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Abstract
Disseminated Bacillus Calmette–Guérin (BCG) disease is one of the most serious complications of BCG vaccination, mainly among
immunocompromised children with high morbidity and mortality.
Currently, there is no any consensus with regard to the standard regimen of antituberculosis (anti-TB) agents and duration of

treatment in healthy or immunocompromised host in children. The aim of this study is to investigate the effect of various combination
treatment strategies for disseminated BCG disease in children.
In this cross-sectional study, the outcome of 3 different combination protocols was investigated in 59 patients.
All patients were younger than 6 years old. Both possible immunocompetent and proven immunodeficient children were included

in a period of 25 years (1991–2014) in a Nemazee referral teaching hospital.
The minimum age was 1month and the maximumwas 60months. The average age of patients was 8months (8.26±9.73). Out of

59 cases, 32 (54.2%) were female and 27 (45.8%) were male. Based on the primary work up, 52.5% of cases were classified as
definite immunodeficient and 47.5% were classified as possible immunocompetent. Overall mortality rate was 50.8%. Mortality rate
of disseminated BCG disease in immunocompetent and immunodeficient children was 28.6% and 71%, respectively. The mortality
rate was not statistically different between patients treated with different treatment protocols. These results were not affected by
immune status and the type of immunodeficiency.
More than 2 anti-TB drugs combination will not change outcome of patient with disseminated BCG disease.

Abbreviations: AFB = acid–fast bacilli, BCG = Bacillus Calmette–Guérin, HIV = human immunodeficiency virus, IFNGR =
interferon-gamma receptor, PACMRC= Professor Alborzi Clinical Microbiology Research Center, PCR= polymerase chain reaction,
PID = primary immunodeficiency syndrome, SCID = severe combined immunodeficiency syndrome, TB = tuberculosis.
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1. Introduction

1.1. Adverse events of BCG vaccine and its management

Bacillus Calmette–Guérin (BCG) vaccine is administered in
developing countries to prevent severe form of tuberculosis and
considered safe in healthy infants. Vaccine administration may be
accompanied by local and systemic adverse events that may be
mild to severe (Table 1).[1] The most serious and rare
complication of BCG vaccine is disseminated form.[2–4] Dissemi-
nation occurs exclusively in immunocompromised host children
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after a birth dose of BCG vaccine with wide range of time
frames.[1,7–9] The reported incidence of disease is more than 1%
in human immunodeficiency virus (HIV)-infected infants.[1,10]

The most common age of clinical presentation is early infancy
(<12 months)[7,11] but it can occur shortly after birth to 72
months of age.[7,8,12] The mortality rate is high with the range of
40% to 80%.[7,12,13]

The best treatment strategy of disseminated BCG disease is still
unknown. Various combination treatment protocols are current-
ly in use. There is no strong evidence to support standard
treatment approach due to rarity of disease, host factors, and
unclear etiology of dissemination.
Decision making for choosing the most effective treatment

protocol is usually based on experts’ opinion.[14]

This study tries to compare different treatment protocols to
find the best treatment strategy for management of disseminated
BCG disease in children.
2. Patients and methods

In this cross-sectional study, medical records of 59 patients with
disseminated BCG disease were investigated. Participants included
all patients with disseminated BCG disease who had been
hospitalized in pediatric infectious disease ward since 1991 to
2014 in Nemazee hospital of Shiraz, Southern Iran. Cases were
defined as definite disseminatedBCGdiseasewhenMycobacterium
bovis was isolated by culture. There is evidence of dissemination
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Table 1

Summary of BCG vaccine adverse events and its estimated
incidence.

Nature of
adverse event Description Rate/doses

Mild Injection site papule
(onset 2–4 wk)

Almost all vaccines

Mild ulceration (1–2 mo)
Scar (2–5 mo)

Severe Local
Local abscess
Keloid
Lymphadenitis
Suppuration (onset 2–6 mo) 1 per 1000–10,000

Systemic (1–12 mo onset time)
Cutaneous skin lesions Case reports only
Osteitis 1 per 3333 to 1 per 108

Disseminated BCG 1 per 230,000 to
1 per 640,000

Immune reconstitution
syndrome

1 per 640,000

World Health Organization.[1]

BCG = Bacillus Calmette–Guérin.
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and compatible clinical signs and symptoms exists based on
working definition of disseminated BCG disease by Talbot et al.[14]

The questionnaire consisted of age, sex, immune status,
diagnosis, treatment protocol, and outcome. Immunological
work up included peripheral blood flowcytometery, serum
immunoglobulin profile (IgM, IgG, IgE, and IgA), and dihydro-
rhodamine/nitroblue tetrazolium test. For suspected case,
interferon-gamma receptor (IFNGR) deficiency was checked
after availability of this test in Professor Alborzi Clinical
Microbiology Research Center (PACMRC). To do this, the
anticoagulated whole blood was stained with PE-labeled anti-
CD119 antibody and incubated for 30min in darkness at room
temperature. After that RBCs were lyzed using lysis buffer for 10
min and the cell pellet was washed with phosphate buffered
saline. The expression of IFNGR was measured on the
lymphocyte population using flow cytometer.
Acid–fast bacilli (AFB, Ziehl–Neelsen) staining primarily was

done on any suspected aspirate from bone marrow, liver, or
lymph node. After establishment of polymerase chain reaction
(PCR) technique in PACMRC for detection of M bovis BCG,
PCR was done on any suspected sample in the presence of
compatible clinical signs or symptoms of disseminated BCG
disease (fever, weight loss, generalized lymphadenopathy,
hepatomegaly, splenomegaly, or cytopenia), if the primary
result of AFB staining was negative. Clinical sample aspirates
(bone marrow, liver, or lymph node) was treated with sodium
dodesyl sulfate and Tris–EDTA buffer solution with proteinase
K and concurrently heated to 65°C for overnight. After boiling
for 10min, DNA was extracted with phenol–chloroform
standard protocol. PCR assay was based on polymorphism in
the direct repeat (DR) region of the Mycobacterium tuberculosis
complexs that depends on the presence or absence of specific
spacer region sequences between 2 DR sequences for differenti-
ation between M bovis and Mycobacterium tuberculosis, as M
bovis contains spacer regions 33 and 34, which are absent in M
tuberculosis. In addition, M bovis BCG has 2 copies of spacer
region 33 but only one of spacer region 34. We have used this
PCR that could differentiate amongM bovis,M bovis BCG, and
M tuberculosis.[15]
2

Patients were treated with 2 (isoniazid and rifampin), 3
(isoniazid, rifampin, and ethambutol), 4 (isoniazid, rifampin,
ethambutol, and clarithromycin), and 5 (isoniazid, rifampin,
ethambutol, clarithromycin, and amikacin) antituberculosis
(anti-TB) drugs randomly.
The patients who received 2, more than 2, and 4 anti-TB drugs

were categorized as protocol 1, 2, and 3, respectively. According
to the expert, duration of treatment in all patients was considered
24 months.
The study was approved byMedical ethics committee of Shiraz

University of Medical Sciences.

2.1. Statistical analysis

Data were analyzed by SPSS version 21.0 (IBM Corp. IBM SPSS
Statistics for Windows, Armonk, NY). Descriptive data were
presented as mean, standard deviation, percentages, and
appropriate charts. Comparison of qualitative data among
different groups were done by chi-squared test and Fisher exact
test. P value < .05 was considered statistically significant.

3. Results

Patients with disseminated BCG disease who had been admitted
in pediatric infectious disease ward in Nemazee hospital were
analyzed in this cross-sectional study (n=59).
Theminimum recorded agewas 1month and themaximumwas

60 months (mean± standard deviation: 8 months, 8.26±9.73).
Out of 59 cases, 32 (54.2%) were female and 27 (45.8%) were

male. Based on the primary work up, 52.5% of cases were
definite immunodeficient and 47.5% were possible immunocom-
petent (given the incomplete diagnostic workup). The most
common type of immunodeficiency disorders is severe combined
immunodeficiency syndrome (SCID) followed by unspecified
immunodeficiency (nonspecific changes of CD3, CD4, and CD8
count in peripheral blood flowcytometry; [International Statisti-
cal Classification of Diseases and Related Health Problems 10th
Revision: D84.9]),[16] chronic granulomatous disease, HIV, and
histiocytosis, respectively. Demographic characteristics, immune
status, diagnosis, treatment strategy, and outcome of 59 patients
with disseminated BCG disease are shown in Table 2.
From the point of view of the clinical outcome, 71% of

immunocompromised patients were died compared to 28.6% in
immunocompetent group (odds ratio=2.484, 95% confidence
interval 1.326–4.652, P = .002). The outcome was not different
between patients treated with 2 anti-TB drugs (isoniazid and
rifampin, protocol 1) and patients treated with more than 2 anti-
TB drugs (any combination regimen consists of ethambutol,
clarithromycin, or amikacin in addition to isoniazid and
rifampin, protocol 2; P= .748). Mortality rate also was not
statistically different between patients treated with 2 anti-TB
drugs (protocol 1) and patients treated with 4 anti-TB drugs
(combination regimen consists of ethambutol, clarithromycin in
addition to isoniazid, and rifampin, protocol 3; P > .999).
The same results obtained when different treatment protocols

were compared in SCID patients as the most common type of
immunodeficiency disorders with other types (for protocol 1 or 2
P > .522; and for protocol 1 or 3, P > .999). Data are
summarized in Tables 3 and 4.
The possible effect of these protocols on outcome was also

investigated in immunocompromise and immunocompetent
patients separately. We found no significant difference in each
group based on different protocols. For immunocompromise
and immunocompetent patients who received protocol 1 or 2,



Table 2

Demographic characteristics, immune status, diagnosis, treatment strategy, and outcome of 59 patients with disseminated BCG disease.

Variables Total number Live, n (%) Died, n (%) P

Sex 59 29 30
Female 32 15 (46.9) 17 (53.1) .796
Male 27 14 (51.9) 13 (48.1)

Age groups 59 29 30
<12 mo 51 24 (47.1) 27 (52.9) .472
13–60 mo 8 5 (62.5) 3 (37.5)

Immune status 59 29 30
Immunocompromised 31 9 (29) 22 (71) .002

∗

Immunocompetent 28 20 (71.4) 8 (28.6)
Type of immunodeficiency 31 9 22
SCID 18 3 (16.7) 15 (83.3) .163
Possible cell-mediated immune deficiency† 8 5 (62.5) 3 (37.5)
CGD 3 1 (33.3) 2 (66.7)
HIV 1 0 (0) 1 (100)
Histiocytosis syndromes 1 0 (0) 1 (100)

2 vs. more than 2 agents‡ 59 29 30
2 agents 12 5 (41.7) 7 (58.3) .748
≥3 agents 47 24 (51.1) 23 (48.9)

2 vs. 4 antituberculosis drugsx 31 13 18
2 agents 12 5 (41.7) 7 (58.3) >.999
4 agents 19 8 (42.1) 11 (57.9)

BCG = Bacillus Calmette–Guérin, CGD = chronic granulomatous disease, HIV = human immunodeficiency virus, SCID = severe combined immunodeficiency syndrome
∗
Statistically significant.

† Decrease in CD3, CD4, and CD8 count in peripheral blood flowcytometry.
‡ Any combination regimen consists of ethambutol, clarithromycin, or amikacin in addition to isoniazid and rifampin (see text).
x Combination regimen consists of ethambutol, clarithromycin in addition to isoniazid, and rifampin.

Table 3

Treatment outcome in patients with SCID and other types of immunodeficiency disorders treated with 2 antituberculosis drugs protocol
(1)

∗
versus group of patients treated with more than 2 antituberculosis drugs protocols (2)†.

Outcome, count (%)

Type of immunodeficiency Protocol Live Died Total

SCID
Treatment strategy (P = .522) Protocol 1 0 (0) 5 (100.0) 5 (100.0)

Protocol 2 3 (23.1) 10 (76.9) 13 (100.0)
Total 3 (16.7) 15 (83.3) 18 (100.0)

Immunodeficiency disorders other than SCID
Treatment strategy (P > .999) Protocol 1 1 (50.0) 1 (50.0) 2 (100.0)

Protocol 2 5 (45.5) 6 (54.5) 11 (100.0)
Total 6 (46.2) 7 (53.8) 13 (100.0)

SCID = severe combined immunodeficiency syndrome.
∗
Isoniazid and rifampin.

† Any combination regimen consists of ethambutol, clarithromycin, or amikacin in addition to isoniazid and rifampin (see text).

Table 4

Treatment outcome in patients with SCID and other types of immunodeficiency disorders treated with 2 antituberculosis drugs protocol
(1)

∗
versus group of patients treated with 4 antituberculosis drugs protocol (3)†.

Outcome, count (%)

Immune status Protocol Live Died Total

SCID
Treatment strategy (P > .999) Protocol 1 0 (0) 5 (100.0) 5 (100.0)

Protocol 3 0 (0) 5 (100.0) 5 (100.0)
Total 0 (0) 10 (100.0) 10 (100.0)

Immunodeficiency disorders other than SCID
Treatment strategy (P > .999) Protocol 1 1 (50.0) 1 (50.0) 2 (100.0)

Protocol 3 2 (40.0) 3 (60.0) 5 (100.0)
Total 3 (42.9) 4 (57.1) 7 (100.0)

SCID = severe combined immunodeficiency syndrome.
∗
Isoniazid and rifampin.

† Combination regimen consists of ethambutol, clarithromycin in addition to isoniazid, and rifampin.

Amanati et al. Medicine (2017) 96:52 www.md-journal.com

3

http://www.md-journal.com


Table 5

Treatment outcome in patients treated with 2 antituberculosis drugs protocol (1)
∗
versus group of patients treated with more than 2

antituberculosis drugs protocols (2)†.

Outcome, count (%)

Immune status Protocol Live Died Total

Immunocompromised
Treatment strategy (P = .639) Protocol 1 1 (14.3) 6 (85.7) 7 (100.0)

Protocol 2 8 (33.3) 16 (66.7) 24 (100.0)
Total 9 (29.0) 22 (71.0) 31 (100.0)

Immunocompetent
Treatment strategy (P > .999) Protocol 1 4 (80.0) 1 (20.0) 5 (100.0)

Protocol 2 16 (69.6) 7 (30.4) 23 (100.0)
Total 20 (71.4) 8 (28.6) 28 (100.0)

∗
Isoniazid and rifampin.

† Any combination regimen consists of ethambutol, clarithromycin, or amikacin in addition to isoniazid and rifampin (see text).

Table 6

Treatment outcome in patients treated with 2 antituberculosis drugs protocol (1)
∗
versus group of patients treated with 4 antituberculosis

drugs protocol (3)†.

Outcome, count (%)

Immune status Protocol Live Died Total

Immunocompromised
Treatment strategy (P > .999) Protocol 1 1 (14.3) 6 (85.7) 7 (100.0)

Protocol 3 2 (20.0) 8 (80.0) 10 (100.0)
Total 3 (17.6) 14 (82.4) 17 (100.0)

Immunocompetent
Treatment strategy (P > .999) Protocol 1 4 (80.0) 1 (20.0) 5 (100.0)

Protocol 3 6 (66.7) 3 (33.3) 9 (100.0)
Total 10 (71.4) 4 (28.6) 14 (100.0)

∗
Isoniazid and rifampin.

† Combination regimen consists of ethambutol, clarithromycin in addition to isoniazid, and rifampin.
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P value was .639 and >.999, respectively. For patients who
received protocol 1 or 3, P value was >.999 and >.999,
respectively (Tables 5 and 6).

4. Discussion

Currently, various BCG strains are used in BCG vaccines for
prevention of extrapulmonary tuberculosis (especially meningitis
and miliary tuberculosis) in different parts of the worlds. Among
them, Pasteur strain 1173 P2, Danish strain 1331, Glaxo strain
1077, and Tokyo strain 172 are the most common type in the
world.[17–21] Iranian newborn infants routinely receive BCG
Pasture strain (BCG—Pasteur [1173 P2]) at birth. Recently, the
susceptibility ofM bovis in children with post-BCG lymphadeni-
tis was investigated in PACMRC.[22] Minimal inhibitory
concentration of BCG Pasture strain and 24 clinical isolates
were determined for first- and second-line anti-TB drugs. The
results revealed that all BCG Pasture strain (original strain and
clinical tested isolates) were sensitive to isoniazid and rifampin.[2]

There is a lack of unique treatment strategy for disseminated
BCGdisease among different centers regard to the best regimen as
well as duration of treatment in literatures.[5,7,8,12,14,23]

Thus, given that all of BCG Pasture strains in use are sensitive
to isoniazid and rifampin, we think that probably this
combination may be effective and noninferior compare to other
multidrug regimens (more than 2 agents). To evaluate this
hypothesis, 3 different protocols in immunocompromise and
immunocompetent children were investigated.
We did not find any significant effect of different treatment

protocols containing 2 anti-TB agents versus those containing
more than 2 agents on mortality (Tables 3–6).
4

Currently, SCID is the most common type of primary
immunodeficiency syndrome (PID) among Iranian children (near
21.1%) based on the last published reports of Iranian Primary
Immunodeficiency Registry.[24] Interestingly, we found no
significant effect of more than 2 anti-TB agents used for
treatment of children with SCID on the outcome.
According to anti-TB susceptibility testing of our vaccine strain

(BCG—Pasteur) which full susceptible to first-line anti-TB drugs
including isoniazid and rifampin, adding more than 2 anti-TB
drugs will have no impact on patient’s outcomes.

5. Conclusions

Countries such as Iran where all newborn infants receive single
dose of BCG vaccine at birth, many of those with cellular
immunodeficiency syndromes (such as SCID) complicated with
BCG vaccine. According to the results, isoniazid and rifampin for
duration of 24 months are sufficient for treatment of disseminat-
ed BCG disease in children with PID.
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