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Background. The incidence of nontuberculous mycobacterial (NTM) infections is increasing worldwide, particularly NTM
lymphadenitis and skin infections (Buruli ulcer). This review summarizes the evidence for the protective effectiveness of BCG vac-
cination against NTM disease.

Methods. A systematic search using PRISMA guidelines was done for controlled studies investigating the protective effective-
ness of BCG vaccination against NTM disease in immunocompetent individuals. This revealed 10 studies, including almost 12
million participants.

Results. 'Three cohort studies in industrialized countries suggest that the incidence of NTM lymphadenitis is greatly reduced
among BCG-vaccinated children compared with BCG-unvaccinated children, with a risk ratio (RR) of 0.04 (95% confidence inter-
val [CI], .01-.21). In two randomized trials in low-income countries, BCG protected against Buruli ulcer for the first 12 months
following vaccination (RR, 0.50 [95% CI, .37-.69]). Four case-control studies had conflicting results. One cohort study found that
individuals with Buruli ulcer are less likely to develop osteomyelitis if they have a BCG scar (RR, 0.36 [95% CI, .22-.58]). No studies
have compared different BCG vaccine strains or the effect of revaccination in this setting.

Conclusions. 'The protective effect of BCG vaccination against NTM should be taken into consideration when deciding on rec-
ommendations for discontinuation of universal BCG vaccination programs and in assessing new vaccines designed to replace BCG.

Keywords. NTM; atypical; lymphadenitis; Buruli ulcer; M. ulcerans.

Nontuberculous mycobacteria (NTM) are ubiquitous, being
found in water, soil, and animals. Although >170 species have
been identified, the majority of human NTM disease is caused
by <20 species [1]. In immunocompetent children, NTM most
frequently cause cervicofacial lymphadenitis or skin and soft
tissue infections. The commonest NTM skin infection world-
wide is Buruli ulcer, a chronic, progressive skin lesion caused
by Mycobacterium ulcerans. Untreated, the ulcer can progress to
osteomyelitis and lead to permanent bone destruction.
Although not a notifiable disease, the incidence of NTM
lymphadenitis in industrialized countries is reported to
be between 0.6 and 2.2 cases per 100000 children per year
[2-4], with the highest incidence in children <4 years of age.
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Epidemiological studies in developing countries are lacking.
Buruli ulcer has been reported in 33 countries, and 15 coun-
tries regularly provide data to the World Health Organization
(WHO) [5]. The incidence in Africa is estimated to be between
21 and 320 cases per 100000 per year [6, 7] in Australia, at 1
case per 100000 per year [5, 8], and in Japan at 0.005 cases
per 100000 per year. In Africa, about half of the cases occur
in children <15 years of age, whereas in Australia and Japan
approximately 15% of cases occur in this age group [5].

Over the past few decades, the reported incidence of NTM
lymphadenitis, as well as Buruli ulcer, has been increasing [6,
7, 9-12]. This might be attributable partly to improved aware-
ness, enhanced reporting, and better diagnostic methods, but
it is also possible that the apparent increase is related to the
discontinuation of BCG vaccination programs in industrial-
ized countries. As BCG vaccine is a live attenuated strain of
Mpycobacterium bovis that shares epitopes with NTM, it is plau-
sible that it provides specific cross-protection against NTM
disease. This review and meta-analysis summarizes studies that
have investigated the protective effectiveness of BCG vaccina-
tion against NTM disease in immunocompetent children and
adults.

BCG Vaccination Against NTM Infection « JID 2018:218 (1 September) « 679


mailto:petra.zimmermann@mcri.edu.au?subject=

‘uonoeal uleyo aselawAjod Jo 81Ny nd Age

"ollel SlI 'Yy ![eli] PO]0JIU0D PAZILIOPUEL ‘| DY {[EAIS1UI SOUSPIHUOD ‘| SUOIEIASIGAY

(LZ'1-0G7) 1D %S6 8470 ‘YY :Apnis Jo Lied |0J1u02-9seD 8All0adsolley
epoWLIIIU0D AlOlRIOge| B18M SBSED ON
(LO" > d) SUOIS®| UP{S JBJ[BWS PeY S|enpIAIpUl P}eUIDOBA-D)]

(S0 > d) uon
-BUIDOBA 910J80 WIW > JO SUOIORaI UlNdJagn) Yum siuedionied ul Ajuo A108101d e

(oW Z| 18414 Ul 8AIN08104d 9% EQ) UOIIRUIODRA Ja)Je JeaA 1Si1j 8] Ul AJuO SeM UOI108101d e gty ABojoisiy (AgL> %8t) epuebn
(10" > d) %L se paniodas a1el uoios10id |[eJoAD o (LL—VE) (%2) (%1) ‘001 [edud QL) sinpe ‘7L61-0L61
J99|Nn 1ining 4O 3SH 8y} pedoNpal UONBUIDOEA 5§D LG'0 ¥9£2/99 SLLTlve OXe|9 H04d 89N ining 104 pue uaipjiyy [0Z] |8 18 ynwis

BPAWLIJUOD AJOIRIOCE| 819M S8SED JO %81 e

paleulooeA HOg asoyl Ul ow £-z Ag paAejep sem swoldwAs o 18suQ e

(0" = d) Seale 90U8PIOUI-MO| Ul %1/ ‘sBumes eousplou-ybly Ul %8| Uonoalold e L€ 81N no
(oW 9 1811} Ul 8A1108104d 9 Z/) UONBUIOORA Jalje JeaA 1Sl 8Ul ul AjUO SeMm UO0I108]101d e ‘£9 ABojoisiy (AGL> 9% 1g) epuebn
(00" = d) %Lv se pariodal a1ei uonoaloud [[19AQ e (28'-0€) (%L) (%€) ‘G9 [eoluljo QL) Sinpe '8961-L961
J99d|n 1ning 4O %Sl 8y} pedNpal UoeulddeA Hog 617°0 2ol 909/1C OXe|9 HOg 99In {ining 104 pue uaipjiyy [6L] 10 Asjpeig
SIUBWIWOY) pue sbulpulq Asy| (1D %G6)  PpeleuIdO_AUN  PBLRUIDDBA ulens (s1uedioned Jo Jaquinp) (eousping siuedioiued uo11eo0
ohey sty -904d -90d SUIdoBA spoyia| onsoubelq 40 [8n&7) jo aby ‘poliad Apnms
pue awooINQ adAl Apnis [eouaiajey] Apnis
sose) JO 'ON

139|() 1jnang isuteby uoneuldaep D9g Jo 199j3 3ANaaj0id ays uo Huioday sjen] pajjonuos paziwopuey °z ajqel

“el1810eq02AW dlusBowoIyouoU ‘BulMmoIB-MO|s ‘padAIUON,

‘uonoeal uleyd esesawAjod Jo 81nyno Agq

'SISOIN2.18qNI WNLIB1oEqOIAA UM SUOND8UI 8|qIssod 9—Z Sepn[oul.

“B1I910BCODAW SNOJNDISGNIUOU ‘|| LN ‘X8|dW0D 818/Njj@oeul-WniAe WniL81oeqodA)N "DYIA ‘[BAISIUI 8OUSPIUOD ‘|0 :SUOHEIASIGGY

PI0D81 UOIBUIDOBA AQ pauIlLIS1ep SNIELS SUIDJBA e
| seus] ‘Y | isesuey ‘L wnire ‘N 'z idousx N 'z
wnyinoy "W\ 'S eeuojay ‘) ‘v 8|qeadAluou ‘i o||| uoAuny ‘v
winaoe|njolos "I\ ' WNULIBW “|A ‘St 8susowjew “ 'L Z€ DVIN
gPBULILUO0D AJO1RIOCE| 819M SBSED JO %001

Jlewusg H)g

£8€ PBWLIFUOD SIN}ND

(4]
Apnis

| BIPaW S0 ‘g uonosjul Jeinon 0661-8L61 ‘£8€ |edlulo HOYo9 peseq-uoie| uspsms
-Ie0S)S0 ‘G UOIII8JUI UIYS ‘B/E UONIBUI SNSSI YOS/SiHuspeydwA] (80'—20) ‘uspams 909 :uoinosjul -ndod aAi3oadsold AgL> '0661—6961
uonodUl INLLN 4O 3SH 8y} pednpal uolieulddes Hog 70'0 869691 L/6LE 662608/8 8/61-6961 INLN Aleuowindenx3 pue aAndadsolay uaipjiyo [9L] e 18 snuewoy
¥ 81N} No
10081 UOIBUIDOBA AQ PaUILLISIOP SN1E]S SUIDOBA e Gl 1s8) upyjs (02)
| [eunselpaw sn|d [eDIAJD ‘Z [RUNISBIPAW ‘7 [EOIAID)) e ',.Z ABojoisiy Apnis oligndey yoez)
gPBWLILU0D AlOlRIOR| 818M S8SED JO %Gl &  (80™—00) !/Z |edluno 110402 paseq-uolie| '©661-9861
sijuapeydwA| DA 4O 3sli 8yl padNpal UoleulddeA HOg 000 v/8061/L¢ £809v./0 eissny 909 ‘siHuspeydwAT -ndod ennoedsold usIp|IyD [£1] 1830 eIl
|PJ0281 UONBUIDOBA AQ POUILLISIOP SNIB)S SUIDOEA o Ll 21nyndo
g esusowjew ‘W '6 JVIN o oxe|H 904 ‘0L ¥s831 upjs (02)
gPBWLIU0D AIO1RIOCE| 819M SBSED JO %GE e 9861-8/61 ‘1 ABojoisiy Apnis puejui4
abe Jo A p—| 1e uonoaloid 1saybiH o (L€-90') ‘uspams 904 ‘L€ [eoluljo HOYoo paseq-uoie| '9861-LL61L
UoRJISIUL LN 4O XSH 8y} poONPaL UOREUIDOBA HOY §L'0 00000€/e9 £€€€€€8/.GC LL6L 'siyuspeydwA -ndod sAijoadsoney usaipiiyo [8L] e 18 Eley
painyn) se10adsg |ALN Buipnjou| (1D %S6) pajeuIdORAUN pa)euIooen ulens (syuedionJed jo Jaquin) (@0ouspIng sjuedionied uolesoT
SusWWO)) pue sbuipui4 Aoy oney sty -909 -009 BUIDOBA spoyis|A onsoubelq JO |enaT) 10 aby ‘poliad Apms
pue swooINQ adA| Apnig [eoualaey] Apms

sase) Jo 'ON

«S311UN0Y pazijewsnpuj ui spuapeydwA] jed)oeqooah|y snojnasagmuoy Jsurely uoneuisaen §ag Jo 1933 an1a3)0.d ay) uo bupoday saipms

‘L alqel

218 (1 September) ¢ Zimmermann et al

680 « JID 2018



METHODS

A systematic search was done according to PRISMA (Preferred
Reporting Items for Systematic Reviews and Meta-Analyses)
guidelines [13] for studies investigating the protective effective-
ness of BCG vaccination against NTM disease. In April 2017,
Medline (1946 to present) and Embase (1947 to present) were
searched using the Ovid interface with the following search
terms: (nontuberculous OR non-tuberculous OR NTM OR
atypical mycobacteria OR environmental mycobacteria OR
Buruli ulcer OR Mpycobacterium avium OR Mycobacterium
ulcerans OR Mycobacterium avium-intracellulare) AND (BCG
vaccin* OR Mpycobacterium bovis) without language limita-
tions. The references of identified articles were hand-searched
for further studies. The following variables were extracted from
the included studies: year of study, country, study design, num-
ber of participants, age of participants, BCG vaccination status,
BCG vaccine strain, NTM disease, diagnostic methods, and key
findings. Review Manager (version 5.3) was used for calcula-
tion of risk ratios, odds ratios, and the meta-analyses. Diversity
in study design and reporting, which might result in selection
and reporting bias, precluded quality evaluation according to
the PRISMA guidelines. The ROBINS-1 tool [14] was used to
assess risk of bias.

RESULTS

The literature searches yielded 812 articles relating to NTM and
1543 articles relating to Buruli ulcer. Of these, 10 fulfilled the
inclusion criteria of controlled studies investigating the pro-
tective effectiveness of BCG vaccination against NTM disease
in immunocompetent individuals. One study was excluded
because it included the same patients as one of the other iden-
tified studies [15].

NTM Lymphadenitis in Industrialized Countries

Three studies from industrialized countries, all population-based
cohort studies, compared the incidence of NTM lymphadenitis
in a total of 9888719 BCG-vaccinated children with 1960572
non-BCG-vaccinated children. Of these children, 445 were diag-
nosed with NTM disease. All three studies reported a greatly
reduced incidence of NTM lymphadenitis in BCG-vaccinated

compared to BCG-unvaccinated children; the overall risk ratio
(RR) was 0.04 (95% confidence interval [CI], .01-.21]) (Table 1
and Figure 1). The number needed to treat (NNT) calculated
from the three cohort studies was 4835 (95% CI, 4403-5362).

A nationwide surveillance study in Sweden, done after dis-
continuation of routine neonatal BCG vaccination, reported 387
children with confirmed extrapulmonary NTM disease (83%
with Mycobacterium avium-intracellulare complex [MAC], 97%
presenting with lymphadenitis) over a period of 22 years. Only
nine of the 390 children had received BCG vaccine (0.02%).
The cumulative incidence rate of NTM infection was 5.9 per
100000 in BCG-vaccinated children aged <5 years and 26.8 per
100000 in BCG-unvaccinated children [16]. Similarly, a study
from the Czech Republic after discontinuation of routine BCG
vaccination, in which children were screened for NTM disease
by skin test, reported 27 cases of MAC lymphadenitis over a
period of 6 years. All the cases occurred in BCG-unvaccinated
children with an incidence of NTM lymphadenitis of 3.6 per
year per 100000 [17]. In Finland, during the period when BCG
vaccine was routinely administered to newborns, the incidence
of NTM lymphadenitis between 1 and 4 years of age was 0.3 per
100000 per year in BCG-vaccinated children and 1.5-2.5 per
year in BCG-unvaccinated children [18].

Buruli Ulcer

Six studies investigated the protective effectiveness of BCG
vaccination against Buruli ulcer, comparing the incidence in
6475 BCG-vaccinated adults and children with 13612 BCG-
unvaccinated adults and children. The strongest evidence
comes from two randomized controlled trials (RCTs) done in
Uganda (Table 2 and Figure 2A). These reported a considerably
lower incidence of Buruli ulcer in BCG-vaccinated compared
with BCG-unvaccinated participants, with an RR of 0.50 (95%
CI, .37-.69). The NNT calculated from the three cohort stud-
ies was 4835 (95% CI, 4403-5362). Protection following BCG
vaccination was higher in low-incidence than in high-incidence
settings (74% vs 18%; P = .03) [19] and was only short-term
(within the first year after vaccination), with an overall reduc-
tion of Buruli ulcer of 47% (P < .01) [19, 20]. In one of these
studies, BCG-vaccinated individuals had smaller skin lesions
compared with unvaccinated individuals [20].

BCC No BCC Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI _ Year M-H, Random, 95% CI
Katila et al, Finland 25 8333333 6 300000  39.7% 0.15 [.06, .37] 1987 —m—
Trnka et al, Czech Republic 0 746087 27 190874  18.5% 0.00 [.00,.08] 1994 —&—
Romanus et al, Sweden 8 809299 379 1469698  41.8% 0.04 [.02,.08] 1995 ——
Total (95% CI) 9888719 1960572 100.0% 0.04 [.01, .21] i
Total events 33 412
Heterogeneity: Tau® = 1.40; Chi” = 11.36, df= 2 (P=.003); I’ = 82% t t t t
0.002 0.1 1 10 500

Test for overall effect: Z = 3.90 (P < .0001)

Figure 1.
Cl, confidence interval; M—H, Mantel-Haenszel.

Favors BCG Favors control

Comparison of incidence of nontuberculous lymphadenitis infection in BCG-vaccinated and BCG-unvaccinated children in industrialized countries. Abbreviations:
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Four case-control studies (two from Benin, one from Ghana,
and one from the Congo, Ghana, and Togo) investigated the
protective effectiveness of BCG against Buruli ulcer (Table 3).
Two studies suggest a reduced risk of Buruli ulcer in BCG-
vaccinated individuals [21, 22], and two suggest no benefit [23,
24]; when the results of all four case-control studies are com-
bined, there is no evidence of a protective effect of BCG (odds
ratio, 1.34 [95% CI, .19-1.51]) (Figure 2B) [21, 22, 25-27].

Osteomyelitis

One cohort study from Benin compared the incidence of
osteomyelitis in patients with Buruli ulcer in 304 BCG-
vaccinated adults and children with the incidence in 68 BCG-
unvaccinated adults and children (Table 4 and Figure 3).
This showed that BCG vaccination protected against the
development of osteomyelitis in patients with Buruli ulcer
(RR, 0.36 [95% CI, .22-.58]) [23]. However, the study did not
specify how many cases were laboratory confirmed; there-
fore, inclusion of osteomyelitis caused by pathogens other
than NTM might have led to an overestimate of the rate of
protection.

DISCUSSION

The protective effectiveness of BCG vaccination against
Mycobacterium tuberculosis and Mycobacterium leprae is well
recognized [24, 28]. There is also evidence that infection with
NTM might confer protection against M. tuberculosis infection
or interact with the effectiveness of BCG vaccination [29-31].
In contrast, whether BCG vaccination protects against NTM
infections has been controversial.

Our review found strong evidence from large European
surveillance studies that BCG vaccination protects against
NTM lymphadenitis in children. The rate of NTM infections
in Finland, when there was universal neonatal BCG vaccina-
tion, was 30 times lower than the rate in Sweden, which did
not have universal neonatal BCG vaccination, despite both
countries having similar environmental and epidemiological
characteristics [18]. In addition, in the Czech Republic and
in Sweden, a sharp increase in NTM infection in children was
observed after stopping universal neonatal BCG vaccination
(16, 17].

For Buruli ulcer, there is strong evidence from two RCTs for a
protective effect of BCG vaccination in the first year after the vac-
cination [19, 20]. The results of the case-control studies are diffi-
cult to interpret given their disparate findings. Furthermore, it is
important to consider that the RCTs estimated the effectiveness
of BCG vaccine under the optimal storage, handling, and admin-
istration conditions of a clinical trial [19, 20], while this was not
necessarily the case in the case-control studies [21, 22, 25, 27].
In addition to the study included in our review, which reports
smaller skin lesions in patients with Buruli ulcer who have
previously received a BCG vaccine [20], another study (not
included in this review because the BCG vaccination status was
not reported in the control group) reported a shorter duration
to healing [26]. A further study (not included due to incomplete
data) suggested that BCG vaccination protects against severe
forms of Buruli ulcer with multiple skin lesions [32]. In addition
to the evidence from the study included in our review [23], this
study also indicates that BCG vaccination might protect patients
with Buruli ulcer from progression to NTM osteomyelitis [32] .

A
BCC No BCC Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI  Year M-H, Random, 95% CI
Bradley et al, Uganda 21 606 44 624 39.5% 0.49 [.30, .82] 1969 ——
Smith ct al, Uganda 34 2775 66 2764  60.5% 0.51 [.34,.77) 1976 -
Total (95% CI) 3381 3388 100.0% 0.50 [.37, .69] <&
Total events 55 110
Heterogeneity: Tau? = .00; Chi? = .02, df= 1 (P=.90); I> = 0% ' t t 1
Test for overall effect: Z = 4.20 (P < .0001) 0.01 0.1 1 10 100
Favors BCG  Favors control
B . .
BCC No BCC Risk Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI Year M-H, Fixed, 95% CI
Ragunathan et al, Ghana 63 119 53 113 5.4% 1.27 [.76,2.13] 2005 T
Nackers et al, Benin 180 279 664 988  22.0% 0.89 [.67, 1.17] 2006 -
Debacker et al, Benin 1127 1907 326 817  39.5% 2.18 [1.84,2.57] 2006 =
Phillips et al, Congo, Ghana, Togo 226 775 175 452 33.1% 0.65 [.51,.83] 2015 -
Total (95% CI) 3080 2370 100.0% 1.34 [1.19, 1.51] ¢
Total events 1596 1218
Heterogencity: Chi® = 74.15; df = 3 (P < .00001), I? = 96% ' t t 1
0.01 0.1 1 10 100

Test for overall effect: Z = 4.81 (P <.00001)

Figure 2.
Abbreviations: Cl, confidence interval; M—H, Mantel-Haenszel.

Favors BCG

Favors control

Comparison of incidence of Buruli ulcer in BCG-vaccinated and BCG-unvaccinated participants in randomized controlled trials (4) and case-control studies (B).
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Notably, all but one of the studies reporting on the protective
effect of BCG vaccination against Buruli ulcer assessed BCG
vaccinations status only by the presence of a scar. Determining
BCG vaccination status by the presence of a scar has a sensitiv-
ity of between 55% and 97% [33-35] and therefore its use may
underestimate BCG vaccine effectiveness in comparative stud-
ies. However, the presence of a scar does not predict protection
against tuberculosis [36, 37], and failure to develop a BCG scar
might be an indication of poor vaccination technique [38]. As
this might also be the case for NTM disease, using the presence
of a scar rather than administration of BCG could, on the con-
trary, also overestimate protection.

There is some evidence to suggest that vaccine strain and
genotype influence the protective effectiveness of BCG against
M. tuberculosis [39-41]. It is therefore plausible that there is
variation between different BCG strains in their protective
effectiveness against NTM disease. The vaccine strains used in
the studies included in this review varied considerably, preclud-
ing meaningful analysis.

A trial that included 121020 people in Malawi showed
that revaccination with BCG approximately halved the risk
of leprosy compared with a single BCG vaccination, even
though it did not protect against pulmonary tuberculosis
[42]. It would be of interest to determine whether revaccina-
tion with BCG increases the strength or duration of protec-
tion against NTM.

A number of animal studies support the notion that BCG
vaccination protects against NTM infection. Mice, rabbits, and
guinea pigs vaccinated intracutaneously with BCG Dubos II are
protected against M. avium administered intravenously [43].
Mice vaccinated with BCG Pasteur or Glaxo subcutaneously,
intravenously or through the aerogenic route are protected
against aerogenic infection with M. avium and Mycobacterium
kansaii, but not against Mycobacterium simiae or Mycobacterium
intracellulare [44, 45]. One study in mice found that the effec-
tiveness of BCG vaccination against NTM infection varies
according to differences in host conditions and different strains
of M. ulcerans [46].

Recent trials have investigated the possibility of developing
vaccines with greater effectiveness against NTM. The mycobac-
terial antigen 85A has 85% amino acid sequence similarity in

M. ulcerans and M. bovis. A DNA vaccine encoding this antigen
protects mice against Buruli ulcer [47]. This vaccine has been
further developed, combining antigen 85A from Mycobacterium
smegmatis with BCG in a live-recombinant vaccine, and pro-
tects mice against Buruli ulcer [48]. A single immunization with
a plasmid expressing the BCG antigen DNA-35 protects mice
against infection with M. avium [49].

The strengths of this review are the comprehensive litera-
ture search, the clearly defined inclusion criteria, and the use of
meta-analysis to assess results from multiple studies. The main
limitations are the heterogeneity between studies in design,
including the use of different BCG strains. Further limitations
are potential differences between the groups who received and
did not receive BCG vaccine, such as epidemiological factors,
access to healthcare, and intensity of surveillance. Additionally,
the use of BCG scar to assess vaccination status in retrospective
studies and the inclusion of non-laboratory-confirmed cases of
NTM infection probably introduces bias. The risk of bias in the
studies is summarized in Table 5.

Opverall, our review and meta-analysis indicates that BCG vacci-
nation protects against NTM. It is likely that effectiveness of BCG
vaccination varies between different NTM diseases, populations,
age groups, and the BCG strain used to vaccinate. The increase in
incidence of NTM lymphadenitis in industrialized countries that
have discontinued universal BCG vaccination might therefore be
related to the loss of protection afforded by this vaccine.

Our review suggests that the protective effect of BCG vacci-
nation against NTM should be taken into consideration when
deciding on recommendations for discontinuation of univer-
sal BCG vaccination programs and in assessing new vaccines
designed to replace BCG. In deciding vaccine policy, the inci-
dence and the severity of the disease, as well as the NNT, are
important considerations. The NNT with BCG vaccine to pre-
vent one case of NTM lymphadenitis is probably unjustifiably
high when considered in isolation, as NTM lymphadenitis is
relatively rare and usually has a favorable outcome despite a fre-
quently long and troublesome course. In contrast, Buruli ulcer
is a serious condition with crippling sequelae and has been iden-
tified by the WHO as an emerging public health problem. The
potential importance of BCG vaccination for preventing Buruli
ulcer has been recognized in a recent WHO position paper [50].

BCC No BCC Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI Year M-H, Random, 95% CI
Portacls et al, Benin 34 304 21 68  100.0% 0.36 [.22,.58] 2004
Total (95% CI) 304 68 100.0% 0.36 [.22, .58] <@
Total events 34 21
Heterogeneity: Not applicable t t t t
Test for overall effect: Z = 4.18 (P < .0001) 0.02 0.1 1 10 50
Favors BCG  Favors control
Figure 3. Comparison of incidence of osteomyelitis in BCG-vaccinated and BCG-unvaccinated participants with Buruli ulcer. Abbreviations: Cl, confidence interval; M-H,

Mantel-Haenszel.
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Table 5. Summary of Risk of Bias in Studies Included in the Review

Selection  Misclassification  Performance Attrition Detection Reporting
Study, First Author [Reference] PublicationYear Study Type Confounding Bias Bias Bias Bias Bias Bias
Lymphadenitis
Katila [18] 1987 CS 3 3 3 4 2
Trnka [17] 1994 CS 1 2 4 8 5
Romanus [16] 1995 CS 4 1 2 3 3 5
Buruli ulcer
Bradley [19] 1969 RCT + - -
Smith [20] 1976 RCT - - - - -
Raghunathan [25] 2005 CCs 4 3 5 3 4 3 4
Debacker [27] 2006 CCS 5 4 5 3 5 3 4
Nackers [22] 2006 CCS 4 4 5 3 4 3 5
Phillips [21] 2015 CCcs 5 4 4 3 4 3 4
Mycobacterium ulcerans osteomyelitis
Portaels [23] 2004 CS 3 4 5 8 4 8 4
Scale: 1 = very low; 2 = low; 3 = moderate; 4 = high; 5 = very high.
Abbreviations: CCS, case-control study; CS, cohort study; RCT, randomized controlled trial.
Notes 6. Amofah G, Bonsu F, Tetteh C, et al. Buruli ulcer in Ghana:
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