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Abstract

Background: Tuberculosis (TB) remains an important public health
problem world wide. It is one of the leading infectious diseases in the
world and is responsible for more than 3 million deaths and 8
million new cases annually.The report of World Health
Organization (WHO) estimated, for the year 2002 a global incidence
of 8.8 million new cases, including 3.9 million smear-positive
subjects.

Aim of the study: We aimed to evaluate the effectiveness of available
rapid diagnostic tests to identify TB infection.
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The main goal of this study was to use the PCR technique for
the rapid detection of tuberculosis using sputum sampling and
body fluid specimens other than respiratory secretions.

Methods: During the period from December 2006 to May 2007, A
total of 50 samples (sputum) were selected from 250 outpatients.The
study regard's the culture of sputum as the gold standard test to
other methods.

Results:All of the examined patients with TB, the cause was M.
tuberculosis.Clinical and laboratory diagnosis of the suspected
patients revealed that 30 patients were suffering from PMIs , 15 of
them had mixed infection.Twenty patients appeared to have
pulmonary tuberculosis without mycotic infection. The sensitivity,
specificity, PPV, NPV and Accuracy rate of PCR test were (94.2 %,
100%, 100%, 88.2% and 96 %), respectively.

Conclusions: The AFB stain was easy but not sufficient to diagnosis
the pulmonary  TB alone, whereas the use of LOwenstein-Jensen
medium sensitive enough for diagnosis of pulmonary TB, but need
along time to get the results. The polymerase chain reaction (PCR)
test gave a high sensitivity and specificity in comparison with other
done test, with its advantages of greater speed and effectiveness than
conventional detection methods. It was successfully to identify the
M. tuberculosis, particularly when the staining for acid- fast bacilli
is negative and there was a lack of growth on culture or when
fresh material has not been collected for culture.

Introduction

Tuberculosis is a systemic infection manifested only by the evidence
of an immune response in most exposed individuals. In some infected
persons the disease either progresses or, more commonly, reactivates
after asymptomatic period (years) (1). The most common
reactivation form is chronic pneumonia with fever, cough, bloody
sputum, and weight loss. Spread outside of the lung also occurs and
is particularly devastating when it reaches the central nervous
system. The natural history follows a course of chronic wasting to
death aptly called “consumption’ in the past (1).During the past
years, systemic mycoses have been globally emerging as a problem of
increasing importance in infectious diseases. This is to the growing
population of immunocompromised patients due to outbreak of
some factors such as: the use of antibiotic and corticosteroid,
radiotherapy and chemotherapy, malignant diseases, acquired
immune deficiency syndrome (AIDS), diabetes mellitus and use of
immunosuppressive drugs in recipients’ organ transplantation. All
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of these were considered as a predisposing factor to fungal infection
and due to acute and chronic diseases (2). Mycotic infections are
common and their incidence is ever increasing (3).They usually
represent a diagnostic challenge to physicians as their real difficulty
in distinguishing them from other infections particularly
tuberculosis, but there are numerous clinical clues that can help in
suggesting the presence of systemic mycosis. However the diagnosis
of mycotic infections still remains a serious problem. The clinical
picture lacks specific manifestations; usually it does not differ
substantially from bacterial infections (4). The rapid detection and
identification of clinically important Mycobacterium spp, is essential
for patient management and infection control (5). We know that the
gold standard for TB diagnosis is the demonstration of mycobacteria
in various body fluids. This is often not possible, due to the
paucibacillary nature of the illness in some cases, for example in
children. On the other hand, microscopic identification and
culture of mycobacteria in sputum are the most common methods
for diagnosis of pulmonary disease, but the detection of extra
pulmonary TB is often more difficult (6). In microbiology, DNA
amplification using Polymerase chain reaction (PCR) has allowed
great progress to be made in the rapid and accurate diagnosis
of infections due to organisms that are not cultivable by in vitro
means, that require complex media or cell cultures and prolonged
incubation times, or for which culture is too insensitive (7).

Methods

The samples (sputum) were selected from outpatients who
attended to Al-Qadisyia Centre of Tuberculosis and Chest Diseases,
Al-Najaf Centre of Tuberculosis and Chest Diseases, and private
clinics, where AFB smear microscopy is available but mycobacterial
cultures are not routinely performed.

AFB SMEAR MICROSCOPY

The AFB smear examination was performed on uncentrifuged
specimens using Ziehl-Neelsen (ZN). staining. After direct smear
examination, the remainder of the sputum specimen was transferred
to the plane tube, where culture facilities were available, and was
digested using sputolysin/sodium hydroxide (4%) processing, and
then mycobacterial culture was performed.Also Lacto phenol cotton
blue dye which used for the staining of fungal elements in
microscopic examination(8).
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MYCOBACTERIAL CULTURE MEDIA
FOR SPUTUM SPECIMENS

The respiratory samples were decontaminated and digested by
treatment with an equal volume of sputolysin/sodium hydroxide
(4%) for 30 minutes at room temperature with rocking. After
neutralization with 10 ml of PBS (pH 7.4), the mixture was
centrifuged at 3000 rpm for 30 minutes. After discarding the
supernatant, the sediment was obtained (9).The sediment was
divided in to two portions. One portion was inoculated in to
Lowenstein-Jensen (LJ) slants were prepared for each specimen,
incubated at 35°C to 37°C for up to eight weeks, and inspected
weekly for growth. A specimen was considered M tuberculosis
culture—positive if the culture media (LJ slants) grew M tuberculosis;
negative if the culture media indicated no growth and none grew M
tuberculosis. The second portion of the sediment was used in DNA
extraction process. The remainder of the sediment was transferred
to an Eppendorf tube and stored at - 20°C if not immediately
processed. Other culture media was Sabouraud’s dextrose agar
(SDA-HiMedia India) with Streptomycin and penicillin, It was used
for the isolation of molds for clinical specimens (10).

PCR detection Method

I. Method of DND extraction and purification (Cinnagen Inc- Iran)
Homogenized sputum for the detection of M. Tuberculosis.

One hundred pl of homogenized sputum sample was taken and

putted in a 95 °C water bath for 20 minutes and then followed the

protocol .In samples with high protein content, Sul protease were

added to homogenized sputum and then placed in a 55°C, 3 hr, then

placed in a 95 °C water bath for 20 min, then follow the protocol of

Cinnagen Inc.

I1. Method of PCR detection (Cinnagen Inc — Iran)

The polymerase chain reaction amplification was performed
using assay based on a repetitive sequence IS 6110 of MTB and by
the application of two oligonucleotide primers IS1 and IS2 for the
detection of a 163-bp DNA fragment.

II1. PCR results analysis

The results of the PCR were performed in post amplification
area. 10ul from amplification samples was directly loaded in a 2 %
agarose gel containing 0.5mg/ml ethidium bromide without adding
loading buffer in electrophoresis and the products were visualized
by UV transillumination.
IV. Agarose gel electrophoresis.
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Two concentrations of agarose gel were prepared (1% and 2%)
as needed. The concentration of 1% agarose was used in
electrophoresis after DNA purification process, while 2% agarose
was used after PCR detection.

Statistical Analysis

All results were performed by Chi square test at the level of
significant when P-value < 0.01.The specificity,sensitivity and
diagnostic accuracy of the results were also calculated by applying
the following equations: a / a + b = sensitivity, d / d + ¢ = specificity. (
a = the total number of positive cases, b = false positive those bearing
positive reading from negative samples, d =total number of true
negatives, c=those with negative reading from positive cases ,
positive and negative predictive values also calculated . Diagnostic
accuracy = specificity + sensitivity / 2 (11).

Results

The laboratory diagnosis depends on the conventional methods;
the patients were divided into three groups according to the test
applied. These groups were: 1* group included all the clinically
suspected patients (250) who were diagnosed by ZN stain for the
detection of tuberculous bacilli in their sputum, 180 (72%) out of
250 examined patients were negative and 70 (28%), were positive.
The 2™ group included 50 out of 250 clinically suspected patients
who were diagnosed by others tests such as, LJ culture media and
PCR test. The 3™ group was 10 cases of non specific chest disease
included in this study, who were also diagnosed by two tests.
Pulmonary infections according to etiologic agents

All of the examined patients with TB, the cause was M.
tuberculosis. Clinical and laboratory diagnosis of the suspected
patients revealed that 30 patients were suffering from PMIs , 15 of
them had mixed infection. Twenty patients appeared to have
pulmonary tuberculosis without mycotic infection (Table 1).
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Table -1: Pulmonary infection according to etiologic agents and
their percentage.

Type of infection No. of cases %
TB 20 40
Mycosis & TB 15 30
Mycosis 15 30
Total 50 100%
The fungal etiological agents of pulmonary infection that

associated with M. tuberculosis throughout the study were
represented by 9 species (Table 2). Four Aspergillus species was
represented by 16 isolates obtained from 16 patients. One Candida
species was represented by 4 isolates obtained from 4 patients. Tow
Cryptococcus neoformans isolates from 2 patients.Two Rhizopus
oryzae isolates from 2 patients. Three Penicillium species isolates
from 3 patients .Three isolates of Actinomycetes represented by 3
patients (Table 2)

Table -2: Number of mycotic isolates and their percentage
throughout the study.

Agents of mycotic infection | No. of isolates | %
Aspergillus fumigatus 5 16.7
A. flavus 4 13.3
A. niger 4 13.3
A. terreus 3 10
Actinomycetes group 3 10
Candida albicans 4 13.3
Cryptococcus neoformans 2 6.7
Penicillium spp 3 10
Rhizopus oryzae 2 6.7
Total No. of cases 30 100 %

Sensitivity
Direct microscopy = 25/30x100% = 83.3%
Culture =25/25 x100% = 100%
Specificity
Direct microscopy =20/20x100% = 100%
Culture =20/25 x100% = 80%
Evaluating the Results of the AFB stain, L-J media
And PCR Tests
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Table -3: Sensitivity & specificity of direct microscopy test and
sputum cultureTest of fungi.

Test Direct microscopy Total
Yes No
(a)= 25 (b)=5
Culture Yes True positive | False positive | 30
No (c)=0 (d) 20 20
False negative | True negative
Total 25 25 50

Validity of direct microscopy test and culturing test in Diagnosis of
PMI.Two methods were used for detecting the etiological agents of
PMI in sputum, direct microscopy method and culturing method.

Table 6 explains sensitivity and specificity of these methods. We

found that culturing method was sensitive to detecting the agents of

PMI in sputum. It shows sensitive by 100%, while direct method

shows 83 %/(Table 3).

Three (11) tection , table ( 11) . (ThreeTTTTTmethods were used
for the detection of the etiological agent of pulmonary tuberculosis in
the sputum, direct microscopy, culture of sputum and PCR
detection. The study regard's the culture of sputum as the gold

standard test to other methods.

AFB stain results versus L-J media results

From 35 positive patients by L-J media, 18 patients were positive
by AFB stain , so, the sensitivity, specificity, PPV, and NPV of AFB
stain were (51.4 %, 86.6%, 90%, and 43.3%), respectively (Table

33).
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Table -4: Validity of AFB stain for diagnosis of TB was confirmed
with results of L-J media.

Test L-J media results Total
Positive Negative
AFB | Positive 18 2 20
results True positive False positive
Negative 17 13 30
False negative | True negative
Total 35 15 50
AF stain Sensitivity = 18/35 x100 =51.4%  AF stain Specificity =

13/15 x 100 = 86.6%
Accuracy rate = (18+13) /50 x 100 = 62 %

%

NPV =13/30 x 100 =43.3 %

PCR results versus L-J media results

PPV =18/20x 100 =90

From 35 positive patients confirmed by L-J media , 33 patients
were positive by PCR, so the sensitivity, specificity, PPV, and NPV
of PCR test were (94.2 %, 100%, 100%, and 88.2%), respectively
(Table 5).

Table -5:Validity of PCR test for the diagnosis of TB was

confirmed with results of L-J media.

Sensitivity = 33/35 x100 = 94.2%

Specificity

PPV

NPV

=15/15x 100 =100 %
Accuracy rate = (33+15) /50 x 100 =96 %

=33/33 x 100 =100 %

=15/17x100 =88.2 %

Test L-J media results Total
Positive Negative
PCR | Positive |33 0 33
results True positive False positive
Negative | 2 15 17
False negative True negative
Total 35 15 50
PCR Culture

Sensitivity =100 %
Specificity= 88.2 %
Accuracy rate =96 %
PPV =94.2%
NPV =100 %
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Figure: Polymerase chain reaction (PCR) amplification of a 163 bp
fragment of IS6110. amplification samples was directly loaded in a 2
% agarose gel containing 0.5mg/ml ethidium bromide in
electrophoresis, analysis of PCR-amplified DNA products. Lane 1:
Negative control , lane 2: MTB positive control, lane 3
»5,9,11,14,15,18, and 19 positive specimens, lanes 4,6,7,8,10,12,13,16,
and 17 negative specimens.

Conclusions

The AFB stain was easy but not sufficient to diagnosis the
pulmonary TB alone, whereas the use of LOwenstein-Jensen
medium sensitive enough for diagnosis of pulmonary TB, but need
along time to get the results. The polymerase chain reaction (PCR)
test gave a high sensitivity and specificity in comparison with other
done test, with its advantages of greater speed and effectiveness than
conventional detection methods. It was successfully to identify the
M. tuberculosis, particularly when the staining for acid- fast bacilli
is negative and there was a lack of growth on culture or when
fresh material has not been collected for culture.

Discussion
With the similarity of clinical symptoms and roentgenographic
features of pulmonary TB , PMI ,and other respiratory diseases, so
the diagnosis of these infections are pose difficult and lead to
misdiagnosed and complication of unwarranted chemotherapy (12).
In the present study, we found that the pulmonary infections in
Al-Diwanyia and Al-Najaf provinces are distributed in to 3
categories: Tuberculosis, mixed infection (TB + Mycosis) and
mycotic infection. The total number and percentages of infections
were varied according to causative agent (Table 1). When
comparison these results with other studies in this field as (13,14) in
Al-Diwanyia province in respect with causative agents were
approximately similar and they found that percent of TB (46.9%)
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for (13) and (17%) for (14) and percent of mixed PMI with TB
(47.14%) and (24.1%) respectively.

This may explained that the patients may had PMI but negative
AFB stain and had transferred from +ve to —ve results in the period
preceded the time of the study mostly under the effect of anti- TB
drugs, but remain suffering from symptoms of the PMI. However,
this is coordinated with reports that TB patients generally have
defective defense mechanism that encourage the invasion of
respiratory system by other microorganism (15).) Due to the
immune response against TB which plays a fundamental role in the
outcome of M. tuberculosis infection and the risk of developing the
disease increases considerably when TB infection co-exists with an
alteration in the immune system (16).

When the immune system is weak as a result to infection with some
types of diseases such as pulmonary tuberculosis this is considered
as encourage factor to infection with opportunistic fungi or
prolonged treatment with corticosteroids (17 ,8 ).

Thus, the results showed that the dominance of Aspergillus spp

was the first cause of mycotic infection with TB. Most of mycotic
infections were secondary to tuberculosis.
(8,18) found that Aspergillosis was always secondary to tuberculosis.
(19,8) stated that A. fumigatus is the most common cause of PMI, A.
flavus is the second and A. niger is the third etiologigal agent of PMI.
(20) isolated A. niger as the second cause of PMI in Babylon
province. However, these results came in less percentages of
occurrence than in the current study, most probably because of the
different bases of patient selection for the study,i.e., the current
study is not a survey study for all the attendants of the TB and chest
diseases center, in fact, the selected patients were suspected to have
TB.

Other fungal agents isolated in this study included Candida
albicans , Penicillium spp, Actinomycetes group, Cryptococcus
neoformans and Rhizopus oryzae (Table 2).

(21) isolated C. albicans from patients with respiratory diseases
especially infected patients with pulmonary tuberculosis.

All of these genera isolated from patients with pulmonary
tuberculosis as a secondary infections. This lead to the suggestion
that tuberculosis and antibacterial treatment enhanced fungal
infections. (22) reported that the use of antibacterial drugs in
patients with destructive forms of pulmonary tuberculosis promotes
the growth and reproduction of fungal flora in the lung tissue.
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In the present study, sputum has been selected as clinical sample

and four methods have been used for the detection of the etiological
agents of pulmonary infections. These methods are direct
microscopic examination by using 10% KOH and other stains, and
culturing of the sample with tow types of media. (Table 3) explain
the sensitivity and specificity of each method. Culture method was
highly sensitive for the detection of fungal agents than direct
examination, it was found that sensitivity was 100% and specificity
was 80%, while the sensitivity for direct examination method was
83.3% and specificity was 100%. Low value of sensitivity means
decreasing in false negative results (11). So it concluded that
culturing method is highly accurate and convenient method for the
detection of fungal agents in the clinical sample.
The results revealed that the sensitivity, specificity, PPV, NPV and
accuracy rate of ZN was found to be (51.4%, 86.6%, 90%, 43.3%,
62%) respectively (Table 4), these were similar of (23, 24) However
the specificity of smear examination methods should be interpreted
with caution because it does not allow differentiation of M.
tuberculosis from mycobacteria other than tubercle bacilli (MOTT)
(25).

In the present study, the sensitivity , specificity, PPV, NPV and
accuracy rate of the LJ culture media were found to be (100 %, 88.2
%, 94.2%, 100%, 96%), respectively (Table 5) , which were similar
to ( 95%, 84%, 90%, 96%, 92%), respectively found by (26)
Comparing to the culture results, the false positive results obtained
by ZN stain were 2 cases 4% (Table 4) .These results suggest that
occasionally, a sputum specimen or a smear may contain particles
that are acid fast: these particles may some time resemble tubercle
bacilli, i.e. MOTT or the precipitate of staining, which hampers
reading. Because of false positive results patient have to suffer from
unnecessary therapy or prolonged hospital stay and further delays
in the correct diagnosis and proper treatment of other diseases, or
this 2 cases were not able to be isolated on LJ medium, this may be
due to the presence of non viable bacilli in sputum specimen
received, while Acid fast smear examination does not discriminate
between viable and non viable bacilli, also tubercle bacilli and other
mycobacteria (25).

This study is in accordance to the result obtained by (27) who
reported that 2-3 % of AFB specimens could not be confirmed by
growth on LJ medium. In this study, false positive rate was found
similar to (26). But in other studies claimed that higher false positive
rate might occur in ZN staining technique (27, 28). Therefore, it is a
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good laboratory practice to confirm any smear-positive or doubtful
result in newly diagnosed patients. Since, false positive noted with
the staining techniques was lower; a positive smear could be reliable
as a good diagnostic indicator with these staining techniques.

False negative results in the staining methods were commonly
due to deficiencies in the preparation of the smear such as too little
materials spread on the slide or too thin / thick smears. So a negative
smear should be interpreted with caution because it does not rule
out the active tuberculosis. In the present study, higher percentages
of patient were found to miss diagnosis when tested with sputum
smear microscopy because of low sensitivity. These data supports
that culture is one of the definitive diagnosis of tuberculosis that
depends on the isolation and identification of M. tuberculosis.

Today, attention has turned to nucleic acid technology: the PCR
and related techniques are rapid, specific and sensitive. However
these methods require more sophisticated laboratory methods and
are very usefully if being used for the routine diagnosis of TB.
Specificity, sensitivity and speed of PCR test in diagnosis of TB
shown in this study should encourage the use of this method in
routine diagnosis of TB. We compared the performance of various
tests in different clinical samples for diagnosis of TB. PCR showed
the high sensitivity after LJ media as compared to other tests and
was supported by other studies (29. 30).

The results revealed that the sensitivity, specificity, PPV, NPV and
accuracy rate of PCR were found to be (94.2%, 100 %, 100 %, 88.2
%, 96 %) respectively (Table 5).
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