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ABSTRACT ARTICLE HISTORY
Bacillus Calmette-Guérin (BCG) vaccine is still the only vaccine approved for the prevention of tuberculosis Received 6 August 2015
(TB), and is widely used in highly endemic countries, where all newborns receive a single intradermal dose Revised 20 September 2015
immediately after birth; however, the recommendations concerning its use in Europe vary widely from Accepted 5 October 2015
country to country. This document describes the recommendations of a group of Italian scientific societies KEYWORDS
concerning its pediatric use in ltaly, the persistence of the protection it provides, its safety, its interference BCG; children; prevention;
with tuberculin skin test (TST) responses, and the children who should be vaccinated. The experts tuberculosis; vaccination;
conclude that BCG vaccination provides a good level of protection against tuberculous meningitis and vaccine

disseminated forms, and a fair level of protection against pulmonary disease; the protective effective lasts

at least 10 years, and revaccination offers no advantages over a single administration. The vaccine is safe

in immunocompetent subjects, and affects the response to a TST for at least 6 y On the basis of these

observations, we recommend its use in Italy in all TST-negative immunocompetent newborns and

breastfeeding infants aged <6 months, and all TST-negative children aged between 6 months and 5 y

who come from highly epidemic areas, or whose parents come from highly endemic areas, or who have

been in contact with a family member with active TB without contracting the disease themselves.

Introduction
Bacillus Calmette-Guérin (BCG) vaccine, which was first

Tuberculosis (TB) is a significant disease for pediatricians administered orally to a child in 1921, is still the only vaccine
due to various diagnostic and therapeutic problems.' Its approved for the prevention of TB. It is prepared from an
prevention is therefore highly important in epidemiological attenuated live strain of Mycobacterium bovis that first obtained
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passages carried out over a period of 13 years;” it was then dis-
tributed and cultivated throughout the world, and used by vari-
ous laboratories to produce the vaccine. This led to the
emergence of genetic and antigenic differences among the mar-
keted strains,” which gave rise to concerns about the safety and
efficacy of the different vaccines.*”

BCG vaccine is widely used in countries in which TB is
highly endemic, and where all newborns receive a single intra-
dermal dose immediately after birth or later in infancy.®® It is
estimated that it has so far been administered more than 4 bil-
lion times, and that 120 million children are vaccinated every
year.” However, the recommendations concerning its use in
Europe vary widely from country to country:'® 12 (Austria, Bel-
gium, the Czech Republic, Denmark, Germany, Iceland, Italy,
Liechtenstein, Luxembourg, the Netherlands, Slovakia, and
Spain) do not include it in their normal vaccination schedules;
11 recommend its use in all newborns at the time of birth (Bul-
garia, Croatia, Estonia, Greece, Hungary, Ireland, Latvia, Lith-
uania, Poland, Portugal, and Romania), and the remaining 8
(Cyprus, Finland, France, Malta, Norway, Slovenia, Sweden,
and the United Kingdom) recommend it only for certain cate-
gories of children considered at risk, mainly the children of
parents coming from countries in which TB is endemic and
those with a case of TB in their families. However, considering
TB mortality and mobility of children and adults with TB
between countries, BCG vaccination strategies in Europe
should be modified and a unique schedule should be
implemented.

This document describes the recommendations of a group of
Italian scientific societies concerning the pediatric use of BCG
vaccine in Italy, the persistence of the protection it provides, its
safety, its interference with tuberculin skin test (TST)
responses, and the children who should be vaccinated.

Methodology

The recommendations were drawn up using the Consensus
Conference method and following the National Institutes of
Health Guidelines and Italian National Guidelines Programme

Table 1. Quality of evidence and strength of recommendation.

Quality of
evidence

| Evidence from more than one properely designed,
randomized, controlled study and/or systematic review
of randomized studies

Il Evidence from one properely designed, randomized,
controled study

1] Evidence from cohort studies or their meta-analysis

[\ Evidence from retrospective case-controlled studies or
their meta-analysis

Vv Evidence from case series without control group

VI Evidence from opinions of respected authorities, based

on clinical experience

Strenght of recommendation

A The panel strongly supports a recommendation for use

B The panel moderately supports a recommendation for
use

C The panel marginally supports a recommendation for

use
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(Table 1)."'"'* Relevant publications in English were identified
by systematically reviewing MEDLINE and the Cochrane Data-
base of Systematic Reviews from their inception until 31
December 2014, using the key words “children[Title/Abstract]
OR pediatric[Title/Abstract] OR paediatric[Title/Abstract]
AND tuberculosis[Title/Abstract] AND vaccine[Title/Abstract]
OR vaccination[Title/Abstract] or BCG[Title/Abstract] AND
English[lang]).” The Working Group agreed on a list of clinical
problems related to the prevention of TB by means of vaccina-
tion. The evidence review procedures focused on patients aged
0-18 years, and included section-specific targeted searches and
formal systematic reviews of selected topics. In addition, the
clinical recommendations made in the updated, relevant inter-
national guidelines were reviewed and critically compared in
the case of debated issues, and all of the data were included in
tables of evidence for each topic.

Trained personnel critically appraised the acquired litera-
ture using the Scottish Intercollegiate Guidelines Network
methodological checklists'> and, subsequently, the bib-
liographical material and a preliminary draft of the docu-
ment were provided to the panel members. During various
meetings, the published evidence was presented and dis-
cussed, and the Delphi method was used to reach a consen-
sus when the evidence did not provide consistent and
unambiguous recommendations.'” The final text was revised
on the basis of these discussions and submitted by e-mail
to the participants at the Consensus Conference for final
approval. The members of the multidisciplinary panel of
clinicians and experts in evidence-based medicine were
identified with the help of the participating scientific socie-
ties: it included experts in the fields of general pediatrics,
pediatric infectious diseases, neonatology, infectious dis-
eases, pneumology, microbiology, radiology and methodolo-
gists, and was coordinated by the Italian Society of
Pediatric Infectious Diseases (SITIP). No panel member
declared any conflict of interest concerning the guideline
topics. The panel met on 3 occasions, but many of the con-
sultations involved in developing the document took place
interactively by e-mail or telephone. External reviewers
from Italy as well as other European countries were
involved in the evaluation of the final document.

What is the current role of BCG vaccination?

The bibliographical search for evidence concerning the efficacy
of BCG vaccine identified 17 papers: 4 meta-analyses, 10 cohort
studies, 2 randomized clinical trials, and one cost-efficacy
study.'*°

A recent meta-analysis of the efficacy of BCG vaccine
against the pulmonary, meningeal and disseminated forms of
TB included 21 randomized or quasi-randomized clinical trials:
18 involving patients with pulmonary TB, and 6 involving
patients with meningeal and/or military forms.*® The vaccine’s
efficacy against pulmonary TB varied very widely from sub-
stantial protection in a British trial (relative risk [RR] 0.22, 95%
confidence interval [CI] 0.16-0.31) to the absence of protection
in an Indian trial (RR 1.05; 95% CI 0.88-1.25). Average protec-
tion was greater in school-aged children with a negative TST
before being vaccinated (RR 0.26, 95% CI 0.18-0.37) and
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subjects vaccinated at birth (RR 0.41, 95% CI 0,29-0.58). There
were some differences related to latitude; average protection
was lower in the studies conducted in places at latitudes of 0-
20° and 20-40° than in those conducted at higher latitudes.
There was strong evidence that protection was less in partici-
pants who were older than school age than in newborns. Vac-
cine efficacy was similar regardless of the strain used.

The six studies that reported data relating to tuberculous
meningitis (TBM) and miliary TB found that BCG vaccine pro-
vided substantial protection (RR 0.15, 95% CI 0.08-0.31), with
only small differences between them (p = 0.14). Protection
against both was high in subjects vaccinated at birth (RR 0.1,
95% CI 0.01-0.77) and in children with a negative TST before
being vaccinated (RR 0.08, 95% CI 0.03-0.2).

Another meta-analysis evaluated the efficacy of BCG vaccine
administered at birth in protecting against TB and mortality
due to TB in 5 prospective trials and 11 case-control studies
[14], and found that the RR of TB in vaccinated vs unvacci-
nated subjects was 0.74 (95% CI 0.62-0.83); in the case-control
studies, the odds ratio (OR) was 0.52 (95% CI 0.38-0.64), with
a protective effect of 50%. The five studies reporting mortality
data showed that BCG vaccine had a protective effect of 0.65
(95% CI 0.12-0.86); the five reporting data concerning menin-
gitis showed a protective effect of 0.64 (95% CI 0.30-0.82); and
the 3 reporting data on disseminated disease showed a protec-
tive effect of 0.78 (95% CI 0.58-0.88). There were no significant
differences in efficacy depending on the strain used.

Colditz et al. made a meta-analysis of the efficacy of BCG
vaccine in protecting against TB and mortality due to TB in 14
prospective trials and 12 case-control studies.'® The clinical tri-
als showed that the RR of TB in vaccinated vs unvaccinated
subjects was 0.49 (95% CI 0.34-0.70), with a protective effect of
51%, and the case-control studies showed an OR of 0.50 (95%
CI 0.39-0.64). The seven studies that included mortality data
showed that BCG vaccine had a protective effect of 71% (RR
0.29, 95% CI 0.16-0.53), and 5 studies of TBM that its protec-
tive effect was 64% (OR 0.36, 95% CI 0.18-0.70). However, the
studies included in this meta-analysis were heterogeneous in
different aspects, including for the characteristics of the coun-
tries in which the studies were conducted, and did not permit
to draw definitive conclusions.'®

Pereira et al. carried out a randomized clinical trial in vari-
ous of provinces of Brazil in order to evaluate the preventive
effect of administering the BCG vaccine to school-aged chil-
dren, and found that its overall efficacy in preventing tubercu-
lar disease was 25% (95% CI 3-43%)."® In the province of
Salvador, where its efficacy was 34% (95% CI 8-53%), it was
found that it was necessary to vaccinate 381 children to prevent
one case of TB, and that the cost-benefit ratio (based on the
cost of a treatment cycle) was in favor of vaccination.'®

Sixty years after a randomized, placebo-controlled trial of
BCG vaccine involving native Americans, Aronson et al. found
that overall efficacy was 53% (95% CI 14-74%) in the case of
pulmonary TB, and 63% (95% CI 11-90%) in the case of extra-
pulmonary forms."

Abubakar et al. conducted a prospective cohort study to
evaluate an interferon-gamma release assay (IGRA) in all of the
students in a high school who had come into contact with a
case of infectious TB, and did not find that BCG vaccination

was protective (OR 1.05, 95% CI 0.80-1.39).>° One limitation
of this study could be that, in the UK, the vaccine is only given
to subjects at risk who are, by definition, at greater risk of
infection.”’

Kelekgi et al. analyzed 172 cases of TBM in a Turkish uni-
versity hospital, and found that BCG vaccine significantly pro-
tected against death due to the disease (p = 0.05).*'

Gaensbauer et al. carried out a cohort study of nursery
school children exposed to teachers with infectious TB and
found that the BCG vaccine had a protective effect against the
disease, and that 11.3 subjects needed to be vaccinated to pre-
vent one case of active disease.”> However, this study did not
consider the possible additional risks for TB in the vaccinated
subjects, such as coming from a country in which TB is
endemic.

Brantsaeter et al. evaluated in the difference in the incidence
of TB by age group (0-14 and 15-29 years) in Denmark, Swe-
den, Norway and Finland, countries that have a similar inci-
dence of the disease but different vaccination policies:** in
Norway, BCG vaccination is offered to children aged 0-14 y
with a negative TST; in Sweden, the universal vaccination of
newborns was discontinued in 1975; in Denmark, then routine
vaccination of TST-negative 7-year-olds begin to be gradually
discontinued during the course of 1980 and stopped in 1985;
and in Finland, all newborns were administered BCG vaccine
until September 2006. The overall incidence in the population
as a whole was lowest in Norway and, on the basis of these
data, 21,699-25,125 vaccinations were necessary to prevent one
case.”

Moran-Mendoza et al. studied all of the contacts of active
TB carriers in Canada over a period of 12 y and, after adjusting
for other risk factors, found that a previous BCG vaccination
reduced the risk of developing active TB by 68% (hazard ratio
[HR] 0.32: 95% CI 0.20-0.50).**

A cohort study conducted in Brazil by Barreto et al. showed
that the overall efficacy of neonatally administered BCG vac-
cine was 37% (95% CI 13-55%).°

Eriksen et al. examined the protective effect of BCG vaccine
against latent tuberculosis infection (LTBI) diagnosed by means
of an IGRA in children attending a British nursery school who
had been in contact with a teacher with infectious TB.*® They
showed that it had a protective effect by means of both univari-
ate (OR 0.28: 95% CI 0.11-0.70) and multivariate analysis (OR
0.25: 95% CI 0.09-0.69), and calculated an efficacy rate of 66%.
However, they did not find any association between tubercular
infection and BCG vaccination in adults (OR 0.11, 95% CI
0.01-1.03).%°

Basu Roy et al. estimated the correlation of BCG and IGRA
positivity with vaccine administration.”” The analysis included
children who had been in domestic contact with cases of active
TB, children tested for LTBI after having recently emigrated
from highly endemic countries, and (in the case of Greece and
Spain) children who were positive upon universal screening.
Multivariate logistic regression showed that BCG vaccination
significantly correlated with a positive TST (>10 mm), with an
OR of 3.22 (95% CI 2.41-4.32; p < 0.001) but a negative IGRA
(QFT-GIT: OR 0.41; IC 95% 0.30-0.55 [p < 0-001]; T-SPOT.
TB: OR 0.41; 95% CI 0-25-0-66 [p < 0.001]). Similar results
were obtained in the subgroup of domestic contacts: i.e. there



were significant correlations between BCG vaccination and a
positive TST (OR 2.08; 95% CI 1.36-3.20; p = 0.001) and a
negative IGRA (QFT-GIT: OR 0.52, 95% CI 0.33-0.81 [p =
0.003]; T -SPOT.TB: OR 0.31, 95% CI 0.16-0.58 [p < 0.001]).
It therefore seems to be clear that the vaccination also protects
against LTBL>

Eisenhut et al. used an IGRA to test the school contacts of a
child with non-infectious pulmonary in the UK and found that
BCG vaccine (a single dose administered at birth using the
Danish strain 1331) protected against both LTBI and active dis-
ease (adjusted RR of LTBI 0.61, 95% CI 0.39-0.96 [a 38%
reduction in RR]; adjusted RR of active TB 0.51, 95% CI 0.15-
1.70).*® After adjusting for ethnicity, closeness in class and
shared activities, BCG vaccination continued to show a protec-
tive effect against infection (OR 0.16, 95% CI 0.05-0.54), with a
corrected RR of 26% (95% CI 0.09-0.69) corresponding to a
74% reduction in RR (95% CI 31-91%).%®

Soysal et al. evaluated the effect of BCG vaccine in reducing
the risk of infection and tubercular disease in a cohort study of
979 Turkish children who had been in contact with cases of
active TB [29]. Multivariate logistic regression showed that the
vaccination was associated with 92% reduction in the RR of dis-
ease (95% CI 71-98%) and a 34% reduction in the RR of LTBI
(95% CI 12-35%), even after correcting for possible confound-
ing factors.”

How long does the protection provided by BCG
vaccine last, and is a second vaccination useful?

The bibliographical search identified 5 studies concerning the
duration of protection: 2 meta-analyses, 2 randomized clinical
trials, and one cohort study.'"*'”'**>*! The 2 meta-analyses
documented protection lasting 10-15 y'*'” The randomized
study of Aronson et al. showed persistent efficacy for up to
60 years, with only a non-significant reduction over time."
Barreto et al. reported a duration of protection of 15-20 y in
subjects vaccinated at birth (efficacy after 15-20 y 39%, 95% CI
9-58%),”” and Weir et al. a duration of immunological memory
of at least 14 y in subjects vaccinated at birth or during
adolescence.”

The five BCG revaccination studies identified were 3 ran-
domized clinical trials,’”>>* one cohort study,’” and one case-
control study,’® none of which was carried out in Europe or
North America. All of them showed that a second vaccination
at the age of 19 months or during school age had no additional
effect in comparison with a single administration,”>>>>>%¢
although a follow-up study carried out 9 y after a clinical trial
in Brazil has recently documented that, at higher latitudes,
there may be some advantage in revaccinating children aged
<11y

IS BCG vaccine safe?

The bibliographical search identified 6 studies analyzing the
adverse effects of BCG vaccine.””*

One of these found that the risk of adverse effects is higher
in HIV-positive subjects and those with primary immunodefi-
ciency;”” the most frequently reported adverse effect was loco-
regional disease with lymphadenopathy (BCG-itis), whereas
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forms of disseminated TB (BCG-osis) are reported less fre-
quently. An Irish study conducted between August 2002 and
July 2004 (after the introduction of BCG vaccinations using the
SSI strain) found that the prevalence of loco-regional complica-
tions was 1/931 vaccinated subjects, and that of suppurative
lymphadenitis was 1/1,543.® A study of children vaccinated at
the age of 7-14 y in Brazil reported a prevalence of loco-
regional complications of 1/2,580 vaccine administrations in
the children with a vaccination scar, and 1/5,990 in those with-
out a scar.”® The total incidence was 35/100,000, and none of
the 71,347 vaccinated children had died or been affected by dis-
seminated forms or permanent damage.

Between January 1993 and April 2002, 15 serious adverse
events due to BGC vaccine were reported in Canada, including
6 cases of disseminated forms all of which occurred in patients
with primary immunodeficiency or HIV infection.*” As no data
concerning the number of vaccine doses administered were
available, the study could only estimate that the incidence of
disseminated TB was 205 per one million doses (95% CI 62—
678).

In a prospective study carried out in France from 12 Febru-
ary to 30 June 2007, 17.8% of the 2,435 vaccinated children pre-
sented loco-regional complications, which consisted of
erythema in 301 cases (12.4%), infiltration in 296 (12.2%),
ulceration in 21 (0.9%), abscess in 60 (2.5%), and lymphade-
nopathy in 3 (0.1%). Two patients (8.2/10,000) experienced
serious adverse effects.*’ Multivariate showed that a lower risk
of adverse events was significantly associated (p < 0.05) with
an age of <12 months at the time of vaccination (OR 0.35
[95% 0.2-0.6] for an age of <28 days; 0.29 [95% CI 0.2-0.42]
for an age between 29 d and 2 months; 0.53 [95% CI 0.37-
0.74] for an age of 3-11 months), the presence of a visible pap-
ule after the vaccination, a vaccine underdose, and the type of
vaccinating doctor (general practitioners vs pediatricians).*'

A prospective study of vaccinated subjects of all ages
between one day and 5 4y conducted in Australia recorded a
5% prevalence of adverse reactions,”” of which the most fre-
quent were abscesses, lymphadenitis and severe loco-regional
reactions. Abscesses and severe loco-regional complications
were significantly less frequent among breastfeeding children
(RR 2.96, 95% CI 1.11-7.90) than in older subjects (RR 4.93,
95% CI 1.11-21.90). Furthermore, their prevalence was lower
in adult patients who had undergone a TST (RR 0.27, 95% CI
0.09-0.77), and if the vaccine had been administered by expert
personnel (RR 0.24, 95% CI 0.09-0.68); their incidence was
higher in adult women than men (RR 7.18, 95% CI 1.59-
32.45). The development of adverse reactions did not correlate
with the recent administration of other vaccinations, previous
BCG vaccination, or the vaccine batch.**

Hesseling et al. carried out a prospective study of the rate of
disseminated disease due to BCG in HIV-infected patients in
South Africa, and found that it was much higher (minimum
estimate110-139 cases/100,000 subjects/year) than in unin-
fected children (0.72-0.74 cases/100,000 subjects/year).*’

Does BCG vaccination affect TST responses?

A study of 5,117 healthy subjects carried out in Switzerland
between 1991 and 1998 showed that a TST result of <18 mm
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in adults aged <40 y is more likely to be the result of prior vac-
cination than infection and should not systematically lead to
preventive treatment.** However, many pediatric studies have
not found any significant difference in the rates of TST positiv-
ity between vaccinated and unvaccinated children.*’

The bibliographical search identified 6 cohort studies that
have evaluated the effect of BCG vaccine on TST
responses,””*>**” and recent studies comparing the TST and
IGRA responses of vaccinated subjects have shown that BCG
vaccination does affect TST positivity.*”***®

A multicentre study by Basu Roy et al. found that previous
BCG vaccination correlated with TST positivity (>10 mm: OR
3.22,95% CI 2.41-4.32; p < 0.001) and IGRA negativity (QFT-
GIT: OR 0.41; IC 95%. 0.30-0.55 [p < 0.001]; T-SPOT.TB: OR
0.41; 95% CI 0.25-0.66 [p < 0.001]).%” Vaccinated children
showed significantly larger areas of hardening (median 14 mm;
interquartile range 10-17 mm) than unvaccinated children
(median 10 mm; interquartile range 0-14 mm; p < 0.001).”’

Soysal et al. evaluated the pediatric contacts of patients with
infectious TB, and found a significant difference in the concor-
dance of TST and ELISpot results in those vaccinated with
BCG;” multivariate analysis showed that the protection pro-
vided by the vaccine against tuberculous infection was signifi-
cantly greater when evaluated by means of ELISpot (OR 0.60,
95% CI 0.43-0.83 vs 1.18, 95% IC 0.85-1.63; p < 0.0001).
When the TST cut-off value was increased to 15 mm, the
absence of BCG vaccination was a risk factor for infection.*’

In a study of children at high risk of TB in Athens, the con-
cordance between TST and IGRA responses was optimal in the
unvaccinated children, but was only 60% in those who had
been vaccinated.*

A study of native American children in Canada found that
vaccinated children were more like to have a positive TST than
those who had not been vaccinated (5.7% vs 0.2%; p < 0.001).
Only five of the 65 BCG vaccinated children with a TST result
of >10 mm had a positive IGRA (7.7%, 95% CI 2.5-17.0%),
but the correlation increased in the patients with a TST result
of >15 mm (p = 0.047)."

Pineiro et al. found that the vaccinated children in a cohort
of children who had been adopted in, or had emigrated from
highly endemic areas were at greater risk of a positive TST than
those who had not been vaccinated (OR 2.35, 95% CI 1.32-
4.21), but this only applied during the 3 y after vaccination.*®

Bozaykut et al. found a significant difference in TST
responses between vaccinated and unvaccinated children aged
1-6 years, without any variation between one age and
another.”

Conclusions

On the basis of the published evidence and their clinical experi-
ence, the group of experts reached the following conclusions:
1) BCG vaccination offers a good level of protection against
tuberculous meningitis and disseminated TB [I-A], and
a fair level of protection against pulmonary disease [I-A];
2) the protective effect of BCG vaccine lasts for at least
10 years, and BCG revaccination offers no advantage
over a single vaccination [I-A];

3) BCG vaccine is safe in immunocompetent subjects: its
most frequent significant adverse effects are the abscesses
and suppurative lymphoadenopathy [III-B];

4) BCG vaccination is not recommended in patients with
HIV infection or other forms of T lymphocyte or phago-
cytic oxide reductase metabolism immunodeficiency
because they are at increased risk of serious adverse
effects and disseminated disease [III-B];

5) the adverse effects of BCG vaccine are less frequent in
breastfeeding infants and children who are TST negative
before being vaccinated [III-B];

6) the adverse effects are more frequent in subjects receiv-
ing a second vaccination [III-B];

7) BCG vaccination affects TST responses for at least 6 y
[III-B];

8) in subjects who have undergone BCG vaccination, a TST
response can be considered certainly positive if it is
>15 mm and further examinations are requested to con-
firm LTBI or active TB [III-A].

9) in BCG vaccinated subjects with a TST response of
<15 mm, an IGRA can distinguish vaccinated from
infected subjects aged >5 y [III-B]. In the absence of
symptoms, a TST response of <15 mm should not be
considered positive unless confirmed by an IGRA
[III-B].

On the basis of these conclusions, the working group makes

the following recommendations:

® BCG vaccination is recommended in Italy for all TST-

negative newborns/breastfeeding infants aged <6 months
coming from areas in which TB is highly endemic, or
whose parents come from areas in which TB is highly
endemic [I-B];
® BCG vaccination is recommended in Italy for all TST-
negative  newborns/breastfeeding  children  aged
<6 months who have come into contact with a family
member affected by active TB and in whom the presence
of the disease has been excluded [I-B];
® BCG vaccination is recommended in Italy for all TST-
negative children aged from 6 months to at least 5 y com-
ing from areas in which TB is highly endemic, or whose
parents come from areas in which TB is highly endemic
[I-B];
® BCG vaccination is recommended in Italy for all TST-
negative children aged from 6 months to at least 5 y who
have come into contact with a family member affected by
active TB [I-B];
e previously vaccinated children should not receive a sec-
ond vaccination [I-A];
® before vaccinating a newborn, it is necessary to ascertain
that the mother was screened for HIV during her preg-
nancy. If she was not screened, BCG vaccination should
be postponed until HIV infection has been excluded [III-
Al;
® before administering BCG vaccine, an anamnesis should
be recorded in order to establish whether or not there is a
family history of primary immunodeficiency and/or
symptoms attributable to defects in the immune system.
In the case of any suspicion, BCG vaccination should be
postponed until investigations have been made [III-A];



e all subjects other than breastfeeding children aged
<6 months should undergo a TST before receiving a
BCG vaccination [III-A]. BCG vaccinations should only
be administered to immunocompetent whose TST result
indicates an infiltrate diameter of <5 mm [III-A]. Live
viral vaccines inhibit responses to tuberculin; conse-
quently, the evaluation should be made at least 4 weeks
after the administration of an anti-measles, parotitis,
rubella or varicella vaccination [III-A].

Disclosure of potential conflicts of interest

No potential conflicts of interest were disclosed.

Acknowledgments

This study was supported by a grant from the Italian Society for Pediatric
Infectious Diseases (SITIP).

References

[1] World Health Organization. Global Tuberculosis Report 2014. Doc-
ument WHO/HTM/TB/2014.08 Geneva: World Health Organiza-
tion, 2014
Calmette A, Guerin C, Boquet A, Negre L. La vaccination préventive
contre la tuberculose par le BCG. Paris: Masson et Cie. 1927
[3] Behr MA. BCG - different strains, different vaccines? Lancet Infect
Dis 2002; 2:86-92; PMID:11901655; http://dx.doi.org/10.1016/51473-
3099(02)00182-2
[4] Ritz N, Dutta B, Donath S, Casalaz D, Connell TG, Tebruegge M,
Robins-Browne R, Hanekom WA, Britton W], Curtis N. The influ-
ence of bacille Calmette-Guerin vaccine strain on the immune
response against tuberculosis: a randomized trial. Am ] Respir Crit
Care Med 2012; 185:213-22; PMID:22071384; http://dx.doi.org/
10.1164/rccm.201104-07140C
[5] Mangtani P, Abubakar I, Ariti C, Beynon R, Pimpin L, Fine PE,
Rodrigues LC, Smith PG, Lipman M, Whiting PF, et al. Protection
by BCG vaccine against tuberculosis: a systematic review of random-
ized controlled trials. Clin Infect Dis 2014; 58:470-80;
PMID:24336911; http://dx.doi.org/10.1093/cid/cit790
[6] Ottenhoff TH, Kaufmann SH. Vaccines against tuberculosis: where
are we and where do we need to go? PLoS Pathog 2012; 8:¢1002607;
PMID:22589713; http://dx.doi.org/10.1371/journal. ppat.1002607
[7] Liu], Tran V, Leung AS, Alexander DC, Zhu B. BCG vaccines: their
mechanisms of attenuation and impact on safety and protective effi-
cacy. Hum Vaccin 2009; 5:70-8; PMID:19164935; http://dx.doi.org/
10.4161/hv.5.2.7210
[8] Hesseling AC, Cotton MF, Fordham von Reyn C, Graham SM, Gie
RP, Hussey GD. Consensus statement on the revised World Health
Organization recommendations for BCG vaccination in HIV-
infected infants. Int ] Tuberc Lung Dis 2008; 12:1376-79;
PMID:19017445
[9] Dalmia N, Ramsay AJ. Prime-boost approaches to tuberculosis vac-
cine development. Expert Rev Vaccines 2012; 11:1221-33;
PMID:23176655; http://dx.doi.org/10.1586/erv.12.94
[10] European Centre for Disease Prevention and Control: Vaccine
Schedule. Available at: http://vaccine-schedule.ecdc.europa.eu/Pages/
Scheduler.aspx. Accessed 3 April 2015
[11] 11 Programma Nazionale per le Linee Guida (PNLG). Methodological
handbook - how to produce, disseminate and update clinical practice
recommendations. http://www.pnlg.it/en_method. Accessed 30
December 2014
Scottish Intercollegiate Guidelines Netwok (SIGN). Available at
http://www.sign.ac.uk/. Accessed 30 December 2014
Guidelines for the planning and management of NIH Consensus
Development Conferences Online Bethesda (MD): National

2

=
D

[13

(14]

(15]

(17]

(18]

(19]

(20]

(21]

(22]

(23]

(24]

(27]

HUMAN VACCINES & IMMUNOTHERAPEUTICS 649

Institutes of Health, Office of the Director, Office of Medical Appli-
cations of Research; 1993. Updated October 2001

Colditz GA, Berkey CS, Mosteller F, Brewer TF, Wilson ME, Burdick
E, Fineberg HV. The efficacy of bacillus Calmette-Guérin vaccination
of newborns and infants in the prevention of tuberculosis: meta-anal-
yses of the published literature. Pediatrics 1995; 96:29-35;
PMID:7596718

Trunz BB, Fine P, Dye C. Effect of BCG vaccination on child-
hood tuberculous meningitis and miliary tuberculosis worldwide:
a meta-analysis and assessment of cost-effectiveness. Lancet
2006; 367:1173-80; PMID:16616560; http://dx.doi.org/10.1016/
S0140-6736(06)68507-3

Colditz GA, Brewer TF, Berkey CS, Wilson ME, Burdick E, Fineberg
HV, Mosteller F. Efficacy of BCG vaccine in the prevention of tuber-
culosis. Meta-analysis of the published literature. JAMA 1994;
271:698-702; PMID:8309034; http://dx.doi.org/10.1001/
jama.1994.03510330076038

Abubakar I, Pimpin L, Ariti C, Beynon R, Mangtani P, Sterne JA,
Fine PE, Smith PG, Lipman M, Elliman D, et al. Systematic review
and meta-analysis of the current evidence on the duration of protec-
tion by bacillus Calmette-Guérin vaccination against tuberculosis.
Health Technol Assess 2013; 17:1-372; PMID:24021245; http://dx.
doi.org/10.3310/htal7370

Pereira SM, Barreto ML, Pilger D, Cruz AA, Sant’Anna C, Hijjar
MA, Ichihara MY, Santos AC, Genser B, Rodrigues LC. Effective-
ness and cost-effectiveness of first BCG vaccination against
tuberculosis in school-age children without previous tuberculin
test (BCG-REVAC trial): a cluster-randomised trial. Lancet Infect
Dis 2012; 12:300-6; PMID:22071248; http://dx.doi.org/10.1016/
$1473-3099(11)70285-7

Aronson NE, Santosham M, Comstock GW, Howard RS, Moulton
LH, Rhoades ER, Harrison LH. Long-term efficacy of BCG vaccine
in American Indians and Alaska Natives: A 60-year follow-up study.
JAMA 2004; 291:2086-91; PMID:15126436; http://dx.doi.org/
10.1001/jama.291.17.2086

Abubakar I, Matthews T, Harmer D, Okereke E, Crawford K, Hall T,
Collyns T, Smith G, Barrett A, Baugh S. Assessing the effect of for-
eign travel and protection by BCG vaccination on the spread of
tuberculosis in a low incidence country, United Kingdom, October
2008 to December 2009. Euro Surveill 2011; 16: pii: 19826;
PMID:21457684

Kelekgi S, Karabel M, Karabel D, Hamidi C, Hosoglu S, Giirkan MF,
Tas MA. Bacillus Calmette-Guérin is a preventive factor in mortality
of childhood tuberculous meningitis. Int J Infect Dis 2014; 21:1-4;
http://dx.doi.org/10.1016/j.ijid.2013.10.001

Gaensbauer JT, Vandaleur M, O’Neil M, Altaf A, Ni Chréinin M.
BCG protects toddlers during a tuberculosis outbreak. Arch Dis
Child 2009; 94:392-3; PMID:19190006; http://dx.doi.org/10.1136/
adc.2008.145755

Brantsaeter AB, Romanus V, Andersen PH, Heldal E. Evidence of
protective effect of BCG vaccination in persons at low risk of tuber-
culosis in Nordic countries. Int ] Tuberc Lung Dis 2009; 13:440-5;
PMID:19335948

Moran-Mendoza O, Marion SA, Elwood K, Patrick D, FitzGerald
JM. Risk factors for developing tuberculosis: a 12-year follow-up
of contacts of tuberculosis cases. Int ] Tuberc Lung Dis 2010;
14:1112-9

Barreto ML, Cunha SS, Pereira SM, Genser B, Hijjar MA, Yury Ichi-
hara M, de Brito SC, Dourado I, Cruz A, Santa’Ana C, et al. Neonatal
BCG protection against tuberculosis lasts for 20 years in Brazil. Int J
Tuberc Lung Dis 2005; 9:1171-3; PMID:16229231

Eriksen J, Chow JY, Mellis V, Whipp B, Walters S, Abrahamson E,
Abubakar I. Protective effect of BCG vaccination in a nursery out-
break in 2009: time to reconsider the vaccination threshold? Thorax
2010; 65:1067-71; PMID:21030395;  http://dx.doi.org/10.1136/
thx.2010.140186

Basu Roy R, Sotgiu G, Altet-Gomez N, Tsolia M, Ruga E, Velizarova
S, Kampmann B. Identifying predictors of interferon-y release assay
results in pediatric latent tuberculosis: a protective role of bacillus
Calmette-Guerin? A pTB-NET collaborative study. Am J Respir Crit


http://dx.doi.org/10.1016/S1473-3099(02)00182-2
http://dx.doi.org/10.1016/S1473-3099(02)00182-2
http://dx.doi.org/22071384
http://dx.doi.org/10.1164/rccm.201104-0714OC
http://dx.doi.org/10.1093/cid/cit790
http://dx.doi.org/10.1371/journal.ppat.1002607
http://dx.doi.org/19164935
http://dx.doi.org/10.4161/hv.5.2.7210
http://dx.doi.org/19017445
http://dx.doi.org/10.1586/erv.12.94
http://vaccine-schedule.ecdc.europa.eu/Pages/Scheduler.aspx
http://vaccine-schedule.ecdc.europa.eu/Pages/Scheduler.aspx
http://www.pnlg.it/en_method
http://www.sign.ac.uk/
http://dx.doi.org/7596718
http://dx.doi.org/10.1016/S0140-6736(06)68507-3
http://dx.doi.org/10.1016/S0140-6736(06)68507-3
http://dx.doi.org/10.1001/jama.1994.03510330076038
http://dx.doi.org/10.1001/jama.1994.03510330076038
http://dx.doi.org/24021245
http://dx.doi.org/10.3310/hta17370
http://dx.doi.org/10.1016/S1473-3099(11)70285-7
http://dx.doi.org/10.1016/S1473-3099(11)70285-7
http://dx.doi.org/15126436
http://dx.doi.org/10.1001/jama.291.17.2086
http://dx.doi.org/21457684
http://dx.doi.org/10.1016/j.ijid.2013.10.001
http://dx.doi.org/10.1136/adc.2008.145755
http://dx.doi.org/10.1136/adc.2008.145755
http://dx.doi.org/19335948
http://dx.doi.org/16229231
http://dx.doi.org/10.1136/thx.2010.140186
http://dx.doi.org/10.1136/thx.2010.140186

650

[29]

(31]

(32]

(33]

(36]

(37]

(38]

C. MONTAGNANI ET AL.

Care Med 2012; 186:378-84; PMID:22700862; http://dx.doi.org/
10.1164/rccm.201201-00260C

Eisenhut M, Paranjothy S, Abubakar I, Bracebridge S, Lilley M, Mulla
R, Lack K, Chalkley D, McEvoy M. BCG vaccination reduces risk of
infection with Mycobacterium tuberculosis as detected by gamma
interferon release assay. Vaccine 2009; 27:6116-20; PMID:19715782;
http://dx.doi.org/10.1016/j.vaccine.2009.08.031

Soysal A, Millington KA, Bakir M, Dosanjh D, Aslan Y, Deeks JJ, Efe
S, Staveley I, Ewer K, Lalvani A. Effect of BCG vaccination on risk of
Mycobacterium tuberculosis infection in children with household
tuberculosis contact: a prospective community-based study. Lancet
2005; 366:1443-51; PMID:16243089; http://dx.doi.org/10.1016/
S0140-6736(05)67534-4

Mangtani P, Abubakar I, Ariti C, Beynon R, Pimpin L, Fine PE,
Rodrigues LC, Smith PG, Lipman M, Whiting PF, et al. Protection
by BCG vaccine against tuberculosis: a systematic review of random-
ized controlled trials. Clin Infect Dis 2014; 58:470-80;
PMID:24336911; http://dx.doi.org/10.1093/cid/cit790

Weir RE, Gorak-Stolinska P, Floyd S, Lalor MK, Stenson S,
Branson K, Blitz R, Ben-Smith A, Fine PE, Dockrell HM. Persis-
tence of the immune response induced by BCG vaccination.
BMC Infect Dis 2008; 8:9; PMID:18221509; http://dx.doi.org/
10.1186/1471-2334-8-9

Rodrigues LC, Pereira SM, Cunha SS, Genser B, Ichihara MY, de Brito SC,
Hijjar MA, Dourado I, Cruz AA, Sant’Anna C, et al. Effect of BCG revac-
cination on incidence of tuberculosis in school-aged children in Brazil:
the BCG-REVAC cluster-randomised trial. Lancet 2005; 366: 1290-5;
PMID:16214599; http://dx.doi.org/10.1016/S0140-6736(05)67145-0

Roth AE, Benn CS, Ravn H, Rodrigues A, Lisse IM, Yazdanbakhsh
M, Whittle H, Aaby P. Effect of revaccination with BCG in early
childhood on mortality: randomised trial in Guinea-Bissau. BM]
2010; 340:c671; PMID:20231251; http://dx.doi.org/10.1136/bmj.c671
Barreto ML, Pereira SM, Pilger D, Cruz AA, Cunha SS, Sant’Anna C,
Ichihara MY, Genser B, Rodrigues LC. Evidence of an effect of BCG
revaccination on incidence of tuberculosis in school-aged children in
Brazil: second report of the BCG-REVAC cluster-randomised trial.
Vaccine 2011; 29:4875-7; PMID:21616115; http://dx.doi.org/
10.1016/j.vaccine.2011.05.023

Leung CC, Tam CM, Chan SL, Chan-Yeung M, Chan CK, Chang
KC. Efficacy of the BCG revaccination programme in a cohort given
BCG vaccination at birth in Hong Kong. Int ] Tuberc Lung Dis 2001;
5:717-23; PMID:11495262

Dantas OM, Ximenes RA, de Albuquerque Mde F, da Silva NL, Mon-
tarroyos UR, de Souza WYV, Pereira TC, Campelo AR, Rodrigues LC.
A case-control study of protection against tuberculosis by BCG
revaccination in Recife, Brazil. Int ] Tuberc Lung Dis 2006; 10:536-
41; PMID:16704036

Hesseling AC, Rabie H, Marais BJ, Manders M, Lips M, Schaaf HS,
Gie RP, Cotton MF, van Helden PD, Warren RM, et al. Bacille Calm-
ette-Guérin vaccine-induced disease in HIV-infected and HIV-unin-
fected children. Clin Infect Dis 2006; 42:548-58; PMID:16421800;
http://dx.doi.org/10.1086/499953

Bolger T, O’Connell M, Menon A, Butler K. Complications associ-
ated with the bacille Calmette-Guérin vaccination in Ireland. Arch

(40]

(41]

(42]

(43]

(47]

(48]

Dis Child 2006; 91:594-7; PMID:16547086; http://dx.doi.org/
10.1136/adc.2005.078972

Dourado I, Rios MH, Pereira SM, Cunha SS, Ichihara MY, Goes JC,
Rodrigues LC, Bierrenbach AL, Barreto ML. Rates of adverse reac-
tions to first and second doses of BCG vaccination: results of a large
community trial in Brazilian schoolchildren. Int ] Tuberc Lung Dis
2003; 7:399-402; PMID:12729348

Deeks SL, Clark M, Scheifele DW, Law BJ, Dawar M, Ahmadi-
pour N, Walop W, Ellis CE, King A. Serious adverse events asso-
ciated with bacille Calmette-Guérin vaccine in Canada. Pediatr
Infect Dis J 2005; 24:538-41; PMID:15933565; http://dx.doi.org/
10.1097/01.inf.0000164769.22033.2¢

Dommergues MA, de La Rocque F, Guy C, Lécuyer A, Jacquet A,
Guérin N, Fagot JP, Boucherat M, d’Athis P, Cohen R. Local and
regional adverse reactions to BCG-SSI vaccination: a 12-month
cohort follow-up study. Vaccine 2009; 27:6967-73; PMID:19800440;
http://dx.doi.org/10.1016/j.vaccine.2009.09.073

Turnbull FM, McIntyre PB, Achat HM, Wang H, Stapledon R, Gold
M, Burgess MA. National study of adverse reactions after vaccination
with bacilli Calmette-Guérin. Clin Infect Dis 2002; 34:447-53;
PMID:11797170; http://dx.doi.org/10.1086/338462

Hesseling AC, Marais BJ, Gie RP, Schaaf HS, Fine PE, Godfrey-Faus-
sett P, Beyers N. The risk of disseminated Bacille Calmette-Guerin
(BCG) disease in HIV-infected children. Vaccine 2007; 25:14-8;
PMID:16959383; http://dx.doi.org/10.1016/j.vaccine.2006.07.020
Tissot F, Zanetti G, Francioli P, Zellweger JP, Zysset F. Influence of
bacilli Calmette-Guérin vaccination on size of tuberculin skin test
reaction: to what size? Clin Infect Dis 2005; 40:211-7;
PMID:15655737; http://dx.doi.org/10.1086/426434

Menzies D. What does tuberculin reactivity after bacille Calmette-
Guérin vaccination tell us? Clin Infect Dis 2000; 31:S71-4;
PMID:11010826; http://dx.doi.org/10.1086/314075

Tsolia MN, Mavrikou M, Critselis E, Papadopoulos NG, Makri-
nioti H, Spyridis NP, Metsou F, Tsagaraki M, Koulouri M, Kafet-
zis DA. Whole blood interferon-y release assay is a useful tool
for the diagnosis of tuberculosis infection particularly among
Bacille Calmette Guerin-vaccinated children. Pediatr Infect Dis |
2010; 29:1137-40; PMID:20616761; http://dx.doi.org/10.1097/
INF.0b013e3181ebfe8a

Jacobs S, Warman A, Richardson R, Yacoub W, Lau A, Whit-
taker D, Cockburn S, Verma G, Boffa J, Tyrrell G, et al. The
tuberculin skin test is unreliable in school children BCG-vacci-
nated in infancy and at low risk of tuberculosis infection. Pediatr
Infect Dis J 2011; 30:754-8; PMID:21487326; http://dx.doi.org/
10.1097/INF.0b013e31821b8f54

Pineiro R, Mellado M], Cilleruelo M]J, Garcia-Ascaso M, Medina-
Claros A, Garcia-Hortelano M. Tuberculin skin test in bacille Calm-
ette-Guérin-vaccinated children: how should we interpret the results?
Eur J Pediatr 2012; 171:1625-32; http://dx.doi.org/10.1007/s00431-
012-1783-8

Boyzaykut A, Ipek 10, Ozkars MY, Seren LP, Atay E, Atay Z. Effect
of BCG vaccine on tuberculin skin tests in 1-6-year-old children.
Acta Paediatr 2002; 91:235-8; PMID:11952015; http://dx.doi.org/
10.111l/j.1651—2227.2002.tb01701.x


http://dx.doi.org/22700862
http://dx.doi.org/10.1164/rccm.201201-0026OC
http://dx.doi.org/19715782
http://dx.doi.org/10.1016/j.vaccine.2009.08.031
http://dx.doi.org/10.1016/S0140-6736(05)67534-4
http://dx.doi.org/10.1016/S0140-6736(05)67534-4
http://dx.doi.org/10.1093/cid/cit790
http://dx.doi.org/18221509
http://dx.doi.org/10.1186/1471-2334-8-9
http://dx.doi.org/10.1016/S0140-6736(05)67145-0
http://dx.doi.org/10.1136/bmj.c671
http://dx.doi.org/21616115
http://dx.doi.org/10.1016/j.vaccine.2011.05.023
http://dx.doi.org/11495262
http://dx.doi.org/16704036
http://dx.doi.org/16421800
http://dx.doi.org/10.1086/499953
http://dx.doi.org/16547086
http://dx.doi.org/10.1136/adc.2005.078972
http://dx.doi.org/12729348
http://dx.doi.org/15933565
http://dx.doi.org/10.1097/01.inf.0000164769.22033.2c
http://dx.doi.org/19800440
http://dx.doi.org/10.1016/j.vaccine.2009.09.073
http://dx.doi.org/10.1086/338462
http://dx.doi.org/10.1016/j.vaccine.2006.07.020
http://dx.doi.org/10.1086/426434
http://dx.doi.org/10.1086/314075
http://dx.doi.org/10.1097/INF.0b013e3181ebfe8a
http://dx.doi.org/10.1097/INF.0b013e3181ebfe8a
http://dx.doi.org/21487326
http://dx.doi.org/10.1097/INF.0b013e31821b8f54
http://dx.doi.org/10.1007/s00431-012-1783-8
http://dx.doi.org/10.1007/s00431-012-1783-8
http://dx.doi.org/11952015
http://dx.doi.org/10.1111/j.1651-2227.2002.tb01701.x

	Abstract
	Introduction
	Methodology
	What is the current role of BCG vaccination?
	How long does the protection provided by BCG vaccine last, and is a second vaccination useful?
	IS BCG vaccine safe?
	Does BCG vaccination affect TST responses?
	Conclusions
	Disclosure of potential conflicts of interest
	Acknowledgments
	References

