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Objectives To explore whether non-tuberculous mycobacteria

(NTM) are associated with tubal disease leading to infertility.

Design Prospective observational study.

Setting Teaching hospital.

Population Women with tubal factor infertility.

Methods In all, 173 infertile women with tubal disease were

investigated for genital tuberculosis, Chlamydia trachomatis and

Neisseria gonorrhoeae using polymerase chain reaction, culture and

histopathological examination. On culture, NTM were grown in

23.7% of endometrial samples. The mycolic characteristics of these

organisms were analysed.

Main outcome measure Whether NTM are associated with tubal

disease leading to infertility.

Results The organisms identified in association with tubal

disease were Mycobacterium tuberculosis in 30%, gonococci in

1.7%, Chlamydia in 7.5% and NTM in 23.7% of cases.

Mycobacterium chelonae was the predominant organism

identified by high-performance liquid chromatography. In ten

women, for whom there was laparoscopic evidence of tubal

disease, the only organism that was grown was NTM, and the

tests for other organisms were negative. Tests for possible

environment (theatre, instruments) contamination was reported

negative.

Conclusion While evaluating infertile women for tubal disease,

culture studies revealed a high prevalence of NTM in the

endometrium. In the absence of M. tuberculosis, gonococci and

Chlamydia infection, the presence of NTM suggests the possibility

that these organisms may be responsible for tubal damage leading

to infertility.

Keywords Gonococci, Mycobacterium tuberculosis, non-

tuberculous mycobacteria, tubal disease.
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Introduction

Non-tuberculous mycobacteria (NTM) are generally con-

sidered to be non-pathogenic environmental organisms.

However, in the last few decades, increased interest has

been shown in these organisms. According to the Ameri-

can Thoracic Society, this high level of interest in NTM

disease is the result of two major recent trends: the associ-

ation of NTM infection with AIDS, and, the recognition

that NTM lung disease is encountered with increasing fre-

quency in the non-AIDS population. Furthermore, NTM

infections are emerging in previously unrecognised settings,

with new clinical manifestations.1 In recent years there are

reports on isolating NTM in laparoscopic port site infec-

tions, lymph nodes and, pulmonary infections.2,3 There is

a great deal of controversy as to the pathogenicity of

NTM, but the American Thoracic Society has recognised

NTM as human pathogens and has given clear guidelines

regarding the diagnosis and treatment of pulmonary dis-

ease caused by NTM.1 Studies have shown a prevalence in

infertility of 12.6% in the southern states and 12.0% in the

northern states of India.4,5 Among women with tubal
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factor infertility, a high prevalence of Mycobacterium tuber-

culosis (MTB) infection has been reported by Indian

researchers.6–8 Interestingly, studies on female genital

tuberculosis have also shown positive cultures for

NTM.9,10 Recent reports suggest that NTM are important

pathogens causing genital infections and infertility.11 How-

ever, the clinical importance and significance of isolating

these organisms in endometrial samples of women present-

ing with tubal infertility had not been ascertained. While

evaluating the causes for tubal disease in infertility, it was

found that there was a high prevalence of NTM reported

on culture. Therefore, a study was undertaken to see

whether NTM reported on culture are, in fact, contami-

nants or could be considered possible pathogens associated

with tubal damage.

Objectives

The objective of this study was to identify the possible

microbiological causes for tubal disease in female infertility

and to see whether NTM are associated with tubal damage

leading to infertility.

Methods

This prospective observational study was conducted at

Meenakshi Medical College, Kancheepuram, and the Insti-

tute of Obstetrics and Gynaecology, Chennai, from January

2008 to December 2016. Sampling used the convenience

sampling technique. A total of 173 women with suspected

or proven tubal factor infertility were included in the study

and women with other causes of infertility were excluded

from the study.

A detailed history was taken regarding demographic

details, gynaecological symptoms, menstrual disturbances,

exposure to sexually transmitted infections, and past his-

tory of tuberculosis and pelvic inflammatory disease.

Details of previous investigations were also noted to rule

out other causes of infertility. Besides haemoglobin %, total

count, differential count, erythrocyte sedimentation rate,

tuberculin test, chest X-ray, and HIV types I and II tests,

all women underwent ultrasonography and laparoscopy. A

hysterosalpingogram was carried out in 131 women. At the

time of laparoscopy, any fluid present in the pouch of

Douglas (POD) was aspirated for investigations. To ascer-

tain the microbiological causes of tubal disease, material

for culture was collected from four sources: endocervical

swabs, endometrium, POD aspirate and urine.

Specific diagnostic tests
Detection of Chlamydia trachomatis and Neisseria gonor-

rheae was done by Amplicor CT/NG PCR (Roche Diagnos-

tic Systems, Inc.,) test on endocervical samples.

Detection of MTB was done by acid fast bacilli (AFB)

smear examination, culture, histopathological examination

(HPE) and polymerase chain reaction (PCR) studies on the

endometrial, POD fluid and urine samples. All cultures and

PCR tests were carried out at the Tuberculosis Research

Centre of the Indian Council of Medical Research, Chen-

nai. Culture of MTB was carried out as per the guidelines

of the Indian Council of Medical Research, inoculating into

multiple media, namely Lowenstein–Jensen medium,

Lowenstein–Jensen enriched with sodium pyruvate and

selective Kirchner’s medium. After 8 weeks, the culture was

studied for the presence of MTB or any other organisms.

Biochemical tests were also carried out for conventional

assignment of the species of MTB. Twenty-five endometrial

samples that were positive for NTM were analysed by high-

performance liquid chromatography to identify the mycolic

characteristics of various NTM. The PCR testing for MTB

was carried out using IS6110 and TRC4 probes as per the

laboratory protocol of the Tuberculosis Research Centre.

Because of the high prevalence of NTM in culture, to

rule out the possibility of contamination, 16 sets of samples

were taken for culture on 10 different days at an interval of

15–20 days from the theatre tables, and, from the instru-

ments which were used for curettage and laparoscopy.

Statistical analysis was performed in OPEN EPI VER-

SION 2.2.1 software. Descriptive statistics such as frequen-

cies, percentages, ranges and means were used to describe

demographic variables and specific tests.

Ethical committee approval was obtained and informed

consent was taken from each woman. The participants and

public were not involved in the development of this

research.

Results

Clinical profile
Women were aged between 20 and 37 years. The mean age

of presentation was 27.4 years; 93.1% of women had pri-

mary infertility and 12 (6.9%) had secondary infertility.

Infertility was the only complaint in 56.6% of the women.

Menstrual disturbances were recorded in 48 (27.7%)

women, chronic vaginal discharge in five and chronic pel-

vic pain in nine. Ten women had been treated for sexually

transmitted infections in the past and past history of tuber-

culosis was present in 11 (6.4%) women. Erythrocyte sedi-

mentation rate was elevated in 27 (15.6%) women, chest

X-ray showed old healed lesions of tuberculosis in four

women (2.3%) and the tuberculin test (Mantoux) was pos-

itive in 37 (21.4%) women. Among the 37 women who

showed a positive reaction to the Mantoux test, 24 had evi-

dence of MTB by HPE, culture and PCR, and in five

women the NTM were grown in culture. All participants

were negative for HIV infection.
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Laparoscopy findings
During laparoscopy, in 93 women the tubes and pelvis

appeared normal. In 80 women, there was evidence of

tubal damage with findings such as granulomas, caseation,

calcification, hydrosalpinx, tubal blocks and adhesions.

Tests for gonococcal and chlamydial infection
The PCR tests on endocervical samples were positive for

gonococcal infection in three (1.7%) women and for

chlamydial infection in 13 (7.5%) women.

Tests for MTB
The AFB smear was positive in 8/173 (4.6%)of the

endometrial samples and 5/81 (6.2%) of the samples of

POD fluid. Among eight cases positive, on culture of the

endometrial sample, none grew MTB, but NTM was grown

in three cases. In two of these cases, NTM was positive

both in the endometrium and in the POD fluid.

By culture, only 6 (3.5%) endometrial samples were pos-

itive for MTB and none of the POD aspirate and urine

samples grew MTB. However, NTM were grown in 41/173

(23.6%) endometrial samples, 16/81(19.8%)POD fluid and

6/52 (11.5%) urine samples (Table 1). High-performance

liquid chromatography analysis of the NTM was performed

on 25 endometrial samples and the most common NTM

species characterised in our study were Mycobacterium che-

lonae and Mycobacterium abscessus (sixteen samples), fol-

lowed by Mycobacterium fortuitum (four samples),

Mycobacterium simiae (two samples), and one sample each

of Mycobacterium kansasii, Mycobacterium intracellulare and

Mycobacterium marinum (Table 2). On HPE, seven (4%) of

the endometrial samples were reported positive for tuber-

culosis. PCR was positive in 45/160 (28.1%) of the

endometrial samples, 16/81 (19.8%) of the POD aspirates

and 4/52(7.7%) of the urine samples. Using a combination

of culture, HPE and PCR testing, a diagnosis of MTB was

made on 52 samples (30%). On analysing the above results,

the organisms identified in association with tubal disease

were; MTB in 30%, gonococci in 1.7%, chlamydia in 7.5%

and NTM in 23.7%. No organisms were isolated in 36.9%

of cases (Table 3).

Correlating NTM positivity with other results
To see whether NTM could be a possible pathogen, NTM

positivity was corroborated with other results and it was

seen that, among the 41 women in whom NTM was posi-

tive in the endometrium, in 24 there was laparoscopic evi-

dence of tubal disease. In all these 24 women, MTB

culture, and tests for chlamydia and gonococci were nega-

tive. However, MTB PCR was positive in 14 women.

Therefore, in ten women, where there was laparoscopic evi-

dence of tubal disease, the only organism that was grown

was NTM. Tests for environmental contamination showed

that samples taken from the instruments and theatre envi-

ronment were all negative for NTM. However, during the

same period, 6/16 (37.5%) endometrial samples were posi-

tive for NTM (Table 4).

Discussion

Main findings
Important organisms causing tubal disease leading to infer-

tility include N. gonorrhoeae, C. trachomatis and MTB.12

Our study showed that organisms responsible for tubal dis-

ease in our participants were: gonococci in 1.7%,

Table 1. Culture results of Mycobacterium tuberculosis for various

sources

Result Endometrium

(n = 173)

POD fluid

(n = 81)

Urine

(n = 52)

Positive for MTB 6 (3.5%) 0 0

Negative for MTB 124 (71.7%) 63 (77.8%) 46 (88.5%)

NTM-positive 41 (23.7%) 16 (19.8%) 6 (11.5%)

Contamination 2 (1.2%) 2 (2.5%) 0

MTB, Mycobacterium tuberculosis; NTM, non-tuberculous

Mycobacterium; POD fluid, pouch of Douglas fluid.

Table 2. Characterisation of non-tuberculous mycobacterium

organisms by high-performance liquid chromatography

Organism Number positive Percentage

Mycobacterium chelonae 16 64

Mycobacterium fortuitum 4 16

Mycobacterium kansasii 1 4

Mycobacterium simiae 2 8

Mycobacterium intracellulare 1 4

Mycobacterium marinum 1 4

Table 3. Organisms identified in association with tubal disease from

173 tested endometrial samples

Organism n %

MTB 52 30.0

Gonococcus 3 1.7

Chlamydia 13 7.5

NTM 41 23.7

No organisms grown 64 36.9

MTB, Mycobacterium tuberculosis; NTM, non-tuberculous

Mycobacterium.
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chlamydia in 7.5% and MTB in 30%. Interestingly NTM

were grown in 23.7% of women. Further work was done to

see whether NTM was associated with tubal damage leading

to female infertility.

Non-tuberculous mycobacterial organisms are widely dis-

tributed in the environment. They live in the soil and water

sources throughout the world and human disease is sus-

pected to be acquired from environmental exposure.13

These organisms gain entry into the body through inhala-

tion, via open wounds exposed to contaminated water, and

via surgical procedures that use contaminated instruments.

There is little evidence of person-to-person spread of NTM.

Most NTM infections have been linked to cutaneous dis-

eases14 and cultured in extra-pulmonary sites such as lymph

nodes.15 Singh et al.16 isolated NTM in 12.5% of cases with

lymphadenitis, the highest rate so far reported from India.

Few studies have reported NTM in culture while investigat-

ing cases of infertility for genital tuberculosis.9,10 Gangania

et al.9 evaluated infertile women with suspected genital

tuberculosis using AFB smear staining, BACTEC culture

and multiplex real-time PCR to isolate MTB and NTM. For

NTM and MTB differentiation the SD MPT 64 card test

was carried out and specific primers were used for the

detection of NTM by PCR. On analysing 217 samples from

various sources, NTM was positive by culture in 5.5%, and

by multiplex real-time PCR in 11.0% of samples. The

authors suggested that NTM may lead to female infertility.

The mechanism by which NTM could lead to tubal disease

is not known. Being an environmental pathogen, it is

possible that NTM could gain entry into the upper genital

tract through the vagina. Chatterjee and Basak17 evaluated

120 women with unexplained infertility for MTB and NTM

infections using a real-time PCR technique in menstrual

blood samples. In their study, none of the samples exhibited

any association with NTM infection. Our study, similar to

that of Gangania et al., was conducted on women with pro-

ven or suspected tubal pathology, which may explain the

high prevalence of NTM in our study.

While evaluating cases of infertility, a positive Mantoux

test should alert the clinician to the possibility of MTB or

NTM infections, as in 29 of the 37 women with positive

Mantoux test, either MTB or NTM were positive. Similarly,

a positive AFB smear could be due to MTB or NTM and

must be followed by culture to determine the species of

Mycobacterium. Studies have shown that PCR can be used

to distinguish between MTB and NTM in cases of smear-

positive disease.18 Various investigations including molecu-

lar methods are available for species specification and the

identification of NTM. Our diagnosis of NTM was made

primarily by culture and biochemical analysis. With real-

time PCR, Premraj et al.19 have shown that, in extra-pul-

monary samples, NTM positivity was high in comparison

to MTB, with menstrual blood samples showing the highest

positivity (22.9%) for NTM. In our analysis, although

NTM were positive in 63 samples, the initial positive

reports were presumed to be due to contamination and

further investigations were not performed. However, as

NTM were reported more frequently, the mycolic

Table 4. Test result of samples taken for environmental contamination

Samples No. of endometrial

samples sent

NTM positivity

in endometrium

NTM positivity in

laparoscopy

instruments

NTM positivity

in uterine

curette

NTM positivity

in theatre table

Batch I Sample 1 Negative Not done Negative Not done

Sample 2 Positive Not done Negative Not done

Batch II Sample 1 Positive Negative Negative Negative

Batch III Sample 1 Negative Not done Negative Not done

Sample 2 Negative Not done Negative Not done

Sample 3 Negative Negative Negative Not done

Batch IV Sample 1 Negative Negative Negative Not done

Sample 2 Positive Not done Negative Not done

Batch V Sample 1 Positive Negative Negative Not done

Batch VI No samples taken Not done Negative Negative Negative

Batch VII Sample 1 Negative Negative Negative Not done

Sample 2 Negative Negative Negative Not done

Sample 3 Positive Negative Negative Not done

Batch VIII Sample 1 Negative Negative Negative Negative

Batch IX Sample 1 Negative Negative Negative Not done

Sample 2 Negative Negative Negative Not done

Batch X Sample 1 Positive Negative Negative Not done

NTM, non-tuberculous Mycobacterium.
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characteristics of NTM were studied on 25 endometrial

samples and the commonest organism identified was

Mycobacterium chelonae. To rule out the possibility of con-

tamination we also conducted culture studies on the the-

atre environment which proved to be negative.

In ten women, for whom there was laparoscopic evi-

dence of tubal disease, the only organism that had grown

was NTM. Moreover, in nine of these women, NTM were

positive both in the endometrium and in the POD aspirate.

These findings raise an unresolved question as to whether

NTM are responsible for tubal damage leading to infertility.

There have been reports on concomitant infection with

MTB and NTM in pulmonary disease.20,21 Our study also

showed co-infection with MTB and NTM in 14 women. In

the study by Jain et al.22 one of the risk factors found to

be associated with NTM infection was a past or present

history of tuberculosis.

Strengths and limitations
The strength of this study is that the culture studies were

carried out as per protocols and mycolic characterisation

was performed on NTM-positive samples. There is also

clinical evidence to suggest that NTM could be possible

pathogens.

The limitations of this study are that the tests for possi-

ble contamination were made only on a small number of

samples and there was no control group to explore the

prevalence of NTM among women without tubal disease.

Interpretation
Based on the evidence presented in this study, we suggest

that NTM could be possible pathogens causing tubal dam-

age leading to infertility. Reports from the literature as well

as our findings suggest the need for increased clinical

awareness as to the possibility of co-existing MTB and

NTM infections. These are two different pathogens that

have many similar clinical and epidemiological features but

that have different treatment regimens.23

Conclusions

Though, there is profound controversy surrounding the

pathogenicity of NTM, they have been recognised as human

pathogens and international guidelines are available for the

diagnosis and management of NTM-related diseases. The

evidence presented in this study is preliminary and further

research is required to see whether there is a definite associa-

tion between NTM, genital infection and infertility.
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