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We found high prevalence rates of multidrug-resistant tu-
berculosis among retreatment patients (71.1%) and persons
with new cases (8.0%) in Angola. These findings are of con-
cern but should be interpreted with caution. A national drug-
resistance survey is urgently needed to determine the actual
prevalence of multidrug-resistant tuberculosis in Angola.

Angola is among the 30 countries with the highest in-
cidence of tuberculosis (TB) and multidrug-resistant
(MDR) TB worldwide (/). However, drug-resistance prev-
alence is unknown in the absence of a national survey or
laboratory drug-resistance surveillance systems (/). The
objectives of our study were to determine the proportion of
TB drug resistance in isolates from pulmonary TB patients
and describe molecular mechanisms accounting for drug
resistance in these isolates.

The Study

We conducted a survey during April 2014—July 2015 at the
Nossa Senhora da Paz Hospital (HNSP), a reference center
for the diagnosis and treatment of TB in the town of Cubal,
Benguela Province, Angola. Patients >16 years of age with
a diagnosis of pulmonary TB (i.e., patients with clinical
symptoms and a positive smear result) and those infected
with HIV who had suggestive clinical signs of pulmonary
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TB but negative sputum samples for acid-fast bacilli were
eligible for enrollment in the study. We collected data on
age, sex, HIV status, and any previous TB treatment.

Before the start of treatment, we collected sputum
specimens from all case-patients and provided them to the
Mycobacteriology Unit (a World Health Organization Su-
pranational TB Reference Laboratory) at Vall d’Hebron
University Hospital in Barcelona, Spain, for culture and
drug-susceptibility testing. Positive cultures were tested
by using GenoType MTBDRplus 2.0 (Hain Lifescience
GmbH, Nehren, Germany). Isolates identified as Myco-
bacterium tuberculosis complex (MTBC) underwent drug-
susceptibility testing with BD-MGIT-960 SIRE and PZA
kits (Becton Dickinson Diagnostic Systems, Sparks, MD,
USA). Isolates that were resistant to >1 drug were subject-
ed to drug-susceptibility testing for second-line TB drugs
by using the BD-MGIT-960 SIRE system.

We performed statistical analysis by using Stata 12
(StataCorp LLC, College Station, TX, USA). We consid-
ered a p value <0.05 to be statistically significant. We
calculated the percentage of patients with resistance pat-
terns to first- and second-line TB drugs on the basis of
total number of cases and the total number of MDR TB
cases, respectively.

We included 422 cases; 44 were excluded because spu-
tum specimen was not obtained (online Technical Appendix
Figure, https://wwwnc.cdc.gov/EID/article/24/3/17-1562-
Techappl.pdf). Of these cases, we classified 311 as new
and the remaining 111 as retreatment cases. We isolated
MTBC in 225 of the new cases. We observed no difference
in the distribution of age, sex, or HIV status between case-
patients with suspected or confirmed TB disease among
the new cases. We isolated MTBC in 83 of the retreatment
cases. We found case-patients in whom MTBC was not
isolated were more frequently HIV-positive (14.3% com-
pared with 4.8% in whom TB was confirmed; p=0.09). We
observed no difference in sociodemographic characteristics
between patients with new and retreatment culture-positive
cases (online Technical Appendix Table 1).

Eighteen (8.0%) of the 225 MTBC isolates from new
cases demonstrated multidrug resistance. Other combina-
tions of drug resistance were identified in 40 (17.8%) of
new cases. The incidence of primary resistance was as
follows: isoniazid, 47 cases (20.9%); streptomycin, 25
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cases (11.1%); rifampin, 20 cases (8.9%); pyrazinamide,
13 cases, (5.8%); and ethambutol, 10 cases (4.4%) (Table
1). No isolates showed extensively drug-resistant TB (on-
line Technical Appendix Table 2).

Among the 47 isoniazid-resistant isolates, katG mu-
tations occurred in 26 (55.3%) and inhA mutations in 2
(4.3%); the remaining 19 isolates (40.4%) were classified
as susceptible (Table 2). Among the 20 rifampin-resistant
isolates, rpoB mutations occurred in 19 (95.0%), and 1
(5.0%) was classified as susceptible. Mutations detected in-
cluded S531L (12 cases, 60.0%); D516V (4 cases, 20.0%);
and H526Y (2 cases, 10.0%) (Table 2).

Fifty-nine (71.1%) of the 83 MTBC isolates from re-
treatment case-patients demonstrated multidrug resistance,
and 33.9% of these case-patients had isolates that were re-
sistant to all first-line drugs. Other combinations of drug
resistance were identified in 10 case-patients (12.0%) (Ta-
ble 1). No case-patients had extensively drug-resistant TB
(online Technical Appendix Table 2).

Among the 66 isoniazid-resistant isolates, katG' mu-
tations occurred in 47 (71.2%) and inhA mutations in 4
(6.1%); the remaining 15 (22.7%) isolates were classified
as susceptible (Table 2). Among the 61 rifampin-resistant
isolates, rpoB mutations occurred in 58 (95.1%), and the re-
maining 3 (4.9%) were classified as susceptible. Mutations

detected included S531L (37 cases, 60.7%), D516V (11
cases, 18.5%), and H526D (3 cases, 3.7%) (Table 2).

Conclusions

We found a high prevalence of MDR TB among retreat-
ment (71.1%) and new (8.0%) cases. These rates are >4
times the estimated prevalence of MDR TB for Angola
(21% for retreatment cases, 2.8% for new cases) (/). The
rates we describe represent the highest rates of MDR TB
reported in sub-Saharan Africa (2,3); not even South Africa
has reported a higher prevalence of MDR TB (4).

Our findings are part of a larger project to reinforce
the capacities of the diagnostic laboratory by incorporation
of the Xpert MTB/RIF test (Cepheid, Maurens-Scopont,
France) (5). At the beginning of the project, none of the
18 provinces in Angola had access to the test; moreover,
Nossa Senhora da Paz Hospital is a reference center for the
diagnosis and treatment of TB, and these 2 factors might
have generated a pull effect in more severe cases. Patients
in the study might have largely consisted of TB patients
referred because of poor treatment response or availabil-
ity of second-line treatment, thus overrepresenting patients
with resistance patterns, particularly among retreatment
patients. This suggestion is supported by the high propor-
tion of retreatment patients in the eligible study population

Table 1. Resistance to first-line antituberculosis drugs among Mycobacterium tuberculosis complex isolates, Cubal, Angola, April

2014-July 2015~

Isolates from new cases, n = 225

Isolates from retreatment cases, n = 83

Phenotypic drug susceptibility No. % (95 ClI) No. % (95 ClI)
Susceptible to all 5 first-line drugs 167 74.2 (68.1-79.5) 14 16.9 (10.3-26.3)
Resistance to any drug 58 25.8 (20.5-31.9) 69 83.1 (73.7-89.7)
Any resistance to the following
INH 47 20.9 (16.1-26.7) 66 79.5 (69.6-86.8)
RIF 20 8.9 (5.8-13.3) 61 73.5 (63.1-81.8)
STM 25 11.1 (7.6-15.9) 42 50.6 (40.1-61.1)
EMB 10 4.4 (2.4-8.0) 32 38.6 (28.8-49.3)
PZA 13 5.8 (3.4-9.6) 37 44.6 (34.4-55.3)
Overall monodrug resistance 31 13.8 (9.9-18.9) 7 8.4 (4.1-16.4)
INH only 21 9.3 (6.2-13.8) 4 4.8 (1.9-11.7)
RIF only 1 0.4 (0.1-2.5) 2 2.4 (0.7-8.4)
STM only 8 3.6 (1.8-6.9) 1 1.2 (0.2-6.5)
PZA only 1 0.4 (0.1-2.5) 0 0.0 (0.04.4)t
Overall multidrug resistance 18 8.0 (5.1-12.3) 59 71.1 (60.6-79.7)
INH + RIF 4 1.8 (0.7-4.5) 12 14.5 (8.5-23.6)
INH + RIF + STM 2 0.9 (0.2-3.2) 5 6.0 (2.6-13.3)
INH + RIF + EMB 0 0.0 (0.0-1.7)t 3 3.6 (1.2-10.1)
INH + RIF + PZA 2 0.9 (0.2-3.2) 2 2.4 (0.7-8.4)
INH + RIF + STM + EMB 3 1.3 (0.5-3.8) 4 4.8 (1.9-11.7)
INH + RIF + STM + PZA 1 0.4 (0.1-2.5) 9 10.8 (5.8-19.3)
INH + RIF + EMB + PZA 1 0.4 (0.1-2.5) 4 4.8 (1.9-11.7)
INH + RIF + STM + EMB + PZA 5 2.2 (1.0-5.1) 20 24.1 (16.2-34.3)
Overall polydrug resistance 9 4.0 (2.1-7.4) 3 3.6 (1.2-10.1)
INH + STM 5 2.2 (1.0-5.1) 0 0.0 (0.0-4.4)t
INH + EMB 1 0.4 (0.1-2.5) 0 0.0 (0.04.4)t
INH + PZA 2 0.9 (0.2-3.2) 0 0.0 (0.0-4.4)t
INH + STM + EMB 0 0.0 (0.0-1.7)t 1 1.2 (0.2-6.5)
INH + STM + PZA 0 0.0 (0.01.7)t 2 2.4 (0.7-8.4)
RIF + STM + PZA 1 0.4 (0.1-2.5) 0 0.0 (0.0-4.4)t

*EMB, ethambutol; INH, isoniazid; PZA, pyrazinamide; RIF, rifampin; STM, streptomycin.

11-sided, 97.5% CI.
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Table 2. Distribution of gene mutations associated with INH and RIF resistance, Cubal, Angola, April 2014—July 2015*

GenoType MTBDRplus

Isolates from new Isolates from

Phenotypic resistance katG inhA rpoB cases retreatment cases
INH, n =113 47 66
Awt, S315T1 - 23 42
Awt - 3 5
- Awt1, C15T 2 2
- Awt1 0 1
- C15T 0 1
- - 19 15
RIF, n = 81 20 61
- 1 3
Awt2 0 2
Awt2,3,4, D516V 1 8
Awt3,4, D516V 3 3
Awt4,5 0 1
Awt7 0 1
Awt7, H526Y 2 0
Awt7, H526D 0 2
Awt7,8, H526D 0 1
Awt8 1 3
Awt8, S531L 12 37

*INH, isoniazid; RIF, rifampin; —, no mutation inside region.

(26.3% where the expected population proportion would be
10%—15%) and the extremely high prevalence of MDR TB
in this group (in particular compared with new patients).
Also, for new patients, such selection bias might have oc-
curred, for example, because TB patients who were con-
tacts of known or suspected MDR TB patients were prefer-
entially referred to this facility.

Regarding associated mutations, previous studies have
shown that #95% of resistance mutations to rifampin are
associated with the 7poB gene mutations, which cluster
mainly in the region of codon 507-533. In our study, the
distribution of gene mutations among rifampin-resistant
isolates was 60.4% Ser531Leu, 18.5% Asp516Val, 3.7%
His526Asp, and 2.5% His526Tyr; in 9.9% of cases, the
mutation was detected by the absence of the wild-type hy-
bridization signal. This distribution is different from that
previously reported, reflecting different distribution of gene
mutations associated with rifampin resistance in different
geographic locations (6) or different levels of maturation of
the MDR TB epidemic. In areas with high MDR TB preva-
lence and a high proportion of MDR TB cases attributed to
transmission, mutations that confer resistance without loss
of reproductive fitness will be selected out (7,8).

Whereas 40%-95% of isoniazid-resistant isolates are
defined as having high-level drug resistance because of katG
gene mutations, 75%—-90% of which are recognized as muta-
tions in the 315 codon of the katG gene, in our study, 57.5%
of isoniazid-resistant isolates were associated with mutations
in the 315 codon of the katG gene. Approximately 8%—43%
of isoniazid-resistant isolates are defined as having low-level
drug resistance because of mutations in the promoter region
of inhA. In our study, this proportion was 5.3%. Further-
more, 10%-25% of isoniazid-resistant isolates are thought
to have mutations outside the katG and inhA loci (9—11).
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