNUAL FAMILY INCOME

Greater than $20,000 137(61%) 75 (54%) 53 (73%) 0.03
SEXUAL PREFERENCE

Heterosexual (%) 210 (90%) 121 (85%) 76 (95%) NS
Bisexual (%) 9 (4%) 7(5%) 2 (3%)
Homosexual (%) 13 (6%) 12 (8%) 2 (3%)
Never sexually active (%) 2 (1%) 3 (2%) 0 (0%)

NUMBER OF SEXUAL PARTNERS
Median, past 3 months 1 (0,90) 1 (0,6) 1 (0,2) .002
Median, past year 1 (0,300) 1 (0,40) 1 (0,6) NS

PAST STDs* 82 (36%) 66 (46%) 14 (18%) <.001
H!GH-RISK SEXUAL PARTNER

Since 1978 (%) 71 (30%) 42 (29%) 16 (20%) .16
PAST PROSTITUTION 11(5%) 3(2%) 1(1%) NS
TRANSFUSION 1978-85 11(5%) 4 (3%) 4 (5%) NS
PAST IV DRUG USE 21(9%) 8 (6%) 5 (6%) NS
HEMOPHILIA 1(0.4%) 1 (.7%) 1(1%) NS
ANY RISK FOR HIV 80 (34%) 45 (31%) 23 (29%) NS

/
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LEGEND FOR TABLE I:

Cases were referred to the study because of one or more previously repeatedly reactive human

immunodeficiency virus type-1 (HIV-l) enzyme-linked immunosorbent assay (EIA) and an

indeterminate Western blot (IWB). Cases in Table I are limited to the 238 cases who did not

seroconvert, excluding the 6 seroconverters. Cases were encouraged to refer their current

sexual partner(s) to the study. Controls were EIA negative and frequency-matched with the

cases by HIV-l testing site. P-values refer to the differences between cases, controls, and

current sexual partners of the cases.

*STDs include gonorrhea, chlamydial infection, and genital herpes
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TABLE 2
RESULTS OF HIV-i E1A AND WESTERN BLOTS IN CASES, CONTROLS, AND

CASES' SEXUAL PARTNERS AT FIRST STUDY VISIT

CASES CONTROLS CASES' SEXUAL PARTNERS
NUMBER OF CASES 244 145 83
EIA

Repeatedly reactive (%) 139 (57%) 0 (0%) 5 (6%)

EPITOPE WESTERN BLOT
Negative 83 (35%) 107(74%) 58(71%)

Indeterminate 155 (55%) 38 (26%) 21(26%)
p17 only 60 6 2
p24 only 66 13 1
p17 and p24 bands 9 1 0
env only 2 1 1
other bands 19 17 17

Positive* 5 (2%) 0 (0%) 3 (4%)

J
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LEGEND FOR TABLE 2:

Genetic Systems or Dupont enzyme immunoassays (EIA) and Epitope Western biots were

performed for the study subjects on sera obtained at the first study visit. Western blots

were interpreted as positive using COC interpretative criteria (if at least two of the

following anti-HIV antibodies were present: p24, gp4l, and/or gp120/160).

Five of the six seroconverters had a positive Western blot at the first study visit; all six

seroconverters had been referred with a p24 band on initial blot. The sixth case

seroconverted 10 nionths after his initial Western blot showed a p24 band only with

ongoing risk behavior during the study period.

!/



TABLE 3

UW IWB STUDY RESULTS 38

HIV-1 SYVA MICROTRAK
WESTERN BLOT +

seroconverters 5 0

nonseroconverters 1* 104

Sensitivity : 100%
Specificity : 99%
Positive predictive value = 83%
Negative predictive value = 100%

HP/-1 CBr3
WESTERN BLOT +

seroconverters 4 0

nonseroconverters 4* 111

Sensit.vity : 100%
Specificity : 97%
Positive predictive value = 50%
Negative predictive value = 100%

HP/-1 GENIE
WESTERN BLOT +

seroconverters 5 0

nonseroconverters 0 92

Sensitivity - 100%
Specificity - 100%
Positive predictive value = 100%
Negative predictive value = 100%

j/
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TABLE 6
DEMOGRAPHIC CHARACTERISTICS AND HIV RISK FACTORS OF CASES AND

CONTROLS

CASES* CONTROLS*
NUMBER OF CASES 124 112 p-value
AGE

Median (range) 35 (13,85) 35(17,69) NS
SEX

Male (%) 53 (43%) 50 (42%) NS
RACE

Caucasian (%) 104(84%) 98 (88%) NS
MARITAL STATUS

Never married (%) 49(39%) 50(45%) NS
Married (%) 50 (41%) 43 (38%)
Divorced/widow (%) 25 (20%) 19(17%)

EDUCATION
Median (range) 14(0,22) 15 (5,25) 0.03

ANNUAL FAMILY INCOME
Creater than $20,000 93 (75%) 87(75%) NS

SEXUAL PREFERENCE
Heterosexual (%) 109(91%) 95 (86%) NS
Bisexual (%) 6 (5%) 6 (6%)
Homosexual (%) 5 (4') 8 (7%)

NUMBER OF SEXUAL PARTNERS
Median, past 3 months (range) 1 (0,4) 1 (0,6) NS
Median, past year (range) 1 (0,50) 1 (0,40) NSPAST STDs°" 48 (40%) 53 (48%) NS

HIGH-RISK SEXUAL PARTNER
Since 1978 (%) 50(40%) 35 (31%) NSPAST PROSTITUTION 7(6%) 2(2%) NS

TRANSFUSION 1978-85 6 (5%) 3 (3%) NS
PAST IV DRUG USE 11(9%) 7(6%) NS
ANY RISK FOR HIV 55(45%) 39(35%) NS
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LEGEND FOR TABLE 6:

Cases weie persons referred to the study because of one or more previous repeatedly

reactive human immunodeficiency virus type-1 (HIV-1) enzyme-linked immunosorbent

assay (EIA) and an indeterminate Western blot (IWB). Cases in Table 2 are limited to those

who were still EIA RR and IWB at visit one and does not include the six seroconverters.

Controls were EIA negative and frequency-matched with the cases by HiV-1 testing site.

Controls in Table 2 were those who were both EIA and Western blot negative at the first study

visit. Cases were encouraged to refer their current sexual partners) to the study.

* STDs include gonorrhea and chlamydial infection ind genital herpes.
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TABLE 7

RISK FACTORS FOR INDETERMINATE HIV-1 WESTERN BLOTS

-Univariate and multivariate comparisons between nonseroconverter cases

(restricted to EIA RR and IWB) and EIA and WB negative controls at visit one--

CASES CONTROLS UNIVAR 0. R. MULTIVAR O.R. p
N=124 N=112 value

Autoantibodies* 39 (34%) 19 (18%) 2.3 (1.2,4.4) 2.3 (1.2,4.5) 0.01

Sex with prostitute 16 (13%) 5 (5%) 3.2 (1.1,8.7) 5.6 (1.5,21) 0.01

History of STDs** 35 (29%) 39 (35%) 0.6 (0.3,1.1) 0.5 (0.2, 0.9) 0.03

Elective testing for HIV 49 (40%) 61(55%) 1.9 (1.0,3.5) 2.3 (1.1,4.7) 0.03

Tetanus booster past 2 yrs 22 (18%) 10 (9%) 2.2 (1.0,4.8) -

Autoimmune history 13 (11%) 4 (4%) 3.2 (1.0,10.1) -

MALE CASES CONTROLS UNIVAR 0. R. MULTIVAR O.R. p

N=53 N=50 value

Sex with prostitute 15 (29%) 4 (8%) 4.6 (1.4, 15.1) 5.8 (1.6,20.5) 0.007

Tetanus booster past 2 yrs 12 (24%) 3 (6%) 4.8 (1.3, 18) 5.6 (1.4, 23) 0.02

Shared needles in IDU*** 9 (18%) 3 (6%) 3.3 (0.8,13.2)

Autoantibodies" 19 (39%) 8 (18%) 3.0 (1.2, 7.8) -

Any high risk since 1978 29 (57%) 18 (36%) 3.0 (1.1 7.4) -

FEMALE CASES CONTROLS UNIVAR 0. R. MULTIVAR O.R. p

N=71 N=62 value

Parity 50(69%) 30(49%) 1.2 (1.0,1.5) 1.4 (1.1,1.7) 0.004

History of STDs** 18 (25%) 23 (37%) 0.3 (0.1,0.8) 0.2 (0.08,0.6) 0.006

Elective testing for HIV 26 (36%) 35 (57%) 2.2 (1.0,5.1) 3.8 (1.4, 10.4) 0.009

Viral illness past 3 mos 40 (56%) 26 (42%) 1.8 (0.9, 3.6)

Hepatitis B surface Ab 6 (10%) 14 (25%) 0.3 (0.1,0.9) -

Autoimmune history"* 12 (17%) 4 (7%) 2.8 (0.9,9.3)
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To reduce potential misclassification from inclusion of cases who were EIA and/or Western

blot negative and controls who were EIA nonreactive but had IWB, the risk factors for

IWB were compared between the nonseroconverter casss who were EIA RR and IWB

and the EIA and Western blot negative controls, using serologic results from visit one.

Conditional logistic regression was performed with three strata of cases and controls--

blood donors, high-risk cases, and women's and prenatal clinics. Low-risk cases for

whom random controls could not be enrolled (i.e., life insurance applicants and patients

referred by private MDs) were matched with blood donor controls.

*Autoantibodies = antinuclear antibodies (ANA) or rheumatoid factor
** STDs include gonorrhea, chlamydia, and genital herpes.

***lDU=injection drug use

****autoiramune history includes systemic lupus erythematosus, rheumatoid arthritis,

juvenile onset diabetes mellitus, Sjogren's disease, thyroiditis, and Crohn's disease

4
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ANXIETY AND DEPRESSION AMONG CASES AND CONTROLS

CASES CONTROLS p-value

N=181 N=116

Age

Mean (± SD) 38 ( 12) 37 (±12) 0.84
Sex

Female (%) 93 (51%) 54 (47%) 0.49

Marital status

Married 77 (43%) 52 (45%) 0.35

Never married 62 (34%) 45 (39%)

Divorced/widowed 42 (23%) 19 (16%)

Race

Caucasian 166 (92%) 99 (85%) 0.21

Black 7 (4%) 7 (6%)

Family income

a $ 20,000/yr 105 (61%) 59 (53%) 0.22

Any HIV risk behavior since 1978*65 (36%) 36 (31%) 0.49

History of depression or anxiety 65 (36%) 34 (29%) 0.29

Prior psychotropic medications 43 (25%) 28 (28%) 0.80

SCL-90 standardized anxiety subscale**

Median (+ range) 62 (36, 82) 49 (36,82) <0.0001

Beck Depression Inventory (13-item)***

Median (± range) 3 (0,21) 2 (0, 18) 0.19
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Legend for Table 8:

*Risk behaviors for HIV included male-to-male sexual contact; sexual contact with an

injection drug user, prostitute, bisexual man, or known HIV seropositive; injection drug

use; recipient of blood products between 1978 and 1985.

"**The Symptom Checklist (SCL-90) anxiety subscale is a 10-item self-administered

questionnaire about symptoms of anxiety, which is standardized to nonpsychiatric

outpatient norms. The lowest standardized score possible for males is 36 and for females

is 38.

***The BDI is the 13-item Beck Depression Inventory. Scores of 0-4 are considered no or

minimal depression; 5-8 mild; 8-15 moderate; and >16 severe depression.

/
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TABLE 9

ANXIETY AND DEPRESSION STRATIFIED BY RISK HISTORY

SCL-90 ANXIETY SUBSCALE*: Median (&range) of scores by case-control status and risk**

CASE CONTROL

HIGH-RISK N=65 N=36

67.5 64

(36,82) (36,82)

P--0.0001

LOW-RISK N=116 N=79

57 44

(36,82) (36,72)

BECK DEPRESSION INVENTORY***: Median (& range) of scores by case-control status and

CASE CONTROL

HIGH-RISK N=65 N=36

4.5 5.0

(0,19) (0,18)

P=0.0001

LOW-RISK N=116 N=79

2 2

(0,21) (0,15)

°•.Y .t. .. ~,".
* , .V
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*The Symptom Checklist (SCL-90) anxiety subscale is a 10-item self-administered

questionnaire about symptoms of anxiety, which is standardized to nonpsychiatric

outpatient norms. The lowest standardized score possible for males is 36 and for females

is 38.

**Risk behaviors for HIV were ascertained for the period from 1978 until the first study visit

and included male-to-male sexual contact; sexual contact with an injection drug user,

prostitute, bisexual man, or known HIV seropositive; injection drug use; recipient of

blood products between 1978 and 1985.

***The BDI is the 13-item Beck Depression Inventory. Scores of 0-4 are considered no or

minimal depression; 5-8 mild; 8-15 moderate; and >_16 severe depression.
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APPENDIX B

MEDICAL HISTORY INSTRUMENT

/A

.4 ..../
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INDETERMINATE WESTERN BLOT STUDY

ID RECORD (REV891030)

ID.0 Subject ID

ID.OA Subject Status
O=case; l=control; 2-9=case's SP

ID.OB Referral Site
Ol-APP;02=PSBC;03=TacBC;04-Health Dept;
05-STD;06-PP;07=UW/HMC Women's Clinic;
08-Methadone Clinic;09=TB Clinic;
10-Immigration;ll=PMD;12=Portland Red Cross;
13=Military;14=Insurance;

ID.OC Enrollment Date

ID.l DEMOGRAPHICS

ID.1A Sex
I-M;2-F

ID.1B Marital Status
1-Never married;2=Married;3-Divorced
4-Widowed;5=Separated

ID.1C Race

1-Cauc;2-Blk;3-NAI;4=Hisp;5-Asian;6-Other

ID.1D Years of education

ID.1E Occupation
1=Health Care;2=Agric;3=Prof;
4-Clerical;5=Manuf;6=Admin
7-Other:specify

ID.1F Gross family income
Code 0-9 corresponding to 1st digit of ten thousand
ex: <10,000=0;50,000=5;>90,000=9

ID.1G Number of people supported

ID.1H Census tract

Write in address & zipcode

¥ V/



ID.lI Birthdate 5-.

ID.1J Birthplace
0-Foreign born;l-AK,HI,WA,OR, CA;
2-MT, ID,WY,NV,UT,CO,AZ,NM;3=ND,SD,NE,KS,MN, IA,MO;
4-OK,TX,AR,LA;5-WI, IL,MI, IN,OH;6-KY,TN,MS,AL;
7-NY,NJ,PA;8=ME,VT,NH,MA,RI,CT;
9-WV,MD, DE,DC, VA,NC,SC,AL, GA, FL

ID.lK FAMILY HX.

ID. iKa Autoimmune disease

ID. 1Kb Hemophilia

ID.IL LIVED IN HIGH RISK AREA IN pl0y

ID.1La San Francisco

ID. lLb New York/New Jersey

ID. lLc Miami

ID.lM TRAVELED TO FOREIGN HIGH RISK AREA p5y

ID. iMa. Central Africa

ID. lMb Haiti

::D.lN EVER SERVED IN ANY MILITARY
0-no, 1-yes

ID. iNa, Date of service

ID.2 HIV RISK FACTORS

ID.2A Reason for HIV screen
0=blood donor;l=cons~idering pregnancy;
2-new SP;3=concern over p sexual exposure;
4-past IVDU;5-is pregnant;6=life insurance;
7-military/immigration screen;8-HC worker c exp;
9-other__________________________

ID.2B Secondary reason for HIV screen
Use ID.2A codes

ID.2C Sexual preference
1-homosexual ;2=bisexual ;3-heterosexual

ID.2D SP evaluated
0-none; 1-SP refuses;
2-SP will participate

MALES:

ID.2E Had vasectomy

ID.2F Been circuincized



52

INDETERMINATE WESTERN BLOT STUDY

BEHAVIORAL HISTORY (REV891030)

BE.0 Subject Id - - -

BE.OA Visit Number 1

BE.OB Visit Date

BE.1 MISC HISTORY

Have you ever:
0-no;1-yes;9=unk;.-ND

BE.lA Had tatoo/acu

BE.lAa # mo ist tat/acu - - - - - -

BE.IB Raw dairy prod p5y _

BE. 2 ANIMAL EXPOSURE

BE.2A Farm animals

BE.2Aa # months

BE.2B Owned a cat
0-no;
1-yes, healthy
2-yes, sick ............
3-yes, hx of Felv shoti

BE.2Ba Cat wound ply
0-no;
1-scratched only;
2-bitten only;
3-both

BE.2Bb Owned other pets
0-no;l-dog;
2-rodent;3-other

A/< . 2 #



BE.3 SMOKING HISTORY 53

BE.3A Smoked >100 cig LT

BE.3Aa Currently smoke

BE.3Ab Average # cig/day "

BE.3Ac # month's smoked _-_

BE.3Ad # month's quit - - - - - -

BE.4 DRINKING HISTORY

BE.4A Hx of ETOH prob
0-no;
l-yes,practicing
2-yes, recovering

BE.4Aa Ave # drinks/wk -- -_ - -

BE.5 DRUG USE HISTORY

BE.5A Marijuana use p5y _

BE.5Aa Ave #x's/wk

BE.5B Crack use p5y 
-

BE.58a Ave #x's/wk

BE.6 SEXUAL HISTORY

BE.6A Age lst IC c F

BE.6Aa # F SP L/T

BE.6Ab # F SP ply -_

BE.6Ac # female SP p3m _ _

BE.6Ad # new F-SP p3m

BE.6B Age 1st act c male_ --

BE.6Ba # N SPLIT - - - - - - - - - - - -T

BE.6Bb I N SP ply - - - - - -

BE.6Bc # male SP p3m

BE.6Bd # new M-SP p3m



BE.6Bc Specific activities p3m 54

BE.6Bcl #x's PV s condom - - -

BE.6Bc2 Ox's PV c condom - -

BE.6Bc3 Ever had anal IC

BE.6Bc4 #x's PR s condom - - - - -

BE.6Bc5 #x's PR c condom

BE.6Bc6 Ox's OV s dam

BE.6Bc7 #x's OV c dam

BE.6Bc8 #x's OP s condom -- - - - - - -

BE.6Bc9 Ox's OP c condom

BE.6BclO #x's IC c menses

BE.6Bcll Ox's spermicidals - - - - - - - - -

BE.6Bcl2 Ox's diaphragm

BE.6Bc13 Wx'e cervical cap . .......

BE.7A Sex with:

BE.7Aa Homo/Bisexual male

BE.7Ab IVDU

BE.7Ac Mal* prostitute .

BE.YAi Female prostitute

BE.7i•e Person HIV area

BE.7Af Person with ARC

BE. 7Ag Person with AIDS

BE.7Ah HIV + person

B2.8 HX OF:

FE.8A Hemophilia
0-no:l-Hemophilia A
2-Hemophilia B;
3-Von Wildebrand's
Date of dx ...........

BE.BAa Uses FF
0-no;1-currently;
2-prior to 1985

BE.8Aal #x's/yr



BE.8SAb Uses cryo -- 55
0-no; 1-currently;
2-prior to 1985

BE.SAbl #x's/yr--- -

BE.S8 Transfusion 1978--
0-no 1~-yes

BE.8Ba # units

BE.8Bb Date of transfusion ---

(?MYY)

BE. SC Worked as a prostitute--
When_______

BE.OD IVOLI

BE.8Da Date last used
(JOIDDYY)

BE.8Db Shared needles

BE.8Dc Specific drug used
l-cocaine;2-heroin;3-6other-

BE.SDd Most common IVDU
lumcoca in.;
2-heroin;
3-other

BE.SA Any high risk
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INDETERMINATE WESTERN BLOT STUDY

MEDICAL HISTORY (REV891024)

ME.0 Subject ID -- - -

ME.OA Visit Number 2
ME.OB Visit Date

ME.1 PAST MEDICAL HISTORY
0-no;l-yes;9-unk;.-ND

ME.1A Allergies
0no;l-yes, not desens
2-yes, desens

ME.1B Surgery
0-no;l-yes

ME.IC Hospitalizations
0-no, 1-yes
Specify *................

ME.1D Current meds
0-no;1-yes
Specify ..... ...... . ..................

ME.lE DC'd meds p3m
0-no;l-yes
Specify . ..........

ME.lF Viral illnesses p3m _
0-no;1-URI;2-LRI;
3 -gastroenteritis;
4-other ...........
Date of illness ..... ..... ...............

ME.1G Depression > 2 wk
0-no;1-yes

ME.lGa Date dx
(MMYY)

ME.IGb Rx antidepressants
0-no;1-yes

ME. 1Gc Rx psychotherapy
0-no;1-yes
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ME.lI Autoimmune dis
0-no; 1-RA; 2-Lupus;
3-thyroiditis :4-Addison's
5-Cushing' s; 6-other

ME.lJ Diabetes
0-no; 1-IDDM: 2=NIDDM
Date of dx .........

HE.lK Ever tested TB
0-no: l-yes

NE.lKa Reason initial test-
0-routine;
1-health related:
2-work related

ME.lKb Reason mult test
Same as ME.lKa

ME.lKc Result initial test--
0-neg; 1-borderline;
2-pos

ME.lKd Result mult test
Same ME.lxc

ME.1L Liver disease
0-no:1-hepatitis-
2-cirrhosis;3-alcohol;
4-other. . .. .. .. ...

Date of dx .........

NE.1M Cancer
0-nool-yea ... ......
Date of dx .........

ME.lN Zoster
0-no: 1-single dermat~me
2-mult dermatomes
Date of dx .........

ME.1O Skin diseases
0-no: l-seborrhea;
2-recurrent staph:
3-psoriasis:
4-vitil igo
5-other. . .. . .. ...

6-multiple

ME. iP Mononucleosis
0-no: 1-presumptive:
2-+monospot



58

ME.1Q Immunizations p2y
0=no;1=tetanus;
2-pneumococcai
3=Hepatitis B;
4-other

ME.1Qa # mo

ME.1R Gamma glob p2y
0-no;1-yes

ME.1Ra # mo g globulin

FEMALES:

ME.2A # of pregnancies

ME.2Aa I of deliveries

ME.2Ab I of SAB

ME.2Ac # of TOP

ME.2B Currently pregnant

ME.2Ba # months gestation

ME.2C Rhogam injection
0-no;1-yes

ME.2Ca # mo since Rhogam _ _

ME.2D Abn1 PAP
0-no;I-ABNL

ME.2Da Date last abnl
(MMYY)

ME.2E SP had vasectomy _

ME.2Ea SP circumcized

ME.4 STD's

ME.4Aa Genital herpes

ME.4Ab Date primary . - - - - - - - - - - - -

ME.4Ac $ recurrences/yr ......

ME.4Ad Uses acyclovir

ME.4Ae Sexual IC c recur
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ME.4B #z's Gonorrhea

ME.4Ba Date last x

ME.4C #*X' NGU/CZRV _

ME.4Ca Date last x

ME.4D #XZS syphilis

ME.4Da Date last x

ME.4E #X*s Genital varts

ME.4Ea Date of dx

ME.4F fxts genital ulcers _

ME.4Fa Date of dx

ME.4G #x's vaginitis

ME.4Ga Date last x

ME.4H Nepatitis

ME.4Ha Date of dx

ME.41 Any OTD

ME.5 CURRENT MEDICAL HISTORY

In past month, have you had:

ME.5A Lymphadenopathy .

ME.5B Fever >101

ME.5C Fight sweats

ME.5D Fatigue

ME.5E Weight loss >10 lbs

ME.5F Anorexia

ME.5G Cough

ME.5H Dyspnea

ME.51 Diarrhea >3 x/d .

ME.5J. Skin problems

ME.5X Mouth sores

ME.5L Oral thrush
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ME.5M Easy bruising

ME.5N Easy bleeding

ME.50 Other
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INDETERMINATE WESTERN BLOT STUDY

PHYSICAL EXAM (REV092589)

PE.0 Subject Id

PE.OA Visit Number 2. 2
PE.OB Visit Date

PE.l EXAM
0nl;l=abnl;.=ND;*=unable to do

PE.1A Mental status

PE. B Fundi

PE.lC Oral exam

PE.lCa Thrush

PE.lCb Hairy leukoplakia

PE.lCc Kaposi's

PE.1Cd Other

PE.1D Skin exam

PE.lDa Lesions

PE.1E Abdominal exam

PE.lEa Liver
0nl;l=enlarged

PE.lEb Spleen
0-nl;l-enlarged .

PE.lF Pulmonary exam

PE.2 NODES

PE.2A Ant cerv

PE.2B Post cerv

PE.2C Pre/post avricular

PE.2D Axillary

PE.2E Inguinal
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INDETERMINATE WESTERN BLOT STUDY

LABORATORY RESULTS (REV891o3o)

LR.O Subject Id

LR.OA Visit #---

LR.OB Visit Date

LR.l ELISA
O-NR-----

i-borderline
2=Repeatedly reactive

LR.1A OD ratio to cut-off __- - .- -

LR.1B OD value

LR.1C ELISA Brand
* l=Dupont

2=Epitope
3=other
9-unk

LR. 2A WESTERN BLO0T 1
0-negative;----

1-indeterminate
3-positive

LR.2Aa WE Brand--
I-Dupont--
2inEpitope

LR.2Ab Bands present:

LR.2Abl p17/lB18

LR.2Ab2 p24--

LR.2Ab3 p31 l

LR.2Ab4 gp4l---

LR.2Ab5 p51 l

LR.2Ab6 p55-----

LR.2Ab? p66----

LR.2Ab8 gp120-----

LR.2Ab9 gp160

LR.2Ab1o other/1{LA---

specify . . . . . . . . . . . . . . .
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LR.2B WESTERN BLOT
0-negative----
1-jndeterminate
2-positive

LR.2Ba WE Brand
1-Dupont--
2-Epitope

LR.2Bb Bands present:

LR.2Bbl p17/18-----

LR.2Bb2 p24-----

LR.2Bb3 p31 l

4 ~LR.2Bb4 gp4l----

LR.2Bb5 p51 l

LR.2Bb6 p55----

LR.2Bb7 p66----

LR.2Bb8 gpl20

LR.2Bb9 gpl60

LR.2Bb10 other

specify . .. *.. .... .0 * . . . . . . . .. 0. . ....

LR.3 RIPA
0-neg;l=borderline---
2-positive

LR.3A Bands present

LR.3Aa p24----

LR.3Ab p55--

LR.3Ac gpl2O/160

LR.4 PCR-CETUS
0=neg;l=borderline;----
2-positive

LR.5 PCR-UofW
0-neg; 1=borderl ine;
2-positive

LR.5 Serum p24 Ag
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LR.6 T-cell subsets

LR.6A %T4

LR.6Aa AbsT4

LR.6B %T8

LR.6Ba AbsT8

LR.6C T4:T8 
-

LR.7 Rheumatoid Fx

* LR.7A Titer 1:--- 
- -- ---- ----

LR.8 ANA---

LR.8A Titer 1: 
-- ---- -

LR.8B Pattern
1=speckled
2=di ffuse
3-homo
4innucleoler

LR.9 RPR-

LR.l0 Other antibodies

* LR.11 HTLV-l ELISA
0-neg; l-WR; 2-pos

LR.12 HTLV-1 western blot
0-ni ; =inde ;2=pos

LR.12A Bands present

LR.l2Aa p15----

LR.l2Ab p19----

LR.l2Ac p24----

LR.l2Ad gp2l----

LR.l2Ae gp46----

LR-l2Af p4Ox----

LR.l2Ag p96----

LR.l2Ah other

specify.... ... .... ...
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LR. 13 FOLV WB
0-neg; 1-bordel The;
2-pos

LR.l4 FIV WB
O-neg; l=borderlirie;
2 -pos

LR.15 BLV p24 Agar---

LR.16 Dupont ENV 9----

LR.17 HIV cultures

LR.17A Plasma

LR.l7Aa, Day positive

LR.17B Cells

LR.17Ba, Day positive

LR.18 HIVAGEN---

LR.18A Bands present

LR.lSAa 1p24----

LR.l8Ab Kp55----

LR.lBAc Xp4l----

LR.lBAd Xp12ON----

LR.18Ae Xp12OCC

LR.l8Af Kp66/31----

LR.18Ag 1p120--

LR.19 Hepatitis panel

LR.19A H~sAg---

LR. 193 H~sAb 
--

LR.19C HBcAB

LR.19D PCR-HB rev tran pri----
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APPENDIX B

PSYCHOLOGICAL INSTRUMENT
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INDETERMINATE WESTERN BLOT PSYCHOLOGICAL QUESTIONNAIRE

0-prior to 1st visit: 1-initial; 3-3 mors; 6-6mos; 9.9mos

Suibfact Status-

0-case; 1-control

1 - AIDS Prevention Project
2 Puget Sound Blood Center
3 Tacoma/Pierce County Blood Center
4 Dept of Public Health
5 HMC STD Clinic
6 Planned Parenthood
7 UWIHMC Women's Clinic
8 - Methadone Clinic
9 - TB Clinic
10-Immigration
11-private medical doctor
12-Portland Red Cross
13-military
14-insurance
15-other_

Date nottfied of HIV tmit rostift
M Y

The following quostions pertain to your experiences andi feelings about your indete
Western bI.,rt result. There are no right answers to these quostions. We are interf
your thoughis and reactions at the presant time.

1. What do you think an Indeterminate Western r3lot means?

a) The likelihood that my Western Blot is Inietermlnato due to a
limitation of the laboratory or the test Is:

(Race an "X" on the scale]

25% 50% 75% 100%

(my indeterminate (my Indeterminate
is =.gJ due to a limitation Jj. certainly a limits
of the lab or test) of the lab or test',
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b) The likelihood that my Western Blot is indeterminate hecause of some
abnormality in my blood relatd, to the AIDS virus is:

I ! ,1 ....__ I__ __ _ I_ _ _ _
01/0 25% 50% - 75% 100%
t t
(certainly not (certainly Is rela
related to the due to the AIDS virus)
AIDS virus)

2. Please indicate what you think the likelihood is that you will transmit the AIDS v
your sexual partner.

OVO 25% 50% 75% 100%

(certainly won't (certainly will
transmit the virus) transmit AIDS virus)

3. Please indicate the likelihood of your transmitting the AIDS virus through non-sexL
contact to household members or work associates.

I I I '
01/6 25% 500/0 75% 100%
t f
(certainly won't (certainly will
transmit the virus) tbanfift AIDS virus)

4. Please indicate which of the following you think Is most likely to happen to your
Indeterminate Western blot.

[check one response only]

My Westem blot Is most likely to:
turn negative.__...
remain indeterminate....-.
turn positive........

5. If your Wesnem blot does =gt turn positive over the next six months, will you feel
completely reassured that you have r'c• been exposed to the AIDS virus?

[check one response only]

Yes_
No
Uncertain.
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6. How often do you think about your indeterminate Western blot?f ... .. I__....__ ..... ____ I_ _ _ _
J --

t
only when I once a once a onte a £11
get HIV month week day the time
testing

- 7. How anxious are you now about your indeterminatei-Western blot?

I . . . .. I_ _, _ ,,_ _. ..... _ _ . .... ... _ I

not anxious extremely
at all anxious

I
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SYMPTOM CHECKLIST 90 ANXIETY SUBSCALE

Below is a list of complaints that you may have had since being notified
your AIDS test result. Read each item carefully and select one of the
descriptions that best describes HOW MUCH DISCOMFORT THAT PROBLEM HAS
CAUSED YOU SINCE YOU RECEIVED YOUR AIDS TEST RESULT.

0=Not at all; I=A little bit; 2=Moderately; 3=Quite a bit; 4=Extremely

A. There has been a negative effect on my self-esteem. A.

B. Nervousness and shakiness inside. B.

C. Trembling. C.

D. Suddenly scared for no reason. D.

E. Feeling fearful. E.

F. Heart pounding or racing. F.

G. Feeling tense or keyed up. G.

H. Spells of terror or panic. H.

I. Feeling so restless you couldn't sit still. I.

J. The feeling that something bad is going to happen to you. J.

K. Thoughts and images of a frightening nature. K.
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BECK DEPRESSION INVENTORY

4elo.w a:e 13 sets of statements. Please circle the statement in each set
which yc.u believe to be most descriptive of yourself. Be sure to read all
statemerts in each group before making your choice.

A. 0. 1 do not feel sad.
1. I feel sad or blue.
2. I am blue or sad all the time and I can't snap out of it.
3. I am so sad or unhappy that I can't stand it.

-. 0. I am not particularly pessimistic or discouraged about the future.
1. I feel discouraged about the future.
2. I feel I have nothing to look forward to.
3. I feel that the future is hopeless and that things cannot improve.

C. 0. I do not feel like a failure.
1. I feel I have failed more than the average person.
2. As I look back on my life, all I can see is a lot of failures.
3. I feel I am a complete failure as a person (parent, husband, wife).

D. 0. I am not particularly dissatisfied.
1. I don't enjoy things the way I used to.
2. I don't get satisfaction out of anything anymore.
3. I am dissatisfied with everything.

E. 0. I don't feel particularly guilty.
1. I feel bad or unworthy some of the time.
2. I feel quite guilty.
3. I feel as though I am very bad or worthless.

F. 0. I don't feel disappointed in myself.
1. I am disappointed in myself.
2. I am disgusted with myself.
3. I hate myself.

G. 0. I don't have any thoughts of harming myself.
1. I feel I would be better off dead.
2. I have definite plans about committing suicide.
3. I would kill myself if I had the chance.

H. 0. I have not lost interest in other people.
1. I am less interested in other people than I used to be.
2. I have lost most of my interest in other people and have little

feelings for them.
3. I have lost all of my interest in other people and don't care about

them at all.
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I. 0. I make decisions abcut as well as ever.
1. I try to put off making decisions.
2. I have great difficulty in making decisions.
3. I can't make any decisions at all any more.

J. 0. I don't feel I look any worse than I used to.
1. I am worried that I am looking old or unattractive.
2. I feel that there are permanent changes in my appearance and they

make me look unattractive.
3. I feel that i am ugly or repulsive looking.

K. 0. I can work about as well as before.
1. It takes extra effort to get started at doing something.
2. I have to push myself very hard to do anything.
3. I can't do any work at all.

L. 0. I don't get any more tired than usual.
1. I get tired more easily than I used to.
2. I get tired from doing anything.
3. I get too tired from doing anything.

M. 0. My appetite is no worse than usual.
1. My appetite is not as good as it used to be.
2. My appetite is much worse now.
3. I have no appetite at all any more.



Mark the appropriate column to the degree which you believe the event has
caused you distress. If the event did not occur, please check that column
("did not occur").

0CL.a. 0.3z 0.3 .J
M - -o 0 -- g

LIFE EV=-N a2 0 W #AP

IA A IA

#I A (A

A. change in school-situation

B. Change in work situation

C. Engagement or marriage

D. Change in marital status
(divorce or separation)

E. Change in relationship with spouse/
significant other

F. Pregnancy or birth of a child

G. Serious family arguments
(not including spouse)

H. Death of family member or friand

I. Change in residence to a different
city/town

X. Change in financial situation/status

K. Financial debt

L. Change in physical health (or injury)

M. Serious illness or injury of close
family member

N. Divorce or separation of parents
a - . - -

0. Decision to be tasted for HIV (AIDS virus)

P. Results of HIV test-

Indicate which of tha above experiences (A-?) has been the major streasor
(problem) in your life:
If there has been another experience that is not listed above, please indica:
it . ......
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Indeterminate Human Immunodeficiency Virus Type 1 Western Blots:
..Seroconversion Risk, Specificity of Supplemental Tests,...

and an Algorithm for Evaluation

Connie L Celum, Robert W. Coomb% William Lafferty, Departments of Medicine. Laboratori' Medicine. Epidenrioloý k. .nd
Thomas S. Inui, Pamela H. Louie, Carol A. Gates, Biostatistics. University of Washington. and H'IV/AIDS EniJemiologr'

Bruce J. McCreedy, Richard Egan,* Thomas Grove, Office. Washington Department of Health and Socir" ervices. Seattle:

Steve Alexander, Thomas Koepsell, Noel Weiss, Roche Diagnostic Research Laboratories anc "us Corporation.
Emer),ville. and SmithKline Beecham Clinical f a!_., atories. Van Nu rs.

Lloyd Fisher, Lawrence Corey, and King K. Holmes California: Center for Molecular Biologts. Ro- t,, ?,.medical Laboratories.
Research Triangle Park. North Carolina. Dupont Glasgow Research

Laboratory. Glasgow. Delaware: Cambrn;Wge Biotech, Rockville. Marl-land

The human immunodeficiency virus type I (HIV-l) Western blot is indeterminate in 1000-
20% of sera reactive by EIA. Eighty-nine individuals with prior repeatedly reactive EIA and
indeterminate Western blots were followed prospectively to study the risk of seroconversion and
specificity of supplemental tests. Four high-risk cases seroconverted within 10 months after
enrollment (seroconversion risk, 4.5%, 95% confidence interval, 1.2%- 11.1%). Among cases
with p24 bands initially, 4 (18.2%) of 22 high-risk individuals seroconverted compared with 0 of
33 low-risk cases (P = .03). Specificities of HIV-I culture, serum p24 antigen, polymerase chain
reaction, and recombinant ENV 9 EIA were 100%, 100%, 98.6%, and 94.4%, respectively. An
expedited evaluation protocol is proposed. Low-risk individuals with nonreactive EIAs upon
repeat testing do not need further follow-up; high-risk :ndividuals should be followed serologi-
cally for at least 6 months, especially those with p24 bands on Western blot.

The first laboratory step in human immunodeficiency are repeatedly reactive by HIV- I EIA are interpreted as inde-
virus type I (HIV- I) antibody detection is the EIA which has terminate by Western blot [8-I1].
a reported sensitivity and specificity of >99% [1-5]. Speci- Indeterminate HIV-I Western blots (IWEs) may be due to
mens that are repeatedly reactive by HIV- I EIA are con- antibody production against viral core antigens early in HIV-
firmed by a more specific supplemental test, which is usually I infection [12-14], loss of core antibodies late in HIV- I
the Western blot. The Western blot detects antibodies to infection [ 15, 161, cross-reactive antibody to HIV-2 [17], or
specific denatured HIV-I proteins, such as core (p 17, p24 , cross-reactive antibody due to autoantibodies or alloimmu-
and p55), polymerase (p3 1, p5 I, p66 ), and envelope (gp4 l, nization [i8-21]. Because an IWB may represent recent
gpI20, gpl60) proteins [6-8]. The Western blot has a re- HIV-! infection and incomplete antibody production, the
ported specificity of 97.8% [5]. About I0%-20% of sera that Centers for Disease Control (CDC) recommends that all indi-

viduals with IWBs be retested over 6 months. The CDC rec-
ommends that a low-risk individual be considered HIV-nega-

Received 24 January 1991: revised 22 May 1991. live if the Western blot is still indeterminate or becomes
Presented in part: VI International Conference on AIDS. San Francisco. negative after 6 mouths. Longer follow-up, HIV- I testing of

June 1990 (abstract SC-220): VII International Conference on AIDS, Flor-
ence. June 1991 (abstract 4449). sex and drug-using partners, and additional immunologic

Informed consent was obtained from patients or their guardians. and the and virologic evaluation are recommended for high-risk indi-
study protocol was approved by the University of Washington institutional viduals with IWBs [8].
review board.

The opinions, conclusions, and proposals contained herein are those of Individuals with IWBs are currently excluded from blood
the authors and do not necessarily represent the views of the Robert Wood donations and have had difficulty obtaining life and disabil-
Johnson Foundation or other sapporting agencies. ity insurance, US immigration status, and visas for foreign

Grant support: Centers for Disease Control Family of Seroprevalence
Studies. Robert Wood Johnson Foundation Clinical Scholars Program, Uni- travel. Concern about possible HIV- I infection among those
versity of Washington Center for AIDS and STD Research. and National with IWBs has resulted in uncertainty about appropriate pro-
Institutes of Health (AI-27757. A1-27664). cedures for notification, counseling, and evaluation. A

Reprints or correspondence: Dr. Connie Celum. Division of Infectious
Diseases. Harborview Medical Center ZA-09, 325 9th Ave.. Seattle, WA clearer estimation of the risk of seroconversion among indi-
98104. viduals with IWBs is needed. Accurate identification of HIV-

* Present address: Syva Corporation, Palo Alto. California. I infection among individuals with IWBs may be possible by
Tb. Jownaltoffmet fs Diseam 19•1;164:6u pdr
0 1991 by The University of Chicago. All rights reserved. use of supplemental HIV-1 tests, including HIV-l culture,
0022-1899/91/6404-0004$o1.0 serum p24 antigen assay, polymerase chain reaction,



76
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radioimmunoprecipitation assay, and recombinant HlIV-I primer pairs for the IlIV-I ga' gene [28, 291. Cell Ilyates were
antigen assays, but the sensitivi-v and specificity of these sup- obtained from cryopreserved PBMCs. and amplifi.ation compe-
plemental tests in individuals with IWBs is not known. • tency ofspccimens was checked by amplification offa conserved

This study was designed to assess the risk of seroconver- region within the histocompatibility locus, antien-D.U locus

sion and the specificity orsupplemental HIV- I tests in a pro- with primer pair GH26/27 [30]. HIV- I DNA amplification was

spective cohort of both low- and high-risk indisiduals re- done as described by Kellogg and Kwok [28]. Each specimen

ferred because of repe:atedly reactive EiAs and lWBs. was run in duplicate for both primer sets. HIV-I proviral se-
quences were considered present if both primer pairs were posi-
tive in duplicate, indeterminate ifonly one of the duplicate reac-
tions was positive for one or both primer pairs. and not present if

Methods neither primer pair resulted in a positive signal.
Serologic assais. Two serologic EIAs of recombinant HIV-I

Studt population and design. A prospective cohort study with antigens were done by their manufacturers: HIVAGEN
6-9 months offollow-up was initiated at the University of Wash- (SmithKline Beecham Clinical Laboratories, Van Nuys, CA)
ington in March 1988. The cohort included men and women and ENV 9 (Dupont Glasgow Research laboratory. Glasgow.
16-70 years of age with one or more repeatedly reactive ElAs DE). The HIVAGEN panel comprised five recombinant HIV-l
and an IWB. who were referred from testing sites in Washington antigens produced in Escherichia coli: lp24 represents the entire
and Oregon, We accepted the HIV- I Western blot interpretive sequence of p24. Kp55 the complete sequence of p55. Kp66/3 I
criteria of the referral laboratory for Western blots done on sub- the complete reverse transcriptase genome and 40% of endonu-
jects before study enrollment. Individuals with a prior diagnosis clease, Kp41 40% of the amino-terminus of gp4 1. and lgp 120
of HIV seropositivity or AIDS were excluded from the study. 98% of gp 120 [3 1]. A HIVAGEN result that showed lp2 4 .
Subjects were interviewed about HIV risks [22] and general med- Kp55. or Kp66/31 and either Kp4I or Igp 120 was considered
ical history and were examined. positive, and any other pattern of reactivity was considered inde-

Laboratory studies. The three reference laboratories doing terminate. ENV 9 used a single HIV-l envelope peptide (the
EIAs and Western blots for the study subscribed to the College carboxy-terminus of gp 120 and halfof the gp 4 1 sequence) pro-
of American Pathologists proficiency panel for HIV-I antibody duced in E. coli (32].
testing. Dupont (Biotech Research Laboratory. Rockville. MD) Radioimmunoprecipitation assays (RIPAs) were done by Bio-
EIA and Epitope (Beaverton, OR) and Dupont Western blots tech using HIV-l-infected H-9 cells labeled for 8 h with
were used. The CDC interpretive criteria were used for both ["S]methionine (33]. Samples reactive with the envelope glyco-
Epitope and Dupont Western blots. a Western blot was consid- proteins gp 120 and gp 160 were considered positive.
ered positive if antibodies were present to two of the following Statistical methods. Demographic and HIV risk factors were
HIV- I viral proteins: p2 4 , gp4 I. and gp I 20/gp 160 [8]. Western compared using x2 analysis and Fisher's exact test for categori-
blots without any bands were considered negative, and blots cal data and Student's t test for continuous data. Logistic regres-
with bands not meeting the criteria for a positive blot were inter- sion was used to compare the proportion of cases with reactive
preted as indeterminate. versus nonreactive HIV-l EIA at visit one with respect to the

Cases were followed prospectively with repeat HIV-l EIAs proportion with past high-risk sex partners while controlling for
and Western blots every 3 months. The diagnosis of HIV'- I in- time between initial HIV tests and study enrollment and for the
fection was based on seroconversion (a positive EIA and West- number of HIV tests before study enrollment. The Mann-Whit-
em blot) or on isolation of HIV-l in culture from peripheral ney test was used for comparing continuous distributions when
blood mononuclear cells (PBMCs). Positive Western blots were the assumption of a normal distribution was not appropriate.
repeated to rule out laboratory error. Specificity of the supplemental HIV-I tests was analyzed by

Specificity ofsupplemental HIV-l tests. Determination of the comparing results of the supplemental tests with the 6-month
specificity of supplemental tests was based on test results from Western blot result and isolation of HIV-l by culture as the
the individuals who did not develop a positive HIV- I culture or reference standards. Ninety-five percent confidence intervals
positive Western blot during P6 months of follow-up. Supple- (CI) for the seroconversion risk were calculated usingexactbino-
mental tests were done on sera and cells obtained from subjects mial methods.
at the first study visit and on samples from 81 HIV- I EIA-nega-
tive controls recruited from the same H'V testing sites.

HIV-I cultures and serum p24 antigen. Cell-free plasma and Results
PBMCs were cultured for HIV-I as previously described [23.
241. Culture supernatants were sampled for HIV- I p2 4 antigen Of 147 individuals referred and enrolled in the study as of
with the antigen-capture EIA foliowing the manufacturer's pro- May 1990, 89 were followed for ;16 months and were in-
tocol (Abbott Laboratory. Chicago. IL) every 3 days for I May 90 89 were Fole forect month an were in-
month. Serum p24 antigen assays were done by the same anti- elu p and lysis. Fincludjects moved or were lost to
gen-capture EIA method [25-27]. Positive serum samples were follow-up and were not included in the analysis. and the
tested in a confirmatory antibody-neutralization assay. remaining 53 have been followed for <6 months. Subjects

Pol'inerase chain reaction (PCR). PCR was done by Cetus were referred primarily from blood banks (49%) and from
(Emeryville. CA) and Roche Biomedical Laboratories (Re- Department of Public Health clinics (291). The reasons
search Triangle Park, NC) using the SK38/39 and SK 101/145 cited for HIV-l testing were routine HIV-l screening for
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blood donors, military recruits, or life insurance or immigra- tent p2 4 band and intermittent p66 band until he serocon-
tion applicants (58%ý). concern over past sexual exposures verted in the tenth month of fi)llow-up. He reported ongoing
(27%), current or past intravenous drug use (2%i), pregnancy high-risk sexual behavior during the study period.
(5%). needlesticks in health care workers (2%). and other Scroconversion was seen only among individuals with p24
reasons such as prior blood-product transfusion or hemo- bands on their initial Western blots. The risk of seroconver-
philia (6%). sion among individuals with p24 bands was 4 of 55 (7.35:

The subjects were divided into three groups for analysis 95% Cl. 2.0%-17.6%). The risk of seroconversion was 4
based on the Dupont HIV-I EIA and Western blot results on (18.2%) of 22 among high-risk individuals with p24 bands
samples obtained at the first study visit. Those in group I and 0 of 33 among low-risk persons with p24 bands (P = .03
were four individuals who seroconverted. three of whom set- by Fisher's exact test). The median R-value for the serocon-
oconverted by the first visit and one who seroconverted 10 verters was 3.6 (range, 3.3-8.5) at the first study visit.
months after study enrollmeat. Group 2 comprised 50 who Estimation of the sensitivity of the supplemental HIV-l
were still repeatedly reactive by Dupont HIV-I EIA, with an tests is not reliable, given the low number of seroconverters.
R-value (ratio of sample to cutoff) ;o0,8 at the first study Case I had a positive ENV 9 assay and RIPA at the time the
visit. Group 3 comprised 35 who were no longer reactive by initial Western blot showed a p24 band only. Lymphocytes
Dupont HIV-I EIA, with an R-value <0.8 at the first study were not available from that visit. When the Western blot
visit. The seroconversion risk was 4 of 89 (4.5%. 95% CI. became positive I month later at his first study visit, his HIV-
1.2%-I 1.1%). i PBMC culture and HIVAGEN assay were positive, but

The demographics of the three groups were similar except plasma culture. PCR, and serum p24 antigen assay were neg-
for marital status, with group 3 containing the highest pro- ative; repeat PCR was positive 3 months after seroconver-
portion of married subjects (table i). The proportion of sub- sion. Case 2 had negative serum p24 antigen assay and HIV-
jects reporting a high-risk sex partner since 1978 was signifi- I PBMC and plasma cultures and indeterminate HIVAGEN
cantly higher for groups I and 2 (100% and 34%. EIA but a positive PCR, ENV 9 EIA, and RIPA at the initial
respectively) than for group 3 (14%) (P < .001. X2 analysis). study visit when the Dupont Western blot detected p17, p2 4,
The proportion of cases reporting past bisexual or homosex- gp4l, and gpl20/160 antibodies (2 weeks after the initial
ual male partners was significantly higher for group I (75%) Western blot had p24 antibody only). Case 3 was positive on
than for group 2 (8%) or group 3 (9%) (P < .001 for both all supplemental tests (HIV-I PBMC and plasma culture,
comparisons). The median time from initial IWB to study serum p24 antigen assay, PCR. and ENV 9 and HIVAGEN
enrollment was shortest for group I (I month. range, 0.5-3). EIAs) at the first study visit when the Western blot had anti-
intermediate for group 2 (2.5 months. range. 0.5-36), and bodies against all viral proteins. Specimens were not avail-
longest for group 3 (13 months; range, 0.5-5 I) (P < .01 for able from his initial testing 3 months earlier when the West-
group I vs. group 3; P < .05 for group I vs. group 2; and P = ern blot detected antibodies to p24 and gp 160. Case 4 had
.003 for group 2 vs. group 3). When the proportion of cases negative HIV-I PBMC and plasma cultures, PCR, ENV 9
with a high-risk sex partner since 1978 was compared be- EIA. and RIPA and indeterminate HIVAGEN EIA (Ip24 ,
tween groups 2 and 3 while adjusting for the time between Kp55) at his initial study visit when the Western blot showed
initial IWB and study enrollment and for the number of a p2 4 band only. He seroconverted after 10 months of fol-
HIV-I EIAs before study enrollment, the difference in low-up, with a history of high-risk behavior intermittently
high-risk sex partners approached statistical significance during the 10 months, and refused repeat supplemental
(P - .06). testing.

Characteristics of the four individuals who seroconverted. Western blot and supplemental test results in individuals
Case I was a bisexual man with a history of prostitution and who did not seroconvert. The median R-value of the Dupont
intravenous drug use before HIV-l testing in 1988. He re- HIV-I EIA was 2.2 (range, 0.9-4.7) among group 2 subjects
ported symptoms of an acute viral-like syndrome in the at the first study visit compared with 0.2 (range, 0.06-0.7)
month between the IWB (p24 antibody only) and the posi- among group 3 subjects. Forty-two group 2 subjects (84%)
tive Western blot. Case 2 wvas a woman with a history of had repeatedly reactive EIAs at all study visits and 8 (16%)
autoimmune disease who had unprotected sexual exposure had one or more nonreactive EIAs at follow-up visits. Con-
with an HIV-seropositive bisexual partner. After her initial versely, 29 group 3 subjects (82.9%) were nonreactive by
IWB with a p24 band only, she seroconverted by Dupont EIA at all study visits and 6 (17.1%) were again repeatedly
blot 2 weeks later and by Epitope blot 4 weeks later. Case 3 reactive at one or more study visits.
was a homosexual man with a viral-like syndrome who had There was 70% agreement between Epitope and Dupont
p24 and weak gp 160 hands (interpreted by the referring labo- blots among the nonseroconverters; 53 cases were indetermi-
ratory as indeterminate by the FDA/Dupont criteria) and 3 nate by both Epitope and Dupont. 24 were indeterminate by
months later had antibodies against all viral proteins on Dupont alone, I was indeterminate by Epitope alone, and 7
Western blot. Case 4 was a homosexual man with a persis- were negative by both Epitope and Dupont (table 2). Among
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Table 1. Characteristics of suhjects with indete'rminate human iinmunodctficiency virus type I

(HIV-I) Western hlot~ (lWB-i): companwons by (IIIV-I EIA reactivity it first stludy visit.

Group I Group 2 Group 3 P

No. 4 50 35
Age. years, median (range) 45.5 (M-8 35 (le-@8) 42(1$-70) NS

No. while (%i) 4(100) 42(84) 33(94.3) NS
Marital status, no. (It)

Never married 0 20(40) 8(22.9) .002
Married 0 .10(40) 19(54.3)
Divorced/separated 4(100) 7(14) 8(22.9)

Education. years.
median (range) 14(13-22) 14(4-.20) 14.3(9-20) NS

Annual family income
>$20.000. no. (%i) 2 (50) 22(46.8) 24(70.6) NS

Pait sexually transmitted
diseases'. no. (%) 3(75) 15(30) 11 (31.4) NS

High-risk sex partner
since 1978. no. (S) 4(100) 17(34) 5(14.3) <.001

Median (range) no. of
sex partners past year 4.5 (0-300) 1 (0-50) l(0-3) NS

Sexual preference. no. (%)
Heterosexual 1 (25) 45(91.8) 31 (88.6) <.001
Bisexual 1 (25) 3(6.1) 2 (5.7)
Homosexual 2(50) 1 (2) 1 (2.9)
Never sexually active 0 0 1(2.9)

History of prostitution.
no. (%) 2(50) 3(6) 0 <.001

Intravenous drug use.
no. (%) 1(25) 4(8) 2(5.7) NS

Blood product transfusion
1978-1985. no.('I) 0 3(6) 3(8.6) NS

Time between initial IWB and
first study visit, months.
median (range) 1.0 (0.5-3) 2.5 (0.5-36) 13 (0.5-51) <.05

No. of EIAs before study
enrollment, median (range) 1.0(1-I) 1 (1-5) 1 (1-5) NS

NOTE. Subjects were nrefefed because of past repeatedly reactive HIV- I EIA and one or mome IWBs before 11rm study
visit. Group 1. individuals who serroconverted dunng study penod (I- 10 months); group?2 and 3. repeatedly reactive and
nonreactive, respectively, by HI V- I EtA (Dupont) at first study visit. P values for categorical data were derived from the
summary 3 X k )( statistic for groups 1-3. Those ror ccntinuous data were ob~tained from Mann-Whittney tests and represent
comparisons between groups I and 2. groups I and 3. and groups 2 and 3. NS (nsonsignif'icant), P > .05.

Genital herpes. gonorrhea. chlamydial infection, genital warts, genital ulcerations, and hepatitis B.

the 50 group 2 subjects, antibody to p24 was detected by 3 subjects who did not seroconvert. One high-risk individual
both Dupont and Epitope blots in I 1 (22%), by Dupont blot was initially positive by PCR but negative on repeat PCR
only in 18 (36%), and by Epitope blot only in 1 (2%) at the testing of the same specimen by two diffierent laboratonies.
first study visit (P <.01 for comparison between Dupont and During an additional 9 months of follow-up he remained
Epitope by McNemar's test). Of the 35 group 3 subjects. 12 negative for HIV-lI by Western blot, culture, and four serialI(34%) had p24 antibody detected by both Dupont and Epi- PCR assays.
tope blots, 10 (29%) had p24 antibody detected only by Du- ENV 9 EIA was done for 72 nonseroconverters, 4 of
pont blot, and none had p2 4 antibody detected by Epitope whom had borderline reactivity (R-values of1. 1- 1.4). Speci-

blot only (Pa< .0 1) ficity of ENV 9 was 94.4% in the subjects and 100% in 39
The specificity of supplemental tests done at the initial ETA-negative controls (data not shown).

study visit was estimated in the 85 nonseroconverters who Serum p24 antigen testing was done for 64 nonserocon-
had negative o- WBs afler.%6 months offollow-up (t~able 3). verters. one was borderline reactive but not neutralizable:
All 84 HIV-1 cultures were negative in the nonserocon- with anti-p24 antibody. resulting in a specificity of 100%.
verters. The PCR assay was negative in all 20 ETA-negative HIV-l RIPA was done for 63 nonseroconverters, ofwhom
controls (data not shown) and 68 (98.6%) of 69 group 2 and 50 were negative (79,41) and 13 were indeterminate
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Table 2. Results of human immuniilcficicniy virus type I West- 63 EIA-negative controls. Sixty-one (75%) of the 81 nonser-
em blots at first study visit alter enrollment. oconverters were indeterminate and I (I"r) was positive, and

(;tp I (;r,,up 2 (rsup3 13 (2 I%)ofthe EIA-negative controls were indctcrminate by
HIVAGEN (P < .001). Of the 61 subjects with indetermi-

No. 4 50 35 nate HIVAGEN results. 36" and 72% had reactivity against
No. negative (0) 0 0 7 (20)" the Ip24 and Kp55 antigens, respectively, confirming the gag
No. indeterminate (M) I (25)' Ot (100) 280(0) reactivity on Western blot. The specificity of the envelope

Epttope only 0 0IDipont only 0 14 10 antigens was 100% for Igp 120 and 98.8v for Kp4l among
Epitope and Dupont I 36 17 the cases.

No. positive, (') 3(75) 0 0 In summary. excluding indeterminate RIPA and HIVA-
GEN EIA results. false-positive PCR (n - 1 ) or ENV 9 (n

NOTE. Subjects were referred because of past repeatedly reactive human ia- N
munodefcienrcy virus type-I (HIV-tI)EIA and one or more indeterminate Western 4) or HIVAGEN (n - I) EIA results were obtained from six
blots before firm study visit. Group I. individuals who seroconvened during study subjects, none of whom was positive on more than one sup-
period (1- 10 months) groups 

2 
and 3. repeatedly reactive and nonreactive. p esspec-

lively, by HIV-I EIA (Dupont)at flli study visit. plemental test.
* Negative by both Epitope and Dupont blot. Difference in proportion ofgroups

2 and 3 who had negative versus indeterminate Western blots was significant (P <
.0Z).

t Thr.e of four seroconverters had potitive Dupont Western blot at fnrst study
visit: all three had had p24 band on initial blot. The fourth wrocc iverted 10 Diswission
months aletr initial Western blot showed p24 band only with ongoing risk behavb
toe during study period. The long-term outcome of persons identified as being re-

SWestern blots were interpreted as positive using Centers for Disease Control peatedly reactive by screening EIA and indeterminate by
interpretative criteria if at leam two of the following anti-HIV antibodies were
present: p24.g V41. Sp120/160. Western blot for HIV-l is not well characterized. A more

rapid determination of HIV- I infectionaamong such persons
through delineation of epidemiologic and serologic charac-

(20.6%). The specificity of RIPA was 79.4% ift " indetermi- teristics would benefit both patients and clinicians. In this
nate RIPAs were considered false-positives or 100% if the cohort study of 89 adults referred because of prior reactive
indeterminate results were excluded. HIV-A EIAs and IWBs, we found HIV-I infection in only 4

HIVAGEN EIA was done for 81 nonsercconverters and (12.5%) of 32 high-risk cases and 0 of 57 low-risk cases. Of

Table 3. Specificity of supplemental human immunodeficiency virus type I (HIV-1) tests in 85
subjects followed ;o6 months who did not develop positive Western blots.

Group 2 (n- 50) Group 3 (n 35)

High risk Low risk High risk Low risk
(n - 20) (n - 30) (n - 8) (n " 27)

HIV-l culture negative 20/20 30/30 8/8 26/26
PolymenLse chain reaction

Negative 17/17 26/26 5/6 20/20
Indeterminate - - 1/6-

Serum p24 antigen
negative 17/17 23/23 7/7 17/17

ENV 9 EIA
Negative 17/19 27/27 4/5 20/21
Low positivet 2/19 - I/5 1/21

HIVAGEN EIA
Negative 2/17 1/30 2/8 14/26
Indeterminate 15/17 28/30 6/8 12/26
Positive - 1/30 - -

Radioimmunoprecipitation
Negative 1511S 19/24 5/7 11/14
Indeterminate 3/18 5/24 2/7 3114

NOTE. Data are no. tests with specified resulh/si. done. Subjects were referred because of past repeatedly reactive
HIV-l EIA and one or more indeterminate Western blots before first study visit. Group 1. individuals who seroconverted
during study period (1-10 months); groups 2 and 3. repeatedly reactive and nonreactive, respectively, by HIV-I EIA
(Dupont) at first study visit.

I Subsequent testing did not confirm initial positive result.
t The four with low-positive results had borderline specimen-to-cutogOD valuesof o. I and 1.4.

,,, ' •:.N. .•: . . .. " . • . /

• .
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the 32 high-risk casts. 22 had a p24 hand initially, of whom culture and PCR hase excellent specificity and sen-itivity in
fourseroconverted ( 18'. 95'i CL. 5.2•-40.3 ): none of'the many laboratories and a rreprtcd to he uscftul in diagnosing
10 high-risk cases with other bands wroconnerted (95; (,I. the presence or ahsence ofllV-I infection (37-401. they are

0-30.9%•). not widely available, currentl) are technicall) difhcult. and
The low risk ofscroconversion (4.5t) in our simple ropu- have not been extensi•ely evaluated for scnsitivity in this

lation was comparable to that of earlier published studies of specific context of rcccntly infected individuals with IWBs
bhlod donors with repeatedly reactive EIAs and IWBs. who have not yet seroconverted.
which reported seroconversion rates of 3r- 5rý 119-211. As in ENV 9 EIA had a specificity of 94.4% overall, and it or
our study. the seroconverters in the earlier blood donor co- other recombinant envelope assays might be useful as a sup-
hoits had p24 antibodies on initial Western blot and admit- plemental test for IWB sera. Prior studies of other recombi-
ted to HIV risk behaviors. A recent study by Jackson et al. nant assays. such as CBre3(Caribridge Biosciences. Boston).
[34] of 99 Minnesota blood donors with indeterminate HIV- have shown high sensitivity in seroconverter panels [411 and
I blots found no evidence of HIV-I or HIV-2 infection, excellent negative predictive value in IWBs [421. The high

During the interval between ;he first -epeatedly reactive prevalence of indeterminate recombinant HIVAGEN EIA
EIA and IWB result until enrollment into our study. 39% of results in our study population reflected reactivity to one or
cases became nonreactive by EIA. 7 (81) of whom also %,ere more gag epitopes. The specificity of HIVAGEN recombi-
nonreactive by both Epitope and Dupont Western blot. The nant envelope prote;ns was comparable to that of ENV 9.
loss of reactivity on EIA was related to the duration of time but the additional core and polymerase proteins did not help
between initial testing and the first study visit and the num- to resolve the IWB patterns.
berofprior EIAs done before study enrollment. One explana- Although the US Army and other investigators have round
tion for this finding is that these wt.re blood donors who had RIPA to be a sensitive assay compared with Western blot for
been tested with earlier generations of less-specific HIV-I detecting antibody to HIV-i envelope glycoproteins during
EIAs and Western blots. the course of seroconversion [42], we found weak reactivity

An IWB was more persistent than a positive EIA among to p55 or gpl20 in-13 (29%) of the 65 nonseroconverters
the nonseroconverters; 79% of the group 3 subjects (no tested. In additio.-, RIPA is a labor-intensive test that re-
longer EJA-reactive at visit one) still had IWBs. We noted quires radiolabeled lysate and is not practical for routine
considerable discordance between the proportion of group 2 clinical use.
and group 3 cases who were indeterminate by Dupont and The p24 antigen assay was 100% specific but detected only
Epitope blots, with the Dupont assay frequently giving inde- one of four seroconverters in our series and was negative in
terminate results on specimens that were negative by Epi- 24 seroconverters before a diagnostic Western biot in an-
tore blot. This variability between manufacturers of com- other study f38]. A study of p24 antigen screening among
mercial kits as well as different lots of antigen by the same male blood donors in the United States found the specificity
manufacturer has also been noted by other investiga- ofp24 antigen to be l00% but the sensitivity only 1 l.4% [43].
tors [35]. Because the interval from first IWB until study enrollment

Based on our study and the findings of Courouce [36], a varied in our cohort, the duration of this interval represents a
nonreactive EIA on a follow-up sample in a low-risk individ- possible confounder, which we attempted to control for in
ual with an IWB has a high predictive value for lack ofHIV- I our analyses. After adjusting for the time and number of
infection, and those individuals do not need further follow- prior HIV-I tests between the initial IWB and study enroll-
up. Of the 35 group 3 cases, 27 had no risk factors for HIV-l ment, the higher proportion of group 2 cases compared to
infection, representing 30t of the total study population group 3 cases with high-risk sex partners since 1978 ap-
who would require no further follow-up by this approach. proached statistical significance (P = .06). This suggests that
The remaining 62 subjects (70-) still required additional a factor associated with high-risk sexual contact may account
evaluation based on their risk history or persistent EIA reac- for persistent EIA reactivityand IWBs. This provocative find-
tivity. Supplemental assays that might more quickly identify ing may reflect sampling bias or inadequate controlling for
or exclude HIV infection would be desirable in this large contbunding but warrants further investigation.
group. On the basis ofour study results, we propose the following

The low number ofseroconvcrters in our study precluded algorithm for evaluating individuals with IWBs (figure I).
estimation of the sensitivity of supplemental tests and. there- The first step is to reevaluate the individual's risk behaviors
fore, the predictive value ofa negative test. Nevertheless. the for possible exposure to HIV-I and to repeat the EIA. Risk
specificities of HIV- I culture. PCR. ENV 9 EIA. and serum assessment, however, will not always accurately idenify indi-
p24 antigen assay were I 00r, 98.6-, 94.4r. and I 001t. re- viduals with risk behaviors [441: therefore, our recommenda-
spectively among the 85 nonseroconverters. We found that tions incorporate reported history of risk behavior, persis-
HIV-I culture, PCR, and a recombinant envelope assay were tence of the EIA reactivity, and the presernce or absence of
the three most useful supplemental assays. Although HIV-l p2 4 antibodies on Western blot. The proportian of individ-
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uals in each group will vary according to the time between ern blots at 3- to (i-month intervals. Horsburgh et al. 1451
initial and repeat HIV-lI testirg. HIVrisk status of the popula- have reported that 50%, and 95IT of individuals will xerocon-
tion tested, and the use of different commercial sources of vert within 3 and 6 months after acquiring infection, respec-
ETA and Western blot kits at repeat testing. tively.

Reperat ETA and Western blot I month a~fler the initial Low-riik individuals with pesist-nt lWBs with p,14 bands
IW8 will otlen detect the scroconveriers. as was demon- should be followed for at lens, 3 mo;,ths in case they have
strated in three or the four seroconverlers in this sample and denied existing nsk behiviors. wroi EIA and Weqtern blot
in all IS seroconverters in the series by Wilbur et al. (141 If repeated at 3 months. Miihough the sensitivity of suppl'!-
the ETA is peiiitently reactive and the Western bNot be- mental tests in deiccting the infrequent seroconversion in
Comes plositive, but infection sterms imnplausible hased on the such individual% will be diflicult to mcalsure. negative surple-
vidividual's risk history, an [IA and Western blot should he mental tests may be useful in reassurng them. especially in
reprated on a subsequent sample. Among those individuals situations such is pregnancy and applicAtions for insurance
with persistently reactive PTAs and IWRs who have not %ero- ind immig~ration. l~ow-risk individuals with hands onWet
converted upon repeat testing I month later. the risk ofsero- em blot *oiher than p24 antibodies or We'tern blot% that are
conversion is probably low, 'Nonei heftv%, we r's%:ommend negafiv! on repeat testing can be reassured that they are not
that high-risk individuals be followed for at least 6 morths infected and ad' sted that they do not need further serologic
after their List pote(rntil espomire to MlV- 1. or longer if they follow-up.

still enigage in high-nsk behas ior, with repeat FIA% and West- Ifigh-nsk ,ndiv;duals who reser ito a negmt Ive Western
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PERSPECTIVES
Indeterminate HIV- I Western Blots:

Implications and Considerations for Widespread HIV Testing

CONNIE L CELUM, MD, MPH, ROBERT W. OOMBS, MD, P170

ANTrODY7 STs for the detection of humarn Immunode-
ficlency virus type-.I (HIV. 1) are being used for screen-
lag In the general population and ar being advocated
for screening of health care providers. Public health
oficials recommend HIV antibody testing of high-risk
individuals (i.e., persons who have bid blood-product
transfusions between 1978 and 1985, Injection drug
use, male with male sexual contact, or sexual contact
with a high-rLsk person or an HIV-Infected parmer, and
Infants born to HIV.Infeced mothers) In conjunction
with counseling about HIV transrnlsalon and methods
of risk reduction.' Following reports of zidovudine's
efficacy In slowing the rate of disease progreton in
persons with asymptomatlc HIV Infection and mild to
moderate symptomatic HIV infection with CD4 (T.
helper lymphocytes) counts less thin 500 cells per
mm', HIV antibody testing of high-risk Individuals Is
now widely advocated.-, Concerns over confdential-
Ity and potential dlscrlmlnation still persist but are bal.
inced by the public health benefits of counseling and
testing and by the medical benefits of antirctroviral
therapy and Pneumocystis carinii prophylaxis when
CD4 cell levels decline.
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antibody tsts as a part of all routine health care for all
adults under the age of 60 years, regardless of reported 85
risks for HlI exposure 4 However, the widespread
screening of populations with low HlVseroprevalence
raises important issues about false-positive and Indeter.
mLnate HIV serologic results. These issues pertain not

,only to the general population but also to the routine
.screening of health care workers for HIV-. antibod-
Ia.S. -

Tbh debate about false-posltlve HIV serologic re-
sults usually has centered on the probabllltyof in mdi-
vidual's being falsely labeled as HIVinfected by both
the HIV-l enzyme-linked lm-unosorbent assy (EIA)
and the usual condrmatoty test, the Western blot asay.1

Estimates of this combined -alse-positive rate have
ranged from 0.0007% to 0,01%.7,9 False-negative anti-
body test results also can occur but are thought to be
relatively rare.°'0' 2 Inshort, the likelihoods ofalae-pos-
Itive and filse-negpt/ve tests have been overstated In the
debate about HIV testing. In contrast, a repeitedlyreac.
tive ILA followed by an indeterminate H1V.-I Western
blot (MW) Is approximately 100-fold more common
than the estimated risk of a false-positive EIA and West-
era Blot.' Thus, the critical Issues of the prevalence,
signaficaace, and psychological and economic costs of
IWB results have often been minimized In the debate
about the performance and utility of HiV-I serologic
tests for widespread HIV.I screening.

Several blood banks have described the consider-
able anxiety Senerated among blood donors when they
are notified about their IW results."t Laboratories
have reported dimculty In explalning the signLficance
ofBWB patterns to physicians, and physicians In clinical
practice have also noted difculty In counseling ind.-
viduals with ISWs1.t"'•s Expanded HIV.1 antibody test.
ing will present primary car providers with more rWD
to interpret for their patients. It Is necessary, therefore,
to understand the laboritory evaluation of HIV- I Inf"-
tion and the prevalence, etiology, follow-up, and possl-
ble Implications of iWMs.

LABORATORY EVALUATION FOR MUV
TESTING AND SCREENING PROGRAMS

The first laboratory step In HrV.-I screening Is anti-
body detection by the EIA. The E1A has been reported :o
have sensitivities and specificities of t99%.4-19 The EIA
detects total serum antibodies directed against HIV- 1
proteins for which the optical density reading Is pro.
portional to the amount of antibody present in the
serum sample relative to positive and negative controls.
All specimens that are repeatedly reactive by UA are
confirmed by a more specific supplemental test, typi-
cally the Western blot, or less commonly, lmmunofluo-
rescence or radlolmmunopreclplta~on assays. The
Western blot detects the serum antlb(,!.'= directed
spiast specific mil-I proteins of varying molecular
weights following their separation by gel cc.
trophoresis.

The Western blot detects antibodies to the follow-
Ing specific HIV- I viral proteins: core (pl 7, p24, p55);
polymer2se (p35, p51. p66); and envelope (gp4l,
gpl20/1 60 ) antigens. The HIV-1 Western blot has a
reported analytic specificity of 97.8%.' The Western
blot is interpreted as negative when no antibodT-antl-
Sea band is present and positive when antibodies are
present to core (p24) and envelope (gp 4 l or gpl20/
160) and, in some cases, polym-,%e proteins. The
Centers for Disease Control (CDC) endorses interpre.... lt.• .•o..L~ ....----



when one or more bands are preseit that do not meet
the positive criteria. A fourth category, non.-HIV binds, 86
Is also observed, but the interpretation of non-HIV
bands is variable and Ui not consistently reported by all
laboratories. For example, the CDC Includes noo-HIV
bands as Indeterminate In Its interpretative criteria,
which may account for the higher prevalence of Inde-
terminate results using CDC criteria u compared with
Red Cross and Food and Drug Administration (FDA)
Interpretative criteria.20. 21 Differences among labor2.
tories In their interpretative criteria and reporting for-
mats have contributed to confusion among clinicians In
understanding and explaining the HIV-I antibody re-
sults to their patients.32

PREVALENCE OF MEO.

The prevalence of lWBs depends on the prevalence
of lHV In the population being tested; the presence of
other-medical conditions and autoantibodles that msy
result In cross-reacting antbodies2 3 ; the cell lines used
In the production of HlV.lI EIA and Western blots"s and
the Later-lot variability in the amount of antigen on the
Western blot strips; the criteria used for the interpreta-
tion of Western blots2*- Zi; and the laboratorys experi-
ence In performing and interpreting Western blots. The
prevalence of Indeterminate blots among the Initially
screened population was 0.5% among Minnesota blood
donations (13% of the EIA-reactive sera) and 0.3%
among the military's screening of 5.5 mill1on enlistees
(10% of the EIA-reactive sera). 3.2$ The total number of
Individuals labeled thus fr as indetiermnasebyllAand
Western blot screening is uncertain, but Jackson and
coworkers estimate that 19,000-69,000 volunteer
blood donors In the United States had indeterminate
HI-.I antibody tests between the institution ofsero-
logic screening of donors for HIV-I Infection in 1985
and 1990.1

ETIOLOGY OF W113

Indeterminate results occur in early HiV Infection
during the seroconversion window when only p24 tn-
tibody may be detected by Westem blot and in late IIIV
infection when p24 antibody levels may decline. 27'-9
The likelihood that an IWB reflects HIV Infection is
dependent on the prior probability of HiV Infection
(i.e.. HPV risk factors) and the time to seroconver•ion.
The risk of HIV Infection among individuals with
lWEs was 0% to 5% in four published blood donor co-
born."s, t.3 .246 Several investigators have confirmed
the lack of HiV Infection and HiV transimisson among
low-risk blood donors with MWB. particularly those
with p17 and polymerase bands".I's" In contrast,
90% ofa series of 20 individuals tested anonymously at
San Francisco district health centers seroconverted, all
of whom had p24 antibodies on their Initial Western
blots."1 Seroconversion appears to be highest among
those with a p24 band, based on our study In which
I8% of high-risk IndividuatlS with p24 bands serucon.
vetted and on other reports in the literature.'$. 14,15-s'

The median time from known sexual exposure to
development of a positive EIA ind Western blot was
estimated to be 2.1 months (SO 1 0.1 months), and
95% of expcsed persons were estimated to develop a
positive ELA and Westerm blot by six months." This
interval is referred to as the "window period." The
median time froso an MWB with a p24 band only to a
"positive Western blot was one month for the six ser
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ZndetermLnate HIV-I Western blot due to crow
reactive antibodies to core or envelope ana*ens from
other human or animal retrovtrues (e.g., HIV-2 or bo-
rine leukemia virus, BLV) was Initially suggested by
Lna trom the New York Blood Center In Syracuse. This
Inding was not confirmed by supplemental testing or
)y other InvetigatorS.t14, 2.3 Jackson and coworkers
ound no evidence of HIV-I or HrV.2 Infection In 99
dinnesota blood donors who bad positive EIAs and
W 2'." Approximately 32 casem of HIV-2 Infectloo In
he United Stres have been reported to the CDC, all
vith a Weu African connection, although limited de-
nographlc information was available for four individ-
als tested anonymously.4 Even though no blood
onor has been Identified as HIV-2-infected through
ngoing surveillance studies, the FDA bas required
food banks to screeu for HIV-2 as of June 1, 1992.
he FDA-licensed HlVl. I-specific BIAs detect 8- 91% of
.rv-2 Infections through cross-reactIng antibodies to
IV-i core and polymerase protein, and 80-90%
f HPV-2-infected persons have a positive oran Indeter-
Juate HPV-1 Western blot.4'44

With the FDA lilcensure of combination of HIV-I
td HIV-2 EIAs (HIV. 1/2 .IAs), some reference labora-
ries will be likely to replace the HrV-I EIA with the
imbination ]IA. When using HIV- 1/2 EIAs, the labora-
rywill perform a confirmatory HPV-I Western blot In
(V.1/2 ]IA-reactive sea, as well as a conimatory
V-2 Western blot or synthetic peptide uasay In HIV.2
..reasctve, but HPV.1 Western blot-negative ot iade-

emniate specimens.
The sen of patients with systemic lupus erythema-

Pi, rheumatoid arthritis, and Hashimoto's thryolditis
ty contain autoantibodles that cros-rema with the
stem blot.2 4,4 In our study, a potential Lmmuno-
Ol cause for IWB, sucL as a positive rheumatoid fac-
Sor an antinuclear antibody, an autoimmune history,
riy, or a recent tetanus booster, was found In two-
rds of 123 persons with reactive EIAs and rWEA.4

sue culture-assoclated cellular protens that comi.
te with HPV-specific proteins during electrophore-
also may bind cross-rencting antibodies. 1?. 7

IMPLICATIONS Of IWMs

The psychosocial consequences of being told that
has an Indeterminate HV/-I Western blot result

'e not been adequately addressed. Since March 1988
have Interviewed 236 Individuals with IW•s re.
,ed to us from health department clinics, blood
ks, prenatal clinics, and private providers In Wash-
:on and Oregon states.' The uncertainty eage.
!d by an Indeterminate result, the need for at least
months of follow.up, the deferral of these patients
lood donors, and discriminatory policies regarding
rmbiliry and immigration have been very distmes.
Persons with IWBs referred to us have experienced
ulty in obtaining life or disability Insurance (n ,

:lectlve surgery (n = 1). In vitro fertilization (n -
,Isa for foreign travel (n -- 3), and U.S. citizenship
4). Although these Individuals were not Infected
HIV, they were treated as if Infected, sometimes
n indefinite period of time. Even after extensive
:est counseling, 56% of high.risk persons and 1 5%
w-risk persons with rW•s reported that they would
tel reassured even if they did not seroconvert after
ionths of serologic follow-up.
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Nevertheless, In posttest counseling, Indlviduals

with indetermLnate blots often need rassurance about
the very low likelihood of seroconversion In low-risk
individuals, possible causes for the inconcluive result,
tht need for safe sexual and drug-use practices pending
resolution of the test result, and the CDC recommenda-
tdoas for evaluation and follow-up.2

Pregnant women with IWBs present the most din-
cult clinical problem that we have yet encountered."1
Fifteen (13%) of the 123 women referred to our IWB
study were tested during prenatal care seven of whom
reported some risk behavior since 1978. Health care
providers are encouraged to screen all pregnat women
for HrV risk factors and, If risk factors are present, to
encourage HIV antibody testing.'"4" Unfortunately in
our experience. HIV screening is sometimes being In-
corporated into routine prenatal screening for rubella,
hepatitis B, and alpha-fetoprotein tesating, oftm with
Inadequate HIV- 1 pretest coutnseling. Upon learning of
their indeterminate test results, pregnant women are
faced with difficult decislons about pregnancy termina-
tdon, making the six-month follow-up period especially
stressful.

Some of the psychological and economic conse.
quences of rWBs may reflect both soclety's and the
medical profession's expectations of unambiguous re-
sults from screening programs. Similar Issues have been
previously described with hypertension screening
among workers and alpha-fetoproteln screening in
pregnancy.'s Often little provision Is made for "in-
det1rminate" results. While positive HrV test results
are reportable by name In 24 states" and Issues around
discrimination still persist, only one state has required
reporting of individuals with Indeterminate results
(personal communication, Susan Mortice, PhD, 1991).
In that state, Issues around confidentiality and discriml-
nation were encountered through the reporting of per-
so with MwB, the majority of whom were at low risk
for HIV.

FOLLOW-UP OF PERSONS WITH BS

The CDC recommends that low-risk Individuals
with an rWB pattern be followed with repeat serologic
testing for six additional months; If the Indeterminate
Western blot pattern persists or turns negative, then the
individual can be reassured that he orshe is not infected
with 17V, based on the seroconversion "window" of
six months." In contrast, additional diagnostic follow-
up is recommended for higher-risk persons, such as
those with a history of possible exposure to HPV or
symptoms compatible with HV infection. This diag-
nostic strategy includes serial testing by EIA and West-
ern blot, assessment of immune function (i.e.. lympho-
cyte count and T-cell subset analysis), and HV testing
of the person's sexual .nd needle-sharing parmers. The
different recommendatlons for follow.up based on risk
assessment can be problematic for physi~cans and HPV
counselors. Even with obtaining a good risk history,
providers will encounter Individuals of Intermediate or
unknown risk, for example, heterosexuals who re11un.
sure of their sexual partnerm' drug use or sexual histo-
ries or health care workers with percutaneous needle.
stick exposures of unknown Inoculum sizes from high.
risk persons of unknown HIV status.
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Follow-up of persons with IWB is labor-intensive
and Involves longitudinal follow-up, risk as.emment
and counseling, additional clinical evaluation, and
supplemental assays, if available. Limited data exist
about the use of supplemental virologic evaluation of
Individuals with IWM, such as HrV-I culture, serum
p24 antigen, recombinant or radiolmmunopreclpitz-
tion assys, or selective HIV-I proviral DNA amplifica-
tion utilizing the polymcrase chain reactlon (PCR).
The U.S. Army reported that only 0.004% of samples In
Its HrV-I screening program from 1985 to 1990 re-
mialned nondiagnoatic for HP/Infection when a recom-
binant envelope ElA and radlolimmunoprecipltation
were used in Indeterminate sera.55 In our prospective
study of high. and low-risk persons with MWB, we found
the specificities of HIV.1 culture, serum p24 antigen,
PCR, and recombinant ENV 9 E9A to be 100%, 100%,
98.6%, and 94.4%, respectively.37 Subsequent analysis
of the FDA-licensed recombinant SyY2 HPV-I Microtrak
usaywas promising; the Syva Microtrak showed a sensl.
Ucvity of 100% In four of the seroconverters In our study
and 100% among a panel of 17 seroconverter sera, with
a specificity of 99.2% among 128 EIA-reactive, IWB
monseroconverters.s The clinical utility of these sup-
plemental tests remains to be determined, since the
aegadve and positive predictive values necessitate =sti-
mates of the test's sensitivity In seroconversloa.

Considering the above data, we summarize ourrec.
mmendations for evaluation of persons with IWB In
!jI These recommendations ar- consistent with
:hose proposed by Kieinman regarding the counseling
and evaluation of blood donors with W3B.'s

RECOMMENDATIONS REGARDING IWBs

We recognize that widespread screening for HPV Is
nevytable given the current climate surrounding the
.iV epidemic. Relative to the total number of Individ-
ials tested for HIV, rWs will most likely continue to be
;een In small numbers. However, those numbers will
ncrease as testing criteria widen and more low- and
ugh.risk Individuals are tasted. The costs of serial
V'estern blot testingand further virologic and Lmmuno-
ogic evaluation can be considerable. Furthermore,
WBs identified during routine screening of health care
vorkers could result In the temporary disruption of
wacdces where Invasive procedures are performed,
uch is surgery and dentistry. Finally, the psychosoclal
onsequences of lWB are considerable.16

1655;LBISOTO2 JAB 13:33 03-17-92 P0003 U3 C9439 0021
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We make the following recommendations to help
clinicians counsel and evaluate persons with IWB:

1. Health care providers should differentiate be-
tween HIV screening and testing. We support
the CDC recommendations for HlV antibody
testing of those individuals with a history of
possible exposure to HIV.' In addition, for
some worrfrd low-risk Individuals, the benefits
of documenting a negative test result may out-
weigh the risk of false-positive or indetermin-
ate results.

2. H1V- 1 testing programs should tran health care
providers to evaluate and counsel individuals
with IWBs, based on the currently available data
about the natural history of IWB. In addition,
counselors should describe the possibility of
both false-positive and indeterminate results in
pretest counseling.

3. The most Important factor in the interpretation
of indeterminate HrV-1 Western blots lsknowl-
edge of the Indlvidual's risk status and the HIV
seroprevalence of the population being tested
for HlVantdbody.A lowpriorprobablllty of HrV
Infection after careful risk assessment and the
absnce of a p24 band on Western blot allow
the clinician to reassurc patients with IWB.

4. Laboratories should adhere to the interpreta-
tive criteria recommended by the CDC, and
efforts should be made to standardize reporting
formats. We would, however, recommend not
designating non-HIV bands alone on Western
blot as Indeterminate. Laboratory reports
should provide an Interpretation of the Western
blot result as well as the CDC recommendations
for duration and type of follow-up on labora-
tory reports. Laboratory quallty-assurance pro-
gares should be developed for new H1V-I sup-
plemental assays.

5. Insurance companies, blood banks, and other
Institutions that require HIV testing should es-
tablish a clear and consistent policy regarding
IndividuaLs with IWBs. In particular, low-risk
individuals with indeterminate results and ap-
propriate follow-up should not be considered
to be infected with HIV's, 5 ; nevertheless, the
FDA requires their deferral 2s blood donors at
this time."7 High-risk Individuals should be
considered potentially Infected, counseled ac-
cordingly, and tested over sLx months or longer
If they have ongoing risk for HfV Infection.

In conclusion, we agree with the general recom-
endation that high-risk :nJviduals be counseled and
icouraged to hI, tooted for liV antbodies and that

~~4 .L~, -- --
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AN ALGORITHM FOR EVALUATION OF INDETERMINATE HIV-1 WESTERN BLOTS
Celum. Connie,* Coombs RW', Lafferty WE*, Fisher LD, Murphy VM*,lnui TS, Corey
L, Holmes, KK*. "Univ of Washington, "'DSHS Office on HIV/AIDS, Seattle, WA, USA

Qkjectyv: To determine the risk of seroconversion and clinical utility of supplemental tests in persons
repeatedly reactive by HIV-1 EIA and indeterminate by Western blot (indeterminate WB).
Methods: Eighty-nine cases (with prior repeatedly reactive HIV-1 EIA and indeterminate WB) were
referred from HIV testing sites in Washington and Oregon and followed prospectively for 6-9 months.
Subjects were tested by HIV-1 EIA and WB (Epitope & Dupont) at study enrollment and every 3 months.!
At the first study visit, we performed polymerase chain reaction (PCR), HIV-1 mononuclear and plasma
culture, serum p24 antigen, ENV 9 recombinant envelope antigen, and radioimmunoprecipitation assay..
Results: Thirty-two (36%) of the cases reported prior HIV risk behaviors. Four of the 89 cases
(4.5%; 95% CI= 1.2%,11.1%) seroconverted within 1-10 months after the initial indeterminate WB..
All 4 seroconverters had HIV risk factors and p24 antibodies on initial WB. Thirty-five (39%) cases
were no longer repeatedly reactive by EIA at the first study visit, 7 of whom were negative by Western
blot. The remaining 50 cases had reactive EIA and indeterminate WB, primarily with core reactivity oni
WB (60% with p24 banda). Specificities of HIV-1 culture, PCR, ENV 9, and p24 antigen were 100%,
99%, 94%, and 100% among the 85 cases who did not seroconvert by WB in > 6 months follow-up.
Conclusions: Risk of seroconversion was low (4.5%) and was seen only among high-risk cases with
p24 bands on initial indeterminate WB. Specificities of supplemental HIV-1 tests (HIV-1 culture,
PCR, ENV 9, and p24 antigen) were high. An algorithm is proposed based on HIV risk history,
repeatability of EIA reactivity, and presence of p24 bands on WB. Low-risk persons with nonreactive
ElAs on repeat testing or WB without p24 bands do not need further follow-up. High-risk persons
should be followed at least 6 months beyond their last risk behavior. Supplemental tests (PCR, HIV-1
culture, or a recombinant envelope antigen, e.g., ENV 9) may be useful in exclusion or early detection of
HIV infection in persons with p24 bands on WB.
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INDETERMINATE WE.STSRN SLOT61: PSYCHOLOGICAL. IMPACT OF NOTIFICATION
Polc m* t~elum Q.w murptly V.1; inu! T.5.1; Fisher L.1-1; Vitallano P.*, Jones M.*
'Untversity of Washingtort, Seattle, Washington, USA.

Obfieotive: The HIV-1 Western blot has bean reported as "Indeterminate" In 4%-20% of sort repeatedly
reactive by HIV-11 an~ymn immi inn~sisy (EIA). Notiflication of an Indeterminate Western blot (MIS) may-
result In anxiety due to uncertainty of the cignifloanco of tho toot rooult, tho need forSI fabmothlk follaw-
up and ropoot HIV tooting, and potetilal Imlpeact am insurability arid immIgratilon. Th# pur pISIS U! fill;
stt'cdy was to assess the psychological impact of notification of an NOAI toot roouit. - :
Methods: Study subjacts were w~glrdiI st In a 0aiQ-gntrol study designed to defermina FttinnalMgA nt
JWB; 101 cases (prior repeatedly reactive HIV-1 SIA and an iWS) and 73 controls (EJA negative In the
past Wias monmths amd fraqunemy matohad by Noat Al1W) wviv iuuitpull huuru twst aitys rIn Washineton and m

Oregon. At the Intake Interview all cases anid controls completed a 1 3-Item Sock Depression Inventory
(60i), Wvmptgm Checkidst-90 (SCL-90) Anxiety Subscals, Wife Fvont Snnln, Ain i A hort pSychm-logleal
questionnaire speclflsity, gboL't the W2N. i"41V tooting aftoo and Ob/Gyrn In Washngton Ctate ar#being surveyed about their practices regarding HIV counseling and testinig anid IWS. -'
Rsuht*; Univariate analysis showed no significant difference In measured anxiety aend depression
between the casee ap sntrols overall. However, 14% of cases compared to 8% of controls reported
suicidal ideation (p%- 9 199rlmlnont &nao"(* Indicated that younger age, singlo mArItAl sAt~tis.-
elective tooting ftr HIV, prinr rij'mi hfqhAvirir, pririr psychiatrio treatment, and having an IWO were
indlependent predicetors, of a"61ey.
Discussion: Notification of an IWB Is associated with Increased anxiety anid suicidal Ideation In some
cases. With Increased use of HrV toots for wdidespread screening, it Is Important to recognize the Impact-
ul nuilfituatlut: of an IWBS result and the need for counseling guidelines.
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ETIOLOGIES OF INDETERMINATE HIV-1 WESTERN BLOTS:
AUTOANTIBODIES, ALLOIMMUNIZATION, AND HIV-1 SEROCONVERSION
Celum. Connie; Coombs RW; Murphy VM; Jones M, Fisher L, Holmes KK, lnui TS
University of Washington, Seattle, Washington, USA.

Objedvie To determine etiologies of indeterminate HIV-1 Western blcts in low- and high-risk persons with
previous reactive HIV-1 EIAs (EIA PR) and indeterminate Western blots (IWB), including seroconversion,
cross-reactivity with other retroviruses, and autoantibodies.

Wd~1s: 238 cases (ETA PR and [WE) were frequency-matched with 145 ETA nonreactive controls recruited
from the same testing sites and enrolled in a case-control study. 79 cases referred their current sexual partner.
General medical and H-IV risk histories were obtained and antinuclear antibodies, rheumatoid factor,
lymphocyte subsets, serologies for HrV-1, HTLV-1, HIV-2, bovine (BIV) and feline immunodeficiency (FIV)
viruses were performed. Cases were followed prosmectiviely for 6-9 months to rule out HIVf seroconversion.

Result: Six of 161 (3.7%) cases with > 6 months follow-up seroconverted; all had high-risk behavior and a
p24 band Initially. Of the 232 norueroconver ter cases, 132 (57%) were EIA repeatedly reactive (ETA RR) at the
flrst study visit and 147 (62%) had indeterminate Epitope blots. All controls were ETA nonreactive and 29
(23%) had MW. Five (6%) of cases' sexual partners were ETA RR, 3 (4%) were H]V positive and 17 (22%) had
IMS. Among the 232 not eoconyerter cases and 145 controls, autoantibodies (O.R. 1.9; 95% C3 1.1,3.1), sex

'N. with a prostitute (O.R. 3.3; 95% C1 1.1,10), and a tetanus booster in the past 2 years (O.R. 2.0; 95% C1 1.1,3.9)
were independently associated with an IWB. Am-ong wornen, parity (O.R. 1.3; 95% C1 1.1,135) and vira Illnes
In the past 3 mnonths (O.R. 2.0-, 95% C1 1.1,3h6) were independently associated with an IMB. No cross-reactivity
was seen with FHV-2, HTLV-1, Fly, or BIV.

CorJusoni: The risk of seroconversion was low (3.7%) and lim-iied to persons with recent high-risk behavior.
The reactivity detected by ETA and Western blot was transient in 40% of cases. Autoandibodles and nonspecific
immune stimulation may explain the TWB am-ong 69% of nonseroconver ter. We found no cross-reactivity with
other human or animal retroviruses. Indleterminate blots are equally common in ETA nonreactive controls and
cases sexual partners, reflecting nonspecific cross-reactivity detected by Western blot.
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RECOMBINANT ANTIGEN AND SYNTHETIC PEPFIDE ASSAYS AS
SUPPLEMENTAL TESTS FOR INDETERMINATE HlV-1 WESTERN BLOTS
Mujrhy VM*; Celum CLV roberts CR**; Rosencranz L, Lee W*, Jones M*, Coombs
RW*. *University of W,-4hngton, Seattle, Washington;"Walter Reed Army
Institute of Research, '.ockville, MD, USA.

Objectives: To determine the sensitivity, specificity, and clinical utility of two recombinant antigen and a
synthetic peptide enzyme immunoessay (EIA) in differentiating false positives from early seroconverters
among persons with previous reactive HIV-I EIAs (EIA PR) and indeterminate Western blots (IWB).

Methods: 238 cases with EIA PR and IWB were enrolled in a prospective study to determine the risk of
seroconversion. HIV-1 EIA and Epitope Western blots were performed at three month intervals over at
least 6 months. The Syva Microtrak and Cambridge BioSciences Recombugen (recombinant p24 and gp
41 /gp120 EIAs) and Genetic Systems GENIE (a synthetic peptide HIV-I gp4l and HIV-2 gp31 EIA) were
performed on serum from 172,55, and 84 study.subjects, respectively. The assays were also tested on a
commercial panel of seroconverter sen (Boston Biomedica).

Resut The 3 supplemental assays were positive in four seroconverters from our study, all of whom
initially had a p24 band only on Western blot. The supplemental assays were positive 12 to 14 days prior
to the conventional Genetic Systems EIA In the commercial seroconverter panel. The specificities of the
three supplemental assays were 9899%, respectively. The 3 assays were negative on samples from 3 low-
risk persons with false positive Western blotb (p24 and envelope bands), confirmed by negative HIV-1
culture and polymermse chain reaction.

onc!msions: The sensitivities of these recombinant antigen and synthetic peptide EIA assays were 100%
and the specificities were 98-99% among persons with HPV-1 EIA PR and IWB. These assays were rapid
and accurate. rmethods of identifying persons who were seroconverting and provided reassurance to
noninfected persons with IWB, especially those with p24 bands or envelope bands on Western blot.
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AN "INDETERMINATE" HIV-1 WESTERN BLOT:
WHAT DOES IT MEAN?

Q: What are the HIV-1 (AIDS) antibody tast? infeced with 11KV.

A: To screen for HIV-1 amnbxboies, the laboratory first Q: How can someone ind out If the IWB is due to MiV
performs an ELISA or ELA test. This is a very accurate test, infectlow?
but occasionally it picks up antibodies that are not caused by
WIV and which cause false-positive ElAs. False-positive A: The cinrent recommendation from the Centers for
EIAs occur because the immune system produces countless Disease Control is to repeat the EIA and Western blot
antibodies during the process of fighting off diseases, which several times over six months to see whether the Western
can "cros-react" with the EIA. blot becomes positive. If the IWB stays indeterminate or

To determine whether a positive EIA is a true or fal.e- tans negative, the person is not HIV-infected.
positive, a confirmatory Western blot is performed which
detects antibodies to individual characteristic preins that
make up the HIV virus. The Western blot is called positive Q: How will! an IW affect my eligibility to domate blood or
if several antibodies ae present, negative if no antibodies obteim Kfe burance'?
ae present, and indeterminate if bands representing antibod-
ies aw present that don't meet the criteria for a positive A: Currently the Food and Drug Administration (FDA)
Western blot. The Western blot is also a very accurate test, req that blood banks not allow blood donors with IWB
but occasionally it too can detect "cross-reacting" antibodies. to donate blood because of the small chance that they could

be recently infected with MiV. The FDA is understandably
taking a cautious approah to avoid infecting any transfusion

Q: How commoa is an indeterminate Western blot (abbrevi- recipiemn You can find out whether the blood center policy
ated as IWB)? AM donors with M has changed by calling your blood

cam. Occasionally individuals have been temporarily
A: Among low-risk persons who we reactive by HIV. I defead from obtaining life insurance because of an IWB

EIA, 10% will be indetermint by Western blot. MWii follow-up tes indicate they ae not HIV-infected.

Q- What causes indetermhuate W era blo? Q What slm do NeW?

A: It appeas that many indeterminate Wesern Nlots we A: Disum your 'ouaw about the IWB with your health
due to cros-reacting antibodies which may be found in car provider, including a ihorough discussion about
some healthy individtils as well 2; others with medical posible MiV risk factors. It is very important to be fully

,conditions such as lupus or rheuma'-;d arthritis. While bones with your health cae pro-ider about your sexual and
these conditions may cau.e an IWB, it is important to note dg-relisted behavionr so that he or she can decide bow long
that an rWB itself does not indicate or diagnose other to follo, you and whether to perform additional esus. Itis
conditions. Women with previous prgna-cie may also &dvisle to omerve safe sexual practices (eg.. using
have cros-reacting antibodies present. -ndoms and avoiding anal intercourse) and to avoid sharing

Occasionally an IWB can be seen very ezy in HIV needles in the case of persons who inject drugs. For both
infection n the fust few months after an individual has been low- and high-risk person, some anxiety about the test
infected with the virus. In the Universty of Was.ington rslt is unidranabie. We hope the information in this
YMB study, we found that approximatly 4% of the mdi- brochure, coum bined with discussons with your health cam
viduals referred to us with IWB were infected with I1V but provider, will help remsue you.
hadn't yet formed all the antibodies initially iceded to call
the test positive.

Provided by
Q: What Is the likel0mod someone -iit an B is I-fected University of Washington

with EnV? Dept of Laboratory Medicine,

A: It depends o whether that individual recently had high- Division of Virology and the

risk sexual contacts or intravenous drug use. In a recent Indeterminste Western Blot Study
University of Washington study. indivi&A-a- wiLth an r1W
and no repwod risk factrs for MiV infection were rot

- For additional information, contact your health care provider -
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Additional Information about Indeterminate Western Blots

The serum sample submitted fim this individual What are the potential adverse consequences of an IWB?
was repeatedly reactive by WV-1 enzyme-linked immuno- We have interviewed over 200 individuals with IWB
orbent assay (EIA) and indeterminate by Western blot. Both refered to us horn health dqurnment clinics, blood banks,

clinicians and patients have reported difficulty in understand- prenatal clinics, and private providers. The uncertainty
ing the significance of an indeterminate FHV- I Western blot engendered by an indcterminate result, the need for at least 6
(IWB). months follow.up, and discriminatory policies regarding

This uncertainty prompted the University of Wash- insurability and immigration have been very distressing to both
ington to conduct a study on the causes, risk of seroconver- low- and high-risk individuals in our study population. For
si, specificity of supplemental tests, and psychological example, several persons with IWM efrred to us have experi-
impact of IWB. The study enrolled individuals with [WB enced difficulty in obtaining life or disability insurnce.
from April 1988 through April 1991. Since the study is no elective surgery, in vitro fertilization, visas for foreign travel,
longer open for new enrollments, the study investigators have aurd U.S. citizenship. Although none of these individuals were
wriitm these brochures for clinicians to summarize the current infected with MV, they were treated as if they were infected,
me of our knowledge and to aid in counseling and evaluat- sometimes for an indefinite period of time.

ing persons with rWB.

How common is an indeterminate Western blot MIWB)? When counseling individuals with IWM, we recom-
The prevalence of IWBs depends on the prevalence mend discussing the following:

of HIV infection, other medical conditions, and autmtibodies
in the population being tested; inter-lot variability in the - die absence of seroconversion in low-risk individuals
amno of WV-i antigen on the Western blot rrips; and the
laboraory's experience in performing amd interpreting - possible etiologies for the iconclusive result (e.g., cross-
Western blots. The published prevalence of indeterminate reacting antibo autoantibodi-s, and in high-risk persons,
results has ranged from 10% in EIA reactive military recruits possible early Peroconversion)
to 13% of EIA reactive Minnesota blood donations (1).

- the need fer safe sexual and drug-use practices pending
What cosma Ineerma Western blots? rsolution of the test result for high-isk individuals

Indeterminate results occ in HV infection in thesconverso window, when only core antibody (e.g., p24) - reconmendations for evaluation, as described below
may be detected by Western blot, and late in AIDS when cor
antibody levels decline (2.3). Autantibodies may account for
cioss-reactivity with the Western blot, as in systemic lupus How sbokl an lhdividnal with an IWB be followed?
erythematosis and among some healthy individuals. Among The CDC recominends that low-risk individuals with
women, alloimmunization due to current or past pregnancies an IWB pattern be followed for at least six months; if the
may be associated with IWB (unpublished data, Univ of Wash Western blot pattern persists as indeterminate or turns negative,
study, 1991). Cross-reactivity with WV-2 can occur, but then the individual can be reassured that he or she is not
cross-reactivity does not occur with HTLV-1 (4.5). infected with HV (10). Additional diagnostic follow-up is
What is &he lielihood s wth an r Is infected rcmommended for high-risk persons, including seral --stin• by

htse ehdooWith an9 [WI Westen blot, assessment of immune function, and HIV teting
with H r1V? of the perysn's sexual and needle-slaring pamtes. imited

th e risk of true W tV infection amog iv data exist about the use of supplemental virologic evaluation of
with E is deerm~ined by the raze of srco~nvesion t individuals with indeterminate results. Such an evaluatm mmy
positive results. This rate was 0-5% in the published blood include HV-i culture, recombinant or ldiaimmunoprecipi-
donor cohorts, 90% among a Sma Francisco cohort of 20 ti assays. or selective HWV-I proviral DNA mpli•cation
individsals with p24 antibodies on initial Western blots, and utilizing PCR, if available.
4% in ft University of Washington study (40-9). The Bued upon the University of Washington study of
likelihood that an [WB reflects WV infection is dependent on IWB, a sequential process for evaluation was proposed that
HWV risk factr and the tine to serocorversion. The highest would provide more rapid determination of the HIV status of
risk of xevrcoversion appears to be for those with a p24 an individual with m [WB (9) (see next page):
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WOg uid mouib

No~ sedt fobJow low-risk pumoa with
bonds o'her chan p24 or blotscatur
negatve
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*WR Wesena blot. The numbers on the slgonthin indficaie the Proportmo of cases n the University of Wasitingon sundy wbo vie
il fi d !w~ ~VuMu baed an their ELISA and WB results K the first study v=1i (N - 89 cIANs).
t KWhri* Iinclues recipienus of blood Products between 1978 and 1985, iuavno ug &q a (TVDU. homoseemis~ ad bismse
wA*, and se~Aus parter of IVDU and homnosexuai and bisexual men. '
$ in ame camsuplemental z=s will be optiorai mid an undividual's HIV 'UM will be ckeihd bY uIg folic"w Ovrtm-i
xmd. V awin"b, supplemaata tats to consider Performing am WV- I caks PCR. or a rsemabsa eMveoPe aMN aM".
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Jý .APPENDIX A

Scores for All ACCES Measures

CATEGORY G: GENERAL MEASURES

MEASURES DAY

NUiMB.ER ILLI j. 4 GRGT

G.1.0 Plan Duration
(median in hours)

[time the plan ends
minus time the plan is

implemented]

C DMAIN 0.8 3.2 4.8 3.8

DREAR - 6.9 6.9

Division 3.9 3.2 4.8 4.2

G.1.1 Mission Duration
(median in hours)

[time mission assignments
changed minus time mission

assignments established]

CL DMAIN 13.3 13.3

G.1.2 Task Organization Duration
(median in hours)

[time task organization
changed minus time task
organization established]

Cp. DMAIN 11.9 3.2 4.0 4.0

A-1


