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Background. Previously treated (ie, recurrent) tuberculosis (TB) cases account for approximately 7%-8% of incident TB glob-
ally and in Singapore. Molecular fingerprinting has enabled the differentiation of these patients into relapsed or reinfection cases.

Methods. Patient demographics, disease characteristics, and treatment information were obtained from the national TB notifi-
cation registry and TB Control Unit. We performed a retrospective, case-control study to evaluate factors associated with recurrent
TB disease in Singapore citizens and permanent residents with culture-positive TB from 2006 to 2013 and who developed a second
episode of culture-positive TB up to 2016 using multivariable logistic regression analyses.

Results.  Ninety-one cases with culture-positive first and recurrent TB disease episodes were identified. Recurrent TB was associated
with age >60 years (adjusted odds ratio [aOR], 1.98 [95% confidence interval {CI}, 1.09-3.61), male sex (aOR, 2.29 [95% CI, 1.22-4.51]),
having concomitant pulmonary and extrapulmonary TB (aOR, 3.10 [95% CI, 1.59-6.10]) and extrapulmonary TB alone (aOR, 3.82
[95% CI, 1.12-13.31]), and was less likely in non-Malays (aOR, 0.52 [95% CI, .27-.99]). DNA fingerprinting results for both episodes in
49 cases differentiated these into 28 relapsed and 21 reinfection cases. Relapse was associated with having concomitant pulmonary and
extrapulmonary TB (aOR, 9.24 [95% CI, 2.50-42.42]) and positive sputum acid-fast bacilli smear (aOR, 3.95 [95% CI, 1.36-13.10]).

Conclusions. Relapse and reinfection contributed to 57% and 43%, respectively, of recurrent TB in Singapore. Our study high-
lights the underappreciated association of concomitant pulmonary and extrapulmonary TB as a significant risk factor for disease

relapse.
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Persons with previously treated tuberculosis (TB) account for
approximately 7% of incident TB cases globally [1]. Recurrence
of TB disease after clinical cure/treatment completion of a pre-
vious episode may be due to endogenous reactivation of re-
sidual tuberculous bacilli from the original episode (referred
to as relapse) or exogenous reinfection. Over the past 2 dec-
ades, molecular genotyping techniques have enabled the study
of the diversity of Mycobacterium tuberculosis strains and have
demonstrated that exogenous reinfection plays a more impor-
tant role in causing recurrent disease than previously thought
[2]. Tt is likely that reinfection drives the TB epidemic in areas
with high TB and human immunodeficiency virus (HIV) prev-
alence. Nonetheless, there does not appear to be a consistent
correlation in the literature between the predominant cause of
recurrent TB (ie. relapse vs reinfection) and geographical TB
prevalence [3-8].

Received 15 March 2021; editorial decision 21 June 2021; accepted 23 June 2021.
Correspondence: Cynthia B. E. Chee, MBBS, FRCP, TB Control Unit, 144 Moulmein Road,
Singapore 308089 (cynthia_chee@ncid.sg).

Open Forum Infectious Diseases®2021

© The Author(s) 2021. Published by Oxford University Press on behalf of Infectious Diseases
Society of America. This is an Open Access article distributed under the terms of the Creative
Commons Attribution-NonCommercial-NoDerivs licence (http://creativecommons.org/licenses/
by-nc-nd/4.0/), which permits non-commercial reproduction and distribution of the work, in any
medium, provided the original work is not altered or transformed in any way, and that the
work is properly cited. For commercial re-use, please contact journals.permissions@oup.com
https://doi.org/10.1093/ofid/ofab340

Singapore is a densely populated island city-state with an in-
termediate TB incidence of 35-40 cases per 100 000 population
and a very low HIV/AIDS notification rate of 7.9 per 100 000
population in 2018 [9]. There are approximately 3000 notified
TB cases in the country annually, of whom approximately 50%
are Singapore citizens or permanent residents. Among these,
persons with a history of previously treated TB account for ap-
proximately 8% of notified TB episodes [9]. We undertook a
retrospective case-control study to investigate the character-
istics of Singapore citizens and permanent residents with re-
current culture-positive TB (“recurrent TB”). The availability
of DNA fingerprinting results provided the opportunity to ex-
amine factors associated with recurrent disease due to relapse
or exogenous reinfection.

METHODS

Tuberculosis disease is notifiable by law in Singapore. The
national TB notification registry is also electronically linked to
the 2 mycobacterial culture laboratories in Singapore, enabling
complete capture of all positive Mycobacterium tuberculosis
complex (MTC) culture results. Singapore citizens and perma-
nent residents 16 years and older with a first episode of culture-
positive TB notified between 1 January 2006 and 31 December
2013 and who developed a second episode of culture-positive
TB in the period up to 31 December 2016 were identified from
the national TB notification registry. For this study, “recurrent
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TB” was defined as a second episode of culture-positive TB dis-
ease occurring in persons who had completed treatment of a
first episode of culture-positive TB.

Data analyzed in this study pertained to the first disease ep-
isode and included age, sex, ethnic group, and presence of di-
abetes mellitus (DM) and HIV coinfection, sputum acid-fast
bacilli (AFB) smear status, site(s) of disease (pulmonary TB
[PTB] with or without concomitant extrapulmonary disease),
presence of cavitation on baseline chest radiograph (CXR),
treatment regimen, mode of treatment delivery (whether di-
rectly observed therapy [DOT] or self-administered therapy),
AFB culture results at 2 months of treatment, and whether the
duration of short-course TB therapy was extended beyond the
conventional 6 months. This information was obtained from
clinical case records for patients who were treated at the TB
Control Unit (70% of patients in this study) during the first ep-
isode of TB; otherwise, the information was extracted from the
TB registry for patients treated in other institutions.

For the case-control study, cases were defined as patients
with recurrent TB. Controls were culture-positive patients who
were not notified with recurrent TB within the period of the
study. Two controls were randomly selected for each study case,
matched by date of notification (+ 5 days). For subgroup ana-
lyses, cases with available 24-loci mycobacterial interspersed
repetitive unit variable number tandem repeat (MIRU-VNTR)
and spacer oligonucleotide (spoligotyping) results for both TB
episodes were classified into those with identical/near-identical
DNA fingerprinting results (“relapse cases”) or different results
(“reinfection cases”) for both episodes.

Statistical Analysis

The y° test or Fisher exact test, where appropriate, was used
to compare baseline characteristics between individuals with
and without recurrent TB. No imputation was carried out for
missing data. We inserted an “unknown” category for vari-
ables with missing data. The main outcome was whether an
individual had recurrent TB. Crude and adjusted odds ratios
(ORs) were calculated using Firth logistic regression analyses.
Variables for the multivariable logistic regression model were
selected through stepwise use of Akaike information criterion.
All P values reported were 2-sided and statistical significance
was taken as P < .05. Statistical analyses were performed using
SPSS version 24 (IBM Corporation, Armonk, New York) and R
version 3.6.2 (R Foundation for Statistical Computing, Vienna,
Austria).

Ethics Approval

Ethics approval was obtained from the National Healthcare
Group Domain Specific Review Board (study reference number
2015/01122). Personal identifiers were removed prior to data
analysis.

RESULTS

There were 7478 culture-positive TB case episodes notified
between 1 January 2006 and 31 December 2013. Of these, 91
(1.2%) cases had 2 or more culture-positive TB episodes as of
31 December 2016 (Figure 1).

The median time to disease recurrence was 24 months (1.5-
110 months). Among the 91 cases with recurrent TB, the me-
dian age was 53.02 years, 74 (81.3%) were male, 23 (25.3%)
were of Malay ethnicity, 32 (35.2%) had DM, and 7 (7.7%)
had HIV coinfection at the time of their first disease episode.
Eighty-five (93.4%) had PTB in their first TB episode; among
these, 24 (26.4%) had concomitant extrapulmonary site dis-
ease. Six (6.6%) had extrapulmonary disease only (2 pleura,
3 lymphatic, 1 gastrointestinal). Forty-one (45.1%) patients
had cavitary disease, and 60 (65.9%) were sputum AFB
smear positive. Fifty-five (60.4%) were treated under DOT.
At 2 months (end of intensive phase) of treatment, 52 (57%)
cases were sputum culture negative, 4 (4.4%) were sputum
culture positive, and 35 (38.5%) had unknown sputum cul-
ture status. Eleven (12.1%) had extension of their continua-
tion phase of treatment.

Recurrent TB was significantly associated with age >60 years
(adjusted OR [aOR], 1.98 [95% confidence interval {CI}, 1.09-
3.61]), male sex (aOR, 2.29 [95% CI, 1.22-4.51]), having con-
comitant pulmonary and extrapulmonary TB (aOR, 3.10 [95%
CI, 1.59-6.10]), and extrapulmonary TB alone (aOR, 3.82 [95%
CI, 1.12-13.31]) and was less likely to occur in persons of non-
Malay ethnicity (aOR, 0.52 [95% CI, .27-.99]) (Table 1).

Subgroup Analysis According to Relapse or Reinfection

MIRU-VNTR and spoligotyping results were available for both
TB disease episodes in 49 of the 91 (53.8%) cases with recurrent
TB. There was no significant difference in age, sex, ethnicity,
presence of DM or HIV, sputum AFB smear, presence of cavity,
disease site (PTB with or without concomitant extrapulmonary
disease), sputum AFB culture status at 2 months of treatment,
treatment delivery mode, or duration of treatment between the
cases with and without available DNA fingerprinting results
for both TB episodes (Supplementary Table 1). Of the 49 cases
with available genotyping, 24 had identical results and 4 had
results that differed by 1 or 2 loci for the first and recurrent dis-
ease episodes—these 28 cases were classified as “relapse cases”
Twenty-one cases with different MIRU-VNTR results for the
first and recurrent episodes were classified as “reinfection” cases
(Figure 1).

There was no significant difference in age, sex, ethnicity, and
proportion infected with the Beijing strain between the relapse
and reinfection groups. The median time to disease recurrence
was significantly shorter in those who relapsed (22 months
[range, 2-68]) compared with those who were reinfected
(49 months [range, 4-110]) (P = .003; Table 2).
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7478 culture-positive TB
episodes notified between
2006 and 2013

l

91 cases with 2 or more
culture-positive episodes
notified up to
December 2016

49 cases

with DNA fingerprinting
results for first and second

episodes

21 cases with different DNA
fingerprint results for first and
second episodes
“Reinfection cases”

e One case with pan-sensitive
first-episode TB was reinfected
with INH monoresistant
strain

e 20 cases were reinfected with
pan-sensitive strains (1 was
resistant to streptomycin and
another resistant to isoniazid in
the first episode)

28 cases with identical/near-
identical DNA fingerprint results
for first and second episodes
“Relapse cases”

e Two cases with pan-sensitive first
episode TB relapsed with
rifampicin monoresistance (both
were HIV coinfected)

e One case with first-episode pan-
sensitive TB relapsed with
isoniazid monoresistance

e 25 cases (including 2
streptomycin-monoresistant
cases) did not develop acquired
drug resistance in their relapse
disease episodes

Figure 1. There were 7478 culture-positive tuberculosis (TB) cases notified from 1 January 2006 to 31 December 2013. Of these, 91 had 2 or more culture-positive TB
episodes as of 31 December 2016. Mycobacterial interspersed repetitive unit variable number tandem repeat and spoligotyping results were available for both TB disease
episodes in 49 of the 91 (53.8%) cases. Twenty-four cases had identical results and 4 had results that differed by 1 or 2 loci (relapse cases). Twenty-one cases had different
DNA fingerprint results for the first and recurrent episodes (reinfection cases). Abbreviations: HIV, human immunodeficiency virus; INH, isoniazid; TB, tuberculosis.

Relapse Cases

Relapse cases were more likely to have PTB and concomitant
extrapulmonary disease (aOR, 9.24 [95% CI, 2.50-42.42]) and to
be sputum AFB smear positive (aOR, 3.59 [95% CI, 1.36-13.10])
(Table 3). Relapse was not associated with age, sex, ethnicity, DM,
HIV coinfection, having extrapulmonary TB alone, cavitation on
baseline CXR, sputum AFB culture status at 2 months of treat-
ment, mode of treatment delivery, or duration of TB treatment.

Reinfection Cases

There was no statistically significant difference between reinfec-
tion cases and controls in terms of age, sex, ethnicity, presence
of DM or HIV, concomitant PTB and extrapulmonary disease,
extrapulmonary disease alone, bacteriological burden (smear
and cavitary status), sputum AFB culture status at 2 months of
treatment, mode of treatment delivery, or duration of TB treat-
ment (Table 4).
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Table 2. Comparison Between Characteristics of Relapse and Reinfection Cases

Variable Relapse Cases (n = 28) Reinfection Cases (n = 21) PValue®
Age group, No. (%)
60y 20 (71.4) 15 (71.4) 1.000
>60y 8(28.6) 6 (28.6)
Sex, No. (%)
Female 7 (25) 5(23.8) 1.000
Male 21 (75) 16 (76.2)
Ethnic group, No. (%)
Malay 11 (39.3) 5 (23.8) .359
Non-Malay 17 (60.7) 16 (76.2)
Median time to disease recurrence, mo 22.0 49.00 .003
Infecting strain, No. (%)
Beijing 18 (64.3) 13 (61.9) 1.000
Non-Beijing 10 (35.7) 8(38.1)

?Pvalues comparing relapse and reinfection cases are from Fisher exact test for categorical variables and Mann-Whitney U test for the continuous variable.

Cases With PTB and Concomitant Extrapulmonary TB Disease in the
First Episode

Twenty-four patients with recurrent TB disease had PTB and con-
comitant extrapulmonary TB disease in their first disease episode.
A variety of extrapulmonary sites were involved, the most common
being the pleura (n = 14), followed by lymph node (n = 4), skel-
etal (n = 3), gastrointestinal (n = 2), larynx (n = 2), genitourinary
(n = 2), and central nervous system (CNS) (n = 1). Four patients
had 2 sites of extrapulmonary disease (Table 5). All but 1 of the 24
cases were sputum culture-positive in their first disease episode.
Of these, all but 1 had pan-sensitive MTC grown in their sputum.
Those with CNS or skeletal TB received treatment of appropriate
duration. The majority (67%) had recurrent disease confined to
the lungs. Fifteen cases had available DNA fingerprinting results
for both episodes; of these, 10 were relapse cases (3 were HIV
coinfected, 1 of whom relapsed with rifampicin-resistant disease);
5 were reinfection cases (1 was HIV coinfected, who had isoni-
azid resistance in the first disease episode and was reinfected with
a pan-sensitive strain).

Acquisition of Drug Resistance

None of the 91 patients with recurrent TB had multidrug-
resistant TB (ie, strains resistant to at least rifampicin and iso-
niazid) in their first or recurrent disease episodes. Six cases
had new drug-resistant recurrent episodes, of whom 4 had
available MIRU and spoligotyping results for both disease epi-
sodes (Figure 1). All 6 cases had pan-sensitive TB in their first
episode: 2 HIV-coinfected patients relapsed with rifampicin-
monoresistant TB, 1 patient relapsed with isoniazid-resistant TB,
and 1 patient was reinfected with an isoniazid-resistant strain,
whereas the remaining 2 patients with isoniazid-monoresistant
recurrent TB disease (1 of whom was HIV coinfected) did not
have available DNA fingerprinting results for both episodes.
Three cases had streptomycin-monoresistant TB for both first
and recurrent episodes—2 were relapse cases, while the third
case had no available DNA fingerprinting result.

All 3 patients who relapsed with acquired drug resistance did
not receive DOT and were not treated under the national TB
program for their first TB episode.

DISCUSSION

Our case-control analysis showed age >60 years, male sex,
Malay ethnicity, PTB with concomitant extrapulmonary TB,
and extrapulmonary TB alone in the first disease episode to
be significantly associated with recurrent TB disease. This in-
formation is useful to raise awareness as to the local epidemi-
ological risk groups for TB disease recurrence (whether due to
relapse or reinfection). Consistent with the TB literature, recur-
rent disease due to relapse occurred significantly earlier than
that from exogenous reinfection. The odds of disease relapse
were significantly higher in persons with PTB and concomitant
extrapulmonary disease, and with sputum AFB smear positivity
in the first episode. Our study did not identify any factors asso-
ciated with exogenous reinfection.

A key objective of TB treatment is to eradicate populations
of persisting bacilli to achieve durable cure (ie. to prevent
relapse). The risk of relapse arises when there is suboptimal
bacteriologic response to treatment of the first episode—this
may be due to high bacteriological burden, or treatment fac-
tors such as inappropriate regimens, poor adherence, or drug
pharmacokinetic/pharmacodynamic factors affecting ther-
apeutic drug levels in individual patients. Indicators of dis-
ease burden such as cavitation/extensive disease on CXR
and slower response to treatment as indicated by lack of
sputum culture conversion at 2 months of treatment, pres-
ence of cavity on end-of-treatment chest radiograph, and lack
of weight gain during the intensive phase of treatment have
been well shown to be associated with risk of relapse [10-15].
Our finding that baseline sputum AFB smear positivity was
significantly associated with relapse is not unexpected as this
is an indicator of high initial disease burden. The association

Recurrent TB Disease in Singapore « OFID « 5



‘}|nsaJ Jesws pue ‘alis g| ‘se1eqelp ‘dnoib oluyis 1o} paisnipy,

‘sisojnoseqgny ‘gl

‘Adesay paisisiuiwpe-j|es ‘1S ‘sisojnotagnl Aseuow|nd ‘g d ‘0.l Sppo ‘YO ‘snuia Aousiolepounwiudl uewiny ‘A|H ‘Adeisyl paaiesqo Ajpoasuip 10Q ‘ydeiboipel 1sayo ‘g4xD {[eAI81uUl 82UspIu0d ‘| ‘Ollel SPPO paisnipe ‘YOe !Ij[I0.eq 1Sej-pIo. ‘g-y :SUORIASIqqY

€99 (69°C-LL) ¥L°0 (€vL)8 (LoL) e umoudun
8€9° (66°C-CL)0L°0 (oL 9 ({¥AR4 SOA
(eouslsjal) 00°L (0°62) ¢v (128 €C ON
Juswieal} o aseyd UOIIBNUIIUOD JO UOISUSIX]
8L’ (£12-¥€) 980 (€%9) 9¢ (£°09) LL 10a
(92usJsial) 00'L (£°5¢€) 0T (€68 LL 1vs
apowl AlaAljep 1uswiesal|
6Le (L6'C-€0°) ¥€°0 (L'ze) sl (£°gg) oL umouun
90¢ (r1°¢—20’) 920 (L°99) LE (Lzs) 9L EEN
(eoualsjal) 00'L 8L (Lo e ON
JUsWieal} JO OUW Z 1B UOISIBAUOD 8In}nd wnindg
€466 (19'12-10°) 060 €66’ (£G7Z2-107) LL'L 8L (0010 duop JoN
[3%0) (0L'€1-9€L) S6°E 8¢0° (£L6'9-G0'L) ¥9'C (67Ch) T (619) 61 BAILISOd
(edusielal) 00'L (edusielal) 00'L (¥'G9) L (L'ze) 6 annebap
Jeows g4y wnindg
SL0 (10'9-¢6°) €€°C (8'92) Sl ('ov) €L S8A
(9dusislal) 00'L (el Ly (9°€9) Gl ON
HXD auleseq ul uasald uoneyAe)
€8L° (9272€-09) €6°€ 08¢ (¢6'02-€¥') 00°€ (9¢ ¢ ((YAR4 g1 Aleuow|ndeinx3y
100 (¢v'Tv—0972) vZ'6 €00 (6L76L-€81) €L°G (6'8) G (£°g¢) oL g1 Aleuowindenxe yum gl d
(eduslsjal) 00'L (edualsjal) 00'L (G18) 6 (LZg) 9L dld
eaus gl
99 (602-7€") 09'L ((YARY (oL e EEN
(9dusislal) 00'L (6°26) 25 (€'68) G¢ ON
uonosjul AlH
980" (91'1-60°) ¥€°0 eLg (G6L-¥C) LLO (9'82) 9L ¥'12) 9 S8A
(9dusisjal) 00'L (9dusisial) 00'L (7'LL) oF (9'84) 2C ON
Iljlow sa1aqelq
760 (8L'Ll-¢lL’) 8€'0 6Ll (9€°1-02) 250 (0°64) ¢v (£°09) LL Aeje|\-UON
(edualsjal) 00'L (eduslsjal) 00'L (092 vl (€'6€) LL AeleN
dnoJb oluyig
9L (ree=ev’) LL'L (r'LL) oF (064 LT S_IN
(9dusistal) 00'L (9'82) 9L (0'G2) £ dlewa4
PEN
6ve (69 7-LS") ¥9'L (96L) LL (9°82) 8 A Q9=
(9dualsjal) 00'L ('08) Gt (L) 02 A 09>
dnolb eby
eanjeAd (1D %56) Hoe SNeAd (1D %56) HO (%) "ON '(9G = u) sjoluo) (%) "ON '(8Z = u) sese) onsusoeIEYD

<|SPOIA B|geLBAINIA|

[9POIA BIqetieAlun

sase’) pasdejay 10} s10)01pald ajepipues jo soney sppo '€ ajqel

6 ¢ OFID « Ganetal



‘Adeiay) paJsisiuiwpe-}9s ‘1S ‘sisojnalaqni Aleuownd ‘g d ‘011 SPPO ‘YO ‘SNIIA Adusiolspounwiwl uewny ‘AlH ‘Adesayl paalasqo Apoaiip 10Q ‘ydeiboipes 1sayd ‘YxD {[BAISIUI 9dUBPILUOD ‘| ‘Ol1eI SPPO paisnipe ‘YOe

‘sa1aqelp pue Jepusb Joj paisnipy,
‘sisojnolseqgny ‘gl
eq 1SeJ-pIoe ‘g4y :SuolieineIqay

€99’ (76'€-90') 99°0 (G6) ¥ 8% L umoudun
289 (8L'6-v€) 9€'L (€vL)9 (06l v SOA
(eoualsjal) 00'L (¢'9L) ze (z'9L) 9L ON
JuswWieal} o aseyd UOIBNUIIUOD JO UOISUSIX]
8¢ (r8'%-99°) 09'L (8'%9) € (£799) L 10a
(9dusislal) 00'L (zgv) 6l (eee) L 1vsS
apowl AlaAljep uswiiesl|
69" (80£-¥0) ¢G'0 (1'8¢g) 9l (1'8¢g) 8 umouun
LGS (06°9-70') 6%7°0 (5'69) GC (Lzs) zL S8\
(eduslsjal) 00'L ol 8 1L ON
JusUieal} JO OUW Z 1B UOISIBAUOD 8In}nd wninds
Q€L (¢0'Z1-007) 850 el (000 8uop 10N
€9’ (9'2-0€’) §8°0 (9'69) GC (LZ9) ¢l OAINSOd
(9dusislal) 00'L (1'8¢g) 9l (6'Ch) 6 anieban
Jeaws g4y wnindg
8Ly (86'L-1C) £L9°0 (1'8¢g) 9l (9'82) 9 S8\
(edusistal) 00'L (6'19) 9¢ (7'LL) GL ON
YXD euljeseq ul Juasald uoneyae)
Laz (€qLL—Cl) Lyl (8% ¢ (8 L g1 Ateuowndenxg
egel’ (zlzl-cL)88C (g6 v (8'€2) g g1 Ateuowindenxe yum g1d
(e0ualsjal) 00'L (£°68) 9¢ (r'LL) GL dld
als gl
eeL (ev's-LT) 6C'L 61L) G €L e EEN
(9ousislal) 00'L (1'88) LE (£°98) 8L ON
uonosjul AIH
145 (89'9-9L) ¢cC orL’ (99'9-£17) €T'C (9'82) L (9zv) oL SBA
(9dusistal) 00'L (9dusistal) 00'L (7'LL) 0 (es) LL ON
Snijjew sa18qelq
LLY (0€Z2-8L°) €9°0 (e'€8) o€ (z'9L) 9L Aeje|\-UON
(eoualsjal) 00'L (L9L) L (8'€2) g Aejepy
dnoub oiuyig
60l (6€'8-¢8) 87'¢ soL” (re'8-€8') 67'¢C (8'%9) € (z'9) 9L 9eIN
(9dusislal) 00'L (9dusislal) 00'L (¢'gv) 6L (8'€e) G dlewa4
PEN
69¢ (¢£'9-89") 86°'L (L9l) L (9'82) 9 A Q9=
(eduslsjal) 00'L (€'€8) g€ (r'LL) GL A 09>
dnolb eby
anjeAd (1D %S6) 4o®e SNeAd (1D %G6) 4O (%) "ON ‘(g7 = u) sjoiuo) (%) ON onsusoeIEYD

/BP0 8|qeLBAIINA

[9POIA BIqeteAIun

(1z = u) sesen

S3se’ U01JI3UIAY 10} S10)21Pald ajepipue’ jo soiley SPpO ‘b a1qel

Recurrent TB Disease in Singapore « OFID « 7



Table 5. Sites of Disease in 24 Cases With Pulmonary Tuberculosis (TB) and Concomitant Extrapulmonary TB in Their First TB Episode

Sites of Disease

Duration of Treatment of First Episode, mo/

Sites of Disease

(First Episode) Mode of Treatment Delivery (Recurrent Episode) Remarks
Relapsed cases (ie, matching DNA fingerprints for both disease episodes), n = 10
1 PTB + pleura 9/DOT PTB
2 PTB + pleura 15/SAT with non-rifampicin-containing regimen PTB
3 PTB + larynx 6/DOT PTB
4 PTB + pleura 6/DOT PTB + Gl
5 PTB + larynx 6/DOT PTB
6 PTB + Gl 8.5/SAT PTB
7 PTB + pleura + LN 6/DOT PTB
8 PTB + skeletal 16/SAT PTB + LN (rifampicin- HIV-infected
resistant)
9 PTB + LN + GU 6/DOT CNS HIV-infected
10 PTB + CNS 12/SAT PTB + LN + CNS HIV-infected
Reinfection cases (ie, different DNA fingerprints for both disease episodes), n =5
1 PTB + pleura 12/SAT PTB
2 PTB + pleura + LN 6/DOT PTB
B PTB + pleura 6/DOT PTB
4 PTB + pleura 6/DOT PTB
B PTB + pleura + LN 9/DOT PTB (pan-sensitive) HIV-infected

(isoniazid-resistant)
Cases without DNA fingerprint results for both disease episodes, n = 9

1 PTB + pleura 6/DOT PTB

2 PTB + GU 10/DOT PTB

3 PTB + pleura 18/DOT with non-rifampicin-containing regimen PTB + eye
4 PTB + skeletal 9/DQT in institutional setting PTB + Gl
5 PTB + skeletal 10/SAT Skeletal

6 PTB + Gl 12/SAT PTB

7 PTB + pleura 6/DOT PTB

8 PTB + pleura 7/DOT PTB

9 PTB + pleura 9/SAT Pleura

Abbreviations: CNS, central nervous system; DOT, directly observed therapy; Gl, gastrointestinal; GU, genitourinary; LN, lymph node; PTB, pulmonary tuberculosis; SAT, self-administered

therapy.

of concomitant extrapulmonary TB and PTB with risk of re-
lapse was reported by a study in Hong Kong in 2004 (Chang
et al [16]). Their study, however, did not have the benefit of
genotyping to distinguish between true relapse and exoge-
nous reinfection cases. The predominant extrapulmonary site
in their patients was the lymph node (mainly cervical), fol-
lowed by the pleura. All 12 of their patients with coexisting
lymph node TB relapsed with lymph node disease (2 with
concomitant PTB in their relapse episode). Only 9 of their 22
cases with concomitant extrapulmonary and PTB had positive
sputum cultures. Our finding of a significant association of
concomitant extrapulmonary TB and PTB with relapse high-
lights this previously underappreciated risk group for relapse.
Of note, the extrapulmonary disease sites in our patients were
wide-ranging. As persons with multisite TB disease presum-
ably have higher bacterial burden, this association is biolog-
ically plausible. Interestingly, unlike the experience of Chang
et al, the majority (67%) of our patients relapsed with pulmo-
nary TB only.

Current international guidelines recommend extending
the continuation phase of the standard 6-month short-course
therapy by 3 months (ie, a total of 9 months of treatment) in
persons with cavitation on their baseline CXR who have pos-
itive cultures at 2 months of treatment [17]. Other factors to
consider in the decision to prolong treatment in patients with
either baseline CXR cavitation or positive culture at 2 months
(but not both) are being >10% below ideal body weight, being
an active smoker, having DM, HIV coinfection or any other
immunosuppressing condition, or having extensive disease on
CXR [17]. Pertaining to extrapulmonary disease, these guide-
lines recommend extension of treatment duration only for CNS
and skeletal TB. That our study found no association of relapse
risk with cavitation on baseline CXR or sputum AFB culture at
2 months of treatment may have been influenced by the prac-
tice in the TB Control Unit of routinely extending the treatment
continuation phase for persons with these factors. Our finding
that persons with concomitant PTB and extrapulmonary dis-
ease involving a variety of extrapulmonary sites are at risk of
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relapse may suggest the need for extending treatment in these
patients, regardless of the site of extrapulmonary disease.

DNA fingerprinting has shed light on the relative contribution
of relapse (57%) vs reinfection (43%) to the burden of recurrent
TB in Singapore. The risk of exogenous reinfection is influenced
by the prevalence and transmission of TB in the community
and host immunological factors. That exogenous reinfection
accounted for almost half of the recurrent TB cases may not
be surprising as Singapore is a densely populated, intermediate-
TB-incidence (albeit low-HIV-incidence) country. The rate of
relapsed culture-positive TB in Singapore was reassuringly low
during the study period. We believe that this is testimony to
the effectiveness of the Singapore TB Elimination Programme
(STEP), which has, since 1998, utilized in-person DOT (daily
during the intensive phase and thrice weekly in the continu-
ation phase) at the patients’ nearest public health care clinic
for the majority of the country’s TB cases [18, 19]. The STEP
Treatment Surveillance Module, which actively tracks all TB
cases in Singapore until their final outcome, has also served to
ensure high treatment completion rates nationally [20].

It is noteworthy that all 3 patients who relapsed with acquired
drug-resistant disease were not treated under the national TB
program and did not receive DOT during their first TB ep-
isode. Two were HIV coinfected at the time of their first TB
episode. This observation is consistent with the established fact
that HIV-coinfected TB patients are at high risk for acquisition
of drug (particularly rifampicin) resistance and underscores
the vital role of DOT in these persons to achieve best treatment
outcomes [21]. Also noteworthy was that, contrary to World
Health Organization 2017 recommendations, the use of inter-
mittent dosing (ie, thrice-weekly DOT) in the treatment con-
tinuation phase by our national TB program did not diminish
its effectiveness as evidenced by our low relapse rate [22]. This
attests to the quality of in-person DOT administered by our
program through the years.

A strength of our study was the complete capture of all
MTC culture-positive cases in Singapore. A study limitation
was the lack of MIRU-VNTR and spoligotyping results for
both disease episodes in 46% of the cohort, resulting in a small
sample size for analysis. However, we believe that these cases
were representative of the cohort as there was no difference in
characteristics between those with and without available DNA
fingerprinting results for both disease episodes. The unavaila-
bility of whole genome sequencing to more definitively exclude
reinfection for our cases with the same DNA fingerprints for
both disease episodes was another study limitation. Although
MIRU-VNTR and spoligotyping have been used successfully
in Northern European countries to distinguish reinfection and
relapse [23, 24], it has been shown that these methods lack dis-
criminatory power for strains of non-Euro-American lineage
[25, 26]. The Beijing family strain and the East African-Indian
strain account for 47% and 24%, respectively, of the strains in

the country [27]. Another study limitation was the lack of data
on pharmacodynamic factors such as therapeutic rifampicin
levels and N-acetyltransferase type 2 status (which are not per-
formed in routine clinical practice) of our study population,
which could potentially influence treatment outcomes [28, 29].
Socioeconomic and lifestyle factors, which may be important
determinants of risk for exogenous reinfection, were also not
captured and analyzed in this study.

In conclusion, our study provides insights into recurrent TB
disease in Singapore and its associated risk factors. We believe
our finding of a significant association of concomitant PTB and
extrapulmonary TB with relapse has identified a risk group for
which measures to mitigate this outcome may be considered.
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