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The performance of gamma interferon (IFN-�) release assays (IGRA) in the detection of latent tuberculosis (TB) infection is lim-
ited by the higher rates of indeterminate results in HIV-infected persons, who bear the brunt of TB disease in some high-burden
settings. The objective of the study was to evaluate predictors of indeterminate IGRA results in the overall study population and
in HIV-infected persons. The study setting is Khayelitsha, an informal township in the Western Cape of South Africa, with a high
burden of TB and HIV infection. A total of 561 asymptomatic persons were recruited from the day hospital and youth centers. A
questionnaire was used to collect demographic information, and blood tests, including CD4 counting and a 7-day in-house
IGRA, were performed. The overall prevalence of indeterminate IGRA results was 8.6% (48/561), and this was higher in HIV-
infected than in HIV-uninfected persons (11.5% [38/330] versus 4.3% [10/231], respectively; P � 0.003). In the overall study
population, predictors of indeterminate IGRA results were the presence of HIV infection (odds ratio [OR], 2.36; 95% confidence
interval [CI], 1.10 to 5.08) and the presence of a Mycobacterium bovis BCG scar (OR, 2.48; 95% CI, 1.23 to 5.01). Long-term
township residents were significantly less likely to have indeterminate results than recent migrants (OR, 0.30; 95% CI, 0.11 to
0.80). Among HIV-infected persons, participants with CD4 counts of >200 cells/mm3 and long-term residents were significantly
less likely to have indeterminate IGRA results (OR of 0.21 with a 95% CI of 0.09 to 0.48 and OR of 0.22 with a 95% CI of 0.07 to
0.68, respectively). We evaluated risk factors for indeterminate IGRA results and report a higher rate of indeterminate results
among HIV-infected persons, particularly those with lower CD4 counts. Of note, a recent move to the township was associated
with a higher risk of indeterminate IGRA results.

The diagnosis of HIV-associated tuberculosis (TB) is challeng-
ing. Identification and treatment of latent TB infection (LTBI)

has been shown to decrease the incidence of TB in HIV-infected
persons, highlighting the importance of accurate detection of
LTBI (20). In the diagnosis of LTBI, the sensitivity of the tubercu-
lin skin test (TST) is impaired by the presence of HIV coinfection,
and the test also lacks specificity due to cross-reactivity with non-
tuberculous mycobacteria (NTM) and the Mycobacterium bovis
BCG vaccine.

Gamma interferon (IFN-�) release assays (IGRA) represent a
significant advance in latent TB diagnosis, and several studies have
evaluated the ability of IGRA to detect LTBI in the presence of
HIV infection in settings where HIV/TB are endemic. Chapman et
al. enumerated TB-specific T cells and reported the response rates
of the region of difference 1 (RD1) gene product-based enzyme-
linked immunosorbent spot (ELISpot) assay, the purified protein
derivative (PPD)-based ELISpot assay, and the TST; all methods
showed that responses were reduced in healthy HIV-infected per-
sons compared with those in HIV-uninfected Zambian individu-
als (4). In a study by Leidl et al. in Uganda, HIV-infected persons
with CD4 counts of �250 cells/�l had the highest frequency of
positive TST and QuantiFERON Gold In-Tube (QFT-GIT) re-
sults, indicating dependency on the degree of immunosuppres-
sion. In contrast, the T-SPOT.TB results were independent of the
degree of immunodeficiency, with results for HIV-infected per-
sons comparable to those of HIV-uninfected persons (13). These

studies highlight some limitations of IGRA in HIV-infected per-
sons.

Studies comparing HIV-infected to -uninfected persons have
also shown a higher rate of indeterminate results in immunocom-
promised persons (19). Indeterminate IGRA results are due to
either a high background level with the negative control or low
response to the positive control. However, other predictors of an
indeterminate gamma interferon response, particularly in HIV-
infected persons, are less understood. A better understanding of
these predictors could aid optimization of LTBI screening and
interpretation of results in persons with identified risk factors.

The aim of this study was to evaluate predictors of indetermi-
nate gamma interferon (IFN-�) responses, particularly in HIV-
infected persons.
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MATERIALS AND METHODS
Study setting and participants. Khayelitsha, the setting for this study, has
a population of over 400,000 predominantly black Africans and an excep-
tionally high burden of TB and HIV, with a TB case notification rate of
�1,600 cases/100,000 persons in 2008 and an HIV antenatal prevalence of
29% (15). Two-thirds of TB cases in Khayelitsha occur in HIV-coinfected
persons (15).

Adults aged over 18 years were potentially eligible for inclusion as part
of an observational TB diagnostics study recruiting asymptomatic persons
with latent TB infections using the IGRA described. Written informed
consent was obtained from all participants, and the study was approved by
the University of Cape Town Faculty of Health Sciences Research Ethics

Committee. From February 2008 to November 2010, asymptomatic HIV-
infected and -uninfected patients were recruited from the Khayelitsha day
hospital and youth clinic. Diagnosis of HIV infection was performed by
the health facility using the Abbott Determine HIV 1/2 test and a confir-
matory enzyme-linked immunosorbent assay (ELISA) processed by the
National Health Laboratory Service, a reference laboratory.

A TB symptom screen was performed to identify and exclude sus-
pected cases of TB. TB symptoms were defined by the presence of any of
the following symptoms: cough, night sweats, fever, weight loss, or loss of
appetite. The absence of all these symptoms has been reported to identify
persons with a low probability of having TB disease (10). In addition,
HIV-infected persons had TB excluded by induced sputum sent to the

TABLE 1 Baseline characteristics of determinate and indeterminate IGRA resultsa

Patient characteristic Determinate IFN-� response Indeterminate IFN-� response Overall total

Baseline characteristics (% [no. of positive
subjects/total no. of subjects])

Female 66.6 (342/513) 72.9 (35/48) 67.2 (377/561)
HIV positive 56.9 (292/513) 79.2 (38/48) 58.8 (330/561)
TST positive 61.1 (301/493) 59.6 (28/47) 60.9 (329/540)
Smoker 20.7 (106/511) 8.3 (4/48) 19.7 (110/559)
TB contact 15.6 (79/507) 14.6 (7/48) 15.5 (86/555)
Previous episode of TB 11.5 (59/512) 14.6 (7/48) 11.8 (66/560)
Presence of BCG scar 48.1 (246/511) 66.7 (32/48) 49.7 (278/559)
On ARTb 1.4 (4/290) 2.6 (1/38) 1.5 (5/328)
Employed 30.6 (156/510) 33.3 (16/48) 30.8 (172/558)
Shack accommodation 54.6 (261/478) 61.4 (27/44) 55.2 (288/522)
Resident <1 yr in Khayelitsha 4.4 (21/476) 12.9 (6/43) 5.2 (27/519)

Other factors (median [IQR])
Age (yr) 28 (22.7–34.7) 29.6 (25–35.5) 28.1 (22.9–34.7)
BMI 25.1 (22.0–30.0)) 25.8 (23.4–29.3) 25.2 (22.0–29.8)
Education (highest grade) 11 (10–11) 11 (10–12) 11 (10–12)
No. of persons/bedroom 2 (1.67–3) 2 (1.9–3) 2 (1.67–3)
CD4 count (cells/mm3) 353 (260–507) 241 (101–420) 346.5 (241–502)
No. of days since HIV diagnosis 325 (15–1354) 255 (43–981) 322.5 (17–1337)
Mantoux skin test result (mm) 12 (1–20) 10 (0–17) 10 (0.5–20)

aCharacteristics in bold represent significant differences between determinate and indeterminate IFN-� responses.
bART, antiretroviral therapy.

FIG 1 Histograms showing decreasing proportions of indeterminate results with increasing CD4 counts in HIV-infected persons. Numbers within the bars
indicate sample sizes; percentages are given above the bars.
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National Health Laboratory Service reference laboratory for TB micros-
copy and culture. Demographic details recorded included age, sex, body
mass index (BMI), presence of a BCG scar, smoking status, history of
previous TB, highest school grade achieved, employment status, duration
of residency in Khayelitsha, HIV status, and CD4 count.

Gamma interferon release assay. A 7-day in-house IGRA was per-
formed at the laboratory at the Institute of Infectious Disease and Molec-
ular Medicine, University of Cape Town. Samples of heparinized blood
were transported at room temperature, and assays were set up on the same
day within 4 h. Briefly, blood was diluted 1:10 in RPMI 1640 medium
containing 1% L-glutamine and added to a 24-well flat-bottom plate at 1
ml/well. Antigens (ESAT-6, CFP-10, and an ESAT-6/CFP-10 fusion pro-
tein) (9) were added at a final concentration of 5 �g/ml. Phytohemagglu-
tinin (PHA) at a concentration of 5 �g/ml acted as a positive control, and
RPMI 1640 medium with 1% L-glutamine was the negative control. After
gentle mixing, the plate was incubated at 37°C with 5% CO2 for 7 days.
After incubation, the supernatants were harvested and stored at �80°C
until assayed (up to a maximum of 2 weeks later). The IFN-� ELISA was
performed on the supernatants as described previously (5).

An indeterminate result was defined as having a high background level
with the negative control or an inadequate positive-control response (de-
fined as a PHA response of �1,000 pg/ml; 40 pg/ml is equivalent to 1
IU/ml [7]). This PHA cutoff point was selected based on the assumption
that all participants should respond to the positive control and that the
distribution of the real data should be normal. The distribution of the raw
data when plotted was not normal. The log values of the IFN-� response to
PHA were then plotted, and low outliers were recursively excluded. At a
cutoff point of 1,000 pg/ml, all tests of normality were passed, and this was
therefore chosen as the cutoff point for a positive PHA response.

Statistical analysis. Baseline characteristics were compared using sim-
ple proportions stratified according to whether IFN-� responses were
determinate or indeterminate. Risk factors associated with indeterminate
IFN-� results were analyzed using logistic regression built manually using
two methods. First, negative and positive results were combined into one
“determinate” variable, and logistic regression was performed. Second,
multinomial regression was performed to compare the risk factors for
indeterminate IFN-� results to negative and positive IFN-� results in
turn. Nested models were compared using the likelihood ratio test. The
Akaike’s information criterion (AIC) was used to compare nonnested
models, with a significantly lower AIC (�10%) indicating an improved
model. Effect modification between confounding and exposure variables
was also examined using interaction variables. The fit of the model was
assessed using Pearson’s goodness-of-fit test, with a P value of �0.05
indicating a good fit of the model to the data. Outlying and influential
observations were identified using standardized residuals greater than �2
or less than �2 and the Hosmer and Lemeshow test of influence, respec-
tively.

All data were analyzed using STATA, version 10.0 (StataCorp, College
Station, TX).

RESULTS
Baseline characteristics. The overall prevalence of indeterminate
IGRA results was 8.6% (48/561) and was higher in HIV-infected
than in HIV-uninfected persons: 11.5% (38/330) versus 4.3% (10/
231), respectively (P � 0.003). All indeterminate results were due
to an inadequate positive-control response. Among persons with
indeterminate IFN-� responses, 72.9% were HIV infected, and
12.9% had lived in Khayelitsha for less than 1 year (compared to
4.4% in participants with determinate IGRA results) (Table 1).
The median number of days since HIV diagnosis was 255 (inter-
quartile range [IQR], 43 to 981 days) compared to 325 (IQR, 15 to
1,354 days) in those with determinate results. The median CD4
count was lower, at 241 (IQR, 101 to 420) versus 320 (IQR, 227 to
433) and 375 (IQR, 283 to 528) cells/mm3 in IFN-�-negative and

-positive persons, respectively. Figure 1 highlights the increasing
prevalence of indeterminate results with decreasing CD4 counts.
A higher proportion of HIV-infected persons than uninfected
persons were recent migrants (6.8% versus 2.4%; P � 0.024).

Comparison between in-house IGRA and QFT-GIT assay. In
the absence of a gold standard, the antigen-specific cutoff values
were chosen using the QuantiFERON Gold In-Tube (QFT-GIT)
test as an arbitrary gold standard. A comparison was conducted
using 31 healthy donors (independent of the study), and statistical
analysis was conducted by receiver operating characteristic curve
analysis. The proportion of donors scoring any positive response
to any peptide in the in-house assay was similar to the proportion
scored positive by QFT-GIT (14/31 [45%] to any of the peptide
mixtures). Significant values for the area under the curve (AUC)
were obtained for ESAT-6 and CFP-10 and for the summed response
(see the supplemental material). Overall, the most useful combina-
tion of specificity and sensitivity was provided by the response to
CFP-10 at a cutoff of 300 pg/ml (sensitivity, 93% [95% confidence
interval {CI}, 66% to 100%]; specificity 82% [95% CI, 57% to 96%]).
The lowest cutoff values that provided 100% sensitivity at the highest
likelihood ratio were therefore chosen. A positive IFN-� response was
defined as a response to ESAT-6 of �471 pg/ml, to CFP-10 of �188
pg/ml, or to the fusion protein of �857 pg/ml.

Factors associated with indeterminate IFN-� results. To ex-
plore factors that associate with indeterminate results, two meth-
ods were used. We compared determinate to indeterminate re-
sults as well as indeterminate to positive and negative results in a
multinomial multivariable regression.

In the overall study population, factors found to be associated
with indeterminate versus determinate results included HIV in-
fection, presence of a BCG scar, and living in Khayelitsha for �1
year (Table 2). We examined the quantitative IFN-� responses
and found that all indeterminate results were due to low positive-
control responses. Of these, 67% had a BCG scar. The quantitative
antigen responses were examined in further detail, stratified by the
presence or absence of a BCG scar. Table 3 demonstrates that the
median antigen responses for indeterminate results were low and
similar to IFN-�-negative results. In the overall study population,
50% had a BCG scar; but this proportion was higher at 61% and
67% in persons with IFN-�-negative and indeterminate results,
respectively, than in IFN-�-positive persons (43%).

The multinomial model showed that the significant effects ob-
served in the combined model were attributable to a comparison
between indeterminate and positive IFN-� results. Table 4 shows
a comparison between indeterminate and positive IFN-� results.
A comparison of indeterminate and negative IFN-� results
showed no significant variables (data not shown).

In HIV-infected persons, factors that associated with indeter-
minate versus determinate results were similar to the overall

TABLE 2 Final model of predictors of indeterminate compared to
determinate IGRA results

Patient factor

Indeterminate vs determinate IFN-�
response

Odds ratio 95% CI P value

HIV infected 2.36 1.10–5.08 0.028
Presence of a BCG scar 2.48 1.23–5.01 0.011
Lived in Khayelitsha for �1 year 0.30 0.11–0.80 0.016

Indeterminate IGRA Predictors in a High-Burden Setting
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model, with the presence of a BCG scar being associated with a
3-fold increase in odds of indeterminate results and persons living
in Khayelitsha longer than 1 year having 74% lower odds of an
indeterminate result (Table 5). Recent migrants were more likely
to be HIV infected than longer-term residents (82% versus 60%,
respectively). Stratifying HIV-infected persons by time in
Khayelitsha, the median CD4 counts were similar in recent and
long-term residents (422 [IQR, 248 to 513] and 345 [IQR, 230 to
498], respectively; P � 0.542), suggesting that higher rates in in-
determinate results in recent migrants cannot be attributed to
more advanced immunosuppression. In addition, we stratified all
other variables by length of stay in Khayelitsha (less than 1 year/at
least 1 year) and found that recent migrants had a significantly
shorter median period since HIV diagnosis (38 [IQR, 15 to 178]
days versus 348 [IQR, 18 to 1,411] days). They were also more
likely to be HIV infected than longer-term residents. However, the
proportions of participants living in informal accommodation
and employment rates were similar in both groups.

In addition, among HIV-infected persons, a lower CD4 count
was associated with higher risk of an indeterminate result, with an
80% lower risk of having an indeterminate result in those with
CD4 counts of �200 (Table 5).

The multinomial model resulted in the same significant vari-
ables as the model that combined negative and positive results,
with significant effects observed also being attributable to a
comparison between indeterminate and positive IFN-� results
(Table 6).

DISCUSSION

We describe, in this study, factors that associate with indetermi-
nate IFN-� responses. HIV is known to increase the risk of inde-
terminate results either through a high nil background or low
positive-control responses. Our data are consistent with existing
literature with regard to an association between low CD4 counts
in HIV-coinfected persons and higher odds of indeterminate
IFN-� results.

A study in Cape Town, South Africa, examined healthy adults
and found a decline in TST reactivity in HIV-infected persons

(median CD4 count, 392 cells/mm3) compared with HIV-unin-
fected persons from the same community but no similar decline in
response in the HIV-infected subjects tested by both commercial
IGRA (19). The frequencies of positive T-SPOT.TB results were
comparable across different degrees of immunosuppression,
while the proportion of positive results of the QFT-GIT test were
lower in those with more advanced HIV infection.

In a setting characterized by a high HIV burden, the lower
sensitivity of QFT-GIT in HIV-infected persons has been noted to
be due to a higher rate of indeterminate results, and no difference
in sensitivity was observed when these results were excluded from
analysis (1). A meta-analysis by Diel and colleagues reported the
rate of indeterminate results to vary from 2.1% for the QFT-GIT
to 3.8% for the T-SPOT.TB test, increasing to 4.4% and 6.1%,
respectively, in immunocompromised persons (8). Other studies
conducted in high-burden settings have shown similar results,
with a decrease in sensitivity in HIV-infected persons (3, 18),
while some studies have shown no association between degree of
immunosuppression and rates of indeterminacy (11).

Among HIV-infected persons, previous studies have found an
association between indeterminate IFN-� results and advanced
age, lower CD4 counts, and hypoalbuminemia (2, 12). Unexpect-
edly in this study, the presence of a BCG scar was associated with a
3-fold increase in odds of an indeterminate versus positive IFN-�
response. This could represent a limitation on the use of IGRA in
persons with a BCG scar. Interestingly, the majority of indetermi-
nate responses had low enough ESAT-6, CFP-10, and fusion pro-
tein responses to be classified negative, as shown in Table 3.

Another unexpected finding was that recent migrants to Khayelit-
sha (�1 year) had a higher risk of indeterminate than positive results.
Although a higher proportion of recent migrants were HIV infected,
this factor remained significant in the HIV-infected subgroup. The
reason for this finding is unclear. The population of Khayelitsha is
fairly mobile, with a constant (in and out) flux of new residents from
the rural parts of South Africa as well as other parts of the continent.
One explanation is that more recent migrants represent a more mar-
ginalized and vulnerable population living in more informal settings.
Although our questionnaire ascertained whether participants lived in

TABLE 4 Final model of predictors of indeterminate compared to
positive IGRA results using multinomial regression

Patient factor

Indeterminate vs positive IFN-�
response

Odds ratio 95% CI P value

HIV infected 2.55 1.17–5.53 0.018
Presence of a BCG scar 3.02 1.48–6.16 0.002
Lived in Khayelitsha for �1 yr 0.29 0.10–0.82 0.020

TABLE 5 Final model of predictors of indeterminate IGRA results in
HIV-infected persons

Patient factor

Indeterminate vs determinate IFN-�
response

Odds ratio 95% CI P value

CD4 count of �200 0.21 0.09–0.48 �0.001
Presence of a BCG scar 3.05 1.30–7.17 0.002
Lived in Khayelitsha for �1 yr 0.22 0.07–0.68 0.009

TABLE 3 Summary of quantitative IGRA antigen responses stratified by BCG scar status

IFN-� response

Median quantitative response (pg/ml [IQR])

No BCG scar With BCG scar

ESAT-6 CFP-10 FPa ESAT-6 CFP-10 FP

Indeterminate 0 (0–330) 0 (0–115) 0 (0–0) 0 (0–165) 0 (0–9) 0 (0–579)
Negative 72 (0–189) 0 (0–56) 62 (0–133) 0 0 0
Positive 260 (863–5,085) 1,189 (304–3,579) 1,968 (576–4,819) 1,106 (0–3,005) 722 (148–2,536) 1,808 (642–4,049)
aFP, fusion protein.
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a permanent building or a shack, we did not collect data on the degree
of informality of the shacks, as squatter camps exist in Khayelitsha
with little or no access to basic hygiene or sanitation. This, along with
increased chances of being malnourished, could increase the risk of
indeterminate results. A study has reported an association between
malnutrition and increased risk of indeterminate IGRA results in in-
fants (6). Another study in adult patients with inflammatory bowel
disease reported associations between indeterminate IGRA results
and low serum albumin levels, a marker of malnutrition (17). In this
study, there was no association between BMI and indeterminacy
(median BMI, 25.3, 25.0, and 25.8 for negative, positive, and indeter-
minate IGRA results, respectively). South Africa is rapidly urbaniz-
ing, with changes in lifestyle behavior resulting in reduced physical
activity and increasing prevalence of obesity across socioeconomic
groups. The BMI is therefore likely to be a poor measure of malnu-
trition in adults in this setting.

Limitations. The use of an in-house IGRA limits the ability to
generalize from these findings. However, a comparison was car-
ried out against the commercial QFT-GIT assay on healthy do-
nors. The proportion of donors scoring positive to any antigen
was similar to the proportion scoring positive by the QFT-GIT,
suggesting comparability between these tests.

Another potential limitation in this study is the accuracy of
recording the presence of a BCG scar. Previous studies conducted
in this and other high-burden settings have found variability in the
measurement of scars in both left and right deltoid regions and
reported no association between TST positivity and the presence
of a BCG scar (14, 16, 19).

Conclusion. The finding of a positive association between HIV
and indeterminate IFN-� results is expected and congruent with
existing literature. The presence of a BCG scar was also positively
associated with indeterminate IFN-� results; further analysis re-
vealed that TB-specific antigen responses in subjects with indeter-
minate results and BCG scars were significantly lower than in
those without BCG scars, suggesting that these were more likely to
reflect a negative IGRA and a protective effect of BCG from LTBI.
A recent move to Khayelitsha was associated with a higher risk of
indeterminate IFN-� results. These findings highlight the limita-
tion in the performance of IGRA in these subpopulations.
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positive IGRA results using multinomial regression in HIV-infected
persons

Patient factor

Indeterminate vs positive IFN-�
response

Odds ratio 95% CI P value

CD4 count of �200 0.16 0.07–0.40 �0.001
Presence of a BCG scar 3.64 1.52–8.74 0.004
Lived in Khayelitsha for �1 yr 0.20 0.06–0.68 0.010
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