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Abstract

Background

Indeterminate HIV test results are common, but little is known about the evolution of indeter-

minate serology and its sociodemographic and behavioral correlates. We assessed future

HIV serological outcomes for individuals with indeterminate results and associated factors

in Rakai, Uganda.

Methods

115,944 serological results, defined by two enzyme immunoassay (EIAs), among 39,440

individuals aged 15–49 years in the Rakai Community Cohort Study were assessed. Inde-

terminate results were defined as contradictory EIAs. Modified Poisson regression models

with generalized estimating equations were used to assess prevalence ratios (PRs) of sub-

sequent HIV serological outcomes and factors associated with HIV indeterminate results.

Results

The prevalence of HIV serologically indeterminate results was 4.9%. Indeterminate results

were less likely among women than men (adjPR 0.76, 95% CI 0.71,0.81), in unmarried par-

ticipants than married participants (adjPR 0.92, 95% CI 0.85,99), and in individuals with pri-

mary (adjPR 0.90, 95% CI 0.80,1.02), secondary (adjPR 0.83, 95% CI 0.73,0.96) and post-

secondary (adjPR 0.75, 95% CI 0.60,0.94) education, relative to no education. The propor-

tions of persons with indeterminate results progressing to HIV positive, negative or indeter-

minate results in subsequent visits was 5%, 71% and 24%, respectively.

Conclusion

HIV serologically indeterminate results were associated with gender and marital status. HIV

surveillance programs should develop a protocol for reporting individuals with mixed or
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persistently indeterminate HIV results on multiple follow-up visits. Most indeterminate

results became HIV-negative over time, but follow-up is still needed to detect positive

serologies.

Introduction

Enzyme-linked immunosorbent assays (ELISA) or enzyme immunoassay (EIA) are widely

used for the detection of HIV infection. Even with HIV rapid diagnostic tests, ELISAs are the

preferred method for confirmatory tests [1, 2].

However, two ELISA tests with different antigen or test properties can produce discordant

results with one test negative and the other positive, usually termed as discrepant [3, 4], discor-

dant [5–7] or indeterminate [8]. The World Health Organization (WHO) recommends that

discordant results should be retested by the two assays initially used and if the results remain

discordant, the serum should be considered indeterminate [9].

The causes of indeterminate results range from factors relating to the individual being

tested (such as co-infections or cross reactivity with other proteins), test kits being used, assay

processing and the population under study [10]. Celum et al. reports that among males, teta-

nus boosters in the previous two years and having sexual contact with prostitutes were inde-

pendently associated with HIV indeterminate results; and among females, parity and

autoantibodies were independently associated with indeterminate results [11]. HIV indetermi-

nate results have also been associated with systematic lupus erythematosus, rheumatoid factor

and polyclonal gammopathy, antibodies to DR-HLA, cross reactivity to core proteins of other

retroviruses, mycobacterium leprae infection, heat inactivation of serum samples, in vitro

hemolysis, elevated bilirubin levels and tetanus vaccination [12]. An HIV indeterminate result

may be associated with acute HIV infection [13–15], and WHO recommends that such an out-

come among high risk populations or those with a history of high risk behaviors should be

considered as a potential case of acute HIV infection [16].

The prevalence of HIV indeterminate results varies between study populations, assays and

test kits [8]. A review of studies using different test kits shows that the prevalence of HIV inde-

terminate results ranges from approximately 6% to 50% [10]. Other studies report serologically

indeterminate prevalence below 6% [6, 8, 17]. However, it is challenging to project future out-

comes from existing studies of HIV indeterminate results due to small sample sizes [12–14]

and short follow-up time (less than a year) [8, 11, 18]. Understanding the correlates of ELISA

indeterminate results may help HIV surveillance programs to select the appropriate tests and

to develop a protocol on how to handle individuals with ELISA indeterminate results.

This study used longitudinal data to assess the long-term outcomes and the within person

correlation of indeterminate results. We also explored factors associated with HIV indetermi-

nate results.

Methods

Data were derived from the Rakai Community Cohort Study (RCCS), a population-based

open cohort in 50 communities in rural Rakai District, Uganda. Following a household census

enumeration, all consenting individuals aged 15–49 were interviewed by trained same-sex

interviewers. Behavioral (e.g. number of sexual partners, alcohol use, religion), health (e.g.

malaria infection), demographic (e.g. age, sex, marital status) and socioeconomic (e.g. educa-

tion level, occupation) information as well as blood samples for HIV testing were consistently
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collected across all surveys [19, 20]. The interval between surveys ranged from 12 months to

over 18 months.

The present analysis includes 39,440 individuals who provided 115,944 person-visits from

1994 to 2009. HIV was detected by two parallel ELISA test results (See S1 Fig, Supplementary

Digital Content 1, which demonstrates the parallel testing algorithm). All HIV testing was

done in the same laboratory. The same pair of test kits were used for the first eight surveys.

However, a combination of test kits was used for subsequent surveys (for details on test kits

used at each survey, their sensitivity and specificity See S3 Table, Supplementary Digital Con-

tent 7, which shows the test kits at each round, the sensitivity and specificity and the number

of samples tested by each test kit). HIV indeterminate results were defined as discordant

ELISA test results (i.e. one positive and one negative). Other variables included in this study

were self-reported

Descriptive analysis estimated the proportions of HIV indeterminate results by RCCS visits

and covariates of interest. Time-lagged analysis was used to assess the prevalence of subsequent

HIV serological outcomes for participants with prior indeterminate, negative or positive HIV

serological results among participants with two or more visits (n = 20,000). The HIV status for

individuals with two consecutive indeterminate, negative or positive results was further evalu-

ated as a sensitivity analysis. Modified Poisson regression models using generalized estimation

equations with robust variance to account for repeated observations were used to examine

associations with serologically indeterminate results (for all participants including those with a

single visit, n = 39,440). Lorelogram was used to assess the within person correlation of inde-

terminate results over multiple study visits [21]. A sensitivity analysis was done to assess fac-

tors associated with having two or more indeterminate results limited to participants with two

or more HIV indeterminate or negative results (n = 20,000). Decision trees were used to deter-

mine the trajectory of individuals with HIV negative, positive or indeterminate results at their

first visit by tracking their HIV ELISA results for the subsequent three consecutive visits. Asso-

ciations with a two-sided p-value� 0.05 were considered statistically significant. STATA 14

was used for analysis [22].

The RCCS was approved by Institutional Review Boards (IRBs) in Uganda (The Research

and Ethics Committee of the Uganda Virus Research Institute and the Uganda National Coun-

cil for Science and Technology), and IRBs at Johns Hopkins University and Western IRB. All

subjects�18 years of age provided written informed consent and minors gave assent with

parental/guardian consent to participate in the study. The research was conducted in accor-

dance with the core principles expressed by the Declaration of Helsinki.

Results

There were 115,944 observations from 39,440 participants. The majority (22,326 (57%)) of the

participants were female and 17,114 (43%) were male. The prevalence of HIV indeterminate

results over all study visits was 4.9% (5,680/115,944); 5.6% (2,760/4,9695) for males and 4.4%

(2,920/66,249) for females. The prevalence of indeterminate results varied by survey round

(See S3 Fig, Supplementary Digital Content 8, which shows the prevalence of indeterminate

results by survey round).

Females were 24% less likely to test indeterminate compared to males (adjPR 0.76, 95% CI

0.71,0.81) (Table 1). The prevalence of indeterminate results was 5.1% (3,694/71,813) and 4.5%

(1,986/44,131) for married and unmarried individuals, respectively; and unmarried partici-

pants were 8% less likely to test indeterminate compared to married participants (adjPR 0.92,

95% CI 0.85,0.99). The prevalence of indeterminate results among participants with no educa-

tion was 5.3% (438/8,303), 5.0% (3,802/75,778), 4.5% (1,272/28,037) and 4.4% (168/3,826) for
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those with primary, secondary and tertiary education, respectively. Compared to participants

with no education, those with primary, secondary and tertiary education were less likely to

have indeterminate results (adjPR 0.90, 95% CI 0.80,1.02; adjPR 0.83, 95% CI 0.73,0.96 and

adjPR 0.75, 95% CI 0.60,0.94, respectively). People who reported not having malaria were

more likely to have indeterminate results compared to people who reported having malaria

(adjPR 1.23, 95% CI 1.06,1.50). Similarly, people who resided in urban/trading communities

were less likely to have indeterminate results compared to people who resided in rural commu-

nities (adjPR 0.92, 95% CI 0.85,0.99). The prevalence of indeterminate results was not associ-

ated with number of sexual partners and age (Table 1). When the analysis was limited to the

first eight rounds, where the testing was performed with the same pair of test kits, the same

inferences held (See S4 Table, Supplemental Digital Content 9).

We performed a similar analysis for factors associated with multiple (two or more) indeter-

minate results. The overall prevalence of two or more HIV serologically indeterminate results

Table 1. Factors associated with HIV serologically indeterminate results among 39440 (115944 person-visits) RCCS participants in Rakai, Uganda (1994–2009).

Factors Observations (%) EIA Indeterminatei prevalence UnadjPR (95% CI) AdjPR (95% CI)�

Marital Status

Married 71813(62) 3694/71813 = 5.1% 1.00 1.00

Not married 44131(38) 1986/44131 = 4.5% 0.89(0.84,0.95) 0.92(0.85,0.99)

Gender

Male 49695(43) 2760/49695 = 5.6% 1.00 1.00

Female 66249(57) 2920/66249 = 4.4% 0.79(0.74,0.84) 0.76(0.71,0.81)

Education

No education 8303(7) 438/8303 = 5.3% 1.00 1.00

Primary 75778(65) 3802/75778 = 5.0% 0.95(0.84,1.07) 0.90(0.80,1.02)

Secondary 28037(24) 1272/28037 = 4.5% 0.87(0.76,0.99) 0.83(0.73,0.96)

Tertiary 3826(3) 168/3826 = 4.4% 0.80(0.65,99) 0.75(0.60,0.94)

Resident

Rural 70759(61) 3665/70759 = 5.2% 1.00 1.00

Urban/trading 45185(39) 2015/45185 = 4.5% 0.84(0.79,0.90) 0.92(0.85,0.99)

No. sex partners

0 19654(17) 861/19654 = 4.4% 1.00 1.00

1 74904(65) 3625/74904 = 4.8% 1.09(1.01,1.19) 1.01(0.92,1.11)

2 14750(13) 812/14750 = 5.5% 1.24(1.12,1.37) 1.03(0.92,1.15)

3 4227(4) 237/4227 = 5.6% 1.27(1.10,1.48) 1.04(0.89,1.22)

4 1099(1) 53/1099 = 4.8% 1.12(0.85,1.48) 0.92(0.70,1.21)

5+ 1310(2) 92/1310 = 7.0% 1.54(1.23,1.92) 1.21(0.97,1.51)

Age

15–19 21876(19) 986/21876 = 4.5% 1.00 1.00

20–24 25266(22) 1242/25266 = 4.9% 1.09(1.00,1.19) 1.00(0.91,1.10)

25–29 23321(20) 1162/23321 = 5.0% 1.10(1.00,1.20) 0.96(0.87,1.07)

30–34 17439(15) 821/17439 = 4.7% 1.05(0.95,1.16) 0.91(0.81,1.02)

35–39 12425(11) 627/12425 = 5.1% 1.15(1.04,1.29) 0.99(0.87,1.11)

40–49 15617(13) 842/15617 = 5.4% 1.21(1.09,1.34) 1.02(0.91,1.15)

Malaria

Yes 3552(3) 112/3552 = 3.2% 1.00 1.00

No 112392(98) 5568/112392 = 5.0% 1.45(1.21,1.73) 1.23(1.06,1.50)

�Model also adjusted for occupation, religion, survey round and region of residence, EIAJ = Enzyme-linked Immunoassay indeterminate.

https://doi.org/10.1371/journal.pone.0237633.t001
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was 6.5% (5,712/8,7945), with 7% (3,822/38,520) for males and 6% (2,890/49,425) for females

(adjPR 0.85, 95% CI 0.73,0.98).

Compared to married participants, those not married were less likely to have two or more

indeterminate results (adjPR 0.85, 95% CI 0.73,0.98). Similarly, participants who reported not

having malaria were more likely to have two or more indeterminate results (adjPR 1.32, 95%

CI 1.07,1.64). The prevalence of having two or more indeterminate results was 20% lower

comparing participants who reside in urban/trading areas to participants who reside in rural

communities (adjPR 0.80, 95%CI 0.68,0.96). A dose response relationship of repeat indetermi-

nate results was observed among age groups. Compared to younger participants, older individ-

uals are more likely to have two or more indeterminate results. The prevalence of having two

or more indeterminate results was not associated with other sociodemographic or behavioral

factors (See S1 Table, Supplementary Digital Content 2, which shows factors associated with

having two or more indeterminate results).

Prevalence of indeterminate results by number of visits

Table 2 shows the distribution of indeterminate results by number of visits per participant. Of

the 15,896 individuals with one visit, 4% (636/15,896) had indeterminate results. The fre-

quency of having at least one indeterminate result increased with the number of visits per par-

ticipant. For example, 11% (536/4,725) of individuals with three, 23% (381/1,689) for

individuals with six, 31% (264/856) for those with 9 visits. Finally, for those individuals with 11

visits 35% (149/427) had at least one indeterminate result.

Within person correlation of indeterminate results

Fig 1 is a Lorelogram which measures the within person correlation of indeterminate results

using log odds ratios [21]. Fig 1 suggests that the within person correlation of indeterminate

results is autoregressive with individuals being more likely to test indeterminate closer in time

to a prior indeterminate result.

Table 2. Number of EIA indeterminate results by total number of visits per participant.

Total number of visits

# (D)a 1 2 3 4 5 6 7 8 9 10 11

0 15260 7101 4188 2360 1743 1308 979 750 592 580 278

1 636 499 440 366 302 288 212 210 173 183 87

2 81 70 63 89 58 61 57 49 33 35

3 26 19 27 21 24 22 24 24 14

4 3 5 12 10 10 6 12 6

5 0 2 8 1 9 7 3

6 0 0 3 3 3 2

7 0 0 0 0 1

8 0 0 0 1

9 0 0 0

Total # of obs.b 15896 15362 14175 11244 10830 10134 9058 8424 7704 8420 4697

Total # of indiv.c 15896 7681 4725 2811 2166 1689 1294 1053 856 842 427

a Number of indeterminates
b total number of observations
c total number of individuals.

https://doi.org/10.1371/journal.pone.0237633.t002
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Future HIV outcomes for individuals with indeterminate results

We evaluated the probability of transitioning from an indeterminate status to either positive,

negative or remaining indeterminate. The proportions transitioning from having an indeter-

minate result to HIV positive, negative, or remaining indeterminate in subsequent visits were

5%, 71%, and 24%, respectively (Table 3). Participants with indeterminate results who reported

having malaria were more likely to transition to HIV positive in subsequent follow-up visits

(7/75 = 9%) compared to participants with indeterminate results who reported not having

malaria (184/3,852 = 5%). Truck drivers and bar attendants, brewers and hairdressers with

indeterminate results were more likely to transition to HIV positive results in subsequent

Fig 1. Lorelogram. The x-axis is the time-lag between two measurements and the y-axis is log odds ratio.

https://doi.org/10.1371/journal.pone.0237633.g001

Table 3. The prevalence of transitioning from HIV negative, positive or indeterminate to HIV negative, positive or indeterminate in subsequent follow-up serologi-

cal tests.

HIV+ HIV- Indeterminate

Lagged result EIA

Negative 63743 (83) 1453/63743 = 2.3% 5934/63743 = 93.1% 2949/63743 = 4.6%

Indeterminate 3927 (5) 191/3927 = 4.9% 2779/3927 = 70.8% 957/3927 = 24.4%

Positive 8834 (12) 8611/8834 = 97.5% 116/8834 = 1.3% 107/8834 = 1.2%

a Number of observations, b EIA = enzyme immunoassay.

https://doi.org/10.1371/journal.pone.0237633.t003
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follow-up visits (2/16 = 13% and 4/49 = 8%, respectively) compared to participants in other

occupations such as government and salaried employees (11/257 = 4%), students (7/400 = 2%)

and agricultural workers (103/2121 = 5%). Similarly, participants with tertiary education who

have indeterminate results were less likely to transition to HIV positive in subsequent follow-

up visits (6/201 = 3%) compared to participants with primary (128/2,638 = 5%), secondary

(41/777 = 5%) or no education (15/310 = 5%). Younger participants (15–19 years) with inde-

terminate results were less likely to transition to HIV positive in subsequent follow-up visits

(8/370 = 2%) compared to participants in older age categories who have indeterminate results

(20–24 years 44/813 = 5%; 25–29 years 48/901 = 5%; 30–34 years 35/656 = 5%).

Individuals who tested indeterminate two or more times were more likely to continue to

test indeterminate compared to people who had only tested indeterminate once. The percent-

age transitioning from two consecutive HIV indeterminate results to HIV positive, negative or

indeterminate in subsequent visits were 5%, 50% and 46%, respectively. For comparison, for

individuals with two consecutive negative results, the proportions transitioning to HIV posi-

tive, negative or indeterminate in subsequent visits were 2%, 93% and 5%, respectively. For

participants with two consecutive HIV positive results, the proportions transitioning to HIV

positive, negative or indeterminate in subsequent visits were 99%, 0.2% and 0.5%, respectively.

(See S2 Table, Supplementary Digital Content 3, which shows transitions from two consecu-

tive negative, positive or indeterminate results to HIV positive, negative or indeterminate in

subsequent visits).

HIV serological results trajectory for participants with indeterminate,

negative and positive EIA results at their first visit

Of the 39,440 participants in the study 1,667 (4%), 32,867 (83%) and 4,906 (12%) had indeter-

minate, negative and positive HIV test results at their first visit, respectively (See S2 Fig, Sup-

plementary Digital Content 4, which shows the HIV EIA results at first visit). The HIV results

for the subsequent three consecutive follow-up visits for each of these initial serological out-

comes at the first visit is illustrated in Fig 2 and Supplementary Digital Content 5 and 6 (S3

and S4 Figs, respectively).

Of the 1,667 participants with indeterminate results at their first visit who had two or more

visits (1,031), 22% (229), 72% (744) and 6% (58) had HIV indeterminate, negative and positive

Fig 2. Future HIV EIA results for individuals with indeterminate results at their first visit.

https://doi.org/10.1371/journal.pone.0237633.g002
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results, respectively, at their second visit. Of the 229 participants with indeterminate results at

their first and second visit who had three or more visits (148), 43% (64), 50% (74), and 7% (10)

had HIV indeterminate, negative and positive results at their third visit, respectively (Fig 2).

The trajectory for individuals with positive or negative results at their first visit is illustrated in

S3 and S4 Figs (see Supplementary Digital Content 5 and 6, which shows the follow-up sero-

logical results for participants with positive or negative HIV results at their first visit). Overall,

individuals who tested negative or positive at their first visit were more likely to remain nega-

tive or positive at subsequent visits, compared to participants with indeterminate results at

their first visit.

Final HIV status for indeterminate observations

Based on past HIV status and additional confirmatory HIV testing, the final HIV status was

determined for each indeterminate observation. Of the 5,680 HIV indeterminate results, 95%

(5,411/5,680) were determined to be from HIV negative individuals, and 4% (205/5,680) were

determined to be HIV positive individuals. However, the HIV status for the remaining 1%

(64/5,680) could not be determined even with additional HIV testing.

Discussion

We estimate that the overall prevalence of HIV serologically indeterminate based on parallel

ELISA testing results in the Rakai Community Cohort Study was 4.9%. We found that indeter-

minate results were correlated within individuals and that about a quarter of individuals with

an initial indeterminate result will have an indeterminate result a year or more later. The pro-

portions having two or more indeterminate results increased with increased age. However,

this may reflect a cohort effect: as people get older, they are more likely to participate in multi-

ple surveys. We cannot disentangle the age effect from testing multiple times. The autoregres-

sive within person correlation of indeterminate results, presented in Fig 1, imply that

individuals are more likely to test indeterminate closer in time to a prior indeterminate result.

To the best of our knowledge, there are no guidelines on how to handle individuals with persis-

tent indeterminate results or mixed results on multiple visits. It is important for specific guide-

lines to be developed for such individuals. To date, molecular-based tests such as PCR are

commonly used to try to resolve discordant HIV ELISA results, which can sometimes give

inconclusive results. Also, PCR may not be feasible in remote, hard to reach settings in low-

and middle-income countries [23].

The frequency of indeterminate ELISA results was relatively high compared to other studies

[4, 7] but comparable to Western Blot indeterminate prevalence [10]. The frequency of transi-

tioning from indeterminate to negative in subsequent visits agrees with findings from other

studies that suggest that individuals with indeterminate results should be considered HIV neg-

ative if they are not within a high risk group [8, 11, 24–26]. However, the prevalence of transi-

tioning from indeterminate to HIV positive in subsequent visits is not negligible (~5%), which

suggests that individuals with indeterminate results may be in the early phase of infection, as

suggested by other studies [13–15]. WHO advises that individuals with indeterminate results,

particularly in high incidence settings, may be in the acute phase of infection and should

receive follow-up testing [16]. A study by Boeras et al. in Rwanda and Zambia reported that

5% of individuals with indeterminate results seroconverted, similar to the result of this study

[3].

The findings from this study suggest that individuals with indeterminate results can remain

indeterminate for multiple follow-up visits and their HIV status may not be resolved even with

years of follow-up. A study by Meles et al. reports that ~94% of individuals who were initially
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indeterminate later tested negative during follow-up visits; however, ~7% remained indetermi-

nate after repeated follow up tests. In this study, among participants with three consecutive

indeterminate results, ~47%, had another indeterminate EIA result at their fourth visit. This

suggests that individuals with persistent indeterminate results are more likely to remain inde-

terminate. Some of the factors (systematic lupus erythematosus, rheumatoid factor and poly-

clonal gammopathy, antibodies to DR-HLA, cross reactivity to core proteins of other

retroviruses, mycobacterium leprae infection, in vitro hemolysis, parity and tetanus vaccina-

tion [12]) known to be associated with indeterminate results are chronic or permanent which

in part may explain why certain people may remain indeterminate for a long period of time.

Females, unmarried participants, and individuals with at least primary education were less

likely to have indeterminate serologic results. Other studies have demonstrated similar factors

correlated with HIV indeterminate results. Carneiro-Proietti et al. reported that 73% of indi-

viduals with indeterminate results were male and 54% of all HIV indeterminate individuals

were married. Married women in Rakai are less likely to use contraceptives and more likely to

have children [27, 28] and parity has been found to be associated with having indeterminate

results among females [11]. False HIV EIA positive results has also been reported to be associ-

ated with multiparous women [29]. Other factors previously found to be associated with inde-

terminate serologic results include tetanus immunization in males [11]. However, the

prevalence of tetanus immunization among men in Rakai is very low (~23%) [30]. In Uganda,

males have higher prevalence of smoking compared to females [31] and it is well established

that cigarette smoking can alter blood viscosity [32]. Viscous blood samples or samples with

precipitates can form residues which could interfere with ELISA assays [6]. This, in part, may

explain why males have higher prevalence of indeterminate results compared to females and it

is important for public health screening programs to consider this when screening males for

HIV infection.

There are limitations to this study. Test kits that used whole viral lysates are known to have

high false positive results and we were not able to stratify our analysis by the antigens used by

each test kit [33, 34]. The results presented in this analysis may not hold for other populations,

especially those with lower HIV prevalence. In lower prevalence populations, samples with

indeterminate results would have a much lower frequency of being true HIV positive. Self-

reported malaria infection may not be accurate, and we did not test for other health conditions

that have been reported to cause indeterminate results. Additionally, the results from this

study should be interpreted with caution given the changes in the HIV epidemic and testing

tools over the years. The large sample could also result in statistical significance. Notwithstand-

ing these limitations, this study has significant strength, such as the use of a longitudinal data

with parallel ELISA tests done consistently for over 10 years.

The findings from this study are applicable whenever ELISAs are used either for HIV

surveillance or clinical diagnoses purposes. In conclusion, females, unmarried individuals

and having at least primary education are associated with lower indeterminate results. Indi-

viduals with indeterminate results are likely to be HIV negative, but an important propor-

tion (~5%) are found to be HIV positive in subsequent visits. The findings from this study

support the WHO recommendation that HIV surveillance programs should analyze and

report indeterminate results separately to avoid the over or underestimation of HIV preva-

lence [9].
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