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SUMMARY

SETTING—Prevention of maternal-to-child transmission program at a tertiary care hospital in 

Nairobi, Kenya. The risk of acquiring Mycobacterium tuberculosis infection among peripartum 

human immunodeficiency virus (HIV) infected women is poorly defined.

OBJECTIVE—To determine the incidence of and co-factors for interferon-gamma release assay 

(IGRA) conversion among postpartum HIV-infected women using T-SPOT.TB.

DESIGN—We used data and cryopreserved peripheral blood mononuclear cells from a historical 

cohort of HIV-infected women enrolled at 32 weeks’ gestation and followed for 1 year postpartum 

between 1999 and 2005.

RESULTS—Of 89 women initially IGRA-negative during pregnancy, 11 (12.4%) became 

positive, 53 (59.5%) remained negative and 25 (28.1%) were indeterminate at 1 year postpartum. 

Mean interferon-gamma (IFN-γ) response among converters increased from ~1 to >50 spot-

forming cells/well (P = 0.015). IGRA conversion was significantly associated with partner HIV 
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infection, flush toilets, maternal illness and cough during follow-up, but not maternal CD4 count 

or HIV viral load.

CONCLUSION—The high rates of IGRA conversion seen among HIV-infected postpartum 

women in our study are similar to those of other groups at high risk for M. tuberculosis infection. 

This has important implications for M. tuberculosis infection screening strategies and provision of 

preventive therapy for the health of women and their infants.
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ALTHOUGH THE INCREASED RISK of progression from Mycobacterium tuberculosis 
infection to active disease among human immunodeficiency virus (HIV) infected individuals 

is well described,1 data on incidence of and co-factors for M. tuberculosis infection among 

HIV-infected individuals,2–6 or pregnant/postpartum women are limited.7,8 Lack of a perfect 

test to detect M. tuberculosis infection complicates the distinction between a true new 

infection vs. a positive test reflecting immune response changes or test performance 

variation.

Unlike the tuberculin skin test (TST), interferon-gamma release assays (IGRAs) do not 

cross-react with bacille Calmette-Guérin (BCG) and are not boosted by previous testing; 

they could therefore contribute to improved estimates of M. tuberculosis infection 

incidence.9 Recent data suggest that IGRA conversion among HIV-infected individuals is 

high, even in low TB burden areas2 and among peripartum women in endemic settings.7 

Pregnant/postpartum women may be at increased risk for active TB or M. tuberculosis 
infection due to hormonal and immunologic changes.10–12 This risk may be amplified 

among pregnant/postpartum HIV-infected women.

Longitudinal studies assessing IGRA conversion in HIV-infected individuals and pregnant/

postpartum women would be useful in determining M. tuberculosis infection rates and co-

factors that inform testing and TB prophylaxis approaches. Pregnant/postpartum HIV-

infected women are a particularly relevant group due to adverse outcomes associated with 

maternal TB to themselves and their infants, including TB, HIV infection/progression, low 

birth weight, and mortality.10,13 We previously determined that positive antenatal maternal 

IGRA was associated with a significantly increased risk of postpartum maternal and infant 

TB and mortality.13 In the present study, we determined the incidence and correlates of 

IGRA conversion in HIV-infected postpartum Kenyan women.

METHODS

Study design and population

We used data and cryopreserved peripheral blood mononuclear cells (PBMCs) from a 

previously described historical cohort of HIV-infected pregnant women enrolled at 32 

weeks’ gestation and followed for at least 1 year postpartum at the Kenyatta National 

Hospital, Nairobi, Kenya, between July 1999 and May 2005, as part of a prevention of 
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maternal-to-child transmission study.13,14 Women received zidovudine for the prevention of 

vertical transmission of HIV. This study was conducted prior to widespread antiretroviral 

therapy (ART) availability; none of the women in this IGRA analysis received ART during 

study follow-up. Previously, we tested antenatal PBMCs in this cohort with T-SPOT.TB 
IGRA (Oxford Immunotec, Abingdon, UK) and estimated postpartum maternal and infant 

active TB and mortality risk associated with positive antenatal maternal IGRA;13 of the 361 

women tested in pregnancy, 135 (37.4%) were positive, 170 (47.1%) were negative, and 56 

(15.5%) had an indeterminate response.13

For this study, we selected women with a negative IGRA at 32 weeks’ gestation with 

PBMCs available at 1 year postpartum, and excluded those with clinically detected active 

TB during follow-up.

Written informed consent for the parent study was obtained from all participants. The 

University of Washington Human Subjects Division, Seattle, WA, USA, and the University 

of Nairobi Ethical Review Committee, Nairobi, Kenya, approved the parent and current 

studies.

Enrollment and follow-up procedures

Medical history and examination were conducted at enrollment during pregnancy, and 

follow-up visits at delivery, 2 and 4 weeks postpartum, and monthly thereafter up to 12 

months.13 Blood samples were obtained at enrollment and follow-up for HIV RNA levels, 

CD4 cell count, and PBMC storage. CD4 cell counts were measured at the University of 

Nairobi using FACScan Flow Cytometer (BD, Franklin Lakes, NJ, USA). Plasma HIV RNA 

levels were quantified at the Fred Hutchinson Cancer Research Center, Seattle, WA, USA, 

using a transcription-mediated amplification assay (Gen-Probe, San Diego, CA, USA). At 

study visits, women were evaluated for illness symptoms as well as reports of diagnosis of 

upper respiratory tract infection, pneumonia, TB, malaria, or hospitalization since the 

previous study visit.14

T-SPOT.TB assay

Cryopreserved PBMCs were processed using previously described techniques.13 Average 

cell viability following overnight incubation was 62.8%. The manufacturer’s instructions for 

the T-SPOT.TB assay procedure and the interpretation of results were followed (Oxford 

Immunotec, http://www.oxfordimmunotec.com/T-SPOT_International). Developed plates 

were dried overnight and spots were read using an automated ELISpot reader (CTL-

Immunospot® S4 Core Analyzer, Carnegie, OH, USA). Assays were considered positive if 

the mean spot-forming cell count per well (SFC/well) in early secreted antigenic target 6 

(ESAT-6) or culture filtrate protein 10 (CFP-10) minus the negative control was ≥6 (if the 

mean negative control was ≤5 SFC/well), or if the mean ESAT-6 or CFP-10 SFC/well minus 

the negative control SFC/well was >2 times the negative control (if the mean negative 

control was 6–10 SFC/well). Assay results were considered negative if the above criteria 

were not met, and indeterminate if mean SFC/well was <20 in positive control wells or >10 

in negative control wells. Assays were performed by a single technician.
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Statistical analysis

Women with positive and negative IGRA at 1 year postpartum were compared on baseline 

characteristics using median and interquartile range (IQR) for non-normally distributed 

continuous variables and χ2 test (or Fisher’s exact test, if appropriate) for categorical 

variables. Change in CD4 cell count and HIV plasma viral load between delivery and 1 year 

postpartum, and interferon-gamma (IFN-γ) responses at 32 weeks’ gestation and 1 year 

postpartum, were compared by IGRA response status at 1 year postpartum using paired t-
tests.

As an exploratory analysis, we excluded women with grey-zone results of 5–7 SFCs/well at 

baseline and follow-up (cut-off suggested by the T-SPOT.TB manufacturer and the US Food 

and Drug Administration as an indication for re-testing), and repeated the above described 

pair-wise IFN-γ response analysis.

RESULTS

IGRA conversion at 1 year postpartum

Of 89 HIV-infected women with a negative IGRA during pregnancy, 11 (12.4%) were 

positive, 53 (59.5%) were negative and 25 (28.1%) were indeterminate at 1 year postpartum 

(Figure). Among indeterminate assays, 16 (64%) had failed the positive control (<20 SFC/

well) and 9 (36%) had failed the negative control (>10 SFC/well). Excluding indeterminate 

responses, 17.2% (11/64) women had an IGRA conversion.

Baseline comparison of IGRA convertors vs. non-convertors

A comparison of characteristics of IGRA converters vs. non-converters is shown in Table 1. 

The groups had comparable age, employment status, household crowding (number of rooms, 

people, and people/room/household), CD4 cell count and plasma HIV viral load. A 

significantly greater proportion of women with IGRA conversion reported flush toilet use vs. 

pit latrine (63.6% vs. 28.3%, P = 0.04) and a higher proportion of HIV-positive husbands 

(83.3% vs. 25.0%, P = 0.05) than women without IGRA conversion. Women who reported 

flush toilet use were more likely to be employed, live in >1 room households, and not share 

a toilet than pit latrine users (data not shown).

IGRA converters had a significantly greater average number of visits with reported illnesses 

than non-converters (mean: 6.4 vs. 4.0, P = 0.008), and were more likely to report cough 

(100% vs. 69.8%, P = 0.05) (Table 1). A similar proportion in both groups were 

hospitalized, had clinically diagnosed pneumonia, and fever. Change in CD4 cell count and 

HIV viral load during follow-up did not differ between groups.

Women with and without IGRA conversion had a mean IFN-γ response at 12 months 

postpartum of respectively 50.9 SFC/well and 1.2 SFC/well (Table 2). Mean IFN-γ response 

in women who remained IGRA-negative increased slightly postpartum (0.6 vs. 1.2, paired t-

test P = 0.02). The Appendix Figure A displays individual response changes between 

pregnancy and postpartum among IGRA converters.*
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Grey-zone analysis

Two of the 89 (2.2%) women who were IGRA-negative at baseline were within the grey 

zone of 5–7 spots above control; one remained negative at 1 year with an IFN-γ response 

below the grey zone, and one had an IGRA conversion with a strong positive response 

(Figure). Of the 11 IGRA conversions, three (27.3%) were within the grey zone. Of the 53 

who remained IGRA-negative at 1 year, two (3.8%) were in the grey zone.

Excluding women with grey-zone responses, IGRA conversion was observed in 12.3% 

(7/57) at 12 months postpartum. In this subset, those with a positive postpartum IGRA had a 

significantly higher mean postpartum response compared to baseline (55.4 vs. 1.2 SFC/well, 

P = 0.03). We also observed a small IFN-γ response increase in women who remained 

IGRA-negative (mean response 1.1 vs. 0.5 SFC/well, P = 0.01).

DISCUSSION

In this longitudinal assessment of initially IGRA-negative HIV-infected women during 

pregnancy, there was a high incidence of IGRA conversions (12.4%, or 17.4% excluding 

indeterminate responses) at 1 year postpartum. Among IGRA converters, the median 

magnitude of responses increased substantially and significantly (from ~1 to >50 SFC/well) 

between baseline and follow-up.

To date, the majority of IGRA conversion studies in high-burden areas have focused on 

testing following known TB exposure. In these studies, IGRA conversion rates ranging from 

~12% to 27% have been noted in household contacts in India, South Africa and the 

Gambia.15–17 Our estimated incidence of 12–17% IGRA conversions over the first 

postpartum year is similar to the estimated 14% annualized IGRA conversion among South 

African adolescents.18 Our study indicates that pregnant/postpartum women are at 

comparable risk of M. tuberculosis infection to these known high-risk groups.

In high TB burden regions, HIV-infected individuals have a high baseline prevalence of M. 
tuberculosis infection as detected by IGRA, suggesting that the incidence of M. tuberculosis 
infection in the absence of defined TB exposure is not rare.9 HIV-infected individuals may 

have frequent hospital/clinic visits where they could be exposed to TB patients, and are more 

likely to live with an HIV-TB co-infected family. Our observation of a 12–17% incidence of 

IGRA conversion may reflect new M. tuberculosis infections in an endemic region or 

detection in individuals previously negative at baseline due to imperfect test sensitivity, 

lower baseline antigen stimulation, or an increase in TB-specific immune responses. 

However, the large response change from negative to >50 spots and the plausible co-factor 

associations suggest that these IGRA conversions reflect new M. tuberculosis infection. This 

is consistent with a systematic review of TB clustering that suggested that TB cases among 

HIV-infected individuals in an endemic setting were more likely to be due to new infection 

than reactivation.19

*The appendix is available in the online version of this article, at http://www.ingentaconnect.com/content/iuatld/ijtld/
2015/00000019/00000007/art00008
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Women with IGRA conversion were more likely to have an HIV-positive partner and use a 

flush toilet. HIV-infected male partners would be expected to be at greater risk of having 

active TB, leading to exposure of their female partners. In our previous study, flush toilet 

was also associated (P = 0.0001) with positive IGRAs in HIV-infected women.13 M. 
tuberculosis has been detected in stool specimens of individuals with active TB,20 and in soil 

and wastewater in high TB burden areas.21 M. tuberculosis transmission from medical 

waste22 and aerosolization from wound irrigation23 has been documented. While it is 

possible that M. tuberculosis aerosolization via flush toilets could occur,24 it is likely that 

flush toilet use may be a proxy for some unmeasured factor associated with acquisition of 

M. tuberculosis infection. In our study, flush toilets were associated with higher socio-

economic status indicators. Women with IGRA conversions were significantly more likely to 

report cough and illnesses during the period of conversion, suggesting a subclinical 

syndrome at acquisition of M. tuberculosis infection, or alternatively, the development of 

clinically unrecognized active TB. The binary concept of latent vs. active TB is evolving to a 

continuum paradigm, reflecting the complexity of the interactions between host immune 

status, bacillary load, development of symptoms and progression to TB disease.1 Similar to 

other studies in HIV-infected individuals, immunosuppression measured by CD4 count was 

not associated with IGRA conversion.2 This is consistent with studies noting that 

susceptibility to TB may be related to qualitative T-cell dysfunction in addition to reduction 

of CD4 cells, and may partially explain why HIV-infected individuals on ART remain at 

higher risk of TB even after CD4 count recovery.1,25,26

Our study has important strengths and limitations. In the absence of TST data, it is difficult 

to speculate how many IGRA-negative women in our study would have been TST-negative. 

In a cross-sectional study of HIV-infected and non-HIV-infected pregnant women in India, 

TST and IGRA agreement was poor (κ = 0.21) in HIV-infected women.27 Our study was 

limited by the use of frozen and not the manufacturer-recommended fresh PBMCs, which 

may have resulted in a lower magnitude of IGRA responses. We observed a higher 

percentage of indeterminate responses (28%) than the 0.6–15% range observed in previous 

studies, perhaps due to the use of cryopreserved specimens.13,28–31 The validity of ELISpot 

responses using frozen PBMCs has been demonstrated previously.32,33 The grey-zone 

analysis was an approach to try to compensate for potentially lower IGRA responses 

associated with frozen PBMCs. Excluding women who developed clinically diagnosed 

active TB during follow-up could have led to underestimated rates of IGRA conversion in 

the case of IGRA conversion and rapid progression to active TB during follow-up. 

Reversions may have contributed to ‘negative’ baseline results, underestimating the 

prevalence of M. tuberculosis infection in pregnancy. Although a high proportion of IGRA 

reversions (positive to negative) has been reported in serially tested health care workers34 

and HIV-infected individuals in low TB burden settings,2 reversion appears less frequent in 

high TB burden settings, particularly with baseline positive IGRAs well above the cut-off 

threshold.16,18,35,36 Our small sample size likely limited our power to detect other IGRA 

conversion co-factors. Women in this cohort were not systematically evaluated for active 

TB, as this is was not the primary aim of the parent cohort; some of the IGRA conversions 

could therefore reflect active TB. However, given the duration of follow-up, it is likely that 

the majority of women developing clinically apparent active TB were identified. Rates of 
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IGRA conversion may be higher in our pre-ART cohort than would be seen in new ART 

cohorts with Option B+ (ART for life for pregnant/lactating women). The strengths of our 

study include frequent visits (monthly) and the relatively long duration of clinical follow-up 

(from 32 weeks’ gestation to 1 year postpartum).

Our study suggests that IGRA conversion in HIV-infected women between the antepartum 

and postpartum period is not rare. Women with HIV-infected partners have a higher risk of 

IGRA conversion and may be a high-risk group to target for isoniazid or other preventive 

therapies. While universal isoniazid preventive therapy (IPT) is currently recommended for 

HIV-infected individuals,37 the benefit of preventive therapy is most evident in those who 

are TST-positive. Although there are data to suggest that IPT is well tolerated in peripartum 

women in programmatic and trial settings,38,39 there are still concerns about side effects in 

this population; this is the subject of a current National Institutes of Health-funded trial 

(IMPAACT P1078). An approach of repeated M. tuberculosis infection testing followed by 

IPT for those with a positive test without evidence of active TB may an alternative to 

universal IPT. However, the feasibility and cost-effectiveness of this approach need to be 

examined.

Cost-effectiveness modelling in a theoretical HIV-infected cohort in a low TB burden setting 

suggested additional benefit for latent tuberculous infection screening during pregnancy vs. 

the postpartum period.40 This may not be the case in high-burden settings with ongoing risk 

of TB transmission. If women are screened only once during pregnancy using IGRA, our 

study suggests that there could be an appreciable subset of women who subsequently qualify 

for IPT in the postpartum period. Further longitudinal studies in HIV-infected cohorts in 

high TB burden regions, including pregnant/postpartum women in the era of ART and 

Option B+ roll-out, will be useful to contribute data on IGRA conversion rates and to inform 

guidelines for M. tuberculosis infection testing, diagnosis and treatment.

CONCLUSION

We found high rates of IGRA conversion among HIV-infected postpartum women, with 

rates similar to those seen among populations known to be at high risk for M. tuberculosis 
infection (known TB case contacts and adolescents in high TB-HIV burden settings). This 

has important implications for latent tuberculous infection testing strategies and provision of 

preventive therapy for the health of women and their infants.
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APPENDIX

Figure A. 
Change in magnitude of IFN-γ response in women who were negative at P32 and IGRA-

positive at M12. The horizontal black dashed line represents 6 SFC/well, the manufacturer-

defined cut-off point for a positive response. The horizontal black solid line represents 7 

SFC/well, the upper limit for the grey zone of 5–7 SFCs/well defined by T-SPOT.TB and the 

US Food & Drug Administration. SFC = spot-forming cell; IFN-γ = interferon-gamma; P32 

= 32 weeks’ gestation; M12 = 12 months postpartum; ESAT-6 = early secreted antigenic 

target 6; CFP 10 = culture filtrate protein 10.
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Figure. 
A) Cut-offs for positive and negative IGRA TB-SPOT.TB assays, including grey zone. B) 
Study flow of HIV-infected women with initial negative IGRA (TB-SPOT.TB) at 32 weeks’ 

gestation with repeated IGRA testing at 12 months postpartum. SFC = spot-forming cells; 

IGRA = interferon-gamma release assay; HIV = human immunodeficiency virus.
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Table 1

Characteristics of HIV-infected women who converted from IGRA-negative at enrollment (32 weeks’ 

gestation) to IGRA-positive at 12 months postpartum vs. those who remained IGRA-negative

Characteristics

IGRA-positive
(n = 11)
n (%)

IGRA-negative
(n = 53)
n (%) P value

Sociodemographic

 Age, years, median [IQR]       24.0 [24.0–29.0]       24.0 [21.0–27.0] 0.13

 Ever married

  Yes    9 (81.8)  48 (90.6) 0.59

  No    2 (18.2)    5 (9.3)

 More than primary education (>8 years)

  Yes    7 (63.6)  23 (43.4) 0.32

  No    4 (36.4)  30 (56.6)

 Employed

  Yes    5 (45.5)  18 (34.0) 0.51

  No    6 (54.5)  35 (66.0)

 Living in 1 room

  >1 room    4 (36.4)    7 (13.5) 0.09

  1 room    7 (63.6)  45 (86.5)

 Number of rooms, median [IQR]     1.0 (1.0–2.0)     1.0 (1.0–1.0) 0.07

 Number of people/room, median [IQR]     4.0 (2.0–4.0)     2.0 (2.0–4.0) 0.16

 Use of flush toilet

  Flush toilet    7 (63.6)  15 (28.3) 0.04

  Pit toilet    4 (36.4)  38 (71.7)

 Use of shared toilet

  Yes    9 (81.8)  47 (88.7) 0.62

  No    2 (18.2)    6 (11.3)

Partner HIV testing and status

 Husband tested for HIV

  Yes    6 (54.6)  24 (46.1) 0.30

  No    2 (18.2)  21 (40.4)

  Do not know    3 (27.3)    7 (13.5)

 Husband HIV-positive       (n = 6)         (n = 24)

  Yes    5 (83.3)    6 (25.0) 0.05

  No    0 (0.0)    7 (29.1)

  Do not know      1 (16.7)  11 (45.8)

HIV markers at enrollment during pregnancy

 CD4 cell count, cell/mm3, median [IQR]         406 [221–539]       407 [308–616] 0.31

 HIV plasma viral load, log10 copies/ml, median [IQR]         4.65 [3.97–5.36]       4.80 [4.09–5.26] 0.78

Maternal illness during year 1 postpartum follow-up

 Average number of visits due to illness over 1 year postpartum, median 

[IQR]*
      6.4 [4.1–8.6]       4.0 [3.3–4.7]   0.008
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Characteristics

IGRA-positive
(n = 11)
n (%)

IGRA-negative
(n = 53)
n (%) P value

 Hospitalization

  Yes  1 (9.1)  4 (7.6) 1.0  

  No  10 (90.9)    49 (92.5)

 Clinical diagnosis of pneumonia

  Yes    1 (9.1)    2 (3.8) 0.44

  No   10 (90.9)   51 (96.2)

 Clinical diagnosis of URTI

  Yes  10 (90.9)  34 (64.2) 0.15

  No    1 (9.1)  19 (35.8)

 Self-report of fever

  Yes    4 (36.4)  20 (37.7) 1.0  

  No    7 (63.6)  33 (62.3)

 Self-report of cough

  Yes    11 (100.0)  37 (69.8) 0.05

  No    0 (0.0)  16 (30.2)

HIV progression markers

 Change in CD4 over 1 year postpartum from delivery, cell/mm3, mean 

(95%CI)†
           −7.1 (−16.2 to 2.0)          −8.7 (−14.0 to 3.5) 0.78

 CD4 count at month 12 postpartum, cell/mm3, median [IQR]          287.5 [190.0–683.0]         410.0 [277.5–594.0] 0.31

 CD4 % at month 12 postpartum, median [IQR]         18.5 [16.0–27.0]        20.0 [14.0–27.0] 0.95

 Change in HIV plasma viral load over 1 year postpartum from delivery, 

log10 copies/ml, mean (95%CI)†
     0.03 (−0.1–0.1)   −0.02 (−0.1–0.1) 0.48

 HIV plasma viral load at month 12 postpartum, log10 copies/ml, median 
[IQR]

        4.6 [4.4–5.1]         4.6 [4.1–5.1] 0.98

*
Study visit where an indicator for maternal illness has been recorded as yes.

†
Change in CD4 cell count and HIV plasma viral load between delivery and 1 year postpartum was calculated using paired t-tests.

HIV = human immunodeficiency virus; IGRA = interferon-gamma release assay; IQR = interquartile range; URTI = upper respiratory tract 
infection; CI = confidence interval.
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Table 2

Pair-wise comparison of combined and antigen-specific IFN-γ response in HIV-infected women who were 

IGRA-negative at enrollment (32 weeks’ gestation) and IGRA-positive/negative/indeterminate at 12 months 

postpartum

Antigen-specific spot count above negative control, SFC/
well

Postpartum IGRA response to M. tuberculosis antigens 
(number of pairs)

32 weeks’ gestation
Mean (95%CI)

12 months postpartum
Mean (95%CI) P value*

Combined ESAT-6/CFP-10 response†

 Positive (n = 11) 1.23 (0.07–2.38) 50.91 (12.93–88.89) 0.015

 Negative (n = 53) 0.57 (0.26–0.89)   1.21 (0.78–1.63) 0.02

 Indeterminate (n = 25) 1.40 (0.42–2.37)   9.33 (−4.97–23.64) 0.27

ESAT-6

 Positive (n = 11) 0.59 (−0.06–1.24)   47.0 (8.67–85.33) 0.02

 Negative (n = 53) 0.47 (0.17–0.78)   0.92 (0.54–1.31) 0.06

 Indeterminate (n = 25) 0.44 (0.04–0.83)   7.71 (−5.88–21.29) 0.28

CFP-10

 Positive (n = 11) 0.95 (−0.21–2.12) 30.73 (3.70–57.75) 0.04

 Negative (n = 53) 0.26 (0.09–0.44)   0.57 (0.25–0.88) 0.11

 Indeterminate (n = 25) 1.15 (0.16–2.15)   2.74 (−2.85–8.33) 0.58

*
Paired t-test.

†
IGRA response to M. tuberculosis-specific antigens.

IFN-γ = interferon-gamma; HIV = human immunodeficiency virus; IGRA = interferon-gamma release assay; SFC = spot-forming cells; CI = 
confidence interval; ESAT-6 = early secretory antigenic 6; CFP-10 = culture filtrate protein 10.
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