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Objective(s): To examine the association between isoniazid preventive therapy and incipient tuberculosis 

(TB) transcriptome-based signatures in persons with HIV (PWH) and to describe the association between 

non-tuberculous mycobacteria (NTM) and incipient TB signatures in PWH. 

Design: Cross-sectional study using clinical information and specimens obtained at one visit from 

previous cohort. 

Methods: Participants ages 18 to 70 years were enrolled at two clinics in western Kenya caring for PWH.  

Clinical information, including whether participants had previously received isoniazid preventive therapy, 

and laboratory studies were obtained at the initial visit.  Incipient TB signatures were calculated using 

gene expression data from qRT-PCR with the Fluidigm 96.96 dynamic array platform.   The primary 

signature of interest was the RISK6 signature.  Mean RISK6 scores by IPT status were compared using 

the Mann-Whitney U test.  Multivariable linear regression was used to analyze the association between 

prior receipt of IPT and RISK6 scores and the association between NTM and RISK6 scores. 

Results: 386 participants (86.8% with prior history of IPT) were included in the analysis.  Almost all (99%) 

participants were taking antiretroviral therapy (ART) at the time of study enrollment.  Persons who had 
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received IPT had an average RISK6 score that was 0.099 lower (95% CI: 0.057, 0.139; p < 0.001) than 

persons without IPT history.  This association remained significant when adjusting for age, sex, and HIV 

viral load.  There was no significant association between NTM and RISK6 scores. 

Conclusions: History of IPT was associated with significantly lower RISK6 scores in people with HIV 

compared to people who had not received IPT.   We did not detect an association between NTM and 

RISK6 scores. 
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INTRODUCTION 

 

Tuberculosis (TB) remains a significant public and global health problem, and the leading cause of death 

among people with HIV, with approximately 208,000 TB-associated deaths in 2019 (1).  Improved 

diagnostics to identify persons at increased risk of developing active TB disease are needed to interrupt 

transmission and decrease overall burden of disease.  One strategy to end the TB pandemic has been to 

provide TB preventive therapy to those at risk for progression to active TB disease, but current methods, 

which include the tuberculin skin test (TST) and interferon gamma release assays (IGRAs), have several 

drawbacks.  These tests do not differentiate between those who are at a higher imminent risk of 

developing active TB and those who will not develop TB for many years if ever.  (2).  TST and IGRA 

results may not change with TB preventive therapy making it impossible to know whether the treatment 

was successful.  Furthermore, the sensitivity of TST and IGRA testing may be reduced in 

immunocompromised persons, including people with HIV, who are at high risk for progression to active 

TB disease.  For these reasons, biomarkers that can accurately identify those at highest risk for 

progression to active TB disease are urgently needed to efficiently target TB preventive therapy to reduce 

TB incidence, while sparing low-risk persons from medical treatment and adverse events. 

 

Several investigators have studied the performance of various blood transcriptomic signatures, known as 

“correlates of risk” (COR) signatures, for their ability to predict progression to active TB disease in 

infected people, to distinguish between healthy controls and persons with active TB disease, and to 

monitor treatment response in those undergoing treatment for active TB (3-9).  Discovering signatures 

that identify people with incipient TB disease, which is defined as the period of TB infection that occurs 

before a person progresses to sub-clinical or active TB disease has been emphasized (10).  Zak et al 

described one of the first signatures, which contained 16 genes, that was used to predict progression to 

TB disease (9).  Several signatures have been described and have included varying numbers of genes 

from as few as two up to hundreds of genes.  Some, but not all, of these genes are involved in the type I 

interferon pathway.   
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The RISK6 signature, first identified by Penn-Nicholson and colleagues (7),  distinguished between 

people who did and did not progress to active TB disease over a period of 12 months.  The investigators 

demonstrated that the RISK6 score could also potentially be used as a triage test for active TB and that 

RISK6 scores declined with treatment of TB.  Their cohorts included persons with and without HIV 

infection; overall, the signature appeared to perform similarly regardless of HIV status, although other 

transcriptomic signatures have not performed as well among persons with HIV (Darboe et al 2019, 

Sweeney et al 2016).  Penn-Nicholson et al also showed that persons with a detectable plasma HIV RNA 

had, on average, significantly higher RISK6 scores compared to persons with an undetectable viral load.  

Because the RISK6 signature contains 3 interferon stimulated genes (ISGs), their conclusion was that 

HIV viral load is a confounder in signatures containing ISGs  (7).  The potential association between HIV 

viral load and other signatures has not been as well characterized. 

 

In comparative studies, the performance of these gene signatures for identifying incipient tuberculosis 

varied.  Warsinske et al compared 16 signatures, including Maertzdorf4 and Sweeney3, and in their 

analysis found that the Sweeney3 signature performed well in several measures while the Maertzdorf4 

signature was not as reliable (11).  Another comparison by Turner et al examined 27 signatures, which 

included RISK6, Maertzdorf4, Suliman4, and Sweeney3; however, of these 4 signatures only Sweeney3 

performed well enough to be reported in the main findings of the paper (12).  Lastly, Gupta et al analyzed 

17 signatures in their performance to detect incipient TB, including Maertzdorf4, Suliman4, and 

Sweeney3, but none of the signatures reached the minimum WHO target product profile parameters over 

a 2-year period (minimum sensitivity and specificity of 75% for incipient TB detection).   

 

The recently published CORTIS trial randomized participants with positive RISK11 scores to either 

receive TB preventive treatment or active surveillance only.  The RISK11 signature was derived from the 

16-gene signature described by Zak et al, and was shown to predict progression to active TB with equal 

performance (6, 9). At the end of the 15-month follow up period, the TB incidence between the two 

groups did not differ  (13).  The reason for these results is unclear, but further studies examining the 

association between TB preventive therapy and COR scores are needed. 
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Many species of non-tuberculous mycobacteria (NTM), environmental mycobacteria that are related to 

Mycobacterium tuberculosis, can cause infections in people, particularly those who are 

immunocompromised (including people with HIV) or have structural lung disease.  Although NTM 

infections are less common than TB in endemic settings, disseminated NTM infections in 

immunocompromised populations have a high mortality (14).  Cowman et al compared transcriptomes in 

persons with pulmonary NTM infections and persons with other respiratory diseases, finding more than 

200 transcripts with differential expression between the two groups (15).  To our knowledge, the potential 

association between NTM infection and COR signatures has not been previously studied. 

 

Although some studies involving these transcriptomic signatures have included people living with HIV, 

many have excluded this population.  Additionally, while some signatures have been shown to decrease 

in response to TB treatment, to our knowledge the relationship between isoniazid preventive therapy and 

transcriptomic signatures has not been examined.   Our objective is to examine the association between 

the receipt of isoniazid preventive therapy (IPT), a commonly used option for TB preventive therapy and 

RISK6 scores.  We will also explore the relationship between the RISK6 signature and several other COR 

signatures, and evaluate for a possible association between NTM and RISK6 scores. 
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METHODS 

Study Design 

This study was cross-sectional in nature, using clinical information and specimens collected at a single 

visit that was part of a prospective study conducted previously (16).    

 

Study Setting 

Participants were enrolled in the original study from March 2017 to September 2018.  They were enrolled 

from two clinics that care for patients living with HIV in western Kenya. 

 

Study Subjects 

All participants had an established diagnosis of HIV infection.  Participants were enrolled if they were age 

18-70 and had either never received isoniazid preventive therapy (IPT), or if they had received IPT more 

than 6 months prior to study enrollment.  Participants were excluded if they could not provide consent in 

English or Dholuo, if they were pregnant or incarcerated, or if they were unwilling to provide a home 

location.  For our analysis, only participants with available IPT history were included. 

 

Data Collection 

At enrollment, participants were interviewed to collect demographic information, HIV history, TB history, 

and IPT history.  IPT history was confirmed through chart review, and adherence to IPT was self-reported.  

Laboratory results, such as HIV viral load and CD4 count, were extracted from charts.   Tuberculin skin 

tests (TSTs) were also performed at study enrollment.  Finally, phlebotomy was performed to test for a 

variety of biomarkers which were analyzed in the original paper.  If HIV viral load was unavailable from 

the patient chart, this was also tested with this blood draw.  Additional blood was drawn and stored in 

PAXgene Blood RNA tubes for future use. 

 

Laboratory assays 

For this study, RNA extraction was performed on all available PAXgene tubes using the MagMAX RNA 

Isolation Kit.  The RNA concentration from each sample after extraction was determined using the 
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NanoDrop spectrophotometer.  Next, each sample was converted to cDNA using the High Capacity cDNA 

Reverse Transcriptase Kit (Applied Biosystems).  qRT-PCR was performed using the Fluidigm 96.96 

dynamic array platform in order to determine the expression of the genes used to calculate the RISK6, 

Thompson5, Suliman4, Maertzdorf4, and Sweeney3 gene signatures.  Afterwards, the output from the 

Fluidigm instrument was extracted.  Previously written scripts to calculate the signatures were used using 

RStudio version 1.4.1106. Quality control procedures were performed by including a positive control on all 

Fluidigm plates and analyzing the minimum, maximum, and average values for signature scores by plate.  

In the initial Fluidigm run, 24 out of 48 samples run on one plate failed.  Due to concern for laboratory 

error, these samples were repeated along with a selection of samples that passed in order to perform 

additional quality control.  

 

Data Analysis 

The main aim of the study was to examine the association between isoniazid preventive therapy 

(predictor) and RISK6 scores (outcome).  RISK6 scores range from 0 to 1.  The IPT status variable was 

binary, defined as either “yes” or “no.”  Participants who completed any length of isoniazid preventive 

therapy were counted as “yes.”  A boxplot was created to show the distribution of RISK6 scores by IPT 

status.  We compared the mean RISK6 score in each IPT status group using the Mann-Whitney U test. 

We also planned to perform multivariable linear regression using age, sex, and HIV viral load as potential 

confounders.  Additionally, we log transformed the RISK6 score (outcome variable) in the model to 

correct for a non-normal distribution (demonstrated by Kolmogorov-Smirnov test).  The potential for effect 

modification of this association by HIV viral load was assessed by adding an interaction term to the 

model; the HIV viral load term was coded as either detectable or undetectable, with the threshold of 1000 

copies/mL.  Effect modification was also explored by comparing the mean difference in RISK6 scores by 

IPT status in people with detectable HIV viral load to those with undetectable HIV viral load using the 

Mann-Whitney U test. We analyzed the possible association between length of time since IPT receipt, 

which was a categorical variable coded as the year IPT was started, and RISK6 scores.  The mean 

RISK6 score by year of IPT receipt was compared using the Kruskal-Wallis test. 
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We also investigated the association between non-tuberculous mycobacteria and RISK6 scores.  A 

boxplot was created to visualize the distribution of RISK6 scores by sputum culture result: positive for 

NTM, positive for TB, or negative.  The Kruskal-Wallis test was used to compare the mean RISK6 score 

between persons with a positive sputum culture for NTM and persons with a negative sputum culture.  A 

multivariable linear regression was performed with the log of RISK6 scores as the outcome and NTM 

status as the predictor while also adjusting for age, sex, and HIV viral load.  NTM status was binary and 

was defined as either having a sputum culture positive or negative for NTM.    

 

We compared the performance of the RISK6 signature to four other signatures: Thompson5, Suliman4, 

Maertzdorf4, and Sweeney3.  The association between each signature and IPT status was compared by 

creating separate boxplots and by determining the mean difference in each signature score by IPT status 

with confidence intervals and p-values generated by the Mann-Whitney U test.  A correlation matrix was 

created to compare the correlation coefficients between each signature. 
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RESULTS 

Study Participants 

In the original cohort, 390 participants with HIV were screened for inclusion, two of whom declined study 

participation.  Of those, 386 had an available IPT history and were included in the present study analysis.  

The mean age overall was 38.3 ± 10.2 years and 58% of participants were women (Table 1).  Of 386 

participants, 335 (86.8%) endorsed a prior history of IPT while 51 (13.2%) participants denied prior IPT 

use.  Almost all (99%) participants were currently taking antiretroviral therapy for HIV.  The mean CD4 

count was 316 ± 181 cells/mm3 among participants without IPT history and 443 ± 230 cells/mm3 among 

participants with IPT history.  Of note, the CD4 count was missing for 30/51 (58.8%) of participants 

without IPT history compared to 40/335 (11.9%) of participants with IPT history.  TST results were 

available for 333 participants for which; 38 (11%) had a TST induration greater than 10mm.  Of 378 

participants with available sputum culture results, 5 (1.3%) were positive for Mycobacterium tuberculosis, 

41 (11.0%) were positive for non-tuberculous mycobacteria, and 328 (87.0%) were negative (Table 1).  

 

Association between IPT status and RISK6 scores 

The distribution of RISK6 scores by IPT status is demonstrated in in Figure 1.  The mean RISK6 score 

among persons with a history of IPT was 0.146, while the mean RISK6 score among persons without a 

history of IPT was 0.245.  In an unadjusted analysis, the mean RISK6 score in participants with a history 

of IPT was 0.099 lower (95% CI: 0.057, 0.139; p < 0.001) than those without a history of IPT.  When 

adjusting for age, sex, and HIV viral load, the geometric mean RISK6 score was 0.48 times lower (95% 

CI: 0.33, 0.68; p < 0.001) in participants with a prior history of IPT compared to those without prior IPT 

history.  As demonstrated in Figure 2, there was no statistically significant difference in RISK6 scores by 

year of IPT receipt (p = 0.38).  

 

We also assessed for the possibility of effect modification by HIV viral load on the association between 

IPT status and RISK6 scores.  Boxplots showing the distribution of RISK6 scores by IPT status among 

participants with a detectable HIV viral load and among participants with an undetectable HIV viral load 

suggested that the difference in average RISK6 scores by IPT status was greater among participants with 
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a detectable HIV viral load (Figure 3).  The difference in mean RISK6 scores by IPT status was 0.195 

(95% CI: 0.064, 0.298; p = 0.006) in participants with a detectable HIV viral load, with higher mean RISK6 

scores in those without prior IPT history.  Among those with an undetectable HIV viral load, the difference 

in mean RISK6 scores by IPT status was 0.069 (95% CI: 0.029, 0.110; p = 0.0008), with higher mean 

RISK6 scores in those without prior IPT history as well.  However, adding an interaction term to the 

multivariable linear regression model adjusting for age and sex revealed no statistically significant effect 

modification (interaction term p = 0.21).   

 

Association between positive sputum cultures for NTM and RISK6 scores 

RISK6 distributions by sputum culture result (positive for NTM, positive for MTB, or negative) are shown 

in Figure 4.  There was no statistically significant difference between the mean RISK6 score in persons 

with a positive sputum culture for NTM, a positive sputum culture for MTB, and negative sputum cultures 

(p = 0.18).  In the multivariable regression model adjusting for age, sex, and HIV viral load, the difference 

between RISK6 scores by sputum culture result remained insignificant, with an estimated geometric 

mean RISK6 score 1.09 times higher (95% CI: 0.74, 1.62; p = 0.66) in participants with a positive sputum 

culture for NTM compared to those with a negative sputum culture.  

 

Comparison of 5 CoR signatures 

As an exploratory analysis, we evaluated the associations between 4 additional CoR signatures 

(Thompson5, Suliman4, Maertzdorf4, and Sweeney3) and IPT status.  Of note, Thompson5 and 

Suliman4 scores are between 0 and 1 while Maertzdorf4 and Sweeney3 scores may be negative or 

positive numbers. When adjusting for age, sex, and HIV viral load, there was a statistically significant 

difference in CoR scores by IPT status using the Maertzdorf4 and Sweeney3 signatures.  The mean 

Maertzdorf4 score was 0.69 lower (95% CI: 0.32, 1.08; p = 0.0004) in those who had received IPT 

compared to participants who had not received IPT.   Regarding the Sweeney3 signature, persons with a 

prior history of IPT were estimated to have a mean score 0.56 lower (95% CI: 0.24, 0.86; p = 0.001) than 

those without a history of IPT.  We created a correlation matrix displaying the correlation coefficient 

between each signature (Figure 5).  The correlation coefficients between signatures ranged between  
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-0.26 and +0.72.  The RISK6, Maertzdorf4, and Sweeney3 signatures were most highly correlated with 

correlation coefficients between 0.59 and 0.72.  Three correlation coefficients were negative or almost 

zero, and the correlation between RISK6 and Maertzdorf4 scores was highest at 0.72. 
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DISCUSSION 
 
We investigated the association between prior receipt of IPT and RISK6 scores among people with HIV, 

and found that having received IPT was associated with a lower mean RISK6 score.  We hypothesized 

that RISK6 scores would be lower among people who had received IPT, because IPT has been shown to 

prevent TB disease, and lower RISK6 scores have been associated with lower risk of incident TB 

disease.  The association remained significant even when adjusting for age, sex, and HIV viral load.  To 

our knowledge, this association has not been previously demonstrated in people with or without HIV.   

 

We did not identify a statistically significant association between year of IPT receipt and RISK6 scores, 

which was a measure of whether length of time since IPT receipt would be associated with different 

RISK6 scores. We hypothesized that a longer period of time since IPT receipt would be associated with 

higher RISK6 scores because participants could have been exposed and re-infected with new TB strains 

in a longer period of time, and because some IPT trials demonstrated an increase in TB incidence 6 

months after completion of TB preventive therapy (17) (18).  On the other hand, our results demonstrating 

no significant difference in RISK6 scores by year of IPT receipt may be consistent with a more recent 

study that showed a more durable response to IPT (19). 

 

We also evaluated the possibility of effect modification by HIV viral load on the association between 

previous IPT receipt and RISK6 scores.  HIV viral load has previously been shown to be associated with 

RISK6 scores (7).  We demonstrated that the association between IPT status and RISK6 scores was 

larger among participants with a detectable HIV viral load, although this did not reach statistical 

significance. 

 

We also explored the association between prior receipt of IPT and 4 additional COR signatures, and 

found that IPT status was also statistically significantly associated with the Maertzdorf4 signature and the 

Sweeney3 signature.  Interestingly, these were also the COR signatures that correlated most with the 

RISK6 signature.  None of the genes in these 5 signatures overlap and many of them are involved in 

distinct biological functions.  
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In our study, participants who had positive sputum cultures for NTM did not have significantly different 

RISK6 scores compared to those with negative sputum cultures.  We hypothesized that culture positivity 

for NTM would be associated with higher RISK6 scores since the utility of RISK6 scores as a triage test 

has been demonstrated and because of the relatedness between NTM and Mycobacterium tuberculosis.  

One study previously demonstrated differential expression of several genes in people with pulmonary 

NTM infection vs other respiratory diseases (15); the genes in the 5 signatures we analyzed in our study 

did not include any of the 25 genes with the top differential expression they reported, which is a possible 

explanation for why we did not demonstrate a significant association.  Another possibility that would 

explain our results is that some of the participants with a positive sputum culture for NTM did not have a 

true NTM infection, and the positive sputum culture represented colonization.  The diagnosis of 

pulmonary NTM infection requires chest imaging compatible with NTM infection, and none of the 

participants in our study had chest imaging available.  Additionally, one positive sputum culture alone is 

not sufficient to make the diagnosis (20).  Further speciation of the NTM isolated from positive sputum 

cultures was not available, so it is also possible that some of the participants had sputum cultures positive 

for a species NTM that rarely causes infection.  Additional studies, ideally including persons with 

confirmed NTM infection, are needed to further describe the association between NTM and COR 

signatures.   

 

The CORTIS trial showed that there was no significant difference in TB incidence among RISK11 positive 

participants who received TB preventive therapy relative to those who underwent active surveillance 

alone after 15 months of follow up.  The reason for these results remains unclear, but there are several 

possibilities.  One theory posed by the authors is that the regimen they chose, which was weekly 

isoniazid and rifapentine, was not sufficient to fully treat incipient TB.  Another possibility is that some 

COR scores depend on genetic variations leading to differential immune activation.  Our demonstration of 

an association between prior receipt of IPT and RISK6 scores would argue against the theory that genetic 

variations significantly affect COR scores, because in that case one would assume receiving IPT would 

not be associated with different COR scores.  On the other hand, our results could be consistent with the 

possibility that the preventive therapy provided in the CORTIS trial was insufficient to fully treat incipient 
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TB.  Of note, the CORTIS trial only included participants without HIV, whereas our cohort only included 

persons with HIV.  Although we adjusted for HIV viral load in our models, it is possible that the 

association we observed between IPT and RISK6 scores would have been different among persons 

without HIV.  

 

Our study had several limitations.  The adherence to isoniazid preventive therapy was based on self-

report, so it may have been subject to recall or social desirability bias.  This could have had a significant 

impact on our results because receipt of IPT was our main predictor of interest.  Another potential source 

of bias is that persons who are more likely to accept and be adherent to IPT may be more likely to also be 

adherent to HIV treatment.  We attempted to mitigate this by adjusting for HIV viral load in our model, but 

this may not have been sufficient to fully address this source of bias.  An additional limitation is that, given 

our study design, we cannot conclude that there is a causal relationship between IPT receipt and lower 

RISK6 scores.  We also do not know whether the difference in mean RISK6 scores by IPT status would 

have been associated with different clinical outcomes, such as TB incidence, because participants were 

not followed prospectively.   

 

In conclusion, we demonstrated that prior receipt of isoniazid preventive therapy was associated with a 

lower mean RISK6 score in a cohort of Kenyan people with HIV.  We also found that the Maertzdorf4 and 

Sweeney3 signatures were associated with IPT status.  Prospective studies measuring RISK6 and other 

COR scores before and after TB preventive therapy are needed to describe the nature of their 

relationship more definitively.  Inclusion of a follow up period monitoring for incident TB might also allow 

for an assessment of whether possible changes in COR scores related to TB preventive therapy lead to 

decreased TB incidence.  In our cohort, there was no significant association between positive sputum 

cultures for NTM and RISK6 scores.  Studied including participants with a clinical diagnosis of NTM 

infection are needed to more fully explore the possible association between COR signatures and NTM 

infection. 
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Figure 5.  Correlation matrix comparing 5 CoR Signatures 
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