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A B S T R A C T

Background: Tuberculosis is a common cause of mortality and morbidity among people living with HIV/AIDS.
Despite the increased prognosis of tuberculosis among HIV infected patients, diagnosis of pulmonary tubercu-
losis (PTB) smear microscopy has a low sensitivity due to low bacterial load in a sputum specimen of HIV
patients. Having alternative specimens for increasing detection of Mycobacterium tuberculosis (Mtb) is very im-
portant.
Objective: The aim of this study was to evaluate the efficacy of urine as clinical specimen for the diagnosis of
pulmonary tuberculosis in people living with HIV.
Method: A total of 117 HIV-seropositive individuals from three public health facilities in Addis Ababa, Ethiopia
were enrolled consecutively from December 2013 to July 2014. A total of 117 paired morning sputum and urine
samples were simultaneously collected from anti-retroviral therapy (ART) naïve PTB suspected individuals living
with HIV. Both sputum and urine samples were processed for culture using Lowenstein-Jensen medium, and the
left was subjected to PCR using RD9 primers. Chi-square test and kappa value were used to compare different
methods used.
Result: Out of 117 suspected PTB HIV-infected people, sputum culture alone detected more mycobacterial iso-
lates 33 (28.2%) than the urine specimen alone 17 (14.5%). Of the 33 patients positive for sputum culture, 13
patients were observed as a urine culture positive. Of the 84 individuals negative for mycobacterial by sputum
culture, four (4.8%) were urine culture positive and thus, the sensitivity, and the agreement between urine
culture as compare to sputum culture were 39.4% and 0.49, respectively. On the other hand, the sensitivity of
RD9-based PCR directly on urine was 72.7% by considering sputum culture as a reference standard. Moreover,
RD9-based PCR directly on sputum detected 9 (7.7%) individuals who were sputum culture negative for M.
Tuberculosis. The detection rate of M. tuberculosis from urine in patients those who couldn't produce sputum were
9(34.6%).
Conclusion: PCR and culture examination of urine samples also can improve the detection rate of M. tuberculosis
in PTB suspected HIV positive individuals.

1. Background

In 2013, an estimated 1.1 million (13%) of the 9.0 million people
who developed TB worldwide were HIV-positive. The African Region
accounted for 78% of the estimated number of HIV-positive incident TB
cases. In Ethiopia, the prevalence of HIV co-infection among TB

patients revealed varying rates of HIV seropositivity in active TB pa-
tients ranging from 6.6% to 52.1% [1–5].

HIV/ AIDS fuels the TB epidemics in many ways, such as promoting
progression to active tuberculosis by weakening of the immune system,
increasing the risk of reactivation of latent TB infection, as well as in-
creasing chance of TB infection once exposed to tubercle bacilli [6].
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People co-infected with TB and HIV is 29 times more likely to develop
active TB disease than people without HIV [7]. Also, in patients who are
HIV-positive with depressed immunity (low CD4 count), the pattern of
presentation is a deviation from the normal, both in clinical features
and investigation findings [8]. Tuberculosis and HIV co-infections are
associated with special diagnostic and therapeutic challenges and
constitute an immense burden on healthcare systems of heavily infected
countries like Ethiopia [9].

Unlike the straightforward diagnosis and typical presentation of
pulmonary tuberculosis (PTB) in HIV seronegative individuals, the di-
agnosis of PTB in HIV/AIDS is more difficult [10]. This might be as-
sociated with inability or difficulty for patients to produce a sputum
sample, a problem that is particularly common in young children and
HIV-positive patients [11,12]. In these relatively immunodeficient pa-
tient groups, a diminished inflammatory response may inhibit sputum
production. Induced sputum techniques [13], nasopharyngeal aspirates
[14], fiber-optic bronchoscopy [15], or the string test [16] may all be
used to retrieve pulmonary secretions from patients unable to provide a
sputum sample but may cause logistical, cost, or biosafety challenges
[17,18]. Excretion of tubercle bacilli through the kidneys and demon-
strated in the urine of active TB patients was confirmed by studies
carried out in HIV- positive cases and HIV– negative cases [19]. This
study showed that urine could be used as an adjunct specimen due to
the convenience and non-invasive nature of the collection.

Even though Ethiopia harbors the majority of TB in HIV cases, there
are no documented data showing use of alternative specimen that could
scale up detection of Mtb in PTB/HIV coinfected patients who couldn't
produce sputum. Therefore, this study was aimed to evaluate the utility
of urine as a clinical specimen for diagnosing PTB in people living with
HIV, using culture, smear, and PCR methods.

2. Methods

2.1. Study degnin and population

A health institutional based cross-sectional study, between
December 2013 and July 2014, was conducted on 143 TB/HIV coin-
fection who attended the three public health facilities (Teklehaymanot
Health Center, Zewuditu Memorial Hospital and Police Referral
Hospital) in Addis Ababa, Ethiopia. Study participants were enrolled.
HIV seropositive ART naïve PTB suspected individuals were the target
study groups. Patients taking anti-tuberculosis treatment, Isoniazid
prevention therapy, suspected to have extra pulmonary TB and those
who refused were excluded from the study. The study was approved by
the Institutional Ethical Review Board and Research Committee of
Microbiology, Immunology and Parasitology, Addis Ababa University.
Records of patients were manipulated only by researchers. Each patient
was taught to provide paired morning sputum and urine for smear
microscopy, culture, and RD9-PCR. The Samples were kept at 4 °C and
transported to the Aklilu Lemma Institute of Pathobiology (ALIPB) TB
laboratory within 4 h of collected and processed for concentrated
Ziehl—Nielsen, culture, and PCR. Positive results were conveyed to
nurses and doctors for further management.

2.2. Bacteriological procedure

2.2.1. Culture
After an early morning urine sample (50ml) was collected si-

multaneously from the patients and controls for three consecutive days,
and all three samples were then pooled and processed on the third day.
The pooled urine specimens from each patient were centrifuged at
3000 g for 20min. The resulting pellet was decontaminated with an
equal amount of 4% NaOH. After incubation for 15 min, the suspension
was neutralized with phosphate-buffered saline (PBS; pH 6.8) and again
centrifuged at 10,000 rpm for 20min [21].

After complete liquefying and mixing, sputum specimens was

digested and decontaminated by the N-acetyl-L-cysteine-NaOH method
and centrifuged for 15min at 3000 g [20]. The pellets of decontami-
nated sputum and urine specimens were resuspended in PBS; smears
were made for Ziehl—Neelsen staining and 0.1ml was inoculated on
Lowenstein Jensen slants for culture isolation. The combined bacter-
iological methods (culture and smear microscopy) were considered as a
reference standard. Isolates from the positive cultures were preserved
with freezing media and at the same time heat killed in water bath at
80°C for 1 h The frozen and heat killed isolates were stored at −20 °C
for further molecular identification as described below.

2.2.2. DNA isolation and PCR
Fifty milliliter of urine specimens was centrifuged at 3000 g for

20 min; the supernatant was removed, and the pellet was suspended in
2ml of 4%NaOH. After incubation for 15 min, 40ml of phosphate
buffered saline (PBS) was added and again centrifuged at 3000 g for
20 min. The pellets were resuspended in 1ml of PBS, and aliquots of
100 µl were stored at −80 °C for analysis [21]. Two hundred and fifty
microliter urine or 250 μl sputum sample was separately mixed with
500 μl 1 × TE buffer (TrisEDTA) and centrifuge for 20 min at 1200 g.
The pellets were re-suspended in TE buffer, and 50 μl of 10mg/ml ly-
sozyme was added, mixed well and incubated for 1 h at 37 °C. Seventy
micro-liter sodium dedocylsulphate (Sigma, St. Louis, Mo.) with con-
centration of 2% and 6 μl of 10mg/ml proteinase K (VWR international
Ltd., poole, BH151TD, England) were then added, mixed, and in-
cubated for 10min at 65 °C. Afterwards, 100 μl of 5M NaCl was added
and vortexed and following the addition of 80 μl of pre-warmed ce-
tyltrimethyl ammonium bromide (CTAB) /NaCl (Sigma, St. Louis, MO)
in pure water, and the mixture was incubated at 65 °C for 10 min.
Approximately equal volume 700–800 of readymade phenol: chloro-
form: isoamyl alcohol (VWR international Ltd., poole, BH151TD, Eng-
land) in proportion of 25:24:1 was added, after vortexing for at least
10 s and centrifuging for 10min at 12,000 rpm. The resultant upper
phase was transferred to a clean tube with 0.6 vol. of isopropanol and
mixed gently. The tubes were then moved slowly upside down to pre-
cipitate the nucleic acid and incubated at −20 °C overnight. Spun in a
Microfuge for 15min at 12,000 rpm, the precipitate was washed by
70% cold ethanol to remove CTAB/NaCl and the supernatant was re-
moved. The pellet was permitted to air dry for 15 min and above. Fi-
nally, it was re-suspended in 1 × TE buffer (Sigma, St. Louis, MO)
solution (from 20 μ to 50 μ) based on the size of the pellet for RD 9 PCR
amplification. Positive and negative controls were run in the whole
procedures. The genomes of the isolates were analyzed by PCR for the
presence or the absence of regions of difference (RD 9) originally de-
scribed as being deleted in the genomes of BCG isolates relative to the
sequence of M. tuberculosis H37Rv [22]. A multi primer PCR assay with
three primers was used to detect RD 9 [20]. The internal control known
M. tuberculosis (MTB) was included in every PCR in order to check for
the presence of PCR inhibitors while Qiagen water was used as negative
control. The result was interpreted as M. tuberculosis (RD9 present)
when a band of 396 bp was observed comparing to commercially
available ladder, divided by 100 bp.

2.3. Statistical analysis

All data were entered into Epi Data version 3.1 and exported to SPSS
software version 16.0 for analysis. Chi-square test (χ2) and kappa value
were used for urine specimen versus sputum specimen, and for method
evaluation respectively. The sensitivity, specificity, negative and posi-
tive predictive were determined for microscopic examination of urine
and bacteriological culture of urine by considering sputum culture as a
gold standard.

Overall workflow is indicated in Fig. 1
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3. Results

3.1. Socio-demographic characteristic of the study participants

A total of 143 eligible study participants were included. However,
only 117 participants gave both urine and sputum samples. Twenty-six
of the study participants gave only a urine sample. The participants' age
ranges from 19 to 61 years with a mean of 34.5 ± 8.89. The majority
of the participants (60.1%) were married and 19.6% of them came from
a rural area (Table 1).

3.2. Bacteriological finding in the sputum and urine sample

Sputum and urine samples from 117 HIV positive suspected PTB
patients were subjected to smear, culture and PCR examinations. Out of
45 (31.5%) PTB cases detected, 30 (66.7%) were from urine specimens
and 40 (88.9%) from sputum specimens. Of these, 17 (14.5%) were
urine culture positive on L–J, 7 (6%) were urine smear-positive and 29
(24.8%) were urine RD9- based PCR positive, while of the sputum
sample, 11 (9.4%) were positive by ZN staining, 33 (28.2%) were cul-
ture positive and the PCR gave 40 (34.2%) positive. As expected the
detection rate of PCR was higher than the culture and smear which is
statistically significant (χ2 = 61.7, p = 0.001) (Table 2).

Fig. 1. Overall workflow.

Table 1
Socio-demographic characteristic of the study participants in Addis Ababa,
Ethiopia (N=143).

Variables Categories Frequency %

Age 18–27 21 14.7%
28–37 76 53.1%
38–47 28 19.6%
48–57 13 9.1%
>57 5 3.5%

Gender Male 55 38.5%
Female 88 61.5%

Residence Urban 115 80.4%
Rural 28 19.6%

Marital status Single 28 19.6%
Married 86 60.1%
Divorced 12 8.4%
Widow 17 11.9%

Occupation Employed 64 44.8%
Housewife 30 21%
Daily labored 32 22.4%
Merchant 10 7%
Farmer 7 4.8%

Educational status Non educated 18 12.6%
Elementary school(1–8) 35 24.5%
High school(9–12) 78 54.5%
Higher education (diploma/degree) 12 8.4%
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3.3. Bacteriological finding in the urine of sputum scarce patients

Out of 26 patients who failed to produce sputum sample, 9 (34.6%)
were positive with urine samples. Of which 1 (3.8%) was smear posi-
tive; 3 (11.5%) were culture positive and 9 (34.6%) were PCR positive.
All urine smear and culture positive samples were positive by RD9-
based PCR

DNA extracted pellet from urine was amplified with RD9 primer and
produced band at 396 compared with standard 100 bp ladder and
known positive control (Fig. 2)

3.4. Mycobacterium detection rate in urine specimens from pulmonary
tuberculosis

From 117 urine sample, 17 (14.5%) were urine culture-positive.
However, the culture isolation rate was significant (54.5%) (χ2 = 15.5,
p < 0.001) when urine was collected from patients who were sputum
smear and culture positive as compared to those patients whose sputum
samples were smear negative, culture negative, PCR positive (75%).
The detection rate of Mtb increased by 3.4% [from 28.2% to 31.6%]
when urine culture conducted in parallel with sputum culture. Overall
30 of 45 (66.7%) sputum confirmed PTB patients were found RD9-
based PCR positive. Urine RD9-based PCR positivity could reach as high
as 100% in sputum smear-positive cases. The application of RD9-based
PCR for urine samples had a highest diagnostic yield in sputum smear
and/or culture confirmed patients as compared with smear and /or
culture unconfirmed patients (χ2 = 37.6, p < 0.001) (Table 3).

3.5. Comparison of urine and sputum in diagnosis of PTB

The comparison of both urine and sputum cultures showed that the
sputum culture detected more mycobacterial isolates [33 (28.2%)] than
urine culture [17 (14.5%)]. Of the 84 sputum culture-negative cases,
four (4.8%) where urine culture-positive. Thirteen of 33 (39.4%)
sputum culture positive samples were positive by urine culture, and 4 of
the remaining 84 (4.8%) sample has concordant result between urine
culture as compare with sputum culture with 39.4% sensitivity and
89.3% specificity. Twenty four of 33 (72.7%) sputum cultures positive
samples were positive by urine RD9-based PCR and 9 of 84 (10.7%)
patients were positive by urine RD9-based PCR with sensitivity (72.7%)
and specificity (89.3%). The measures of agreement between urine
smear, culture and RD9-based PCR as compare to sputum culture were

0.28, 0.46, and 0.59 (kappa), respectively. The agreement is considered
to be fair, moderate and good respectively (Table 4).

4. Discussion

In the 21st century, utilization of urine as a clinical specimen for the
diagnosis of many diseases gets attention, especially with the emer-
gence of HIV and future hope for those who cannot produce sputum or
smear negatives. The bacteriologically confirmed pulmonary TB among
HIV-infected patients from sputum was 33 (28.2%), of which 24
(72.7%) were urine PCR positive. It showed lower sensitivity and spe-
cificity (72.7% and 95.3%, respectively) as compared with sputum
cultures. The obtained results were lower than other studies
[21,23–25]. Of 33 PTB patients identified, 13 (39.4%) were also urine
culture positive. Although urine culture for PTB detection was not good
enough like sputum culture sputum, the urine culture positivity of four
participants (4.8%) who were sputum culture negative highlighted that,
if urine culture is carried out in parallel with sputum culture it increase
the number of positive TB cases of people living with HIV. Our finding
was slightly lower than a study by Gopinath [21], in which MTC suc-
cessfully grew in 9.7% of urine sample from 81 patients suspected to be
suffering PTB using the conventional solid culturing methods but si-
milar to the finding of Challu et al. in Bangalore [26]. Urine culture has
increased the detection of Mtb by 3.4% [from 28.2% to 31.6%] that is
consistent with the research conducted in India and elsewhere
[21,26–28] where the detection rate was increased by 4.9% [from
56.8% to 61.7%]. Besides increasing the chance of Mtb detection, urine
specimen minimizes the use of more invasive techniques for collecting
samples, such as BAL and gastric lavage and reduces the aerosol
[21,29]. The higher detection observed by this group (compared with
our results) may be as a result of a larger volume of urine and improved
decontamination/ concentration techniques could improve the sensi-
tivity of urine culture. However, in this study, we used chlorhexidine
method as previous study [21,23,25,28,29]. The sensitivity of 45.5% is
too low to suggest that urine specimen should replace sputum speci-
mens for TB diagnosis, and is higher than the sensitivity reported in
other studies [22,30].

The data presented in our study could strengthen previous reports
indicating urine as an alternative specimen for diagnosis of pulmonary
tuberculosis in people living with HIV. WHO put strategies to reduce TB
disease by recommending modern molecular techniques, but in areas
with high HIV prevalence getting specimen for the diagnosis of PTB in
coinfected individuals is the other challenge in TB diagnosis [31]. An
alternative to sputum specimens are BAL and gastric lavage fluids
[21,32], but collection of these specimens is often hurting and tongue-
tied which makes these specimens put in insignificant advantage [32].
Thus when the easily available urine specimen subjected to culture and
PCR, the detection rate of Mtb in patients those who couldn't produce
sputum (cough without expectoration) was 34.6%. This is promising
result for HIV/TB co-infected persons although a study done in India
reported no urine sample from a sputum-scarce patient was smear- or
L–J culture-positive [21].

Excretion of M. tuberculosis through urine was confirmed by several
recent studies using modern diagnostic tools [23,25,27,29]. In the
present study, detection of Mtb from urine showed 35.1% of PTB cases
excreted M. tuberculosis in their urine. This finding was slightly higher
than the study conducted in India, where the excretion rate was
(26.1%) [21,33]. This difference might be due to a difference in the

Table 2
Mycobacterium detection rates of various diagnostic methods applied to ur-
inary and pulmonary specimens from pulmonary tuberculosis suspected HIV
infected patients.

Specimen type sputum
(n=117)

Urine
(n=117)

Both sputum and
urine

L–J culture
Percentage of culture-
positive

28.2% (33/
117)

14.5%(17/
117)

31.6%(37/117)

Smear Microscopy
Percentage of smear-
positive

9.4% (11/117) 6% (7/117) 13.7% (16/117)

PCR
Percentage of PCR
positive

34.2% (40/
117)

24.8% (24/
117)

37.6% (44/117)

Fig. 2. Detection of Mbt RD9 using primers for short and large
amplicons.
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study population. When the easily available urine specimen supported
by PCR and culture, it can identify 91% of PTB cases [21,26,27]. This
finding may lead us using urine as a diagnostic aid in im-
munosuppressed patients has a potential to improve the detection of
Mtb.

5. Conclusion

The combination of urine and sputum had higher accuracy than
either sample alone. Surprisingly, when we use urine as a clinical
specimen for the diagnosis of PTB, we were able to detect an additional
10.7% of PTB cases whe PCR used as diagnotic test. These findings are
highly significant and encouraging when urine culture also improve the
mycobacteria detection rate. Sputum should remain the diagnostic
specimen of choice for PTB; however, urine should not be neglected,
particularly valuable in patients unable to produce sputum specimens
as it could be used as an alternative specimen.

We recommend that when sputum specimens have failed to confirm
the diagnosis, a urine sample could be used for culture, PCR tests and
also for other simple tests that could be developed as point-of-care.
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