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Background. Helminths and tuberculosis (TB) largely overlap at the population level. Whether helminth infections influence 
disease severity and bacterial burdens in TB is not well understood.

Methods. This study was conducted to examine the disease severity in a cohort of pulmonary TB (PTB) individuals with (Ss+) 
or without (Ss−) seropositivity for Strongyloides stercoralis infection.

Results. Ss+ was associated with increased risk of cavitation (odds ratio [OR], 4.54; 95% confidence interval [CI], 2.33–9.04; 
P < .0001) and bilateral lung involvement (OR, 5.97; 95% CI, 3.03–12.09; P < .0001) in PTB individuals. Ss+ was also associated 
with higher bacterial burdens (OR, 7.57; 95% CI, 4.18–14.05; P < .0001) in PTB individuals. After multivariate analysis adjusting 
for covariates, Ss+ was still associated with greater risk of cavitation (adjusted OR [aOR], 3.99; 95% CI, 1.73–9.19; P = .0014), bi-
lateral lung involvement (aOR, 4.09; 95% CI, 1.78–9.41; P = .0011), and higher bacterial burden (aOR, 9.32; 95% CI, 6.30–13.96; 
P < .0001). Finally, Ss+ was also associated with higher plasma levels of matrix metalloproteinases ([MMP]-1, -2, -7, -8, and -9) in 
PTB individuals.

Conclusions. Therefore, our data demonstrate that coexistent Ss infection is associated with greater disease severity and higher 
bacterial burden in PTB. Our data also demonstrate enhanced plasma levels of MMPs in coinfected individuals, suggesting a plau-
sible biological mechanism for these effects.
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More than 2 billion people worldwide are infected with hel-
minths, whereas one quarter of the world’s population may 
harbor Mycobacterium tuberculosis (Mtb) infection, often with 
a great degree of geographical overlap (with helminths being 
prevalent in 21 of 22 countries with the highest tuberculosis 
[TB] burden) [1, 2]. India accounted for 27% of the active TB 
cases worldwide, while also accounting for 24% of the world’s 
population for helminth infection [1, 2]. Understanding Mtb 
and helminth coinfection is critical because the immune re-
sponse to helminths affect the ability to control Mtb and to re-
spond to TB vaccines [3]. Epidemiological studies show that 
helminths are associated with TB pathogenesis [4], but the 

effect of helminths on TB disease pathogenesis and pathology 
is poorly understood.

On population levels, helminths and TB disease seem to in-
teract. Thus, TB patients in Ethiopia were 4 times more likely 
to have a helminth infection than household contacts who had 
no evidence of TB disease, and the patients had a significantly 
higher prevalence of helminths compared with community 
controls [5, 6]. Likewise, TB patients in Brazil were 5 times as 
likely to have any helminth compared with matched controls 
[7]. However, a recent meta-analysis of 20 studies examining 
the risk of TB among intestinal helminth infections failed to 
show a significant association for helminths, with the excep-
tion of Strongyloides stercoralis (Ss) infection (TB patients had a 
2.68-fold higher risk of Ss infection) [8]. Nevertheless, very few 
studies have examined TB disease severity or bacterial burden 
in helminth coinfections. Some studies have found no signif-
icant effects of helminth infection on TB severity [6, 9, 10], 
whereas one study demonstrated that TB-helminth coinfected 
individuals have been found to have more advanced clinical 
presentation [11].
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Therefore, we have examined the association of Ss infection 
and pulmonary TB (PTB) in individuals from Chennai, South 
India. Our data reveal that Ss coinfection is strongly associated 
with TB disease severity as well as bacterial burdens in PTB. 
Our data also reveal an enhancement effect of Ss coinfection on 
the plasma levels of matrix metalloproteinases, which are typ-
ical drivers of lung pathology PTB [12], thereby offering a plau-
sible biological mechanism for this interaction.

MATERIALS AND METHODS

Ethics Statement

All individuals were examined as part of a clinical research 
protocol (ClinicalTrials.gov: NCT01154959) approved by 
Institutional Review Board of the National Institute for 
Research in Tuberculosis, India, and informed written consent 
was obtained from all participants.

Study Population and Tuberculosis Evaluation

Newly diagnosed smear- and culture-positive PTB individuals 
were recruited from Chennai, India. A  total of 200 culture-
confirmed PTB individuals were recruited in this study. 
Individuals with PTB were diagnosed by positive solid cultures 
in Lowenstein-Jensen medium. Chest x-rays were used to de-
termine cavitary disease as well as unilateral versus bilateral 
involvement. Chest x-rays were read by 2 independent radiolo-
gists. Smear grade was used to determine bacterial burdens and 
classified as 1+, 2+, and 3+. The laboratory investigators were 
blinded to the chest x-ray and bacteriology results. At the time 
of enrollment, all active TB cases had no record of prior TB dis-
ease or anti-TB treatment or any steroid use. All participants 
were Bacillus Calmette-Guérin vaccinated (identified by scar 
status) and human immunodeficiency virus (HIV) negative 
(using rapid test). Participants were excluded if they exhibited 
signs or symptoms of any associated lung or systemic disease 
and if they were found to be drug-resistant. Diabetic status was 
assessed using hemoglobin A1c (HbA1c) levels (HbA1c >6.5% 
was considered diabetic). Plasma samples were obtained from 
all 200 individuals at baseline (before TB treatment initiation) 
and stored until further use.

Strongyloides Serology

Strongyloides stercoralis infection was diagnosed by the pres-
ence of immunoglobulin G antibodies to the recombinant NIE 
antigen, as described previously [13, 14]. Filarial infection was 
excluded in all study participants by virtue of being negative in 
tests for circulating filarial antigen (TropBio Og4C3 assay).

Multiplex Assay

Matrix metalloproteinases (MMPs) were measured in a subset 
of Ss+ (n = 31) and Ss− (n = 62) individuals. Plasma levels of 
MMP-1, MMP-2, MMP-3, MMP-7, MMP-8, MMP-9, MMP-
10, MMP-12, and MMP-13 were determined using a multiplex 

Luminex assay (Bio-Rad Laboratories, Inc.). The lowest detec-
tion limits were as follows: MMP-1, 115.8 pg/mL; MMP-2, 809 
pg/mL; MMP-3, 199.2 pg/mL; MMP-7, 27.7 pg/mL; MMP-8, 
31.7 pg/mL; MMP-9, 257.5 pg/mL; MMP-10, 78.4 pg/mL; 
MMP-12, 18.5 pg/mL; and MMP-13, 32.9 pg/mL.

Statistical Analysis

Geometric means (GMs) were used for measurements of cen-
tral tendency. Comparisons between the Ss+ and Ss− groups 
used the Mann-Whitney test (for numeric variables), the cen-
tral Fisher’s exact test (for binary variables), or a proportional 
odds model (for ordinal variables). Three separate analyses for 
each type of disease severity was performed, and within each 
a simple univariate test of association and a more complicated 
adjustment multivariate test that adjusts for covariates were 
performed. For the univariate tests, either a central Fisher’s 
exact test (for lung lesions and cavitation) or a Wilcoxon-
Mann-Whitney test (for acid-fast bacilli [AFB] smear grade) 
was used. To compare with the multivariate test, a propor-
tional odds model for the AFB smear grade was used. For the 
multivariate tests, propensity scores with inverse probability 
weighting for the models (logistic for lung lesions and cavi-
tation, or proportional odds for AFB smear grade) were used. 
All analysis were prespecified. Conditional regression was 
used due to the case-control design of the study. Adjustments 
for variables used either weighted logistic regression (binary 
variables) or weighted proportional odds models (ordinal vari-
ables), using inverse probability weighting with the propen-
sity scores estimated by the random Forest R package. Holm’s 
correction for multiple comparisons was used for the tests of 
Figure  1. Analyses were performed using Graph-Pad PRISM 
version 8.0 or R version 3.6.1. Proportional odds model used 
the MASS R package, and the central Fisher’s exact test used 
the exact 2x2 R package.

RESULTS

Demographics of the Study Population

The total study population was 200 individuals with PTB, in-
cluding 67 Ss+ and 133 Ss−. The median age was 42 (interquar-
tile range [IQR], 18–60) years for Ss+ and 36 (IQR, 19–65) years 
for Ss− (P  =  .0613). There were no significant differences in 
gender, body mass index (BMI), smoking status, or alcohol use 
(Table  1). Hemoglobin A1c levels were significantly different 
between Ss+ (median, 5.6; IQR, 4.5–17.7) and Ss− (median, 6; 
IQR, 4.6–14.5) individuals.

Ss+ Is Associated With Increased Risk of Bilateral Lung Lesions and 

Cavitation

To assess the association of Ss infection with disease se-
verity and extent in TB disease, we performed a univariate 
and multivariate conditional regression analysis, with the 
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latter correcting for age, gender, BMI, diabetic status (based 
on HbA1c levels), duration of symptoms, smoking status, or 
alcohol use (Table  2). Univariate analysis showed that Ss+ 

was associated with an increased risk of bilateral lung lesions 
(odds ratio [OR], 4.54; 95% confidence interval [CI], 2.33–
9.04; P < .0001) and cavitation (OR, 5.97; 95% CI, 3.03–12.09; 
P <  .001). Multivariate analysis showed that Ss+ was still as-
sociated with increased risk of bilateral lung lesions (adjusted 
OR [aOR], 3.99; 95% CI, 1.73–9.19; P = .0014) and cavitation 
(aOR, 4.09; 95% CI, 1.78–9.41; P = .0011), after correcting for 
confounding variables. Thus, for each of the 2 disease severity 
measures, Ss+ is associated with increased TB disease severity.

Ss+ Is Associated With Increased Risk of Greater Bacterial Burdens

To assess the association of Ss infection with bacterial bur-
dens in TB disease, we performed a univariate and multivar-
iate conditional regression analysis, with the latter correcting 
for age, gender, BMI, diabetic status (based on HbA1c levels), 
duration of symptoms, smoking status, or alcohol use (Table 2). 
Univariate analysis showed that Ss+ was associated with in-
creased risk of smear grade (OR, 7.57; 95% CI, 4.18–14.05; 
P <  .0001). Multivariate analysis showed that Ss+ was still as-
sociated with increased risk of bilateral lung lesions (aOR, 9.32; 
95% CI, 6.30–13.96; P < .0001), after correcting for confounding 
variables. Thus, Ss+ is associated with increased bacterial bur-
dens in PTB.
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Figure 1. Elevated plasma levels of matrix metalloproteinases (MMPs) in Ss+ individuals with pulmonary tuberculosis (PTB). The plasma levels of MMP-1, -2, -3, -7, -8, 
-9, -12, and -13 in Ss+ (n = 31) and Ss− (n = 62) PTB individuals were measured by multiplex assay. The data are represented as scatter plots with each circle representing a 
single individual. P values were calculated using the Mann-Whitney test with Holm’s correction for multiple comparisons.

Table 1. Demographics and Clinical Characteristics of the Study 
Population

Characteristic
Ss+  

(n = 67 [34%])
Ss−  

(n = 133 [66%]) P Value

Age, years, median (IQR) 42 (18–60) 36 (19–65) .0613

Gender    

Male 55 [82%] 104 [78%] .6542

Female 12 [18%] 29 [22%]

BMI, kg/m2, median (IQR) 18.9 (13.8–30.4) 18.6 (12.8–29.5) .2757

HbA1c 5.6 (4.5–17.7) 6 (4.6–14.9) .0219

Duration of symptoms in 
days, median (range)

45 (35–65) 48 (30–61) .8742

Smoking    

Yes, current smoker 20 [30%] 42 [31%] .8549

Yes, former smoker 15 [22%] 23 [17%]

No, never 32 [48%] 68 [52%]

Alcoholism    

Yes 27 [40%] 47 [35%] .5937

Never 40 [60%] 86 [65%]

Abbreviations: BMI, body mass index; HbA1c, hemoglobin A1c; IQR, interquartile range; 
Ss, Strongyloides stercoralis. 
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Ss+ Is Associated With Increased Plasma Levels of Matrix 

Metalloproteinases

Because MMPs are linked with tissue damage/inflammation as 
well as matrix remodeling in TB [12, 15] and because certain 
MMPs are elevated in Ss infection [16], we wanted to examine 
the plasma levels of MMPs in Ss+ and Ss− individuals with PTB. 
To this end, we measured the plasma levels of MMP-1, -2, -3, 
-7, -8, -9, -10, -12, and -13 by multiplex assay in a subset of Ss+ 
(n = 31) and Ss− (n = 62) individuals (Figure 1). As shown in 
Figure 1, plasma levels of MMP-1 (GM of 31274 pg/mL in Ss+ 
versus 2907 pg/mL in Ss−), MMP-2 (GM of 5950 pg/mL in Ss+ 
versus 4668 pg/mL in Ss−), MMP-7 (GM of 3259 pg/mL in Ss+ 
versus 2342 pg/mL in Ss−), MMP-8 (GM of 2009 pg/mL in Ss+ 
versus 1233 pg/mL in Ss−), and MMP-9 (GM of 12446 pg/mL 
in Ss+ versus 2561 pg/mL in Ss−) were significantly higher in 
Ss+ compared with Ss− individuals. Thus, Ss+ is associated with 
heightened levels of MMPs in PTB.

DISCUSSION

Identifying predictors of TB disease severity is of critical public 
health importance because higher bacterial burdens are associated 
with increased transmission and poor unfavorable treatment out-
comes (including failure and relapse) [17–20]. Likewise, cavitary 
disease in TB is associated with increased risk of transmission, 
increased rates of coprevalent disease in household contacts, and 
greater risk of failure and relapse [21–25]. Previous studies on the 
association of helminths and TB disease severity have suffered from 
various concerns, including small sample sizes, lack of recruiting-
only microbiologically confirmed TB cases, etc [3]. A  previous 
study had suggested that PTB individuals with helminths had 
more disease involved lung zones than those without [11]. Studies 
in Mycobacterium leprae demonstrated that helminth-infected in-
dividuals had more severe leprosy [26]. In contrast, another study 
revealed that coexistent helminth infection was associated with 
lower sputum smear grade [6]. Thus, there is conflicting literature 
and no clear cut evidence of link between helminth infections and 
TB disease severity or bacterial burdens.

Our study utilizes a well characterized group of PTB indi-
viduals diagnosed on the basis of sputum and culture (and 
therefore bacteriologically proven) positivity with thoroughly 
defined clinical and radiological parameters. Our study has 
strict exclusion criteria including HIV, drug-resistant TB, and 
retreatment cases. Other factors that have been known to in-
fluence disease severity and bacterial burdens including age, 
gender, BMI, diabetic status, smoking status, and alcohol use 
were controlled for in this study [27]. Because HbA1c levels dif-
fered between the Ss+ and Ss− groups, we have adjusted for its 
effect and demonstrated that the significant association of Ss in-
fection with PTB still remains despite this difference. Therefore, 
with rigorous screening criteria, our study demonstrates an im-
portant association of Ss infection status with the increased risk 
of both bilateral lung lesions and cavitation. Our data further 
confirm an important association of Ss infection status with 
mycobacterial burdens as estimated by sputum smear grades 
in PTB. As mentioned before, the geographical level overlap in 
the prevalence of TB and helminth infections have major ram-
ifications in terms of the clinical and pathological interactions 
between the 2 infections.

Tuberculosis disease severity is directly linked to the destruc-
tion of extracellular matrix of the lungs by host proteases, in-
cluding MMPs [12, 15]. Matrix metalloproteinase levels have 
been shown to correlate with TB disease burden and severity. 
Moreover, helminth infections are known to be associated with 
elevated production of MMP-1, -2, -7, and -9 [16, 28, 29]. Thus, 
we examined the plasma levels of MMPs in PTB individuals 
with or without Ss infection on the hypothesis that Ss infection-
mediated increase in lung pathology would be linked to en-
hanced expression of MMPs. Indeed, our data clearly reveal a 
significant association between Ss infection and increased sys-
temic levels of MMP-1, -2, -7, -8, and -9. Thus, our study also 
reveals a plausible biological mechanism for the increased dis-
ease severity in PTB individuals with concomitant Ss infection.

CONCLUSIONS

Our study suffers from the limitations of having only a mod-
erate sample size, not performing stool examinations for Ss and 
other intestinal helminths (and relying only on seropositivity 
as a diagnostic for Ss infection), being cross-sectional (without 
follow up of TB individuals with or without anthelmintic treat-
ment), and being an associative study. Nevertheless, our data 
provide an important advance in the understanding of the effect 
of multiple infections within the same individual in terms of pa-
thology and bacteriology. Our data also have important public 
health policy implications. This finding should incentivize 
programs to perform parasite screening and treatment for in-
dividuals at high risk for TB (because of comorbidities or large 
Mtb exposure in households). Future clinical trials with anthel-
mintic treatment administered to PTB individuals need to be 
conducted. Given the availability and simplicity of single-dose 

Table 2. Univariate and Multivariate Analysis of Association 
of Ss Infection With Bilateral Lung Lesions, Cavitation and 
Mycobacterial Smear Grade

Univariate Model Multivariate Modela

OR (95% CI) P Value aORa (95% CI) P Value

Bilateral lung 
Lesions

4.54 (2.33–9.04) <.0001 3.99 (1.73–9.19) .0014

Cavitation 5.97 (3.03–12.09) <.0001 4.09 (1.78–9.41) .0011

Sputum smear 
grade

7.57 (4.18–14.05) <.0001 9.32 (6.30–13.96) <.0001

Abbreviations: aOR, adjusted odds ratio; CI, confidence interval; OR, odds ratio; Ss, 
Strongyloides stercoralis.
aMultivariate logistic regression models are adjusted for age in years, gender, body mass 
index, diabetes status, duration of symptoms, smoking status, and alcohol use status.
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ivermectin and the absence of routine screening for parasitic 
infections, we would suggest that anthelmintic treatment with 
single-dose ivermectin for all PTB individuals would be a pru-
dent value-added tool in the armamentarium against TB. Even 
a modest reduction in TB disease severity (and hence secondary 
transmission) from anthelmintic treatment could prevent large 
numbers of treatment failures and secondary cases among the 
millions of TB cases in Africa and Southeast Asia alone [30].
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