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Abstract: In 21st century, the load of opportunistic infections will increase tremendously due to increase in
immunocompromising capacity of host particularly in patients suffering from cancer, AIDS and tuberculosis.
Therefore, optimal management of opportunistic fungal infections is indispensable. Tuberculosis patients are
immunocompromsed and they take prolong treatment of antibiotic and vitamins tablets i.e. immunosuppressive
agents hence fungal infection occurs in early stages of infection. But doctors and physicians prescribe only
antibacterial drugs, so patients require for cure more time due to infection of fungus. But some patients are
those whose sputum examination is negative but x-rays reports are positive and persists symptoms of
tuberculosis, in their lungs there are cavities or opacity, which may be due to opportunistic fungal infection.
The present study aims to relate the opportunistic fungal pathogens, their infections and identification of such
fungi that are present in pulmonary tuberculosis patients, which may help in correct diagnosis of these
diseases. Confirmed tuberculosis by sputum examination in ten laboratories of washim district, Maharashtra,
India. Culture characteristic of defferent fungi analysis were done using sputum sample of chronic tuberculosis
patients and symptomatic patients (Non tuberculosis). In our survey in different hospitals and primary health
center of Washim District (Central India) under the Revised National Tuberculosis Control Programmed
(RNTCP) of World Health Organization, 1357 patients of tuberculosis were recorded during June 2002 to
September 2003 by sputum examination in ten laboratories of tuberculosis in Washim district of Maharashtra,
India. These patients were classified age-wise. The maximum patients were recorded between the age of 35 to
45 years and old patients suffering for mycotic infection. Percentage of male patients was more as compared
to female. Highly pulmonary tuberculosis patients 500 out of the 203 patients were suffering from mycotic
infection. The percentage of mycotic infections in pulmonary tuberculosis patients was 46%. Mainly four types
of fungi, i.e. Aspergillus niger, A. fumigatus, Histoplasma capsulatum and Cryptococcus neoformans were
recorded, which causes severe infection in lungs in patients suffering from pulmonary tuberculosis.  The
increasing presence of overlapping opportunistic infections in tuberculosis, identification of such fungi that
are present in pulmonary tuberculosis patients. Which may help in correct diagnosis of these diseases.So that
cure rate will be increase 
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INTRODUCTION regimens used  are  often  nonstandard  and  ineffective.

Tuberculosis  (TB)  kills  more  adults in India than is the norm rather than the exception (Hong Kong Chest
any  other  infectious  disease.  More  than  1,000   people service; Tuberculosis Research Center; British Medical
a day one  every  minute-die  of  TB   in   India   out   of council  research  controlled trial of 2 month, 30 month
which 3.5 million are sputum positive. About  one  million and 12 month regimens of chemotherapy for sputum
sputum positive cases are added every year. India has a smear-negative pulmonary tuberculosis). Patients with
long history of research and demonstration projects in HIV infection are much more susceptible to infections,
tuberculosis. Unfortunately, despite the existence of a including tuberculosis. In fact, TB is one of the most
National  Tuberculosis  Control  Programme since 1962, serious infections in HIV positive cases. In patients
the desired results have not been achieved. There is an infected with both HIV and TB, the lifetime risk of
over dependence on X-rays for diagnosis. Treatment developing the disease has been estimated to be at least

In both public and private sectors, incomplete treatment
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0% compared to approximately 10% inversions infected One tuberculosis unit per ~ 500,000 populations; One
with TB who do not have HIV infections. 

Pulmonary tuberculosis is contagious bacterial
infection caused by Mycobacterium tuberculosis. The
lungs  are primarily involved, but the infections also occur
in other organs. Tuberculosis is caused by a group of
organisms tuberculosis patients are immunocompromising
patients hence   mycotic   infection   also   occurs in
lungs [1,2].

In 21  century, the load of opportunistic infectionsst

will increase tremendously due to increase in
immunocompromising capacity of host particularly in
patients suffering from cancer, AIDS and tuberculosis.
The infections caused by opportunistic fungi are included
under new spectrum of fungal pathogens. Such fungi
were earlier reported from various plants as pathogens.
But now they are known to cause disease in human
beings. There is an increasing awareness amongst
clinicians and microbiologists pertaining to importance of
infection caused by opportunistic fungi [3-5]. Therefore,
optimal  management  of opportunistic fungal infections
is indispensable. Taking into consideration, the current
elevated cost of most health care systems; adequate
measure  must  be  defined  for  the  optimal  prevention
and treatment of opportunistic infections, which are
associated with high rate of morbidity and mortality.
There is an acute need to study epidemiological and
proper diagnosis of the opportunistic fungal pathogen
especially in tuberculosis patients.

In present study we focus the attention on
opportunistic fungal pathogens, their infections and
identification of such fungi that are present in pulmonary
tuberculosis patients, which may help in correct diagnosis
of these diseases.

MATERIALS AND METHODS

Clinical survey in Washim District under RNTCP-
2002: Under the Revised National Tuberculosis Control
Programme (RNTCP) the district has two tuberculosis
units i.e. Washim Tuberculosis Unit & Mangrulpir
Tuberculosis Unit. Each Tuberculosis unit has five
microscopic laboratories for sputum examination for
tuberculosis  patients  [Directly  observed   treatment
short course chemotherapy (DOTS)]. The laboratories for
sputum examination are placed in:

Washim civil hospital Mangrulpir rural hospital
Risode rural hospital Malegaon rural hospital
Karanja rural hospital Manora rural hospital
Asegaon Primary health center Kasoda Primary Health Center
Ansing Primary Health Center Mangrulzank Primary Health Center

microscopy Center per ~ 100,000 populations.
In  Washim  District, there are 10 laboratories of

DOTS especially for tuberculosis patients, which covers
approximately 10, 17000 populations and also have X- ray
laboratories. Tuberculosis patients are diagnosed by
sputum examination only. If two or three samples of
sputum of symptomatic tuberculosis patients are positive
then patients suffer from tuberculosis. If sputum sample
for examination is negative then X- ray will be done and
give anti-TB treatment. 

Collection  of  Sputum  from  Tuberculosis  Suspects:
When Pulmonary TB is suspected, at least 3 sputum
specimens (SPOT-EARLY MORNING-SPOT) were
collected and examined by microscopy. Ideally, all the
three specimens were collected within 2 days and
specimens were sent to the microscopy laboratory. The
patient was given the sputum container with a proper
laboratory serial number written on it. The patients were
instructed to inhale deeply 2-3 times with his mouth open,
cough out deeply from the chest, open the container and
spit out the sputum into it and close the container. This is
called a SPOT SPECIMEN. The patients were given a
sputum container with proper Laboratory Serial Number
written on the external surface of the sputum container
(not on the lid) to collect an early morning specimen
before his second meeting with the laboratory technician.
This is called an EARLY MORNING SPECIMEN. The
patients were asked to cough out sputum into the
container as soon as he coughs in the morning. When the
patient returns with the EARLY MORNING SPECIMEN,
a second spot specimen was collected in another
container under the supervision of a staff member.

Microscopic Examination
Ziehl-Neelsen staining: A new unscratched slide was
used and proper laboratory serial number was given.
Sputum was spread on the slide using inoculating needle.
Slide was allowed to air dry for 15-30 minutes. The smear
slide by passed over a flame for 3-5 times for 3-4 seconds
each time. Carbol fuchsin was added to cover the entire
slide. Slide was gently heated with carbol fuchsine on it
until vapors rise. Care should be taken to avoid boiling.
Carbol fuchsine was kept on the slide for 5 minutes. The
slide was gently rinsed with tap water until all free carbol
fuchsine stain is washed  away.  Sulphuric  acid (25%)
was added  onto  the  slide  and  kept  the   slide   stand
for 2-4 minutes. Rinsed gently with tap water. The slide
was  tilted  to  drain  off  the  water.   Sulphuric   acid  was
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Table 1: Results recorded form after sputum examination

Examination Results Grading No. of fields to be examined

More than 10 AFB per oil immersion fields Positive 3+ 20

1-10 AFB per oil Immersion fields Positive 2+ 50

10-99 AFB per 100 oil immersion fields Positive 1+ 100

1-9 AFB per 100 oil immersion fields Scanty Record exact number seen 200

No AFB in 100 oil immersion fields Negative 0 100

applied for 1-3 minutes after the smear dried and later Aspergillus Niger
rinsed gently. Methylene blue (0.1%) was added on the Cultural Characteristics: Colonies black with pale-
slide and kept for 30 seconds. Rinsed gently with tap yellow reverse color and conidiophores with globose
water and allowed to dry. The slide were examined under vesicle having biseriately arranged phialides and radiate
the microscope using 40x lens to select the suitable area conidial heads. 
and then examine under 100x lens using a drop of Colonies on Czapek Dox agar are rapid growing,
immersion oil. The result recorded in the laboratory form compact,  granular,  at first white, becoming
and the laboratory register appropriately as per the carbonaceous-black, often with a pale-yellow reverse
Table1. color. Conidiophores smooth, thick-walled, colorless or

Microbial Culture shaped, biseriate, covering the entire vesicle. Metulae
Collection of samples: In  500  patients of tuberculosis larger than the small phialides. Conidia one celled,
and 50 patients of symptomatic which do not have globose, thick-walled, roughened or echinulate, with
tuberculosis but persists symptom like pulmonary ridges and 4-5 min diameter. Conidial heads radiate, often
tuberculosis. Out of 1357 positive sputum examination splitting into two or more loose columns with age.
patients of TB, different age and either sex were examined
in order to isolate the fungi causing infections in human Cryptococcus Neoformans
beings. The infected specimens were collected from the Cultural Characteristics: Colonies on Czapek Dox agar
patients from Government Hospitals, Primary Health are rapidly growing, smooth, moist, shiny and mucoid,
Centers of Washim District. initially white in color and later, cream to yellow or orange.

Cultural Studies: Identification  and  differentiation of are surrounded by a mucoid polysaccharide capsule,
the  pathogens  was  done  by  comparative  cultural which varies in thickness and is best demonstrated in
studies on different agar media viz., czapek agar (Sodium India ink preparation.
nitrate: 2g; Sucrose: 30g; Dipotassium Phosphate: 0.1g;
Magnesium Sulphate: 0.5g;  Ferrous Sulphate: 0.01g; Histoplasma Capsulatum
Agar-Agar: 15.00g; Distilled Water: 1000ml; pH 7.3±0.2) Cultural Characteristic: Colony is slow growing,
and potato dextrose agar (Potato infusion form: 200g; cottony and white or buff to brown in color.
Dextrose: 20g; Agar- Agar: 5g; Distilled Water: 1000 ml; Macroaleuriospores borne on narrow, tubular
pH:5.6±0.2) ) by microscopic examination. conidiophores  are  large,  spherical to pyriform,

Aspergillus fumigatus finger-like appendages. Size: 8-14 µm. Microaleuiospores
Cultural characteristics: Colony rapidly growing, are small, round to pyriform, with smooth to echinulate
velvety;  color  initially  white and later green to dark- walls and borne singly on short conidiophores or sessile
green. Reverse colorless or yellow. Conidiophores short, on the sides of hyphae. Size: 2-4 µm.
smooth, dens crowded 300-500 µm in length, 2-8 µm in
diameter, expand terminally to form flask-shaped vesicles, RESULTS
20-30µm in diameter, single series of closely-packed
sterigmata (measuring 5-10µm x 2-3µm) on the upper half Identification of Pulmonary Tuberculosis Patients from
to two-thirds of the vesicle, axes roughly paralleling the Symptomatic Patients: Tuberculosis (TB) affects the
axis of the stalk. Conidia on sterigmata smooth, spherical lungs in more than 80% of cases. This form of the
to globose and forming columnar green mass. diseases  is  called  pulmonary  tuberculosis. The medical

brown, having a large, globose vesicle. Phialides flask

Spherical to oval, thin-walled cells, 2.5-20µm in diameter,

tuberculate  or  smooth-walled,  with  some  bearing
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Table 2: Month wise incidence of pulmonary tuberculosis patients in Washim District in 2003

Jan Feb Mar April May June July August Sept Oct Nov Dec

Months 2003 2003 2003 2003 2003 2003 2003 2002 2003 2003 2003 2003

Monthwise No. of tuberculosis patients 77 88 99 100 71 100 90 70 76 76 86 71

Table 3: Opportunistic mycotic infection in two hundred pulmonary tuberculosis patients of CAT-I & CAT-II

Age of Number of Culture Culture Numberof Culture Culture

Serial number TBPatients Male sample Positive(Male) Negative(Male) Female sample Positive(Female) Negative(Female)

1 0-10 6 4±0.1 2±0.0 4 1±0.1 3±0.0

2 11-20 20 15±0.5 5±0.1 10 4±0.1 6±0.1

3 21-30 25 15±0.1 10±0.1 20 8±1 12±0.1

4 31-40 30 28±0.1 2±0.0 15 7±0.5 8±0.1

5 41-50 24 15±0.5 9±0.1 10 6±0.1 4±0.0

6 51-60 10 5±0.1 5±0.1 10 5±0.1 5±0.0

7 61-70 10 4±0.1 6±0.1 06 4±0.1 2±0.0

Grand Total - 125 86 39 75 35 40

Percentage - 62.5% 68.8% 31.2% 37.5% 46.6% 53.3%

Table 4: Sex wise distribution of pulmonary tuberculosis patients in
Washim District in 2003

Total pulmonary
tuberculosis patients Male Female

1357 709 648

Table 5: Age wise distribution of pulmonary tuberculosis patients in
Washim District in 2003

Age of pulmonary Number of
tuberculosis patients tuberculosis patients

0-14 15
15-24 64
25-34 240
35-44 499
45-54 340
55-64 119
65-above 80
Total number of tuberculosis patients 1357

Table 6: Mycotic infection in 200 sputum positive pulmonary tuberculosis
patients

No. of pulmonary Aspergillus Aspergillus Cryptococcus Histoplasma
tuberculosis patients fumigatus niger neoformans capsulatum

200 160 55 182 163

Table 7: Mycotic infection in non pulmonary tuberculosis patients

No. of pulmonary Aspergillus Aspergillus Cryptococcus Histoplasma
tuberculosis patients fumigatus niger neoformans capsulatum

0 8 5 6 4

officer (MO) at the health facility screens the patients and
sends those who suspected of having TB for sputum
examination. In Washim District of Maharashtra 1357
patients found to be pulmonary tuberculosis by sputum

examination in year 2002-2003 Table 4. They were
registered as CAT-I, CAT-II and CAT-III category. 

During survey of Washim district the highest
percentage was observed in April 2003, while in August
and December it was the lowest Table 3.

In  the  present studies, it was found that frequency
of pulmonary tuberculosis infection was comparatively
higher in ?males’ patients then ?females’ patients Table 4.

Mycobacterium tuberculosis infection was abundant
in the age of 35-44 years, whereas the percentage was
lower in case of children below 14 years Table 5.

Incidence of mycotic infection in pulmonary tuberculosis
patients: In Washim District 1357 patients were found to
be pulmonary tuberculosis. Out of 1357 patients, highly
chronic pulmonary tuberculosis patients were found to be
500, which on CAT-I & CAT-II category of tuberculosis
(DOTS) treatment. Out of 500 (CAT-I & CAT-II) patients
200  patients were suffering from mycotic infection and
out of 50 patients of symptomatic TB patients’ only 23
patients suffering from mycotic infection rest of
negative(Fig.1&2;Table 6&7). The percentage of mycotic
infection  in  pulmonary  tuberculosis  patients  was
46.0%. Mainly for types of fungi, viz. Aspergillus niger,
A. fumigatus, Histoplasma capsulatum and Cryptococcus
neoforman  were  recovered,  which  cause  severe
infection in lungs in patients suffering from pulmonary
tuberculosis (Table 2).In invasive pulmonary aspergilosis
that developed after inhalation of organic dust in a non-
immunocompromsed host [6]. Fungal infections remain a
leading cause of infectious morbidity and mortality in
heavily immunosuppressed patients observed [7-12].
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Fig. 1: Mycotic infection in 200 sputum positive
pulmonary tuberculosis patients

Fig. 2: Mycotic infection in 50 symptomatic pulmonary
tuberculosis patients

Out of 200 sputum of pulmonary tuberculosis
patients  whereas  125  male  and  75  female  patients. It
was  observed  that  the  frequency   of   opportunistic
and human pathogenic fungi was higher in male (62.50%)
as compared to female (37.5%). Men are more vulnerable
to infection than females. Similarly, recorded higher
incidence of fungi in males at occurrence of higher
percentage of fungi in males is due to their greater
exposure to the surrounding [13,14].

It was abundant in age group 35-44 years while their
percentage was lower in case of people aged 51 years and
onward and children. Out of samples, males, 68.80% were
found culture positive, whereas females, out of only
46.60% were culture positive. Rests of the samples were
found to be culture negative in both the sexes. The data
were statically highly significant Table 2.

DISCUSSION

Fungal infections of lungs are important infective
processes which are being encountered more and more
often  in  today’s practice. Fortunately, we only encounter

a few of these pathogenic fungi. With more and more
people undergoing organ transplantation and cytotoxic
therapy, chances of encountering these diseases are
steadily increasing. Though treatment is difficult,
nevertheless,  the  results  are  encouraging.  Hence, it is
all  the  more  important  today to know these diseases
well so that we are able to manage them scientifically.
Diseases like opportunistic infection if diagnosed early
can be treated effectively so as to prevent progression to
fibrotic stage and reduce the number of respiratory
cripples.Invasive systemic mycosis are also amenable to
multimodal therapy [15].

Tuberculosis infection and disease manifest with a
wide spectrum of clinical conditions resulting from
multisystem involvement producing varied clinical
features due to opportunistic infections. Maharashtra in
India is one of the five states experiencing an epidemic of
tuberculosis infection and disease, with antenatal clinic
attendees in washim district in Maharashtra showing a
steady rise in sputum positive which reached 1357
patients  in  one  year  (2002-2003).  Mycotic infection is
an  important  co-infection  in  such  patients. Their
clinical and radiological manifestations depend on the
levels of immunocompetence [16,17]. Although active
mycosis may be an independent marker of advanced
immimosuppression, it may also act as a co-factor in
accelerating and amplifying the clinical course of
tuberculosis disease [18]. In tuberculosis patients with a
relatively intact immune system, the radiographic findings
are similar to those met with in non-tuberculosis with
predominantly upper lobe lung lesions, cavitation and
fibrosis [19]. Atypical manifestations, like lower lung field
infiltrations, non-cavitary [19] or lower lobe cavitary
disease [20], pleural effusion [21] findings suggestive of
primary mycotic infection in tuberculosis [16] are met with
when the immune system gets compromised. Sometimes,
active tuberculosis was found to be associate with a
normal chest skiagram [22]. In the present analysis, both
tuberculosis and non tuberculosis manifestations were
met with. Exudative and nodular forms of lesions were
observed both in tuberculosis patients and non
tuberculosis patients.

A typical radiographic appearance correlated well
with the clinical manifestations of advanced tuberculosis
disease. Clinical features of mycotic infection and co-
existing  bacterial  pneumonia  altered the manifestations
of tuberculosis. Radiological features and sputum
examination of tuberculosis and mycotic infections and
sepsis  co-existed  in  a large proportion of patients.
Miliary tuberculosis nodules were difficult to distinguish
from  those  of   mycotic   infection   on   many  occasions.
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 Predominantly, diffuse or miliary infiltrates were common 7. Bettina,  K.,  S.  Steffen  and  N.  Michael,  1999.
in tuberculosis patients [23]. Severe wasting was American Society for Microbiology; Proteins in the
observed in 46% mycotic infection in tuberculosis cell wall of Mycobacterium tuberculosis. J. Bacteriol.,
patients in Washim district. Mycosis and bacterial 180(20): 6543-6546.
infection both contributed to atypical presentation of 8. Greenberg, K., J. Knapp, N. Rom and D.J. Addrizzo-
pulmonary tuberculosis. The risk of atypical clinical and Harris, 2002. Clinical presentation of pulmonary
radiological presentation was particularly high among the mycetoma    in    HIV    infected     Patients.   Chest,
severely malnourished tuberculosis infected patients [24]. 122: 886-892.
Radiological worsening or appearance of new lesion in 9. Mahale,   A.,     A.     Venugopal,     K.A.     Vishak,
mycosis pulmonary tuberculosis patients should not M.S. Kishore, A. Shanmuganathan and K. Dhungel,
always be attributed to poor therapeutic response since 2006. Inflammatory Myofibroblastic tumor of lungs
it  could  be due to another co-existing pulmonary (psudotumor  of the lung). Indian J. Radiology Image,
disease’ [25]. Since the tuberculosis epidemic commenced 2: 207-210.
much earlier in India, Maharashtra in particular, more than 10. Marr,  K.,  A. Rachel, R. Carter, F. Crippa, A. Wald
half  of  our tuberculosis  patients  were in the late phase and L. Corey, 2002. Epidemiology and outcome of
of advancing tuberculosis disease. A wide clinico- mould infections in hematopoietic stem cell
radiological spectrum of mycotic among tuberculosis transplant  recipients.  Clinical  infection  diseases,
patients was, therefore, in consonance with their varying 34(7): 909-917.
immune status. With the conventional sputum positivity, 11. Sahoo,  R.C.,  K.A.  Vishak,  P.K.  Dinesh,  F.  Lobo
tuberculin test and culture characteristic studies of and 2006. H. Kini, Second primary lung cancer with
mycotic infection providing an adequate diagnostic help, tuberculosis. A case report IJCD, 48: 63-66. 
familiarity with the clinico-radiological spectrum of 12. Sahoo, R.C., 2006. Antileukotrienes in asthma and
tuberculosis and co-existing opportunistic infections is allergy   (review   article).   Current   Med.   J.   India,
absolutely necessary for increasing the cure rate of 2(4): 48-52.
tuberculosis patients. 13. Regnard Jean-Francois, P. Icard and M. Nicolosis,
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