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Summary The drug resistance profile of 100 Mycobacterium tuberculosis isolates from pul-
monary tuberculosis (PTB) cases in Jos, Nigeria, was investigated between August 2006 and
September 2007. Drug susceptibility testing for 50 new, 11 follow-up and 39 unclassified cases
of PTB was performed on Löwenstein—Jensen medium by the proportion method, using iso-
niazid (0.2 �g/ml), rifampicin (40 �g/ml), ethambutol (2 �g/ml) and streptomycin (4 �g/ml).
Susceptibility to all four drugs was found in 76, 62 and 55%, and multidrug resistance (combined
resistance to isoniazid and rifampicin with or without resistance to any other drug) in 4, 31 and
18% of the new, unclassified and follow-up cases, respectively. Monoresistance was found in 15%
of the cases. Nine of the 16 isolates (56%) showing multidrug resistance were resistant to all four
drugs. These findings are critical and the risk to public health is high, particularly with an over-
all multidrug resistance of 16%. We suggest that TB management and control programs in Jos
are revised to enhance patient’s accessibility to treatment sites, promote patients’ adherence

to drugs, improve diagnostic practices, regularly assess drug resistance profiles, and undertake
contact tracing for patients with multidrug-resistant TB.

opica
© 2008 Royal Society of Tr
reserved.
1. Introduction

Tuberculosis (TB) came under significant control in the
twentieth century following the discovery of effective
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rug combination therapy and interventions by global
ealth programs. The cure rate with the use of anti-TB
rugs was likewise remarkable.1,2 The changing pattern of

lobal health events over the last two decades, particularly
he emergence and spread of HIV, with its characteristic
mmunosuppressive effects on the host, have aided the
esurgence of infections caused by Mycobacterium tuber-
ulosis, thus necessitating the advancement of alternative
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trategies for effective combat of the emerging global
roblem of drug-resistant M. tuberculosis.3,4 Strains of
. tuberculosis resistant to anti-mycobacterial agents,

ncluding multidrug-resistant TB (MDR-TB) strains
MDR = combined resistance to isoniazid and rifampicin
ith or without resistance to any other drug), have been

eported globally.5—8 The recently described extensively
rug-resistant TB (XDR-TB) has also been reported in South
frica and elsewhere8 where studies have been carried
ut.

Nigeria, a nation in sub-Saharan Africa, with a popula-
ion of about 150 million, is considered a high-burden zone
or HIV and therefore TB, with about 50% of people liv-
ng with HIV/AIDS dually infected with the TB bacillus.
os city, located in the north central region of the coun-
ry, with a population of about 3 million people, has a TB
ncidence of 293 per 100 000 (Dr L.A. Ibrahim, personal
ommunication). Although the national TB control program
ecommends the use of directly observed treatment, short-
ourse (DOTS),9 its successful implementation has been
ifficult in Jos due to erratic drug supplies and poor orga-
izational policies. It is also noteworthy that studies on
rug susceptibility profiles of M. tuberculosis in Nigeria are
nconsistent and scarcely reported due to deficiencies in
iagnostic and research materials. A study in Ibadan city,
outhwestern Nigeria, reported a rather high MDR-TB preva-
ence of 53%.10

The aim of this preliminary study was to determine the
rug susceptibility profile of M. tuberculosis in Jos, Plateau
tate, Nigeria, the first of its kind to be conducted here.

. Materials and methods

.1. Specimens

total of 137 sputum samples positive for acid-fast bacilli
AFB) by Ziehl—Neelsen (ZN) method were picked up when
vailable from the microbiology laboratories of four differ-
nt TB units in Jos, Plateau State, Nigeria, during August
006—September 2007. Centers A, B and D are located in Jos
own, with Center D situated in the Jos University Teaching
ospital, which is a referral hospital for the entire north
entral zone of Nigeria, while Center C is in a suburban
illage area of Jos city. The specimens were categorized
s new (new TB patients, which may include undisclosed
reviously treated cases, Centers A, B and C; n = 86) and
nclassified (Center D; n = 51). All the samples were col-
ected and transported in equal volume of 1% cetylpiridinum
hloride (CPC)-sodium chloride for digestion and decontam-
nation. Microscopy-positive or -negative purulent sputum
pecimens (n = 94), from patients 2 months after the start
f intensive phase anti-TB treatment from Centers A, B and
were similarly treated.
Specimens were maintained in CPC at room tempera-

ure for 1—4 d and processed weekly for Löwenstein—Jensen
LJ) culture. Digested specimens were washed in sterile

istilled water by centrifugation at 3500 g for 15 min to
emove CPC. The centrifugation process was repeated for
acilli sedimentation after adding 10 ml sterile distilled
ater. Sediments were homogenized in 1 ml distilled water
nd 0.5 ml homogenate was inoculated on paired LJ egg-
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ased slopes. All the cultures were incubated at 37 ◦C with
eekly examination for growth of Mycobacterium spp. until
weeks.
Slow (2—8 weeks) growers showing evidence of

. tuberculosis colonies11 were further examined for
atalase production at room temperature and at 37 ◦C and
n the nitrate reductase test. All isolates showing positive
eaction for catalase and nitrate reductase assays were
ubcultured on LJ slopes to obtain pure and confluent
rowth required for drug susceptibility testing.

.2. Drug susceptibility testing

rug susceptibility testing for the 100 pulmonary isolates
dentified as M. tuberculosis, using isoniazid, rifampicin,
thambutol and streptomycin, was performed on LJ medium
y the proportion method.11,12 The isolates comprised 50
ew and 11 follow-up cases from Centers A, B and C and 39
nclassified cases from Center D.

The patient information used was obtained from the lab-
ratory requisition form. The laboratory aspect of this study
as carried out in the microbiology research laboratory of

he University of Jos, Nigeria.

.3. Media preparation

J medium was prepared for each of the four drugs, with
nal concentrations of 0.2 �g isoniazid, 2 �g ethambutol,
0 �g rifampicin and 4 �g streptomycin. The drug-containing
nd drug-free LJ media were steamed at 85 ◦C in a slant-
ng position for 50 min and prepared ready for use after
torage at room temperature for 48 h to exclude contam-
nation.

.4. Bacterial suspension

solates of M. tuberculosis (up to 10 isolates at a time) were
repared for drug susceptibility testing by the proportion
ethod. Using a 3 mm internal diameter (24 standard wire

auge) wire loop, about 4 mg fresh M. tuberculosis culture
as scraped from LJ medium into 500 �l sterile distilled
ater in a bijou with five glass beads and vortexed for about
0 s to homogenize. The suspension was made up to 4 ml vol-
me by adding 3.5 ml sterile distilled water and allowed to
ettle for about 30 min before gently aspirating the upper
ortion (1 mg/ml) into a fresh bijou bottle (S1 suspension).
1 was further diluted 10-fold to obtain S2—S4.

Bacterial suspensions were inoculated by concentrations
S1—S4) into drug-free and drug-containing LJ slopes and
ncubated at 37 ◦C. Growth was recorded at 28 and 42 days
s: +++ for confluent growth, ++ for more than 100 colonies
nd 1—100 actual number of colonies. Susceptibility or resis-
ance was recorded when the proportion of bacteria in
rug-containing medium to that of drug-free medium was
1 or ≥1, respectively.
. Results

n total, 115 isolates [57/86 (66%) new; 41/51 (80%) unclassi-
ed and 17/94 (18%) follow-up cases] of Mycobacterium spp.
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Table 1 Drug resistance profile of Mycobacterium tuberculosis isolated from new and unclassified cases of pulmonary tuber-
culosis in Jos, Nigeria

Total no. cases examined Resistance profile n (%)

Centera ZN (+) Culture (+) DST PS EMB RIF STR MDR MULT

A 29 21 21 15 (71) 0 2 (10) 4 (19) 0
B 24 16 9 8 (89) 0 0 1 (11) 0
C 33 20 20 15 (75) 0 0 2 (10) 2 (10) 1 (5)

Total 86 57 50 38 (76) 0 2 (4) 7 (14) 2 (4) 1 (2)
D 51 41 39 24 (62) 1 (3) 0 2 (5) 12 (31)

DST: drug susceptibility test; EMB: ethambutol; MDR: multidrug resistant (combined resistance to isoniazid and rifampicin with or
without resistance to any other drug); MULT: resistance to any drug combination other than isoniazid and rifampicin; PS: pan-susceptibile
(susceptible to all four drugs); RIF: rifampicin; STR: streptomycin; ZN: Ziehl—Neelsen’s acid fast bacilli.
a Specimens from Centers A, B and C are from new cases and those from Center D are unclassified cases.

Table 2 Drug resistance profile of Mycobacterium tuberculosis isolated from patients during intensive phase therapy in Jos,
Nigeria

Total no. cases examined n (%) Resistance profile n (%)

Center Total ZN (+) Culture (+) DST PS MDR STR RIF

A 23 1 (4) 3 (13) 3 (13) 2 (67) 0 0 1 (33)
B 38 7 (18) 9 (24) 4 (11) 2 (50) 1 (25) 1 (25)
C 33 4 (12) 5 (15) 4 (12) 2 (50) 1 (25) 1 (25)

Total 94 12 (13) 17 (18) 11 (12) 6 (55) 2 (18) 2 (18) 1 (9)

DST: drug susceptibility test; MDR: multidrug resistant (combined resistance to isoniazid and rifampicin with or without resistance to
s); R
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any other drug); PS: pan-susceptibile (susceptible to all four drug
bacilli.

were obtained from 231 LJ cultures of sputum specimens.
Phenotypic identification methods showed 50/86 (58%) new,
39/51 (76%) unclassified and 11/94 (12%) follow-up cases to
be M. tuberculosis (Tables 1 and 2).

The drug susceptibility testing for the 100 isolates identi-
fied as M. tuberculosis showed 76, 62 and 55% susceptibility
to all four first-line drugs and 4, 31 and 18% multidrug
resistance for the new, unclassified and follow-up cases,
respectively (Tables 1 and 2).

Monoresistance was observed in 11 streptomycin isolates
(11%), 1 ethambutol isolate (1%) and three rifampicin iso-
lates (3%). Monoresistance to isoniazid was not observed.
Multiple resistance to rifampicin and streptomycin was
observed in one isolate (1%) (Table 1).

The total MDR-TB prevalence of 31% in Center D, the
source of the unclassified cases, was higher than that of the
three other centers, in the new (4%) and follow-up cases
(18%), combined (Tables 1 and 2). However, the difference
was not significant using a two-tailed t test (P = 0.339).

4. Discussion

The level of resistance to anti-TB drugs observed in this

study is high, particularly with an MDR-TB rate of 16%
compared with a report from Ghana, a neighboring West
African country, with an MDR-TB rate of 2%.13 A study by
Kehinde et al.10 in Ibadan, Nigeria reported a multidrug
resistance prevalence of 53% in new cases of TB. There

r
t
c
m
i

IF: rifampicin; STR: streptomycin; ZN: Ziehl—Neelsen’s acid fast

ould be selection bias in this reported study. Because the
niversity Teaching Hospital Ibadan is a reference hospi-
al that receives patients with chronic and life-threatening
edical conditions from different parts of the country,

ome of the patients reported as new cases may there-
ore, have failed therapy during previous TB medications
lsewhere.

The results of this study further showed that 12% of
ollow-up patients excreted M. tuberculosis in sputum
months after intensive phase treatment, 55% of the iso-

ates were susceptible to all the four drugs tested and
8% were MDR. Although the sample sizes are small, the
esults suggest that multidrug resistance is likely to pose

significant risk to public health as well as impede the
uccess of TB management in Jos, Nigeria if adequate con-
rol measures are not urgently implemented. The patients’
dherence to administered drug dose and the compliance
thics of the health care staff in Jos may require evalu-
tion and review for better results. The level of MDR-TB
31%) observed in Center D was higher than that for Cen-
ers A, B and C for new (4%) and follow-up cases (18%)
ombined and this level of multidrug resistance in suppos-
dly new cases gives cause for concern. The scarcity of

elevant information on the patients’ laboratory investiga-
ion form in Center D was a major limitation, as patients’
ategories could not be ascertained from available infor-
ation. TB cases that report to Center D are likely to

nclude poorly treated cases referred from many secondary

http://trstmh.oxfordjournals.org/


7

a
p
N
t
f
c
t

h
t
T
m
a
p
m
b
w
f
s
n

T
s
k
t

a
d
i
t
m
a
t
t
e
r
o
m
m
e
o

m
m
a
M
a
r
t
a

h
o
d
a
o
i
s
m

l
N

A
d
i
t
a
r
l
m

A
C
M
a
t
E
u
t

F

C

E
g
P

R

 at H
arvard U

niversity on M
ay 1, 2014

http://trstm
h.oxfordjournals.org/

D
ow

nloaded from
 

0

nd primary centers, given that Center D is a tertiary hos-
ital and referral center for the north central zone of
igeria, with a population of about 20 million people. It is
herefore possible that a sizable number of the 39 cases
rom Center D represented a selection of referred diffi-
ult cases that may have failed or defaulted from previous
reatment.

Jos University Teaching Hospital, site of Center D, also
as the largest HIV treatment and care unit in the coun-
ry, with over 12 000 patients enrolled for care; 40% have
B, with many cases of re-infection, relapse and treat-
ent failure following poor TB diagnostic and monitoring

pproaches. There is therefore an urgent need to put in
lace strategies for effective early diagnosis and manage-
ent of TB and MDR-TB. The high level of MDR-TB may also
e an indication of XDR-TB. However, some default patients
ho conceal their history and readily get admitted to dif-

erent treatment centers as new cases may constitute a
ignificant source of the spread of MDR-TB in the commu-
ity.

Center C, with an MDR-TB prevalence of 10% among new
B cases, is a suburban village area of Jos with scarcely
tandard socio-economic conditions. Poverty and a lack of
nowledge about standard hygiene probably contribute to
he high MDR-TB level.

The national guideline for management of TB uses DOTS
nd fixed-dose drug combinations. However, DOTS has been
ifficult to implement because of poor organization of facil-
ties, stock-out of drugs, patient resource constraints, and
he fact that patients are often unable to access treat-
ent sites due to the long distances between DOTS centers

nd their homes. In addition, the program still relies on
he use of ethambutol and isoniazid maintenance phase
reatment instead of a 6 months’ rifampicin regimen. How-
ver, Center D, using a non-DOTS approach, recommends the
ifampicin-based regimen for treatment of TB. In the light
f these shortcomings, it is necessary to consider the imple-
entation of community-based DOTS programs in order to
inimize some of the constraints encountered by patients,

nhance patients’ drug adherence and improve treatment
utcome.

This study also indicated monoresistance to strepto-
ycin (11%) and rifampicin (3%). Resistance to streptomycin
ay have been selected following previous and regular

dministration in the treatment of other bacterial diseases.
onoresistance to rifampicin, a major component of the
nti-TB regimen, is said to be rare. The monoresistance to
ifampicin observed cannot be explained within the scope of
he study. However, rifampicin monoresistance can be used
s a surrogate marker for MDR-TB.14,15

The limitation in the implementation of DOTS in Jos may
ave contributed significantly to the high level of MDR-TB
bserved in the study. There is rising prevalence of TB in Jos
ue to HIV/TB dual infection. The situation needs urgent
ttention, with special consideration to the high prevalence
f MDR-TB observed in this study. Improved TB diagnosis,
ncluding screening for early diagnosis, and surveillance

tudies for MDR-TB and perhaps XDR-TB should be imple-
ented.
The need for compliance with standard strategies at all

evels of TB prevention and control in Jos, and in all of
igeria, cannot be overemphasized.
A.E. Ani et al.
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