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Abstract

The diagnostic usefulness of Ziehl-Neelsen (ZN)-stained sputum smears combined with conventional polymerase chain reaction

(ZN/PCR) to amplify IS6110 region DNA extracted from ZN slideswas evaluated. The objective was to verify if this association could

improve tuberculosis (TB) diagnosis in patients at remote sites. The study was carried out in 89 patients with culture-confirmed

pulmonary TB as defined by the Brazilian Manual for TB Treatment. The participants were recruited in a reference unit for TB

treatment in Rondônia, a state in the Amazonian area in northern Brazil. ZN, PCR, and culture performed in the sputum samples

from these patients were analyzed in different combinations (i.e., ZN plus PCR and ZN plus culture). The prevalence rates of

pulmonary TB in these patients were 32.6 and 28.1% considering culture and ZN/PCR, respectively. The sensitivity and specificity of

ZN/PCR were 86 and 93%, respectively. ZN/PCR was able to detect more TB cases than ZN alone. This method could offer a new

approach for accurate tuberculosis diagnosis, especially in remote regions of the world where culture is not available.
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Introduction

Microscopic analysis of Ziehl-Neelsen (ZN)-stained

smear preparations and sputum culture are the gold

standard methods for diagnosing pulmonary tuberculosis

(TB) despite many advances in laboratory diagnostic

techniques (1). Although it has a low sensitivity, the ZN

technique remains the primary tool for detecting pulmon-

ary TB (2). The sputum culture can delay diagnosis by 3-6

weeks and has a biosafety hazard (3). In addition, culture

may give false-negative results in 10-20% of cases (4,5).

Despite these shortcomings, ZN is often employed in

low-income countries because it is inexpensive and easy

to perform (6). Culture is not common due to a lack of

laboratory facilities, materials and trained professionals.

Recently, a number of articles described the detection of

Mycobacterium tuberculosis DNA by polymerase chain

reaction (PCR). The results are promising and suggest that

this method may be useful, mainly as a support to traditional

diagnostic methods (7,8). These tests can be carried out with

DNA from various clinical sources (9), including slides

prepared for microscopy, (10,11), which is very useful due

to easy and safe sample transport. The application of

molecular tests in routine diagnosis in patients with

suspected TB can be a useful option, especially at sites with

a poor biosafety infrastructure that are far from reference

centers for which safe sample transport is a major challenge.

For these reasons, DNA extracted from microscopy slides

should be a useful alternative (10-12). However, molecular

testing methods require further investigation, including cost-

effectiveness studies, before implementation.

The objective of this study was to compare the

performance and effectiveness of PCR in association with

ZN staining (ZN/PCR) using DNA extracted from slides

prepared for microscopy to diagnose TB at a reference

health unit for TB treatment in the Amazonian region of

Brazil, a difficult to access region with high prevalence.

Material and Methods

Study setting
Rondônia is a northern Brazilian state located in the

Amazonian rainforest that includes several designated

indigenous areas. This state reported 467 new TB cases
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in 2010, an incidence of 30/100,000 inhabitants (13).

Porto Velho City, the state capital, reported an incidence

of 58/100,000 inhabitants in 2010. In Ji-Paraná City, the

second largest city in Rondônia, the TB incidence was 60/

100,000 (14). In a study published in 2012, designated

indigenous areas located in several cities within the State

had an incidence of around 137/100,000 (14). In this

state, a significant obstacle to health care access is the

huge distances between the reference center and small

cities. In Rondônia state, LACEN (i.e., the State Central

Laboratory) is the only laboratory that can perform culture

assay diagnosis of TB, resulting in enormous delays in

providing diagnoses to Health Care Units within the State.

In this study, it was not possible to evaluate TB/human

immunodeficiency (HIV) coinfection; these data were not

available in the medical records as the resource-limited

setting has not yet integrated HIV and TB care for

coinfected patients.

Study population
This study was performed in a group of routine

patients with suspected pulmonary TB on clinical evalua-

tion at the Adolfo Rhol Health Care Unit in Ji-Paraná City,

Rondônia State, Brazil, from August 1, 2011 to January

31, 2012. All patients with smear results and culture

criteria as defined by the Brazilian Manual for TB

Treatment (1) were included. All patients agreed to

participate in the study by signing a written informed

consent. Patients without culture results or an incon-

clusive outcome at the end of study were excluded from

the analysis. Laboratory technicians who carried out

molecular testing were blinded to the bacteriology results.

Culture for mycobacteria and smear microscopy were

carried out for all clinical samples. Positive culture results

in at least one sample with biochemical identification is the

gold standard for TB diagnosis.

Design
This was a cross-sectional study conducted to

evaluate the performance of a single molecular test for

pulmonary TB diagnosis.

Eligible and ineligible patients
Patients with suspected pulmonary TB who were at

least 18 years old and visited the Adolfo Rhol Health Care

Unit between August 1, 2011 and January 31, 2012 were

eligible. Eligible patients reported a cough of more than

3-weeks duration. Patients who were receiving anti-TB

treatment when asked to participate in the study were

ineligible. Patients with HIV or patients with a previous TB

history were not excluded. Patients were excluded from

the study if any of the following conditions were met: 1)

culture was contaminated, 2) expectorated sputum was

not obtained, 3) laboratory or clinical data did not fulfill the

pulmonary TB definition or 4) written informed consent

was not obtained.

Laboratory analyses
The smears were performed and evaluated at the

health care station in Ji-Paraná City, Rondônia state.

Regardless of a positive or negative result, all samples

were transported in appropriate conditions to the

Molecular Biology Laboratory at ULBRA (Brazilian

Lutheran University) in Canoas City, Rio Grande do Sul

state, where the DNA extraction and PCR analysis were

carried out. The M. tuberculosis culture was performed

at LACEN, in Rondônia, located in Porto Velho City, the

state capital. The evaluations were conducted in accor-

dance with the Quality Assessment of Diagnostic

Accuracy Studies (QUADAS) and the Standards for

Reporting Studies of Diagnostic Accuracy (STARD)

criteria. 1) The patients were representative of those

who will receive the test in routine clinical care. 2) The

culture for mycobacteria and smear microscopy were

carried out for all clinical samples on the same day. 3) The

gold standard and the other tests were performed in all

samples. 4) All patients received the result of the gold

standard test independent of the PCR result. 5)

Laboratory technicians were blinded to the gold standard

result of all samples. 6) Laboratory technicians were

blinded to the PCR result of all samples. 7) The clinical

data available to the laboratory were the same as those

used in routine practice (15). The samples were decon-

taminated and cultured in accordance with Kudoh and

Kudoh (16) and identified according to Kubica’s method

(17).

DNA extraction
M. tuberculosis DNA was extracted from sputum fixed

in smear slides according to the method described by

van der Zanden et al. (12) with some modifications.

Briefly, ultrapure water was added to smear slides to

facilitate sample release. The extracted material was

transferred to a microtube containing 5% Chelex medi-

um. After cellular lysis, the material was centrifuged at

4000 g for 10 min, and the supernatant was added to

phenol-chloroform-isoamyl alcohol (24:24:1) solution to

remove interfering agents. Isoamyl alcohol was used

to precipitate DNA.

In-house PCR
DNA amplification was performed as described by

Rossetti et al. (18). The PCR steps were: DNA denaturing

at 946C for 2 min, primer annealing at 686C for 2 min, and

extension at 726C for 2 min.

Statistical analysis
The collected data were analyzed by SPSS 16.0

(USA). The descriptive data analyses are reported as

means±SD. The estimated sensitivity (SE) and specifi-

city (SP) and their respective confidence intervals (CIs)

were calculated (19). The Kappa coefficient (k) was used

to verify the concordance between the proposed assay
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and smear and culture (19,20). For the inferential

analysis, the significance level was 5%, and the positive

and negative predictive (PPV and NPV) values were also

calculated. Test performance was calculated using a

specific formula utilized by parallel tests: sensitivity (SE)

of ZN with culture: (SEzn+SEculture)–(SEzn6SEculture),

specificity (SP) of ZN with culture: SPzn6SPculture, and

predictive values (PV).

Ethical aspects
This study was approved by Ethics Committee of

Centro Universitário Luterano, Ji-Paraná (No. 011/2011).

Results

A total of 89 patients with suspected pulmonary TB, 55

of whom were male, were enrolled in this study. The

prevalence of pulmonary TB was 32.6% (29/89). Among

these patients, 89 (100%) had cough, 33 (37.1%)

experienced thoracic pain, 66 (74.2%) had dyspnea, 21

(23.61%) reported weight loss, 16 (18%) had obstructive

chronic pulmonary disease, 6 (6.7%) were alcoholics, and

30 (34.1%) had previous TB.

Concordance analysis and methods performance
Among the 89 analyzed samples 32.6% (29/89) had

positive culture, 14 (15.7%) had positive ZN, and 25

(28.1%) had positive PCR results (Table 1). Nineteen

samples (21.3%) had divergent results, 15 (79%) with

positive culture and negative ZN were positive PCR in 8

cases and in 4 (21%) cases despite negative culture

and ZN, the PCR was positive (Table 1). Overall, PCR

diagnosed 7 (24%) more cases than ZN. The comparison

between PCR and culture yielded a moderate k coefficient

(k=0.68, P,0.01). The k for association between ZN and

culture was k=0.55 (P,0.01), and that between ZN/PCR

and culture was k=0.79 (P,0.01). The concordance

between ZN and PCR was weak but significant (0.39,

P,0.01). The association of ZN plus PCR had 86%

sensitivity, 93% specificity, and 91% accuracy. The

results showed that PCR sensitivity was improved when

combined with ZN. The specificity of the combined ZN/

PCR test was not affected, as shown in Table 1. This

association was evaluated considering different TB

prevalence scenarios to verify how the evaluated method

would work in places with different prevalence rates. In

regions with a TB prevalence of 10%, which is often seen

in TB ambulatory health care stations and in individuals

with respiratory symptoms including a cough of more than

3 weeks duration, the NPV of the ZN/PCR method was

93%. In hospitals or reference ambulatory centers for TB,

places where the TB prevalence usually varies between

15% and 20%, the PPV of this diagnostic strategy was

94%. In reference hospitals for TB, where the TB

prevalence range is 30% to 50%, ZN/PCR strategy had

a PPV range of 93% to 94%.

Discussion

The World Health Organization (WHO) has been

recommending the development and use of new, more

sensitive, and simpler TB diagnostic tools as way to stop

the spread of TB (21,22). Researchers from around the

world have been concentrating efforts on developing

rapid, low-cost tests that can be used in remote places

with limited resources, with the goal of decreasing the

waiting time for TB diagnosis. In 2010, the WHO started

recommending the GeneXpert for use in many countries

due to its simplicity. However, its usage still needs studies

of cost-effectiveness in developing countries like Brazil

(23,24). In the present report, we analyzed a conventional

and simple PCR for routine TB diagnosis, aiming to

evaluate its potential use at remote sites where there is a

need to overcome the inherent limitations of traditional

methods. PCR was performed with DNA extracted from

ZN slides, which are easy and safe to transport because

there is no contamination hazard. The IS6110 sequence

was the PCR target that, in addition to detecting TB,

distinguishes between M. tuberculosis and other myco-

bacteria. It is specific to the M. tuberculosis complex

(MTBC) (25). In a study carried out in India by Negi et al.

(26) that compared different PCR protocols targeting

different M. tuberculosis gene sequences, PCR targeting

IS6110 was found to have better positivity (77%) than

other molecular targets like 65 kDa (75%), 38 kDa (72%),

and the 85B protein (73%). Among the samples with

negative results provided by conventional tests, IS6110-

PCR showed greater positivity (26%) than PCR carried

out for other targets. The PCR targeting of IS6110 has

been widely reported by various reference centers for TB

diagnosis that reported that it was simple and reproduci-

ble (8,27). In this study, we demonstrated that in-house

PCR using DNA extracted from ZN slides is a feasible

alternative for M. tuberculosis detection, with a decreased

waiting time for results and an increased case detection

rate. Of 29 PCR-positive samples, only 14 were ZN

positive; this means that it was possible to obtain a TB

diagnosis in only 48.2% of the studied samples by ZN,

compared to 72.4% by ZN/PCR. The results thus show

that ZN/PCR diagnosed seven (24.14%) additional cases.

This low ZN sensitivity in properly identifying TB suggests

that a culture should be routinely performed for each

suspected TB case; however, the waiting time, cost, and

biosafety concerns limit its routine use.

PCR with DNA extracted from ZN slides could be a

good diagnostic alternative for TB diagnosis by culture

methods, and it could also be used to exclude a TB

diagnosis. The statistical analysis revealed that ZN/PCR

had a sensitivity of 86%, a specificity of 93%, an accuracy

of 91%, and a NPV value of 93%, which confirms that

combining these tests could be useful either for TB

diagnosis or exclusion. In a similar study, Scherer et al.

(28) evaluated the routine clinical use of PCR combined
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with ZN as an option for earlier diagnosis. They found that

ZN/PCR had 92% sensitivity and 93% NPV. A study was

also carried out in India with samples from patients with

and without TB, and PCR showed a sensitivity of 84.61%

and specificity of 80%, significantly better than the

methods of ZN alone and culture (29). In this study, the

association of ZN/PCR had a sensitivity of 86%, which

could be explained by many factors, one being the

presence of PCR inhibitors in the samples after the

extraction process. A study performed in Morocco, a

country with a high rate of TB, compared PCR with

conventional methods and found that this test could

detect M. tuberculosis with high sensitivity (98%) and

good specificity (92.6%), and the concordance between

PCR and culture was 0.9088. This same study reported

that false-negative results could be associated with either

the paucibacillary nature of the sample, inefficient DNA

extraction, or PCR inhibitors present in the sample (30).

Assuming different scenarios of TB prevalence, ZN/PCR

has shown good performance, with NPV and PPV that

range from 93-94% and 86-88%, respectively, and

significant changes with changes in TB prevalence.

These data confirm that ZN/PCR could be considered

as a method to exclude TB diagnoses in ambulatory care

centers, reference centers, and hospitals. In a study

reported by Scherer et al. (28), where the assumed

prevalence ranged from 5-20%, a high NPV was obtained.

However, these numbers decreased in TB scenarios

where the prevalence was higher than 30%, especially

among HIV-positive patients.

Our findings suggest that molecular diagnosis has a

strategic potential in the fight against TB. The results

demonstrated that ZN/PCR using DNA extracted from

ZN-stained sputum-sample slides could be an alternative

to diagnose pulmonary TB in remote areas. We found that

this method had good sensitivity, specificity, NPV, and

PPV. The application of ZN/PCR could decrease the

waiting time for a pulmonary TB diagnosis, while

simultaneously decreasing the biosafety hazard.
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