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ABSTRACT
HIV infection hampers diagnosis of pulmonary

tuberculosis (PTB) because many pathogens cause
pulmonary infection in HIV people and the load of
Mycobacterium tuberculosis is lower in HIV patients.

We conducted a literature review and prospectively
examined clinical, radiological, and laboratory diagnosis
of PTB in 71 HIV-patients (29 inpatients and 42
outpatients) in a teaching hospital in West Java, Indonesia.

For both in- and outpatients, signs and symptoms were
sensitive but not specific for PTB. Chest X-ray (CXR) was
sensitive but less specific. Among hospitalized PTB suspects,
28,8% could not expectorate sputum. Compared to culture,
ZN had a sensitivity of 11.1% and 66.7% for in- and
outpatients, respectively. From the literature, fluorescence
microscopy, liquid culture, and nucleic acid assays can
improve diagnosis of PTB in HIV, while IFNg-release assays
lack sensitivity, especially in advanced HIV.

The current practice of using CXR and microscopy lacks
sensitivity for diagnosing PTB in HIV patients. Sputum
culture is more sensitive but slow. Fluorescence microscopy
might be a quick, relatively sensitive and feasible option in
Indonesia. However, because of the frequent absence of
sputum, especially in patients with advanced HIV-AIDS
patients, there is an urgent need for alternative diagnostic
methods using blood or urine.

Key words: pulmonary tuberculosis, HIV/AIDS patients, chest
X-ray.
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INTRODUCTION
At the end of 2007, approximately 33.2 million

persons with HIV infection and one-third were
co-infected with tuberculosis (TB). TB is the cause of
death for half of all persons with AIDS. Since 1990, TB
infection rates have increased 4-fold in countries that
are heavily affected by HIV.1 Indonesia has the fastest
growth HIV-epidemic in Asia.2 The HIV-prevalence in
the general population is still low (0.16%), but up to 50%
have been reported in certain risk groups. HIV-infection
among TB-patients appears low in Indonesia, 2.0% in
Bandung and Jakarta and 1.9% in Yogyakarta.1, 3, 4 Among
HIV-infected patients, however, TB is very prevalent, in
a cohort of HIV patients in Bandung, 36% had a history
of TB treatment.5

People infected with HIV have 10 times the risk of
developing TB compared with normal people, and
pulmonary TB (PTB) is still the commonest form.6 WHO
guidelines recommend screening for TB in all HIV/AIDS
patients, however, diagnosis of PTB in HIV/AIDS
patients is difficult. First, besides M. tuberculosis, there
is a range of other microorganisms which can cause lung
infections in HIV. Second, sputum microscopy, the
cornerstone of diagnosing pulmonary TB, has a lower
sensitivity in HIV-infection, as HIV/AIDS patients
usually have a lower sputum concentration of M. tuber-
culosis, or may not be able to produce good quality
sputum. Finally, chest X-ray (CXR) abnormalities in HIV-
associated TB are often atypical and may even be
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absent.7-9 Fewer than half of TB cases in HIV infected
patients are diagnosed before death10 and current
diagnostic tools perform badly in HIV-positive patients.
There is an urgent need to develop rapid, simple,
specific and sensitive tuberculosis diagnostic tools for
detection of TB in HIV-positive patients.

This paper consists of two parts. We first review
the scientific literature about current tools for diagnosis
of TB in HIV-positive patients. And then, we report
operational research related to diagnosis of HIV-
associated PTB from an Indonesian referral hospital.

LITERATURE REVIEW
We limited our review to current available methods

of diagnosing TB. Excellent reviews have been published
on diagnostic methods which are still under develop-
ment.11

We searched PubMed combining “Tuberculosis”,
“diagnostics” as free text and MeSH terms, combined
with other terms including “HIV/AIDS”, “review”,
“sputum microscopy”, “induction”, “instruction”,
“sputum specimen”, “sputum processing, centrifugation,
bleach, sedimentation”, “liquid culture, BACTEC,
MGIT”, “interferon ã, antigen, serodiagnostic”, “PCR”,
“nucleic acid test, molecular diagnostic”, “negative
smear”, “fluorescence microscopy, Auramin, Auramin-
Rhodamin, Ziehl Neelsen”. Articles referenced in
retrieved papers were also located.

Chest X-ray
Chest x-rays are part of routine diagnosis and

screening of tuberculosis in many countries including
Indonesia.12 However, CXR suffer from low
inter-observer reliability,12 are subjected to the quality
and availability of equipment,13 and have a reduced
usefulness in HIV-positive patients who often produce
atypical CXR.14 Opinion regarding CXR as a screening
tool is divided. In Botswana, only one TB case out of
563 CXR screened HIV patients was found.15 In South
Africa,16-18 Kenya,13, 19 Tanzania and Burundi,20 CXR
was of value both for case detection and cost-efficacy.
Concern remains regarding to the low specificity of CXR,
at worst resulting in further unnecessary testing in 49%
of those screened.17 When combined with symptoms,
the value of CXR for diagnosis increases. Among HIV-
positive South African miners, the addition of CXR to
symptoms of TB increased sensitivity from 75.0% to
90.1%.17 In Kenya, an extra 6% of HIV patients with a
cough may receive correct diagnosis when CXR is used.9
(Table 1) Improving quality control and using a
standardised scoring system may increase CXR
efficacy.13

Symptom Screening
Symptom screening does not require expensive

equipment or health personnel specialisation, but
sensitivity and specificity of symptoms are reduced in
heavily immune suppressed HIV-patients. Screening by
cough alone in HIV-positive patients has low
sensitivity17, 21-25 (Table 1), with up to 86% of TB being
missed.17 When other symptoms are included,
sensitivity will increase. In Cambodia, sensitivity rose
from 55% to 100%24 when fever and weight loss were
included and from 56% to 77% in Ethiopia upon
inclusion of night sweats and fever.22 Nevertheless
screening for several symptoms compromises
specificity; South African17, 21 Ethiopian22 and
Cambodian24 research reports a loss of specificity
between 4% and 39% compared with screening for
cough alone.

Tuberculin Skin Test (TST)
Tuberculin skin testing (TST), which is used in many

countries to diagnose latent and active TB, suffers from
reduced sensitivity in HIV-patients, especially those with
severe immunosuppression.26 TST may be of value for
detecting TB, but no distinction can be made between
active and latent TB, and numerous studies have shown
that HIV-positive patients are significantly less likely to
be TST positive compared with HIV-negative patients.27-

29 (Table 1) Even when the cut-off for positivity is
lowered TST has a poor performance in HIV-positive
patients compared with HIV-negative patients.26-28

Consequently, TST results in HIV-positive patients should
be interpreted with caution.

Interferon gamma release assays measure T-cell
response to TB antigens in the blood and are
commercially available for diagnosis of latent TB
infection. However, their potential in populations with
high rates of HIV is uncertain. In Tanzania the
sensitivity of QFT-IT (QuantiFERON TB-Gold In-Tube)
was higher in HIV-negative than in HIV-positive patients
(81% vs 65%). Furthermore, high rates of indeterminate
results due to low CD4 count in HIV-positive patients
have been observed.30 (Table 1)

Sputum Diagnosis
Sputum examination remains as the cornerstone of

diagnosing TB. Aspects related to sputum collection,
processing, and microscopy are reviewed below, white
culture and nucleic acid testing in the next section.

The quality and number of collected specimens
affect diagnostic results. A systemic review in 2007
concluded that the average sensitivity of the first
sputum slide (53,5%) increased following the addition of
second slide (64.9%), but not further with a third slide31
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These findings apply to HIV-positive and negative
patients and have prompted the WHO to propose a
reduction of specimen numbers for examination in
settings with well established laboratory networks and
fully functional EQA programmes.32 (Table 2)

In many cases, HIV-seropositive patients, especially
those with advanced immunosuppression (“AIDS”) and
low CD4 cell-counts are unable to produce sputum
spontaneously, hampering diagnosis of PTB. Sputum
instruction leads to a significant increase in smear
positive case detection in HIV-negative patients, but so
far this has not been examined in HIV-patients. In
Indonesia and Pakistan, the smear positive case
detection rate was increased by 15.1% and 5%,
respectively, when sputum submission guidelines were
provided.4, 33 Increase the volume of sample is also
effective, using > 5 ml sputum sample increased SM
sensitivity from 72.5 to 92%.34 These methods have not
been explored in HIV-positive populations. For both HIV
positive and negative patients, improving sample quality
by induction through nebulized saline has been proven to
be safe and cost-effective with a high diagnostic yield
and high agreement with results from bronchoscopy.7, 35-

37 (Table 2)
Sputum microscopy (SM) is the primary tool for TB

diagnosis. However, a lower sensitivity in HIV-patients
is often seen due to their lower sputum bacillary load.
Sputum microscopy may also be false-negative if the
sputum concentration of mycobacteria is below 10,000
organisms/mL.22, 26, 38 Alternative sample processing

methods may increase SM sensitivity. A systemic
review showed that centrifugation or overnight
sedimentation with chemical processing increases
sputum smear sensitivity. For HIV-positive patients, the
data remains insufficient, the studies which have been
conducted in HIV-positive populations only reported one
increase in sensitivity (11%).39 Further investigation is
required to verify the use of sputum processing in HIV-
positive patients (Table 2).

Fluorescent microscopy (FM) is an alternative way
to Ziehl-Neelsen (ZN) staining for the detection of AFB.
The procedure is thought to be faster, more-cost
effective, and more sensitive than ZN.40-43 A systemic
review showed that the average sensitivity to be 10%
higher than ZN.40 For HIV-positive patients, FM is also
more sensitive than ZN. (Table 2) In a study from Kenya,
FM was twice as sensitive as ZN for HIV-positive cases
use culture as a gold standard43 and an Indian study
that reported 26% more TB cases detected when FM
was used compared to ZN in a population including 15%
HIV-positive patients.42

Sputum Culture and Molecular Testing
Sputum culture using liquid or solid media is regarded

as the gold standard of TB diagnostic tools. It is more
sensitive than sputum smear, allowing detection of TB in
sputum smear negative cases such as HIV-positive
patients.26 In a setting in South Africa, 49% of sputum
smear negative HIV patients were sputum culture
positive. However, studies have found detection rates of
TB in HIV-positive patients to vary widely (19%-

Table 1. Chest x-ray, symptoms, TST

Aspect Conclusion Comment

Chest x-ray Sensitivity 27% - 97%
Specificity 51% - 67%

Combination of symptoms and CXR
increases sensitivity

Screening with ZN followed by CXR is
more cost effective than initial CXR
screening

Inter-rater reliability ranges between
moderate to good; Kappa 0.50 – 0.84

Low specificity increases
over-diagnosis

CXR screening must be
followed by examination

Symptoms Screening by cough alone sensitivity 14% -
82%, specificity 33% - 96%

Screening for more than one symptom
increases sensitivity but reduces specificity

HIV patients are often
asymptomatic

TST HIV-positive patients less likely to be TST
positive than HIV-negative patients

Interpret TST for HIV
patients with caution

IFN-� Release
Assays

Sensitivity 65% in HIV+, lower in patients
with advanced immunosuppression (low
CD4-count)

Expensive
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96%).44, 45,16 Increased sensitivity, reduced cost and lower
bacillary load makes culture likely diagnostic tool of
choice for HIV-positive patients in low resource
settings.26

A major draw back of solid media is the time of
diagnosis; it can be up to six weeks or longer for HIV-
positive patients. There are other culture systems exist
which speed-up growth and increase sensitivity,
however these are technical and expensive26 (Table 3).
A relatively new, inexpensive liquid culture technique,
called microscopic-observation drug susceptibility assay
(MODS) is a potential solution to this problem. MODS
uses inverted light microscope and broth culture to
rapidly detect growth. Results are promising; In Peru
the sensitivity of MODS was 97.8% while 89% and 84%
for automated mycobacterial culture and LJ culture,
respectively, the average time to diagnose was seven
days.46, 54 Further evaluation in HIV-positive
populations is required.26

Nucleic Acid Amplification (NAA) molecular
diagnostics also shorten diagnostic time.47 There are two
tests currently commercially available, both displaying
high sensitivity and specificity in AFB positive samples
compared to culture. Reported sensitivity is 79.4 - 91.9%
for Amplicor and 90.9 – 95.2% for E MTD, and
specificity is 99.6 - 99.8% for Amplicor and 98.8 – 100%
for E MTD. 48,49 However, test performance is lower in
AFB negative samples. Subsequently, only E-MTD is

available for testing in sputum smear negative specimens,
with a reasonable performance in HIV-positive patients
(sensitivity 89.0%, specificity 97.7%).47 Several reports
indicate that in HIV patients, NAA tests may also be
helpful for diagnosing TB when used on blood and
urine.50-52 Despite its possible advantages, NAA
diagnostics remain expensive, technically demanding and
prone to contamination, especially in high-volume
settings.

BANDUNG CASE STUDY

Setting, Design and Methods
This study was done in Hasan Sadikin Hospital

(RSHS), a large referral hospital located in Bandung,
Indonesia. Between June and December 2008 we
recruited all HIV/AIDS patients with suspected PTB in
HIV polyclinic, pulmonology ward, or inpatients suspected
of having PTB and tested positive for HIV during their
hospital stay. Suspected TB was defined by the
presence of cough or CXR abnormalities.

To assess the clinical diagnosis of PTB, clinical
information was collected through standardized
questionnaire, physical examination and from the patient
charts. We recorded information about symptoms from
patient interview. To assess the diagnostic validity of
CXR, CXR’s were examined independently by two
consultant radiologists using a standardized form. A third

Table 2. Sputum collection, processing and microscopy

Aspect Conclusion Comment

Number of
Specimens

Sensitivity of 2 or 3 sputum
specimens almost similar
(SR including 3 studies in HIV+)

Proposed by WHO

Sample
collection

Instruction for better sputum quality
may increase diagnostic yield
(RCT)

Not examined in
HIV+

Collecting large volume sputum
samples (> 5cc) may increase
sensitivity

Not examined in
HIV+

Sputum induction with nebulized
saline is safe and effective for HIV+
adults and children without sputum;
better than gastric washing, high
agreement with bronschoscopy.

Sputum
processing

Centrifugation / overnight
sedimentation of sputum samples
with chemical processing increases
sensitivity
(SR incl 2 studies in HIV+);

Feasible in field
condition?

Fluorescence
microscopy

Overall sensitivity on average 10%
higher compared to conventional
microscopy (SR including 2 studies
in HIV+)

Insufficient  evidence
in HIV

cost-effective; shortens diagnostic
process in HIV+

SR = systemic review; RCT = randomized clinical trial;
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radiologist was consulted if results between examiners
differed. Results were reported as one of four
categories: normal, abnormal but no chest infection,
suggestive for TB (cavitary, military, upper zone
infiltrate), and suggestive for chest infection but not
specific for TB. Radiologists were blinded to
microbiologically diagnostic results.

Sputum examination included Ziehl Neelsen (ZN)
and culture. Outpatients received instruction for sputum
submission by a technician and by a trained nurse for
inpatients. If unable to expectorate sputum, inpatients
were nebulised with a 0.9% NaCl solution to induce
coughing. Direct smears were stained according to ZN
these results technique and were reported according to
the quantitative scale recommended by the WHO and
IUATLD. All available sputum samples were cultured
on Ogawa slants in fairs and stored at 37ºC for 8 weeks
or until found positive. Sputum culture was
employed as the gold standard in this study. Sensitivity,
specificity and positive and negative predictive values
were calculated for clinical information, compared to
sputum culture and CXR as gold standard.

Results
We recruited 29 in- and 42 outpatients with suspected

PTB. Patient characteristics and symptoms are displayed
in table 4 and 5. Patients were predominantly young and
male and many had been treated for TB before.
Outpatients had higher CD4 cell counts than inpatients,
and more were already taking ART and PCP
prophylaxis. Outpatients often presented with a
productive cough rather than with hemoptyis, fever, or
night sweats.

Symptom screening, CXR, and ZN had a different
diagnosis value in inpatients compared to outpatients. For
inpatients, cough alone had high sensitivity but very low
specificity for PTB. Combination of cough with fever
and weight loss increased sensitivity and specificity. The
absence of cough, fever and weight loss guaranteed an
absence of PTB. For outpatients, cough alone had a low
sensitivity and specificity. Different from inpatients, the
combination of cough with fever and weight loss resulted
in lower sensitivity but higher specificity. The combina-
tion of CXR and symptoms had a sensitivity of 25% (75%
of PTB cases would be missed). The positive predictive
values (PPV) overall were low for all clinical diagnostic
tests. For inpatients the highest PPV was seen for
symptom combination (60%), while for out-patients CXR
and symptom combination had the highest PPV (66.7%).

Table 4. Description of diagnostic process: Patient
demographics and treatment history

Characteristic
Inpatients

n= 29
Outpatients

n= 42
p

Male sex 75.8% 73.8%
Age, median (range) 29 (25-51) 29 (22-56) 0.43
CD4 count,
cells/mm

3
, median

(range)

9 (1-186) 181.5 (2-556) 0.00

On ART 2/19 14/30 0.01
On PCP prophylaxis 2/20 17/40 0.02
AB treatment during
assessment

5/19 4/37 0.14

Ever treated for TB 9/20 13/42 0.28

ART = antiretroviral treatment; PCP = Pneumocystis jirovecii

pneumonia; AB = antibiotic

Table 3. Culture, molecular testing and IFN� release assays

Aspect Conclusion Comment

Culture detection of mycobacterimia in HIV/AIDS
pts varies widely between 19%-96%

Results taken
between 6-8 weeks

Commercial media (ex BACTEC and
MGIT) reduce culture time from 2 to 4
weeks.

Commercial media
are expensive

Microscopic Observation Drug
Susceptibility testing (MODS) reduces
culture time from 7 to 14 days and is more
cost-effective than commercial liquid
culture.

needs inverted
microscope;

Nucleic
Acid Assay
(NAA)

NAA enables rapid detection of M.
tuberculosis from clinical samples. More
sensitive than microscopy, not as
sensitive as culture, also in HIV+

Commercial tests
are expensive;
Feasible in field
settings?

Loop-Mediated Isothermal Amplification
(LAMP) showed sensitivity of 97.7% in
smear- and culture-positive specimens,
48.8% in smear negative, culture positive
specimen with specificity of 99% ; may
enable point-of-care testing.
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For sputum examination, not all of the study
participants (82% of inpatients and 67% of outpatients)
supplied sputum samples for examination due to loss of
follow-up or an inability to expectorate sputum.
Prevalence of culture-confirmed TB was 37.5% and
32.1% for in- and outpatients, respectively. Sensitivity
of sputum smear microscopy was considerably higher
for inpatients compared to outpatients (66.7% compared
to 11.1%, p=0.05). Specificity (100% for both group),
PPV (100% for both group), and NPV (83.3% for
inpatients and 70.4% for outpatients) of sputum
microscopy were high.

DISCUSSION
We reviewed the literature regarding diagnosis of

PTB in HIV patients. We also conducted a case study
in HIV patients comparing the performance of common
TB diagnostics in a large teaching hospital in Bandung.
We found that many patients had a history of TB-
treatment (45% and 31% for in- and outpatients
respectively). These numbers are lower than what was
found in a study in South-Africa where 52% of patients
prior to ART had a history of TB53, and comparable with
numbers found in other South-East Asian countries like
Cambodia (29% after ART)54 and Thailand (37% among
inpatients).55

We found that the current diagnostic process for PTB
performed poorly in HIV patients and was different
between in- and outpatients. For inpatients a
combination of symptoms seemed the most effective
diagnostic tool, while for outpatients the use of CXR
showed the best results. However, it must be stressed
that these diagnostic methods still had a low accuracy
and there is an urgent need for better diagnostic tools.

Microbiological confirmation of TB was often
lacking. The high prevalence of smear negative cases
found in this study is also in accord with current
understanding, the mainly to inability to expectorate

sputum and poor quality of sputum because of low
bacillary load. However, the sensitivity of ZN for
inpatients (67%) was higher than seen in other studies
and is likely due to the severe disease, and to our
instruction and sputum induction in these patients,
especially as only 67% of inpatients had a productive
cough. Sputum instruction appears to be useful in HIV
negative population, but it has not been evaluated in HIV/
AIDS patients. Sputum induction has been proven
useful for HIV patients in literature.7, 36 Both methods
should be evaluated in a clinical trial with large enough
size before making any definitive conclusions about their
use in HIV/AIDS patients.

Our literature reviewed only included currently
available methods in Indonesia. An excellent review has
addressed newer methods.11 Our case study was
cross-sectional and small with sputum only available for
52 patients due to loss to follow-up or an inability of
patients to produce good quality of sputum. Our study
population was selected from a hospital where patients
present with advanced disease: thus, it is unknown how
these diagnostic tests would perform in HIV patients
with less severe disease. However, we believe we have
a clear picture of the difficulties of diagnosing PTB in
HIV patients which are probably representative for many
setting in Indonesia.

CONCLUSION
Diagnosis of PTB in HIV patients is problematic.

The role of symptoms, CXR, and microscopy needs
further evaluation. Based on our findings and a review
of the literature, we make the following recommenda-
tions for improving PTB diagnosis in HIV patients in
Indonesia. First, a high alertness and systematic
screening for PTB among HIV patients is indicated.
Active case finding among HIV patients to prevent
transmission and death from PTB is crucial. In addition,
the use of routine isoniazid preventive therapy should be
considered for this population.56 Second, to improve the
detection of PTB for both in- and outpatients, CXR should
be performed, also in the absence of clear symptoms.
For inpatients, microbiological tests should be performed
and sputum samples should be collected using
instruction and induction methods. Culture should be
employed for both in- and outpatients as it is useful in
confirming cases especially those which are smear
negative patients. Regarding the difficulties that arise
from diagnosing PTB from sputum, alternative ways of
diagnosing PTB should also be considered. Microscopic
techniques such as fluorescence microscopy and NAA
to detect M. tuberculosis in peripheral blood and urine

Table 5. Patient symptoms and signs

Symptom/sign
Inpatients

n = 29
Outpatients

n = 42
p

Cough 18/20 38/42 1.00
Cough ? 3 weeks 9/17 21/38 1.00
Productive cough 12/18 35/38 0.04

Hemoptysis 1/20 0/42 0.60
Fever 15/20 23/42 0.21
Night sweats 15/20 11/42 0.001
Chest pain 10/20 4/41 0.002
Weight loss 20/20 15/32 0.001
Mean BMI, m

2
/kg (SD) 15.6 (3.8) 18.9 (3.9) 0.005

Oral thrush 16/20 11/42 0.000

BMI = Body Mass Index; SD=standard deviation ;
n BMI = 18 inpatients and 36 outpatients
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for example, seem promising in HIV patients.50-52

Finally, as immunosuppression hampers diagnosis of TB,
it should not be forgotten that all new ARV patients should
be monitored for the unmasking of TB disease.57

REFERENCES
1. TB and HIV/AIDS, Center for Disease Control, Editor. 2008:

America.
2. The World Health Organization, Review of the Health Sector

Response to HIV and AIDS in Indonesia. 2007.
3. Mahendradhata, Y., R.A. Ahmad, T.A. Kusuma, M. Boelaert,

M.J. Van der Werf, M.E. Kimerling, et al., Voluntary counsel-
ing and testing uptake and HIV prevalence among tuberculosis
patients in Jogjakarta, Indonesia. Trans R Soc Trop Med Hyg,
2008. 102(10): p. 1003-10.

4. Alisjahbana, B., R. van Crevel, H. Danusantoso, T. Gartinah,
E.S. Soemantri, R.H. Nelwan, et al., Better patient instruction
for sputum sampling can improve microscopic tuberculosis
diagnosis. Int J Tuberc Lung Dis, 2005. 9(7): p. 814-7.

5. Wisaksana, R., Challenges in delivering HIV-care in Indonesia:
experience from a referral hospital Acta Medica Indonesia, 2009.
In press.

6. TB/HIV: A Clinical Manual, Second Edition. World Health
Organization, 2004.

7. Zar, H.J., D. Hanslo, P. Apolles, G. Swingler, and G. Hussey,
Induced sputum versus gastric lavage for microbiological
confirmation of pulmonary tuberculosis in infants and young
children: a prospective study. Lancet, 2005. 365(9454): p. 130-
4.

8. Aderaye, G., J. Bruchfeld, G. Aseffa, Y. Nigussie, K. Melaku,
Y. Woldeamanuel, et al., Pneumocystis jiroveci pneumonia and
other pulmonary infections in TB smear-negative HIV-posi-
tive patients with atypical chest X-ray in Ethiopia. Scand J
Infect Dis, 2007. 39(11-12): p. 1045-53.

9. Hawken, M., L. Nganga, H. Meme, J. Chakaya, and J. Porter,
Is cough alone adequate to screen HIV-positive persons for
tuberculosis preventive therapy in developing countries? Int J
Tuberc Lung Dis, 1999. 3(6): p. 540-1.

10. Mendelson, M., Diagnosing tuberculosis in HIV-infected pa-
tients: challenges and future prospects. Br Med Bull, 2007. 81-
82: p. 149-65.

11. Perkins, M.D. and J. Cunningham, Facing the crisis: improving
the diagnosis of tuberculosis in the HIV era. J Infect Dis, 2007.
196 Suppl 1: p. S15-27.

12. Zellweger, J.P., R. Heinzer, M. Touray, B. Vidondo, and E.
Altpeter, Intra-observer and overall agreement in the radiologi-
cal assessment of tuberculosis. Int J Tuberc Lung Dis, 2006.
10(10): p. 1123-6.

13. van Cleeff, M.R., L.E. Kivihya-Ndugga, H. Meme, J.A.
Odhiambo, and P.R. Klatser, The role and performance of chest
X-ray for the diagnosis of tuberculosis: a cost-effectiveness
analysis in Nairobi, Kenya. BMC Infect Dis, 2005. 5: p. 111.

14. Boiselle, P.M., I. Tocino, R.J. Hooley, A.S. Pumerantz, P.A.
Selwyn, V.P. Neklesa, et al., Chest radiograph interpretation of
Pneumocystis carinii pneumonia, bacterial pneumonia, and
pulmonary tuberculosis in HIV-positive patients: accuracy, dis-
tinguishing features, and mimics. J Thorac Imaging, 1997. 12(1):
p. 47-53.

15. Mosimaneotsile, B., E.A. Talbot, T.L. Moeti, N.M. Hone, G.
Moalosi, H.J. Moffat, et al., Value of chest radiography in a

tuberculosis prevention programme for HIV-infected people,
Botswana. Lancet, 2003. 362(9395): p. 1551-2.

16. Bakari, M., R.D. Arbeit, L. Mtei, J. Lyimo, R. Waddell, M.
Matee, et al., Basis for treatment of tuberculosis among HIV-
infected patients in Tanzania: the role of chest x-ray and spu-
tum culture. BMC Infect Dis, 2008. 8: p. 32.

17. Day, J.H., S. Charalambous, K.L. Fielding, R.J. Hayes, G.J.
Churchyard, and A.D. Grant, Screening for tuberculosis prior
to isoniazid preventive therapy among HIV-infected gold min-
ers in South Africa. Int J Tuberc Lung Dis, 2006. 10(5): p. 523-
9.

18. den Boon, S., N.W. White, S.W. van Lill, M.W. Borgdorff, S.
Verver, C.J. Lombard, et al., An evaluation of symptom and
chest radiographic screening in tuberculosis prevalence sur-
veys. Int J Tuberc Lung Dis, 2006. 10(8): p. 876-82.

19. van Cleeff, M.R., L. Kivihya-Ndugga, W. Githui, L. Nganga, J.
Odhiambo, and P.R. Klatser, A comprehensive study of the
efficiency of the routine pulmonary tuberculosis diagnostic
process in Nairobi. Int J Tuberc Lung Dis, 2003. 7(2): p. 186-
9.

20. Samb, B., D. Henzel, C.L. Daley, F. Mugusi, T. Niyongabo, N.
Mlika-Cabanne, et al., Methods for diagnosing tuberculosis
among in-patients in eastern Africa whose sputum smears are
negative. Int J Tuberc Lung Dis, 1997. 1(1): p. 25-30.

21. Mohammed, A., R. Ehrlich, R. Wood, F. Cilliers, and G.
Maartens, Screening for tuberculosis in adults with advanced
HIV infection prior to preventive therapy. Int J Tuberc Lung
Dis, 2004. 8(6): p. 792-5.

22. Shah, S., M. Demissie, L. Lambert, J. Ahmed, S. Leulseged, T.
Kebede, et al., Intensified tuberculosis case finding among HIV-
Infected persons from a voluntary counseling and testing cen-
ter in Addis Ababa, Ethiopia. J Acquir Immune Defic Syndr,
2009. 50(5): p. 537-45.

23. Kimerling, M.E., J. Schuchter, E. Chanthol, T. Kunthy, F. Stuer,
P. Glaziou, et al., Prevalence of pulmonary tuberculosis among
HIV-infected persons in a home care program in Phnom Penh,
Cambodia. Int J Tuberc Lung Dis, 2002. 6(11): p. 988-94.

24. Chheng, P., A. Tamhane, C. Natpratan, V. Tan, V. Lay, B. Sar, et
al., Pulmonary tuberculosis among patients visiting a volun-
tary confidential counseling and testing center, Cambodia. Int J
Tuberc Lung Dis, 2008. 12(3 Suppl 1): p. 54-62.

25. Wood, R., K. Middelkoop, L. Myer, A.D. Grant, A. Whitelaw,
S.D. Lawn, et al., Undiagnosed tuberculosis in a community
with high HIV prevalence: implications for tuberculosis con-
trol. Am J Respir Crit Care Med, 2007. 175(1): p. 87-93.

26. Reid, M.J. and N.S. Shah, Approaches to tuberculosis screen-
ing and diagnosis in people with HIV in resource-limited set-
tings. Lancet Infect Dis, 2009. 9(3): p. 173-84.

27. Graham, N.M., K.E. Nelson, L. Solomon, M. Bonds, R.T.
Rizzo, J. Scavotto, et al., Prevalence of tuberculin positivity
and skin test anergy in HIV-1-seropositive and -seronegative
intravenous drug users. JAMA, 1992. 267(3): p. 369-73.

28. Garcia-Garcia, M.L., J.L. Valdespino-Gomez, C. Garcia-
Sancho, M.E. Mayar-Maya, M. Palacios-Martinez, S.
Balandrano-Campos, et al., Underestimation of Mycobacte-
rium tuberculosis infection in HIV-infected subjects using reac-
tivity to tuberculin and anergy panel. Int J Epidemiol, 2000.
29(2): p. 369-75.

29. Espinal, M.A., A.L. Reingold, E. Koenig, M. Lavandera, and S.
Sanchez, Screening for active tuberculosis in HIV testing cen-
tre. Lancet, 1995. 345(8954): p. 890-3.

30. Aabye, M.G., P. Ravn, G. PrayGod, K. Jeremiah, A. Mugomela,
M. Jepsen, et al., The impact of HIV infection and CD4 cell
count on the performance of an interferon gamma release assay



64

Lidya Rewata    Acta Med Indones-Indones J Intern Med

in patients with pulmonary tuberculosis. PLoS ONE, 2009.
4(1): p. e4220.

31. Mase, S.R., A. Ramsay, V. Ng, M. Henry, P.C. Hopewell, J.
Cunningham, et al., Yield of serial sputum specimen examina-
tions in the diagnosis of pulmonary tuberculosis: a systematic
review. Int J Tuberc Lung Dis, 2007. 11(5): p. 485-95.

32. Organization, W.H., Proposed reduction of number of smears
for the diagnosis of pulmonary TB: background document.

33. Khan, M.S., O. Dar, C. Sismanidis, K. Shah, and P. Godfrey-
Faussett, Improvement of tuberculosis case detection and re-
duction of discrepancies between men and women by simple
sputum-submission instructions: a pragmatic randomised con-
trolled trial. Lancet, 2007. 369(9577): p. 1955-60.

34. Warren, J.R., M. Bhattacharya, K.N. De Almeida, K. Trakas,
and L.R. Peterson, A minimum 5.0 ml of sputum improves the
sensitivity of acid-fast smear for Mycobacterium tuberculosis.
Am J Respir Crit Care Med, 2000. 161(5): p. 1559-62.

35. Brown, M., H. Varia, P. Bassett, R.N. Davidson, R. Wall, and
G. Pasvol, Prospective study of sputum induction, gastric wash-
ing, and bronchoalveolar lavage for the diagnosis of pulmonary
tuberculosis in patients who are unable to expectorate. Clin
Infect Dis, 2007. 44(11): p. 1415-20.

36. Conde, M.B., S.L. Soares, F.C. Mello, V.M. Rezende, L.L.
Almeida, A.L. Reingold, et al., Comparison of sputum induc-
tion with fiberoptic bronchoscopy in the diagnosis of tubercu-
losis: experience at an acquired immune deficiency syndrome
reference center in Rio de Janeiro, Brazil. Am J Respir Crit
Care Med, 2000. 162(6): p. 2238-40.

37. McWilliams, T., A.U. Wells, A.C. Harrison, S. Lindstrom, R.J.
Cameron, and E. Foskin, Induced sputum and bronchoscopy in
the diagnosis of pulmonary tuberculosis. Thorax, 2002. 57(12):
p. 1010-4.

38. Hawken, M.P., D.W. Muhindi, J.M. Chakaya, S.M. Bhatt,
L.W. Ng’ang’a, and J.D. Porter, Under-diagnosis of smear-posi-
tive pulmonary tuberculosis in Nairobi, Kenya. Int J Tuberc
Lung Dis. 2001;5(4):360-3.

39. Steingart, K.R., V. Ng, M. Henry, P.C. Hopewell, A. Ramsay,
J. Cunningham, et al., Sputum processing methods to improve
the sensitivity of smear microscopy for tuberculosis: a
systematic review. Lancet Infect Dis, 2006. 6(10): p. 664-74.

40. Steingart, K.R., M. Henry, V. Ng, P.C. Hopewell, A. Ramsay,
J. Cunningham, et al., Fluorescence versus conventional spu-
tum smear microscopy for tuberculosis: a systematic review.
Lancet Infect Dis, 2006. 6(9): p. 570-81.

41. Sohn, H., C. Sinthuwattanawibool, S. Rienthong, and J.K.
Varma, Fluorescence microscopy is less expensive than Ziehl-
Neelsen microscopy in Thailand. Int J Tuberc Lung Dis, 2009.
13(2): p. 266-8.

42. Prasanthi, K. and A.R. Kumari, Efficacy of fluorochrome stain
in the diagnosis of pulmonary tuberculosis co-infected with
HIV. Indian J Med Microbiol, 2005. 23(3): p. 179-81.

43. Kivihya-Ndugga, L.E., M.R. van Cleeff, W.A. Githui, L.W.
Nganga, D.K. Kibuga, J.A. Odhiambo, et al., A comprehensive
comparison of Ziehl-Neelsen and fluorescence microscopy for
the diagnosis of tuberculosis in a resource-poor urban setting.
Int J Tuberc Lung Dis, 2003. 7(12): p. 1163-71.

44. Vignesh, R., P. Balakrishnan, E.M. Shankar, K.G. Murugavel,
S. Hanas, A.J. Cecelia, et al., Value of single acid-fast bacilli
sputum smears in the diagnosis of tuberculosis in HIV-positive
subjects. J Med Microbiol, 2007. 56(Pt 12): p. 1709-10.

45. Getahun, H., M. Harrington, R. O’Brien, and P. Nunn, Diagno-
sis of smear-negative pulmonary tuberculosis in people with
HIV infection or AIDS in resource-constrained settings: in-
forming urgent policy changes. Lancet, 2007. 369(9578): p.
2042-9.

46. Moore, D.A., C.A. Evans, R.H. Gilman, L. Caviedes, J. Coronel,
A. Vivar, et al., Microscopic-observation drug-susceptibility
assay for the diagnosis of TB. N Engl J Med, 2006. 355(15): p.
1539-50.

47. Woods, G.L., Molecular methods in the detection and identifi-
cation of mycobacterial infections. Arch Pathol Lab Med, 1999.
123(11): p. 1002-6.

48. Soini, H. and J.M. Musser, Molecular diagnosis of mycobacte-
ria. Clin Chem, 2001. 47(5): p. 809-14.

49. Cheng, V.C., W.W. Yew, and K.Y. Yuen, Molecular diagnostics
in tuberculosis. Eur J Clin Microbiol Infect Dis, 2005. 24(11):
p. 711-20.

50. Kibiki, G.S., B. Mulder, A.J. van der Ven, N. Sam, M.J. Boeree,
A. van der Zanden, et al., Laboratory diagnosis of pulmonary
tuberculosis in TB and HIV endemic settings and the contribu-
tion of real time PCR for M. tuberculosis in bronchoalveolar
lavage fluid. Trop Med Int Health, 2007. 12(10): p. 1210-7.

51. Torrea, G., P. Van de Perre, M. Ouedraogo, A. Zougba, A.
Sawadogo, B. Dingtoumda, et al., PCR-based detection of the
Mycobacterium tuberculosis complex in urine of HIV-infected
and uninfected pulmonary and extrapulmonary tuberculosis
patients in Burkina Faso. J Med Microbiol, 2005. 54(Pt 1): p.
39-44.

52. Rebollo, M.J., R. San Juan Garrido, D. Folgueira, E. Palenque,
C. Diaz-Pedroche, C. Lumbreras, et al., Blood and urine samples
as useful sources for the direct detection of tuberculosis by
polymerase chain reaction. Diagn Microbiol Infect Dis, 2006.
56(2): p. 141-6.

53. Lawn, S.D., L. Myer, L.G. Bekker, and R. Wood, Burden of
tuberculosis in an antiretroviral treatment programme in sub-
Saharan Africa: impact on treatment outcomes and implica-
tions for tuberculosis control. AIDS, 2006. 20(12): p. 1605-12.

54. Madec, Y., D. Laureillard, L. Pinoges, M. Fernandez, N. Prak,
C. Ngeth, et al., Response to highly active antiretroviral therapy
among severely immuno-compromised HIV-infected patients
in Cambodia. AIDS, 2007. 21(3): p. 351-9.

55. Tansuphasawadikul, S., P.N. Amornkul, C. Tanchanpong, K.
Limpakarnjanarat, J. Kaewkungwal, S. Likanonsakul, et al.,
Clinical presentation of hospitalized adult patients with HIV
infection and AIDS in Bangkok, Thailand. J Acquir Immune
Defic Syndr, 1999. 21(4): p. 326-32.

56. Bonnet, M., A. Ramsay, W. Githui, L. Gagnidze, F. Varaine,
and P.J. Guerin, Bleach sedimentation: an opportunity to opti-
mize smear microscopy for tuberculosis diagnosis in settings
of high prevalence of HIV. Clin Infect Dis, 2008. 46(11): p.
1710-6.

57. Baalwa, J., H. Mayanja-Kizza, M.R. Kamya, L. John, A.
Kambugu, and R. Colebunders, Worsening and unmasking of
tuberculosis in HIV-1 infected patients after initiating highly
active anti-retroviral therapy in Uganda. Afr Health Sci, 2008.
8(3): p. 190-5.


