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Background. For pregnant women living with human immunodeficiency virus (HIV), concurrent active tuberculosis (TB) di-
sease increases the risk of maternal mortality and poor pregnancy outcomes. Plasma indoleamine 2,3-dioxygenase (IDO) activity 
measured by kynurenine-to-tryptophan (K/T) ratio has been proposed as a blood-based TB biomarker. We investigated whether 
plasma K/T ratio could be used to diagnose active TB among pregnant women with HIV.

Methods. Using an enzyme-linked immunosorbent assay (ELISA), we measured K/T ratio in 72 pregnant women with and ac-
tive TB and compared them to 117 pregnant women with HIB but without TB, matched by age and gestational age.

Results. Plasma K/T ratio was significantly elevated during pregnancy compared to sampling done after pregnancy (P < .0001). 
Pregnant women who had received isoniazid preventive therapy (IPT) before enrollment had decreased plasma K/T ratio compared 
to those who had not received IPT (P = .0174). Plasma K/T ratio was elevated in women with active TB at time of diagnosis com-
pared to those without TB (P < .0001). Using a cutoff of 0.100, plasma K/T ratio gave a diagnostic sensitivity of 94% (95% confidence 
interval [CI]: 82–95), specificity of 90% (95% CI: 80–91), positive predictive value (PPV) 85% and negative predictive value (NPV) 
98%. A receiver operating characteristic curve (ROC) gave an area under the curve of 0.95 (95% CI: .92–.97, P < .0001).

In conclusion, plasma K/T ratio is a sensitive blood-based diagnostic test for active TB disease in pregnant women living with HIV. 
Plasma K/T ratio should be further evaluated as an initial TB diagnostic test to determine its impact on patient care.

Keywords.  IDO; kynurenine/tryptophan ratio; sensitivity; specificity; Target product profile.

Despite global efforts to end tuberculosis (TB), TB remains 
a global health threat, associated with more than a million 
deaths annually [1]. Active TB in pregnancy is risky for both 
mothers and infants. TB diagnosis has challenges, particularly 
using methods which rely on sputum samples. Sputum is dif-
ficult to obtain in severely ill patients and is not useful in pa-
tients with extrapulmonary TB [2]. As a result, there is a gap 
between the number with active TB and the number diagnosed. 

Undiagnosed cases fuel TB transmission [3] and cause ma-
ternal and fetal morbidity and mortality. The World Health 
Organization (WHO) has highlighted the urgent need for a 
rapid, quantitative, non-sputum-based marker that does not 
depend on mycobacterial direct detection and can indicate pul-
monary or extra-pulmonary TB, as a key intervention to attain 
TB control targets [4].

A significant burden of TB occurs in women of reproductive 
age (15–45 years) [1]. Pregnant women are at an increased risk 
of developing active TB disease [5–7]. Concurrent TB-human 
immunodeficiency virus (TB-HIV) infection in pregnancy is a 
significant cause of mortality in settings of high HIV prevalence 
[6, 8]. In Johannesburg, Black et al reported that about 70% of 
deaths in pregnant women with HIV were due to TB infection 
[9].

Indoleamine 2,3-dioxygenase (IDO) breaks down tryptophan 
to kynurenines [10]. IDO is the first and rate-limiting enzyme in 
the de novo biosynthesis of nicotinamide adenine dinucleotide 
(NAD) [11, 12]. IDO activity suppresses T-cell function, resulting 
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in generation of regulatory T cells and apoptosis of other T cells 
[13, 14]. IDO is highly expressed at the placenta and declines to 
nonpregnancy levels after delivery [15, 16].

Recently, we reported that IDO activity measured by product-
to-substrate ratio (kynurenine/tryptophan [K/T]) is a suitable 
blood-based TB biomarker in HIV-infected and uninfected pa-
tients [17, 18]. In this study, we investigated whether pregnancy 
acts as a potential confounder of IDO activity as a screening 
tool for active TB disease.

METHODS

Study Subjects

This was a nested case-control study. Study samples were from 
the Tshepiso cohort recruited from 2011 to 2014 [19]. Tshepiso 
was a prospective cohort study of HIV-infected pregnant 
women with active TB disease (cases) and without TB (con-
trols) in Soweto, South Africa [19]. Pregnant women were re-
cruited at the time of presentation for antenatal care. Eligible 
women were 18  years or older and had gestational age ≥ 13 
weeks with a confirmed HIV diagnosis. Participants (cases and 
controls) were evaluated for active TB disease at enrolment with 
the WHO symptom screen [20] and a sputum specimen for 
mycobacterial liquid culture (BACTEC™ MGIT™ 960 System, 
Becton Dickenson, California, USA). For each case enrolled, 
2 HIV-infected pregnant women without TB with similar ma-
ternal age, gestational age, and whose delivery was planned 
to be at the same institution as the woman with TB, were en-
rolled as controls. Cases were defined as those with a positive 
Mycobacterium tuberculosis culture result, whereas a probable 
TB case was a patient who was smear positive for acid-fast ba-
cilli (AFB) with a negative or unknown culture result, and a 
possible TB case was a patient with clinical symptoms of active 
TB but negative or unconfirmed sputum smear and culture re-
sult. Participants were followed up to 1 year postpartum.

In total, Tshepiso enrolled 83 pregnant women with ac-
tive TB and 155 women without TB [21]. Tshepiso was a 
noninterventional study, and women received care in public 
sector clinics according to South African guidelines. Standard 
of care from 2011 to 2013 depended on CD4 count. For CD4 
counts above 350 cells/mL women were given zidovudine 
(AZT) monotherapy with single dose nevirapine during labor, 
intrapartum AZT, and 1 postpartum dose of tenofovir and 
emtricitabine (option A). Women with CD4 counts below 350 
cells/mL received WHO option B (zidovudine, lamivudine, 
and efavirenz triple therapy). In 2013, guidelines changed to 
lamivudine or emtricitabine with tenofovir and efavirenz for 
those with CD4 counts below 350 cells/mL. At enrollment, the 
study clinician offered isonaizid preventive therapy (IPT) to 
participants who had not previously received IPT. Plasma sam-
ples were stored at −70°C at the Clinical Laboratory Services in 
Johannesburg until testing.

After study completion, we accessed plasma samples and 
clinical data of participants from enrollment to 1  year post-
partum. For this secondary analysis, we excluded 6 women be-
cause nontuberculous mycobacteria were identified on culture 
and 5 women diagnosed either prior to or after pregnancy. All 
active TB cases were diagnosed at the time of recruitment but at 
varying weeks of gestation. We combined probable and possible 
TB cases from the Tshepiso study as “probable/possible” TB in 
this analysis. In total, we analyzed 72 women with active TB that 
occurred during pregnancy and compared to 117 control speci-
mens available in the repository.

ELISA for Plasma K/T Ratio

Plasma samples were tested at the National Institute 
for Communicable Diseases in Johannesburg. EDTA-
anticoagulated plasma was used to measure plasma kynurenine 
and tryptophan by competitive ELISA using a commercial 
kit (ImmuSmol, Inc. France). Briefly, acylated or derivatized 
plasma kynurenine or tryptophan competed with solid phase 
bound kynurenine or tryptophan for antibody binding over a 
15-hour incubation period (overnight). Free antigen and free 
antigen-antibody complexes were removed by washing. The 
antibody bound to the solid phase was detected by an anti-
rabbit immunoglobulin G (IgG)-peroxidase conjugate using 
3.3′, 5.5′-tetramethylbenzidine as a substrate. The reaction was 
monitored at 450 nm using a microplate reader. Quantification 
of unknown samples was achieved by comparing their absorb-
ance with a reference curve prepared with known standards 
provided with the kit. IDO activity was calculated as the ratio of 
kynurenine (µmol/L)/tryptophan (µmol/L). Investigators were 
blind to TB status of samples during analysis.

Statistical Analysis

We used GraphPad Prism 6 software (GraphPad Software, USA) 
and SAS Enterprise Guide 7.15 (SAS Institute., USA) for anal-
ysis. Normally distributed data were shown as mean ± standard 
deviation (SD) whereas non-normally distributed data were 
expressed as median with interquartile range [IQR]. Wilcoxon 
and Man-Whitney tests were used to determine significant dif-
ferences between 2 nonparametric paired and unpaired groups, 
respectively. We used the Kruskal-Wallis test to compare mul-
tiple nonparametric groups.

Sensitivity, specificity, and positive and negative predictive 
values were calculated. We derived receiver operating charac-
teristic (ROC) curves to evaluate the most suitable diagnostic 
cutoff value for K/T ratio to discriminate women with active TB 
from those without TB. For controls in the ROC curve analysis, 
we included multiple time points, excluding labor, from each 
subject; that is, for controls, we included all other time points. 
For cases, we included all other time points except for enroll-
ment as a control time point during which the women did not 
have active TB. We used this approach because each person 
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could visit the clinic multiple times and require a TB test; thus 
each time point is a valid time point for inclusion as a control. 
We excluded the labor time point from the analysis. Labor has 
many physiological alterations that may affect the IDO activity; 
labor, however, is not a typical TB screening time point for a 
patient. We repeated the ROC curve analysis using only the en-
rollment time point for both cases and controls in our supple-
mentary analysis.

We assessed association between K/T ratio and clinical 
parameters such as body mass index (BMI), CD4 count, and 
viral load using Spearman correlation. Using baseline data, we 
modeled factors associated with K/T ratio by running univar-
iate and multivariate linear regression to determine the param-
eter estimate and standard error (SE). The covariates included 
study arm (TB cases vs controls), age, CD4 count, BMI, gesta-
tional age (in weeks), and viral load (in log10).

The Tshepiso cohort study was approved by the John Hopkins 
University Institutional Review Board. The University of the 
Witwatersrand Human Research Ethics Committee approved 
the Tshepiso cohort study (M10336), and this nested substudy 
(M170476).

RESULTS

Baseline Clinical Parameters

Bacteriologically confirmed, probable and possible TB were 
combined as active TB cases. Of the 72 women with active TB, 
35 (49%) were bacteriologically confirmed by culture (Table 
1). Furthermore, 66 (92%) had pulmonary TB, whereas6 pa-
tients had extrapulmonary TB (pleural, peritoneal, pericar-
dial, and disseminated TB). One woman was diagnosed with 

drug-resistant TB. At baseline, 70 (97%) women with active 
TB and 110 (94%) of the controls were receiving antiretroviral 
therapy (ARTs). There was no difference in the proportion of 
women with active TB and controls on ART; however, controls 
had been on ART longer than cases (Table 1).

Regarding isoniazid preventive therapy (IPT), 58% of con-
trols had received IPT for an average of 63  days before base-
line sampling. No patient with active TB disease had received 
IPT prior to enrolment into the study. Lower BMI and CD4 cell 
count were apparent in TB patients at baseline compared with 
controls. There was a trend toward higher viral loads in TB pa-
tients compared to controls (Table 1).

Plasma K/T Ratio Is Elevated During Pregnancy

First, we investigated whether plasma K/T ratio was increased 
during pregnancy using only specimens from the control group. 
The median K/T ratio at enrollment was 0.075 (IQR 0.050–
0.12), significantly higher than at 6 weeks after delivery (0.061 
[IQR 0.045–0.082], P < .0001, Figure 1).

Next, we analyzed intra-individual variability over time using 
only nonpregnant time points (6 weeks, 6 months, and 1 year 
postpartum) in controls. The mean plasma K/T ratio was 0.050 
with SD of 0.022 and a coefficient of variation (CV) of 31% 
(Supplementary Figure 1)

We further evaluated whether plasma K/T ratio was ele-
vated in women with active TB. In women with active TB, 
median K/T ratio was 0.222 (IQR 0.151–0.391) compared to 
0.075 (IQR 0.050–0.121) in controls at enrollment, P < .0001 
(Figure 1).

Table 1. Subjects’ Demographics and Baseline Clinical Data

Maternal characteristics at baseline

TB cases (n = 72) Controls (n = 117) P value

Age (years) 36 ± 4 36 ± 4 .9838

Gestational age (weeks) 29 (25–34) 30 (26–35) .3031

BMI 24 (22–28) 27 (24–30) <.0001

 CD4 cell (count/ml) 243 (128–314) 374 (248–483) <.0001

  HIV viral load (copies/mL) 19 (19–77) 19 (17–29) .0836

Classification of TB disease    

 Confirmed TB 35 (49%) -  

 Possible/probable TB 37 (51%) -  

Site of TB location    

 Pulmonary TB 66 (92%) -  

 Extrapulmonary TB 6 (8%) -  

ART regimen at enrollment

 Proportion of individuals on/off ART 70/2 110/7 .4865

 Median number of days on ART (IQR) 48 (20–106) 90 (41–430) .0023

Isoniazid preventive treatment

 Number of individuals on/off IPT 0/72 68/49 <.0001

 Number of days on IPT (days)A 0 63 ± 100 -

Abbreviations: ART, antiretroviral therapy; BMI, body mass index; HAART, highly active antiretroviral therapy; HIV, human immunodeficiency virus; IPT, Isoniazid preventive therapy; IQR, 
interquartile range; TB, tuberculosis. 

http://academic.oup.com/cid/article-lookup/doi/10.1093/cid/ciab232#supplementary-data
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Effect of TB Treatment on Plasma K/T Ratio

We determined the effect of TB treatment on plasma K/T ratio 
using 44 women who had samples available from enrollment, 6 
weeks postpartum and 6 month postpartum. At 6 weeks post-
partum, TB patients had received anti-TB therapy for a me-
dian of 16 (12–19) weeks. We observed that plasma K/T ratio 
declined significantly in all patients 16 (12–19) weeks after 
starting TB therapy and remained at low level even 6 months 
postpartum. The median K/T ratio at enrollment (time of TB) 

was 0.300 (IQR 0.164–0.440) compared to 0.042 (0.031–0.057) 
and 0.033 (0.027–0.050) at 6 weeks postpartum and 6 months 
postpartum, respectively, with overall P < .0001 (Figure 2).

Diagnostic Value of Plasma K/T Ratio

We evaluated the diagnostic significance of plasma K/T ratio to 
detect TB disease. We included all time points from enrollment 
to 1 year postpartum, except the labor time point. We calculated 
sensitivity, specificity, positive and negative predictive values 
(PPV and NPV) to determine the presence of active TB (Table 
2). We used a receiver operating characteristics (ROC) curve 
to determine the optimal cutoff. At a cutoff of 0.100, plasma 
K/T ratio gave an optimal sensitivity of 94% (95% confidence 
interval [CI]: 82–95), specificity of 90% (95% CI: 80–91), PPV 
85% and NPV 98% to diagnose active TB (Table 2). A ROC gave 
AUC of 0.95 (95% CI: .92–.97, P < .0001) (Figure 3). Even when 
using a lower cutoff of 0.080, previously optimized in non-
pregnant HIV-infected patients, K/T ratio gave a sensitivity of 
96% (95% CI: 88–98), a specificity of 86% (95% CI: 73–85), and 
PPV 77% and NPV of 99% for diagnosis of TB (Table 2). We 
repeated the analysis using K/T ratio measurements from en-
rollment only (Supplementary Figure 2).

Pulmonary TB Compared to Extrapulmonary TB

We evaluated whether plasma K/T ratio differed by site of TB. 
We found no significant difference in K/T ratio between pa-
tients with pulmonary TB (median 0.230 [IQR 0.145–0.382]) 
and those with extrapulmonary TB (0.205 [IQR 0.155–0.445], 
P = .956, Supplementary Figure 3A).

Figure 2. Effect of TB treatment on plasma K/T ration. Abbreviations: K/T, 
kynurenine-to-tryptophan; TB, tuberculosis.

Figure 1. Plasma K/T ratio. Abbreviations: K/T, kynurenine-to-tryptophan; TB, tuberculosis.

http://academic.oup.com/cid/article-lookup/doi/10.1093/cid/ciab232#supplementary-data
http://academic.oup.com/cid/article-lookup/doi/10.1093/cid/ciab232#supplementary-data
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Next, we compared plasma K/T ratio in patients with bac-
teriologically confirmed TB to possible/probable TB patients. 
There was no significance difference between bacteriologically 
confirmed TB cases (median 0.222 [IQR 0.160–0.385]) com-
pared to possible/probable TB cases (median 0.185 [0.098–
0.383], P = .375, Supplementary Figure 3B).

Association of K/T Ratio With Body Mass Index, CD4 Count, and HIV 
Viral Load

We analyzed association of plasma K/T ratio with clin-
ical parameters at the baseline visit. Plasma K/T ratio was 
inversely correlated with BMI in patients with active TB, 

although in controls there was no correlation (Figure 4). In 
controls but not in TB patients, plasma K/T ratio showed 
a weak correlation with viral load. For CD4 count, there 
was no correlation with plasma K/T ratio in either group 
(Figure 4).

In a univariate regression, factors significantly associated 
with plasma K/T ratio were BMI, CD4, and presence of ac-
tive TB disease (Table 3). In the multivariate analysis, women 
with active TB had a K/T ratio of 0.153 higher than controls 
(P < .0001).

The Effect of IPT

We explored the effect of IPT on plasma K/T ratio in the 
control group. Of the 117 controls, 68 (58%) had used IPT, 
whereas 49 (52%) had not used IPT before enrollment. The 
median plasma K/T ratio of women who had received IPT 
before enrollment was 0.068 (IQR 0.047–0.103), significantly 
lower than in IPT naive women (median 0.092 [0.050–0.155], 
P = .0174, Figure 5A). Among 68 pregnant women who had 
taken IPT for an average of 63 (±114) days, we found no cor-
relation between number of days on IPT and plasma K/T 
ratio (r = −0.117, P = .9451, Figure 5B). Of the 49 women 
who were IPT naive, 35 were initiated on IPT at enrollment, 
whereas 14 were not. We compared plasma K/T ratio at en-
rolment to 8 (IQR 2–11) weeks after IPT use. In a paired 
analysis, the median plasma K/T ratio declined from 0.091 
(IQR 0.042–0.139) to 0.039 (IQR 0.030–0.058) (P < .0001). 
Conversely, in 14 controls who never took IPT, median 
plasma K/T ratio at enrollment increased from 0.097 (IQR 
0.052–0.213) to 0.101 (IQR 0.053–0.263) at the 32-week visit 
(P = .0042, Figure 5C).

Table 2. Diagnostic Significance of K/T Ratio in Active TB Disease

IDO Activity for Diagnosing Active TB Disease

Cutoff Sensitivity (%) 95% CI Specificity (%) 95% CI PPV (%) NPV (%)

0.010 100 95–100 30 14–24 22 100

0.020 100 95–100 37 21–31 27 100

0.030 100 95–100 39 24–33 30 100

0.040 100 95–100 42 31–39 32 100

0.050 99 92–99 49 43–51 35 100

0.060 98 92–99 62 57–66 45 99

0.070 97 90–99 77 66–74 58 99

0.080 96 88–98 86 73–85 77 99

0.090 95 85–96 90 78–85 79 98

0.100 94 82–95 90 80–91 85 98

0.110 90 70–90 92 85–90 86 97

0.120 87 67–87 93 88–92 87 97

0.130 82 66–86 94 89–94 90 96

0.140 80 64–85 95 90–95 92 96

0.150 79 63–84 96 92–96 94 95

TB positives: All active TB cases at time of enrollment (n = 72). TB negatives: TB cases at time points other than TB diagnosis or labor, and controls at all times excluding labor (n = 510 spe-
cimens from women with HIV but no TB). 

Abbreviations: CI, confidence interval; IDO, indoleamine 2,3-dioxygenase; NPV, negative predictive value; PPV, positive predictive value; TB, tuberculosis.

Figure 3. Diagnostic value of plasma K/T ratio. Abbreviations: CI, confidence 
interval; HIV, human immunodeficiency virus; K/T, kynurenine-to-tryptophan; TB, 
tuberculosis.

http://academic.oup.com/cid/article-lookup/doi/10.1093/cid/ciab232#supplementary-data
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The Effect of ART

We investigated whether ART affected K/T ratio. In the control 
subjects, median plasma K/T ratio of those who were on ART 
was 0.070 (IQR 0.050–0.120), significantly lower than those not 
on ART (0.130 [IQR 0.065–0.307], P = .0331, Supplementary 
Figure 4A). We found no significant difference between in-
dividuals on AZT-based options compared to late regimen B 
(P = .2252, Supplementary Figure 4B). Furthermore, there was 

no significant correlation between length of time on ART and 
K/T ratio in patients or controls (Figure 6).

In TB patients at enrollment, we found no significant differ-
ence in K/T ratio between patients who had been on ART com-
pared to those who had not been on ART (P = .6445, data not 
shown). Additionally, there was no significant difference in K/T 
ratio among TB patients who were given AZT-based options 
compared to late option B (P = .2252).

Figure 4. Association of K/T ration with BMI, CD4, and HIV viral load. Abbreviations: BMI, body mass index; HIV, human immunodeficiency virus; K/T, kynurenine-to-
tryptophan; TB, tuberculosis.

http://academic.oup.com/cid/article-lookup/doi/10.1093/cid/ciab232#supplementary-data
http://academic.oup.com/cid/article-lookup/doi/10.1093/cid/ciab232#supplementary-data
http://academic.oup.com/cid/article-lookup/doi/10.1093/cid/ciab232#supplementary-data
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Table 3. Regression Analysis for Factors Associated With KT Ratio

Univariate Multivariate

Variables Arm Estimate (SE) P-value Estimate (SE) P-value

Active TB vs control 0.188 (0.019) <.0001 0.153 (0.023) <.0001

Age −0.001 (0.003) .689 … …

CD4 Count −0.018 (0.006) .003 −0.01(0.005) .057

BMI −0.011 (0.002) <.0001 −0.006 (0.002) .006

Gestational age (weeks) 0.001 (0.002) .595 … …

Log10 viral load 0.011 (0.010) .266 … …

Abbreviations: BMI, body mass index; SE, standard error; TB, tuberculosis. 

DISCUSSION

The lack of a reliable TB biomarker is an obstacle to controlling 
TB. Recently, we and others reported that increased IDO activity 
detected by plasma K/T ratio was a promising TB biomarker in 
HIV-infected and uninfected patients [18, 22, 23]. In this study, 

we evaluated the potential of plasma K/T ratio to serve as a host-
derived TB biomarker in pregnant women with HIV.

Our results demonstrate minimal intra-individual fluctua-
tion of plasma K/T ratio over a one-year period with CV of 31%. 
Pregnant women had higher plasma K/T ratio than nonpregnant 

Figure 5. Effect of IPT. Abbreviation: IPT, isoniazid preventive therapy; K/T, kynurenine-to-tryptophan.
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women. An increase IDO activity during pregnancy ties in with 
similar findings of others [24–27]. IDO expression and activity 
plays a critical role in maintaining pregnancy to term [24].

Most importantly, pregnant women with TB could be distin-
guished from pregnant women without active TB using a K/T 
ratio cutoff of 0.100. We found that pregnant patients with HIV 
and active TB had higher plasma K/T ratio than those without 
active TB disease. At a cutoff value of 0.100, K/T ratio showed 
a sensitivity of 94%, a specificity of 90%, and NPV of 98%. This 
suggests that plasma K/T ratio could be used as a rule-out first 
diagnostic test for active TB disease in women with HIV. We 
suggest this higher cutoff value of 0.100 is more suitable for 
pregnant patients.

Additionally, in patients with active TB, we noticed that K/T 
ratio rapidly declined concurrent with starting anti-tuberculous 
treatment. The finding of K/T ratio decreasing after initiation of 
TB treatment is consistent with our previous work and that of 
others [18, 22, 23, 28]. A similar difference was also observed in 
controls taking IPT compared to those never initiated on IPT. 
We conclude that administration of isoniazid alone decreases 
K/T ratio. The finding of K/T ratio decreasing after isoniazid 
preventive therapy is novel. Isoniazid was originally developed 
as a nicotinamide analog [29]. Thus, isoniazid administration 
may bypass the need for endogenous synthesis of nicotinamide 
through the IDO-catalyzed pathway. Notably, no patients in the 
TB group had been taking IPT prior to enrolment, which leads 
us to speculate that one of the ways isonaizid prevents devel-
opment of active TB is by bypassing the need for endogenous 
nicotinamide synthesis [30].

Plasma K/T ratio showed a significant inverse correlation 
with BMI in TB patients but not in controls. The relation 

between K/T ratio and BMI in TB patients is consistent with 
our previous findings and those of others in nonpregnant 
populations [31, 32]. As weight loss is a cardinal sign of 
TB, an appropriate TB biomarker should be expected to 
show inverse correlation with BMI in TB patients. There 
was a weak association between plasma K/T ratio and viral 
load in controls; in keeping with literature [33], however, 
the relation was not observed in TB patients. Controls on 
ART had lower K/T ratios than those who were ART-naive, 
but in TB patients there was no difference in K/T ratio be-
tween those on ART and those who were ART-naive. There 
was no association of plasma K/T ratio with CD4 cell count 
in either group. Thus, high K/T ratio in TB patients is not 
merely due to correlation of kynurenine or tryptophan with 
immune activation or HIV progression.

Plasma K/T ratio showed no difference between bacte-
riologically confirmed and possible/probable TB, nor be-
tween pulmonary and extrapulmonary TB. This finding is in 
keeping with our previous research [17]. Although our num-
bers with extrapulmonary disease were small, our results 
suggest that plasma K/T ratio may be useful for diagnosing 
extrapulmonary TB.

This study has several strengths. We detected K/T ratio from 
plasma, which is an easily collected clinical sample. Our pa-
tients were from a TB endemic area, implying that many of our 
controls were likely latently infected with TB, although latency 
was not tested. Most blood-based diagnostics fail to discrim-
inate active disease from previous infection or latent TB and 
perform poorly in HIV infection. We further used an ELISA 
method that does not require complicated equipment and is 
simple to perform.

Figure 6. Effect of ART. Abbreviations: ART, antiretroviral therapy; K/T, kynurenine-to-tryptophan; TB, tuberculosis.
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Study limitations include the lack of inclusion of patients with 
pneumonia or other pulmonary pathology. Our reported pos-
itive predictive values may be affected due to the case-control 
study design in which prevalence of the disease is predeter-
mined. Our assay should be assessed in nonpregnant women 
with symptoms suggestive of TB.

These findings, together with our previous work [17, 32], sug-
gest that plasma K/T ratio can be used to diagnose active TB 
disease in individuals with HIV, including pregnant women. We 
report here that elevated K/T ratio could detect almost all active 
TB cases among pregnant women. In those who tested nega-
tive for K/T ratio (below a cutoff of 0.100), 99% did not have 
TB. Our results suggest that K/T ratio has the potential to be 
used in pregnancy with an adjusted cutoff value of 0.100. The 
PPV of 85% would be of great clinical value and ideally could be 
confirmed by a second testing method. A negative result would, 
however, confidently exclude TB. An advantage of this assay 
over other existing diagnostics is its applicability to plasma as a 
sample type, avoiding the need for sputum collection.

In conclusion, our findings suggest that plasma K/T ratio, 
measured by ELISA with a cutoff of 0.100, may serve as a sensi-
tive TB diagnostic tool in pregnant women with HIV. TB treat-
ment decreased plasma K/T ratio, suggesting that plasma K/T 
ratio may prove a potential tool for monitoring TB therapy. 
Additionally, IPT decreased K/T ratio, suggesting that prospec-
tive monitoring of K/T ratio in latently infected individuals may 
be predictive of risk of progression to active TB disease.
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