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Objective To document the prevalence of multidrug resistance among people newly diagnosed with — and those retreated for — tuberculosis
in Malawi.

Methods We conducted a nationally representative survey of people with sputum-smear-positive tuberculosis between 2010 and 2011.
For all consenting participants, we collected demographic and clinical data, two sputum samples and tested for human immunodeficiency
virus (HIV).The samples underwent resistance testing at the Central Reference Laboratory in Lilongwe, Malawi. All Mycobacterium tuberculosis
isolates found to be multidrug-resistant were retested for resistance to first-line drugs — and tested for resistance to second-line drugs — at
a Supranational Tuberculosis Reference Laboratory in South Africa.

Findings Overall, M. tuberculosis was isolated from 1777 (83.8%) of the 2120 smear-positive tuberculosis patients. Multidrug resistance was
identified in five (0.4%) of 1196 isolates from new cases and 28 (4.8%) of 581 isolates from people undergoing retreatment. Of the 31 isolates
from retreatment cases who had previously failed treatment, nine (29.0%) showed multidrug resistance. Although resistance to second-line
drugs was found, no cases of extensive drug-resistant tuberculosis were detected. HIV testing of people from whom M. tuberculosis isolates
were obtained showed that 577 (48.2%) of people newly diagnosed and 386 (66.4%) of people undergoing retreatment were positive.
Conclusion The prevalence of multidrug resistance among people with smear-positive tuberculosis was low for sub-Saharan Africa —
probably reflecting the strength of Malawi's tuberculosis control programme. The relatively high prevalence of such resistance observed
among those with previous treatment failure may highlight a need for a change in the national policy for retreating this subgroup of people
with tuberculosis.

Abstracts in G H13Z, Frangais, Pycckuin and Espafiol at the end of each article.

Introduction

Although the World Health Organization (WHO) has moni-
tored the emergence of drug resistance of Mycobacterium
tuberculosis since 1994,' there have been few national surveys
of such resistance in sub-Saharan Africa.’

In 2012, it was estimated that about 1.9% of people newly
diagnosed and 9.4% of those undergoing retreatment in Africa
had multidrug-resistant (MDR) tuberculosis.” The prevalence
of MDR tuberculosis in Africa varies between countries’ and
might be generally increasing.””

Over several years, attempts have been made - at the Cen-
tral Reference Laboratory in Lilongwe — to isolate M. tubercu-
losis from all smear-positive patients undergoing retreatment
in Malawi to investigate drug susceptibility. In 2008, about 8%
of people investigated in this manner were found to have MDR
tuberculosis (James Mpunga, Malawi National Tuberculosis
Control Programme, personal communication, 2008) - al-
though most of the samples came from urban centres and the
laboratory’s attempts to isolate M. tuberculosisM. tuberculosis
often failed.® The only published data on MDR tuberculosis
in Malawi indicated that just 0.5% of people newly diagnosed
with tuberculosis and 0.9% of people being retreated in
Karonga district had MDR tuberculosis in 1996-1998.7

In 2007, the nationally recommended treatment regi-
men for people newly diagnosed with tuberculosis in Ma-
lawi changed. The initial supervised treatment remained the
same - i.e. daily isoniazid, rifampicin, pyrazinamide and
ethambutol for 2 months - but the unsupervised continuation
phase changed from 6 months of isoniazid and ethambutol to
4 months of isoniazid and rifampicin.*’ There are four prob-
lems since this change that need monitoring. The first is that
poor adherence during this currently-recommended continu-
ation phase could lead to the emergence of MDR tuberculosis.
Another problem is that nothing is known about the resistance
of Malawian isolates of M. tuberculosis to the second-line drugs
that began to be used routinely in Malawi in 2007. A third
problem is the high prevalence of human immunodeficiency
virus (HIV) infection among people with tuberculosis.'’ In
2010, 63% of Malawian tuberculosis patients tested for HIV
were found positive.* Finally, the national prevalence of drug-
resistant tuberculosis may be affected by migration of people
from neighbouring countries, where such outbreaks have oc-
curred." Given these issues, we conducted a national survey
of resistance to anti-tuberculosis drugs in Malawi.
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Methods
Study setting and design

We engaged all of Malawi’s 48 tubercu-
losis registration centres to conduct a
prospective, cross-sectional survey. The
centres were grouped into three zones
- northern, central and southern - for
phased sample collection.

Data collection and management

Health workers in each registration
centre formed a recruitment team and
attended a three-day training course
about the survey protocol. They subse-
quently collected data on each consent-
ing smear-positive tuberculosis patient,
including the patient’s age, sex, level of
education, occupation, marital status
and HIV status - if known - and details
of any previous tuberculosis treatment.
After each patient was asked if they had
received tuberculosis treatment, the
patient’s medical records at the health
facility of recruitment were checked for
evidence of such treatment.

Following national policy in Ma-
lawi,* each participant in the survey was
offered HIV testing and counselling. At
the time of the survey, two rapid blood
tests — Uni-Gold Recombigen HIV-1/2
(Trinity Biotech, Bray, Ireland) and
Determine HIV-1/2 (Alere, Waltham,
United States of America) were used in
the registration centres. Any samples
giving inconclusive results were sent to
the Central Reference Laboratory for
retesting.

Data were collected on piloted
forms and double-entered into an Epi
Info (Centers for Disease Control and
Prevention, Atlanta, United States of
America) spreadsheet.

Participants and case definitions

Using the definitions recommended
by WHO,"? new cases were defined as
people who had never been treated
for tuberculosis - or had previously
received anti-tuberculosis medications
for less than one month - and retreat-
ment cases were defined as those who
had previously received tuberculosis
treatment for at least one month. Re-
treatment cases were grouped according
to the outcome of previous treatment:
cured, completed, defaulted or failed. A
patient was defined as cured when the
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person was smear-negative at, or one
month before, treatment completion
and on at least one previous occasion.
A completed treatment was defined as
a patient who completed treatment but
without smear microscopy proof of cure.
Persons who had treatment interruption
for two consecutive months or more
were grouped as defaulted. Those who
remained smear-positive when tested
five or six months after initiation of
their previous treatment were defined
as treatment failures.

For our survey, sputum samples
were collected from each newly-di-
agnosed person with sputum-smear-
positive tuberculosis seen at a registra-
tion centre in the northern, central
and southern zones in May-July 2010,
August-October 2010 and November
2010-January 2011, respectively. Spu-
tum samples were also collected from
each person with smear-positive tuber-
culosis undergoing retreatment at any
registration centre between February
2010 and March 2011.

Drug resistance definition

Isolates of M. tuberculosis were defined
as MDR if they were at least resistant to
isoniazid and rifampicin, and extremely
drug resistant (XDR) if they were also
resistant to an injectable drug and a qui-
nolone of the second-line medications.

Sample size projections

Assuming that 1.8% and 20% of the peo-
ple newly diagnosed would have MDR
tuberculosis and be lost to follow-up, re-
spectively, we estimated that we needed
to enrol 1260 new cases to estimate the
prevalence of MDR tuberculosis among
such cases with a precision of + 1%.
Similarly, assuming that 5.0% and
20% of our retreatment sample would
have MDR tuberculosis and be lost to
follow-up, respectively, we estimated
that we would have to enrol 770 people
undergoing retreatment to estimate the
prevalence of MDR tuberculosis with a
precision of +2.0%.

Laboratory procedures

Prior to enrolment, each participant had
been found positive for tuberculosis by
the microscopic examination of three
smears of sputum.'>"” Each month, a
random selection of sputum smears
from the registration centres - five from
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each health centre and 25 from each
district hospital - was re-examined by a
visiting laboratory supervisor. Concor-
dance between the registration centres’
results and the supervisor’s remained
above 96% during our survey.

For our survey, two additional
sputum samples were collected — under
supervision and approximately one hour
apart — from each enrolled patient and
stored at 2-8 °C in the registration
centre. Efforts were made to ensure that
these samples were collected before anti-
tuberculosis treatment was commenced.
The samples were transported to the
Central Reference Laboratory, in cooler
boxes, by bus or in a district health ve-
hicle or study team vehicle.

Once a sample had reached the
laboratory, it was decontaminated and
further homogenized."* Part of the pel-
let produced by centrifuging the sample
was smeared, stained with auramine
phenol stain and then checked for acid-
fast bacilli. Another part was inoculated
into two tubes of Lowenstein-Jensen
medium - one containing glycerol and
the other containing sodium pyruvate —
which were examined for growth weekly
for up to 8 weeks. Each contaminated
culture was discarded and replaced
with a new culture that was set up us-
ing another part of the relevant pellet
- which had been kept in a refrigera-
tor. The Capilia tuberculosis test'” was
used to identify isolates belonging to
the M. tuberculosis complex. Indirect
susceptibility testing to isoniazid, rifam-
picin, ethambutol and streptomycin was
performed, on one isolate per partici-
pant, using the proportion method on
Lowenstein-Jenson medium.'®

All isolates defined as MDR tu-
berculosis were sent to the South
African Medical Research Council’s
Supranational Reference Laboratory in
Pretoria. There, they were retested for
their susceptibility to first-line drugs —
using a line probe assay and automated
liquid culture'”® — and tested for their
susceptibility to the second-line drugs
amikacin, kanamycin, capreomycin,
ofloxacin and ethionamide - using au-
tomated liquid culture.

Statistical analysis

For our final analysis, we excluded those
cases from which M. tuberculosis was
not isolated in culture. Categorical and
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non-parametric continuous variables
were compared using x* and Wilcoxon
rank-sum tests, respectively. Data on
new tuberculosis cases were analysed
independently from retreatment cases.
Associations between MDR tubercu-
losis and patient age, sex, HIV status,
year of previous tuberculosis treatment
and outcome of previous tuberculosis
treatment were compared using Poisson
logistic regression analysis. Unadjusted
and adjusted incidence rate ratios (IRRs)
were calculated in univariate and multi-
variate analyses, respectively. Stata 10.0
(StataCorp. LP, College Station, United
States of America) was used for the
statistical analysis.

Ethical considerations

Ethical approval was granted by the Ma-
lawi National Health Sciences Research
Committee in April 2009. This study
commenced in 2009, before require-
ments for review of all WHO-supported
research by the WHO research ethics
review committee were fully imple-
mented. Written informed consent was
obtained from adult participants and
the caregivers of child participants.
As recommended by the relevant na-
tional guidelines,® all cases of MDR
tuberculosis were given six months of
capreomycin, levofloxacin, ethionamide,
cycloserine and pyrazinamide followed
by 18 months of levofloxacin, ethion-
amide and cycloserine.

Results

During the study period, 2120 smear-
positive individuals consented to par-
ticipate. Five were excluded as their
baseline data were missing, another 1347
were classified as newly diagnosed with
tuberculosis and the remaining 768 were
classified as retreatment cases (Fig. 1).
M. tuberculosis was isolated from 1196
(88.8%) of the new cases. There was no
difference in the distribution of age, sex,
region or HIV status between these and
new cases from which M. tuberculosis
was not isolated. M. tuberculosis was
isolated from 581 (75.7%) of people
undergoing retreatment. Those in whom
M. tuberculosis was not isolated were
older than the other retreatment cases,
with mean ages of 40.7 and 36.4 years,
respectively.

Compared with the new cases,
people undergoing retreatment were
more frequently found to be culture-
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Fig. 1. Flowchart to determine multidrug resistance in people diagnosed with

tuberculosis in Malawi, 2010-2011

Consented to survey
n=2120

Clinical data collected

l—»

Clinical data missing
n=>5

n=215
[
Previous treatment for No previous treatment
tuberculosis for tuberculosis
n=768 n=1347
Culture negative Culture negative
n=150(19.5%) < > n=123(9.1%)
Culture positive for Culture positive for
mycobacteria other than mycobacteria other than
Mycobacterium -« e Mycobacterium
tuberculosis tuberculosis
n=19(2.5%) n=6(0.4%)
Culture gave unknown Culture gave unknown
result n=3(0.4%) result n=1(0.1%)
Culture contaminated Culture contaminated
n=2(0.3%) n=1(0.1%)
Culture missing Culture missing
n=13(1.7%) n=20(1.5%)
\ \
Retreatment cases New cases included in
included in final analysis final analysis
n=>581 n=119%

negative or to be culture-positive for
mycobacteria other than M. tuberculosis.

Of 86 treatment failures, 31 samples
were culture-positive for M. tuberculosis,
six were culture-positive for other myco-
bacteria and 49 were culture-negative.

The median transit time of all
samples, from collection to arrival
at the Central Reference Laboratory
was 4 days (interquartile range, IQR:
2-7 days). Transit time had no apparent
effect on the probability that a sample
would be found culture-positive for
M. tuberculosis (P=0.71).

Culture-positive tuberculosis

Culture-positive individuals in both new
and retreatment groups were similar in
terms of their sociodemographic char-
acteristics (Table 1).

Overall, 66.4% (386) of the retreat-
ment cases and 48.2% (577) of the
new cases were known or found to be
infected with HIV, demonstrating a
significantly higher HIV prevalence
among people retreated (P<0.01). The

retreatment cases reported that they
had received tuberculosis treatment
between 1978 and 2010 with a median
of 2.4 years (IQR: 1.1-5.9 years) before
their enrolment. Just 31 (5.3%) of the
culture-positive retreatment cases had
failed their previous treatment (Table 1).

Among the 1196 M. tuberculosis
isolates from new cases, ethambutol,
isoniazid, rifampicin and streptomycin
resistance was present in 0.5%, 3.2%,
0.8% and 4.2%, respectively (Table 2).
The corresponding values for the 581
isolates from the retreatment cases were
all higher (Table 2).

Five (0.4%) of the 1196 new cases
had MDR tuberculosis (Table 2 and
Fig. 2). Other types of resistance (mono-
resistance or any combination of drug
resistance excluding MDR tuberculosis)
were identified in 75 (6.3%) of the new
cases but the remaining 1116 (93.3%)
M. tuberculosis isolates from new cases
were found to be sensitive to all four
first-line drugs.
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Table 1. Characteristics of people newly-diagnosed with, and retreated for,
tuberculosis, Malawi, 2010-2011

Characteristic New cases (n=1196) Retreatment cases
(n=581)

No. % (95% Cl) No. % (95% Cl)
Mean age (years) 1196 35.6 (34.8-36.4) 581 36.4 (35.5-37.4)
Sex (% male) 1196 53.7 (50.8-56.5) 581 60.6 (56.6-64.6)
Marital status (%)
Married 750 63.2 (60.5-66.0) 346 60.3 (56.3-64.3)
Single 232 196(17.3721.8) 106 18.5(15.3-21.7)
Divorced 103 7 (7.1-10.3) 70 12.2 (9.5-14.9)
Widowed 101 5(6.9-10.1) 52 9.1(6.7-114)
Occupation (%)
Business 226 19.5(17.2-21.8) 120 21.1(17.8-24.5)
Formal employment 195 16.8 (14.7-19.0) 126 22.2 (18.8-25.6)
Subsistence farmer 330 284 (25.8-31.0) 148 26.1(22.4-29.7)
Unemployed 409 35.3(32.5-38.0) 174 30.6 (26.8-34.4)
Educational level achieved
(%)
Tertiary 23 0(1.2-2.8) 13 23(1.0-35)
Secondary 262 22.5(20.1-24.9) 171 299 (26.1-33.7)
Primary 729 62.6 (59.8-65.4) 319 55.8(51.7-59.9)
None 151 13.0(11.0-14.9) 69 12.1(9.4-14.7)
HIV status (%)
Positive 577 482 (454-51.1) 386 66.4 (62.6-70.3)
Negative 474 39.6 (36.9-42.4) 165 284 (24.7-32.1)
Unknown 145 12.1 (9.4-14.8) 30 52 (2.6-7.7)
Region of residence (%)
Northern 115 6(7.9-11.3) 85 14.6 (11.8-17.5)
Central west 283 237(2 3= 261) 108 186( 54-21.8)
Central east 135 3(9.5-13.1) 46 9(5.7-10.1)
South-west 359 300 (274 32.6) 207 356 (31.7-39.5)
South-east 304 254 (22.9-27.9) 135 23.2(19.8-26.7)
Outcome of previous
treatment (%)
Cured? NA NA 389 67.0 (63.1-70.8)
Completed® NA NA 104 179( 4.8-21.0)
Defaultede NA NA 49 4(6.2-10.7)
Failed? NA NA 31 3(3.5-7. 2)
Unknown NA NA 8 4(04-23)
Smear score (%)°
Scanty 101 6(7.0-10.2) 66 16(89-14.2)
1+ 135 5(96-133) 66 1.6 (8.9-14.2)
2+ 295 250(226 27.5) 115 1(68 23.4)
3+ 647 549 (52.1-57.8) 324 6.7 (52.7-60.8)

Cl: confidence interval; HIV: human immunodeficiency virus; NA: not applicable.
¢ Cured defined as a smear-positive patient who was smear-negative at, or one month before, treatment

completion and on at least one previous occasion.'”
® Treatment completed defined as a patient who completed treatment but without smear microscopy

proof of cure.””

¢ Defaulted defined as treatment interruption for two consecutive months or more.

9 Failed defined as remaining smear-positive when tested five or six months after initiation of previous

treatment.”

¢ Smear scores indicate the density of acid-fast bacilli seen on a sputum smear.”

Note: Data are missing for some characteristics. The sum of the percentages for some characteristics may not

equal 100 due to rounding.
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Twenty-eight (4.8%) of the 581
M. tuberculosis isolates from retreat-
ment cases showed multidrug resistance
(Table 2). Other types of resistance
were identified in 83 (14.3%) of the
retreatment cases but the remaining
470 (80.9%) M. tuberculosis isolates
from retreatment cases were found to
be sensitive to all four first-line drugs
(Table 2 and Fig. 2).

In the multivariate analysis, sex,
age and HIV status were not found to
be significantly associated with MDR
tuberculosis among new or retreatment
cases. There was also no evidence of a
significant association between region of
residence and MDR tuberculosis. All of
the 28 retreatment cases with MDR tu-
berculosis had received treatment in the
previous five years — 23 (82%) within the
previous two years. MDR tuberculosis
in people undergoing retreatment was
found to be significantly and inversely
associated with time since previous
treatment (adjusted IRR: 0.7, 95% con-
fidence interval, CI: 0.5-0.9). Previous
treatment failure - but no other previous
treatment outcome — was strongly asso-
ciated with MDR tuberculosis (adjusted
IRR: 3.7, 95% CI: 1.6-8.4). Of the 31
treatment failures, nine (29.0%) cultured
multi-drug resistant M. tuberculosis.

Of the 33 isolates of M. tuberculosis
found to be multidrug-resistant in Ma-
lawi, 30 successfully underwent retesting
in South Africa, and 11 of these were
sensitive to either isoniazid or rifampicin
or both of these drugs. If the results from
South Africa are used as the gold standard,
this indicates a 36.7% false-positive rate
(11/301in Table 3). When a random sample
of 106 isolates of M. tuberculosis found
not to be multidrug-resistant in Malawi
were retested in South Africa, one was
identified as MDR tuberculosis - giving a
0.9% false-negative rate (1/106 in Table 3).

The 20 isolates found to show mul-
tidrug resistance in South Africa were
re-cultured in South Africa and tested
for resistance to several second-line
drugs. Although 18 of these isolates
were successfully re-cultured and tested,
none showed extensive drug resistance
(Table 4).

Discussion

This is the first national survey of
anti-tuberculosis drug resistance done
in Malawi. We found the prevalence
of MDR tuberculosis among people
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Table 2. Resistance to first-line anti-tuberculosis drugs among Mycobacterium
tuberculosis isolates, Malawi, 2010-2011

Resistance Isolates from new cases Isolates from retreatment cases
(n=1196) (n=581)

No. % (95% CI) No. % (95% Cl)
Fully sensitive 1116 93.3(91.7-94.7) 470 80.9 (77.5-84.0)
Any resistance?
R 9 8(04-14) 38 6.5(4.7-8.9)
H 38 2(23-43) 66 114 (89-14.2)
E 6 5(0.2-1.1) 18 3.1(1.9-49)
S 50 2(3.1-5.5) 49 84 (6.3-11.0)
Multidrug resistance 5 04 (0.1-1.0) 28 4, 8 (3.2-6.9)
RH 2 0.2 (0.0-0.6) 13 2(1.2-3.8)
RHE 0 0(0.0-0.3) 1 2 (0.0-1.0)
RHS 1 1(0.0-0.5) 0(04-22)
RHES 2 2 (0.0-0.6) 4(0.6-27)
Other forms of 75 3(5.0-7.8) 83 143 (11.5-17.4)
resistance
Ronly 3 3(0.1-0.7) 9 5(0.7-2.9)
Honly 22 8(1.2-2.8) 32 5(3.8-7.7)
Eonly 2 2 (0.0-0.6) 4 7(0.2-1.8)
Sonly 35 9(21-4.1) 30 2(3.5-7.3)
RS 1 0.1 (0.0-0.5) 0 0.0 (0.0-0.6)
RE 0 0(0.0-0.3) 1 0.2 (0.0-1.0)
HE 1 1(0.0-0.5) 2 3(0.0-1.2)
HS 10 8(04-1.5) 3 5(0.1-1.5)
ES 1 1(0.0-0.5) 1 2(0.0-1.0)
HES 0 0.0 (0.0-0.3) 1 2(0.0-1.0)

Cl: confidence interval; E: ethambutol; H: isoniazid; R: rifampicin; S: streptomycin.
¢ Any resistance indicates resistance to the anti-tuberculosis medication tested, independent of resistance

results to the other medications.

newly diagnosed to be low, at 0.4%. As
about 7200 new cases of smear-positive
tuberculosis have occurred annually
in Malawi over recent years,*
expect there to be 29 cases of primary
MDR tuberculosis in Malawi annually.
Although we found the prevalence of
MDR tuberculosis among retreatment
cases to be significantly higher, as gener-
ally observed," this could be expected
to produce only 27 secondary cases of
MDR tuberculosis annually.

The rates described here represent
the lowest values reported in sub-
Saharan Africa up to 2011.° Neighbour-
ing Mozambique identified multidrug
resistance in 3.5% of new tuberculosis
cases and 11.2% of retreatment cases in
2007. In 2009, Swaziland reported cor-
responding values of 7.7% and 33.9%,
respectively.” During our survey, the
Central Reference Laboratory suc-
cessfully isolated M. tuberculosis from
the sputum samples from 88.8% of
new cases and 75.7% of retreatment
cases. Although the sample transit

we can
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times recorded during our survey were
disappointing, long transit times were
not associated with isolation failures.
Mycobacteria could not be grown from
49 of 86 samples from treatment failures,
probably because the bacilli in the 49
samples were dead. Mycobacteria other
than M. tuberculosis were cultured from
six treatment failures. The proportion
of sputum samples from retreatment
cases that were found culture-positive
for M. tuberculosis was significantly
lower than the corresponding value for
the new cases. This difference is partly
explained by (i) the low isolation rate
from treatment failures; (ii) the fact that
samples from retreatment cases were
relatively more likely to grow mycobac-
teria other than M. tuberculosis; and
(iii) the fact that sputum samples from
retreatment cases are relatively more
likely to be collected from patients who
have already begun treatment for their
current episode of tuberculosis.

Since the results recorded by Mala-
wi’s Central Reference Laboratory were
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associated with a 36.7% false-positivity
rate and a 0.9% false-negativity rate,
the prevalences of MDR tuberculosis
that we recorded in Malawi - although
low - could overestimate the true values.
Given the laboratory’s limited capac-
ity and the observation that resistance
patterns probably do not vary between
smear-positive and smear-negative cases
of tuberculosis,” we did not investigate
the drug resistance of any M. tuber-
culosis isolates from smear-negative
tuberculosis patients.

We found HIV prevalence among
new smear-positive cases of pulmonary
tuberculosis to be 48.2%. The HIV prev-
alences reported among all tuberculosis
cases by Malawi’s National Tuberculosis
Programme in 2010 and 2011 were
higher, at 63% and 60%, respectively.”’
The programme’s observations indicate
that HIV prevalence among smear-
negative cases of pulmonary tubercu-
losis exceeded 65% in 2010-2011. By
focusing on smear-positive cases, we
probably limited the extent to which
we could explore associations between
HIV and MDR tuberculosis. Although
we found no association between HIV
and MDR tuberculosis, it is possible that
such an association exists in the overall
population of people with tuberculosis.
The existence of such a link remains a
matter of controversy>*>* but concomi-
tant HIV infection certainly poses some
unique challenges in the management of
tuberculosis."

Although we collected samples from
different areas of Malawi at different
times of the year, a retrospective analysis
of new tuberculosis case notifications
between 1999 and 2007 suggested that
there was little variation in the number
of new cases occurring in each quarter
of the year (James Mpunga, Malawi Na-
tional Tuberculosis Control Programme,
personal communication, 2010).

The low prevalence of MDR tu-
berculosis that we recorded may be
attributable to the success of Malawi’s
tuberculosis control programme. The
frequencies of success in the treatment
of tuberculosis in Malawi - 88% for
new cases and 85% for retreatment
cases — are among the highest recorded
in sub-Saharan Africa.” We recorded
higher prevalences of streptomycin re-
sistance than of rifampicin or isoniazid
resistance, perhaps because streptomy-
cin was included in the recommended
first-line treatment for tuberculosis in
Malawi until 1992.
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Fig. 2. Resistance patterns of Mycobacterium tuberculosis to anti-tuberculosis drugs,
Malawi, 2010-2011
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Table 3. Comparison of anti-tuberculosis drug susceptibility testing of Malawian

Mycobacterium tuberculosis isolates, 2010-2011

Malawian result South African result®
Sensitive to all Resistant to Resistantto  MDR
drugs rifampicin only  isoniazid only

Sensitive to all drugs 1 0
Resistant to rifampicin 0 0
only

Resistant to isoniazid only 1
MDR 19

MDR: multidrug-resistant.

¢ The table shows the numbers of M. tuberculosis isolates, from Malawian cases of smear-positive
pulmonary tuberculosis, that were tested for resistance to isoniazid, rifampicin, ethambutol and

streptomycin in both the Central Reference Laboratory (Lilongwe, Malawi) and the South African Medical

Research Council's Supranational Reference Laboratory (Pretoria, South Africa).

Table 4. Resistance to second-line anti-tuberculosis drugs among 18 multidrug-

resistant Mycobacterium tuberculosis isolates, Malawi, 2010-2011

Isolate Resistance?

Amikacin Kanamycin Capreomycin Ofloxacin Ethionamide
1-14 susceptible  susceptible susceptible susceptible resistant
15 susceptible resistant susceptible susceptible resistant
16 susceptible  susceptible resistant susceptible resistant
17 resistant resistant resistant susceptible resistant
18 resistant  susceptible resistant susceptible resistant

¢ Amikacin, kanamycin, capreomycin, ofloxacin and ethionamide were tested at concentrations up to 1.0,
5.0,25,2.0and 5.0 ug/mL, respectively.
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We detected no XDR tuberculosis
but did observe some resistance to sec-
ond-line drugs. Since all of our isolates
tested for resistance to ethionamide were
found positive, the currently recom-
mended 24-month regimen for the treat-
ment of MDR tuberculosis in Malawi
needs to be revised. Resistance to the
second-line injectables was detected but
not resistance to ofloxacin. At the time
of the survey, Malawi’s Central Refer-
ence Laboratory relied entirely upon
the South African Supranational Refer-
ence Laboratory for the identification of
Malawian cases of XDR tuberculosis.”

Treatment failure - frequently a
forewarning for the development of
drug-resistant tuberculosis® - was
associated with a 29.0% risk of MDR
tuberculosis in our survey. The initia-
tion of a standard retreatment regimen
while awaiting the results of drug
susceptibility testing may amplify
resistance in cases with pre-existing
MDR tuberculosis.”** Although use of
an empirical MDR treatment regimen
has been suggested as a replacement
for the standard retreatment regimen
for all treatment failures,”>*"** such a
change in Malawi would expose most
treatment failures - i.e. those who do
not have MDR tuberculosis - to a more
toxic and less effective therapy. Dur-
ing our survey, all patients with MDR
tuberculosis who were diagnosed by
phenotypic testing at the Central Ref-
erence Laboratory - including the 11
cases classified as drug sensitive when
their sputum samples were investigated
in South Africa — were managed with
the nationally recommended second-
line regimen. This was because (i) the
phenotypic results were seen as more
predictive of clinical response; (ii) the
South African results became available
several months after the patients had
started second-line therapy; and (iii) it
was felt that any changes to treatment
made after the South African results
became available would be confusing
to patients.

Conclusion

The prevalence of MDR tuberculosis
is currently low in Malawi — probably
as the result of a strong tuberculosis
control programme - whereas HIV-
coinfection, which has been associated
with high mortality in the presence of
drug-resistant tuberculosis, is com-
mon. Almost a third of the treatment
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failures we investigated had MDR
tuberculosis. Given the discovery of
ethionamide resistance in all 18 of the
MDR tuberculosis isolates investigated
for such resistance, ethionamide should
be replaced with an alternative drug
in Malawis current MDR tuberculosis
treatment regimen. Given an increasing
prevalence of drug resistance in some
neighbouring countries and the recent
introduction of unsupervised rifampicin

into tuberculosis treatment regimens in
Malawi, we recommend repeating this
survey within three years. l
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Résumé

Pharmacorésistance du Mycobacterium tuberculosis au Malawi: une enquéte transversale

Objectif Documenter la prévalence de la résistance polymédicamenteuse
de la tuberculose parmiles personnes nouvellement diagnostiquées et
les personnes traitées a nouveau au Malawi.

Méthodes Nous avons mené une enquéte nationale représentative
des personnes atteintes de tuberculose a frottis d'expectoration
positif entre 2010 et 2011. Pour tous les participants consentants,
nous avons recueilli les données démographiques et cliniques, deux
échantillons d'expectoration et effectué le dépistage du virus de
Iimmunodéficience humaine (VIH). Les échantillons ont subi des tests
de résistance au Laboratoire central de référence de Lilongwe, au Malawi.
Tous les isolats de Mycobacterium tuberculosis qui ont présenté une
résistance polymédicamenteuse ont été retestés pour la résistance aux
médicaments de premiére intention - et testés pour la résistance aux
médicaments de deuxiéme intention — dans un laboratoire de référence
supranational pour la tuberculose en Afrique du Sud.

Résultats Dans I'ensemble, M. tuberculosisM. tuberculosis a été isolé
chez 1777 (83,8%) des 2120 patients atteints de tuberculose a frottis
positif. La résistance polymédicamenteuse a été identifiée dans
5(0,4%) des 1196 isolats obtenus a partir des nouveaux cas et dans

28 (4,8%) des 581 isolats obtenus a partir des personnes quirecevaient
a nouveau un traitement. Parmi les 31 isolats issus des cas retraités
qui ont connu un échec de traitement, 9 (29%) isolats ont présenté
une résistance polymédicamenteuse . Bien que la résistance aux
médicaments donnés en deuxiéme intention ait été identifiée, aucun
cas de tuberculose ultrarésistante aux médicaments n'a été détecté.
Les dépistages du VIH des personnes a partir desquelles les isolats
de M. tuberculosisM. tuberculosis ont été obtenus ont montré que
577 (48,2%) des personnes nouvellement diagnostiquées et 386 (66,4%)
des personnes recevant a nouveau le traitement étaient séropositives.
Conclusion La prévalence de la résistance polymédicamenteuse chez
les personnes atteintes de tuberculose a frottis positif était faible en
Afrique subsaharienne —reflétant probablement la force du programme
de controle de la tuberculose du Malawi. La prévalence relativement
élevée de cette résistance observée chez les personnes pour lesquelles
le traitement précédent a échoué peut mettre en évidence un besoin
de changement dans la politique nationale en matiére de retraitement
de ce sous-groupe de personnes atteintes de tuberculose.

Pesiome

JlekapcTBeHHas yCcToNuMBOCTb MuKo6akmeputi mybepkysnesa B Manasu: nepekpectHoe UccsieaoBaHme

Llenb 33a00KyMeHTVPOBAaTb PAaCNPOCTPAHEHHOCTb MHOMXECTBEHHOW
NEeKapCTBEHHOW YCTONYMBOCTM NPW NEPBUYHOM U MOBTOPHOM
neyeHuUn 60MbHbIX TybepKynesom B Manasu.

MeTtogbl B 2010-2011 rr. 6610 NpoBefeHO HaluWoHanbHoe
penpe3eHTaTMBHOE MCCeaoBaHve 6ombHbIX TybepKyne3om
nerkux ¢ bakTepuroBbliAeneHrem. Y Bcex COrnacmBLUMXCA MPUHATD
yyacTve B UCCeaoBaHny Obinm cobpaHbl gemorpaduyeckre u
KNMHMYeCK1e JaHHble 1 B3ATbl ABa 06pa3Lia MOKPOTbI; KpOMe TOro,
OHW MPOLLNYV TeCTVPOBaHME Ha BUPYC MMMyHOAedMLMTa YenloBeKa
(B/Y). NNekapcTBeHHan yCTOMUMBOCTb NOMyUYeHHbIX 06pa3LoB
6bina npoBepeHa B LleHTpanbHoW pedepeHc-nabopatopum r.
JlnnoHree, Manasw. Bce n3onaTtel MrkobakTepuii Tybepkynesa c
BbIABIEHHON MHOXECTBEHHOW NEKapCTBEHHOM YCTOMUMBOCTHIO Oblv
NOABEPrHYTbI JOMOMHNUTENbHOMY TECTUPOBAHMIO Ha YCTOMYMBOCTb
K NlekapCTBEHHbIM MpenapaTamM Nepsolr U BTOPON NMHUMK B
HaJHaUuWoHanbHON TybepkynesHon pedepeHc-nabopatopun B
tOxHOM Adpuke.

Pe3ynbTatbl B vTore, Hanuuve mukobakmepul mybepkyne3a
6b1n10 BoiABNEHO y 1777 (83,8%) 13 2120 60nbHbIX TyOGepKyne3om
nerkvx ¢ bakTeproBblgeneHviem. MHOXeCTBeHHan NeKapCcTBeHHas
YCTOMYMBOCTL Obina obHapyxeHa y natn (0,4%) 13 1196 n3onaTtos,

B3ATLIX Y JIWLL, MOAYYaBLLUMX NEPBUYHOE NeyeHve Tybepkynesa, 1y
28 (4,8%) 13 581 130M14TOB, B3ATbIX Y NL|, NOSYYaBLIMX MOBTOPHOE
neyerwe. VI3 M301ATOB, B3ATLIX Y NMLL, NOYYaBLIMX MOBTOPHOE
neyeHne nocsie HeyaayHoro NepBrYHOro, MHOXeCTBEeHHanA
NekapCTBeHHas YCTOMUMBOCTL Obina BbiABMEHa B AeBATU (29%)
cnyyaax 13 31. [pUtom, YTo YCTOMYMBOCTD K JlekapCTBam BTOPOM
MHWUK Bbina obHapyxeHa, Crydaes TybepKynesa C WMPOKON
NIeKapCTBEHHOW YCTOMUMBOCTBIO BbIABNEHO He Obio. TeCTrpoBaHme
Ha BVY nuw, y KOTopbix ObiNM BblaeneHbl 1301ATbl MUKOOaKTepHiA
Tybepkynesa, Nokasano Hanuuve Bupyca y 577 (48,2%) 6onbHbIX,
y KOTOpbIX TybepKynes Obin BbiABNeH Bnepsble, Uy 386 (66,4%)
60MbHbIX, MOMYYaBLUMX MOBTOPHOE NleyeHue.

BbiBoA PacnpocTpaHeHHOCTb 1eKapCTBEHHOW YCTOMYMBOCTH
cpean OOMbHbIX TyOepKyne3om Nerkmx C bakTepuoBbIAeNeHEM
B CTpaHax AQpuiky toxHee Caxapbl HEBEMNKA, UTO, MO-BUANMOMY,
CBUAETENbCTBYET 06 3GOEKTUBHOCTM NPOTUBOTYOEPKYNE3HOW
nporpammel Manasu. B To e BpemA, AOBONbHO BbICOKaA
PACNPOCTPAHEHHOCTb TaKUX CITyYaeB Cpeau L, NeveHre KOTopbx
B MPOLWJIOM He MPUHECNO pe3ynbTaTa, MOXeT yKa3blBaTb Ha
HEeobXOANMOCTb M3MEHEHIA HALMOHANbHOTO MOAXOAA K MOBTOPHOMY
fleyeHnIo 3TON NoaKaTeroput 6oNbHbLIX TyGEepPKyNe3oMm.

Resumen

Resistencia medicamentosa a la Mycobacterium tuberculosis en Malawi: una encuesta transversal

Objetivo Documentar la prevalencia de la resistencia a medicamentos
multiples entre pacientes a quienes se ha diagnosticado recientemente
0 han vuelto a recibir tratamiento para la tuberculosis en Malawi.

Métodos Llevamos a cabo una encuesta representativa a nivel nacional
de pacientes con tuberculosis que dieron positivo en el andlisis de esputo
entre 2010 y 2011. Para todos los participantes adultos, se recogieron
datos demograficos y clinicos, dos muestras de esputo y realizamos
pruebas del virus de inmunodeficiencia humana (VIH). Las muestras
se sometieron a pruebas de resistencia en el Laboratorio Central de
Referencia en Lilongwe (Malawi). Se volvieron a examinar todas las

cepas de Mycobacterium tuberculosis multirresistentes para probar la
resistencia alos medicamentos de primera lineay se probd su resistencia
a los medicamentos de segunda linea en un laboratorio de referencia
supranacional para la tuberculosis en Sudéfrica.

Resultados En general, la M. tuberculosisM. tuberculosis se aislé en
1777 (83,8%) de los 2120 pacientes de tuberculosis con baciloscopia
positiva. Se detectd multirresistencia a medicamentos en cinco (0,4%)
de las 1196 cepas de casos nuevos y en 28 (4,8%) de las 581 cepas de
pacientes que se volvieron a someter al tratamiento. De las 31 cepas
de casos de repeticion del tratamiento que no habfan respondido
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previamente al tratamiento, nueve (29,0%) mostraron multirresistencia
amedicamentos. Pese a que se hall resistencia a los medicamentos de
segunda linea, no se detectaron casos de tuberculosis con resistencia
extendida a medicamentos. Las pruebas del VIH de quienes se
obtuvieron cepas de M. tuberculosisM. tuberculosis mostraron que 577
(48,2%) de los pacientes con diagndstico reciente y 386 (66,4%) de los
pacientes que se volvieron a someter al tratamiento dieron positivo.

Conclusion La prevalencia de la multirresistencia a medicamentos entre

Michael Abouyannis et al.

los pacientes con tuberculosis que dieron positivo en la baciloscopia
positiva fue baja en el Africa subsahariana, lo cual probablemente refleja
la eficacia del programa de control de la tuberculosis de Malawi. La
prevalencia relativamente alta de dicha resistencia observada entre los
pacientes que no respondieron al tratamiento anterior puede poner de
manifiesto la necesidad de un cambio en la politica nacional para volver
a tratar a este subgrupo de pacientes con tuberculosis.
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