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Abstract
Background: Disseminated bacillus calmette guerin (BCG) infection is a rare but life threatening complication of BCG vaccination. It 
has been mainly seen in severe immune deficiency. A precise and rapid diagnosis is crucial for prompt initiation of an aggressive anti-
mycobacterial treatment. Polymerase chain reaction (PCR) is directly applicable to smear-positive clinical specimens, proven to be a rapid 
and specific diagnostic test.
Objectives: The aim of this study was to investigate disseminated BCG infection among 34 children in southern Iran, mainly confirmed 
by PCR.
Patients and Methods: We included all the patients hospitalized with disseminated BCG infection at a referral teaching hospital in 
southern Iran between years 1990 and 2007. The clinical and laboratory data including the immunological workups were obtained 
through a review of the medical files. We recalled all pathology samples from pathology specimen banks and used an in-house PCR specific 
for Mycobacterium bovis BCG substrain to confirm the diagnosis.
Results: From the total of 34 children hospitalized with disseminated BCG infection, 21 were categorized as definite and 13 probable. Thirty-
one patients (91%) were under two years of age and 41% were male. The most common clinical findings were fever in 31 (91.2%), axillary’s 
lymphadenopathy in 26 (76.5%), hepatosplenomegaly in 25 (73.5%), stunted growth in 21 (61.8%), and distant lymphadenopathy in 16 (47.1%). 
Polymerase Chain Reaction positivity rate was 100% (9 of 9) in bone marrow smear slides and 84.2% (16 of 19) for formalin-fixed and paraffin-
embedded tissue specimens. Immunodeficiency state was detected in 50% and the overall mortality rate was 58.8% (20 of 34).
Conclusions: Disseminated BCG infection should be considered in the differential diagnosis of infants and young children with fever, 
hepatosplenomegaly, lymphadenopathy, and history of BCG vaccination. The PCR method has a high positivity rate and can serve as a 
useful tool for the rapid and specific identification of M. bovis BCG substrain infection.
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1. Background
Bacillus calmette guerin (BCG) vaccine, derived from 

multiple passages of wild-type Mycobacterium bovis, has 
been used in humans since 1921 and is still the only vac-
cine available against tuberculosis (1). It has a relatively 
high protective efficacy against meningeal and miliary 
tuberculosis. Approximately, 100 million children rou-
tinely receive one or more BCG vaccines in most coun-
tries of the world every year and in Iran yearly, 1.4 million 
neonates receive one dose at birth as per the expanded 
immunization program (2). Although BCG immuniza-
tion is relatively safe, it may be associated with adverse 
events, such as self-limited injection site lesions, regional 

adenitis, and in rare cases, life threatening disseminated 
BCG infection (3). The incidence of disseminated BCG in-
fection has previously been reported to be 0.19 - 1.56 cases 
per one million vaccinated infants and such disease has 
been mainly seen in severe immune deficiency, with high 
mortality rate (3, 4).

Diagnosing disseminated BCG infection that affects 
mainly infants and young children and is character-
ized by fever, weight loss, lymphadenopathy, and hepa-
tosplenomegaly requires a high index of physicians’ 
suspicion (5). A wide variety of differential diagnosis 
should be considered including other mycobacterial, 
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some bacterial, viral, parasitic, and fungal infections as 
well as neoplastic and connective tissue diseases, and 
also metabolic or hematologic diseases with superim-
posed infections (3, 5). To confirm the diagnosis, differ-
entiation of isolated Mycobacterium BCG sub-strain from 
atypical mycobacteria and other members of Mycobacte-
rium tuberculosis complex (MTC) such as M. tuberculosis, 
wild-type M. bovis, and M. africanum by various methods 
is mandatory (5). Although isolation by culture and 
then identification are the optimal confirmatory steps 
in diagnosis, Polymerase chain reaction (PCR) is directly 
applicable for smear-positive clinical specimens, indi-
cating that it is a rapid and specific diagnostic test. A 
precise and rapid diagnosis of disseminated BCG infec-
tion is crucial in starting a prompt aggressive anti-my-
cobacterial treatment, which needs to be continued for 
a prolonged period of time (3, 5).

2. Objectives
The present study aimed to report on the various man-

ifestations, laboratory findings and outcomes of this 
rare life-threatening complication in a considerable 
number of infants and young children managed at a 
single center and to propose PCR as an efficient confir-
matory diagnostic method applied directly on pathol-
ogy specimens.

3. Patients and Methods
We retrospectively reviewed the medical files of all 

children hospitalized for disseminated BCG infection 
at Nemazee Teaching Hospital, a referral hospital in 
southern Iran, between 1990 and 2007. All of the 34 in-
dividuals included in this study were diagnosed and 
treated as disseminated BCG infection, by a pediatric 
infectious diseases specialist. The presumptive diagno-
sis was based on (a) the presence of systemic syndromes 
compatible with disseminated mycobacterial disease, 
(b) a positive history of BCG vaccination, (c) a temporal 
relationship between BCG vaccination and disease, (d) 
the presence of disease in the region of vaccination, (e) 
histopathologic evidence of mycobacterial infection in-
cluding the presence of acid fast bacilli and/or granulo-
ma at two or more anatomic sites other than the site of 
vaccination, and (f) having inconclusive results for the 
work-ups of other diseases.

The pathologic reports of 59 samples were available 
in the patients’ medical files, including 24 bone mar-
row aspirations or biopsies, 14 liver biopsies, 13 distant 
lymph node aspirations or biopsies, three skin rash bi-
opsies, two bone biopsies, two lung biopsies and one 
gastric washing. No positive mycobacterial culture was 
detected among the patients. The competency of the im-
mune system was evaluated by different tests including 
nitroblue-tetrazolium test, T-cell and B-cell counts by 
flow cytometry (FACScalibur, BD. US), Human immuno-
deficiency virus (HIV) test by enzyme-linked immuno-

sorbent assay (ELISA) and evaluation of serum immuno-
globulins and CH50.

We recruited patients’ pathology samples from pathol-
ogy specimen banks. Twenty-eight samples from 21 pa-
tients, including nine smears from bone marrow speci-
mens and 19 Formalin-Fixed and Paraffin-Embedded 
(FFPE) tissue specimens (i.e., six lymph node, nine liver, 
one subcutaneous nodule, one lung, one rib, and one 
smear of intra-abdominal abscess) were available. We 
deparaffinized FFPE specimens, as previously described 
(6). Nucleic acid extraction was performed on one to five 
sections (5 μm) of these specimens. We used proteinase 
K (Fermentas Co., Lithuania) lysis and phenol-chloro-
form (Sina gene Co., Iran) extraction, followed by etha-
nol (Merck Co., Germany) precipitation to isolate deoxy-
ribonucleic acid (DNA) from the smears and tissues. For 
differentiating M. bovis BCG from the other members of 
the M. tuberculosis complex, we performed an in-house 
multiplex PCR method to confirm the identity of the iso-
lates, as described by Magdalena et al. (7) and Yeboah-
Manu et al. (8).

The following primers were used: spacer region-
specific primers for M. bovis BCG, spacer region 33 
specific (5′ACACCGACATGACGGCGG3′) and spacer re-
gion 34 specific (5′CGACGGTGTGGGCGAGG3′); the in-
sertion sequence IS6110, MTC-specific primers, TB284 
(5′GGACAACGCCGAATTGCG3′), TB850 (5′TAGGCGTCGGT-
GACAAAGGCCAC3′); and Mycobacterium genus-specific 
(65-kDa antigen gene) primers, TB11 (5′ACCAACGATGGT-
GTGTCCAT3′) and TB12 (5′CTTGTCGAACCGCATACCCT3′). 
All strains of M. bovis BCG produced two bands of 172 and 
99 bp. The PCR conditions were 95°C for three minutes; 
30 cycles at 95°C for 20 seconds, 65°C for 30 seconds, 
and 72°C for 30 seconds; and 72°C for seven minutes. 
The products were analyzed by electrophoresis on a 2% 
(wt/vol) agarose gel (8). Negative controls contained 
the PCR mixture without a DNA template and positive 
controls contained mycobacterial DNA extracted from 
the BCG vaccine.

The patients were classified into two categories, defi-
nite and probable cases, according to the working defi-
nition of disseminated BCG disease described by Talbot 
et al. in 1997 (5). The definite disseminated BCG infec-
tions met all three criteria, including: (i) identification 
of M. bovis BCG substrain by PCR, (ii) evidence of infec-
tion (including a positive culture, PCR or histopatho-
logic demonstration of acid-fast bacilli) at two or more 
anatomic sites beyond the site of vaccination, and (iii) 
the presence of a systemic syndrome compatible with 
mycobacterial infection (such as fever, weight loss, and 
anemia). The probable case was defined based on all the 
criteria for a definite case except a positive PCR for M. 
bovis BCG (9). In the present study, the PCR result for M. 
bovis BCG was either negative or not performed in prob-
able cases. The study design, conduct and assessments 
were all in accordance with ethical considerations, 
established and approved by the Ethics Committee of 
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Shiraz University of Medical Sciences. Continuous vari-
ables were compared using the Student t test. Data were 
analyzed using SPSS, version 11.5 (SPSS, Chicago, IL). Dif-
ferences of P < 0.05 were considered statistically sig-
nificant.

4. Results
There were 34 consecutive patients, 21 definite (Tables 

1) and 13 probable (Table 2) cases, reported from 1990 to 
2007. All patients were healthy at birth and vaccinated 
routinely with the Pasteur 1173 M. bovis BCG substrain at 
the insertion of the deltoid. The patients were one to 60 
months old with a mean (± SD) of 10.2 (± 12.5). Twenty-one 
patients (61.8%) were six months of age or younger. Thirty-
one (91.2%) patients were younger than two years. About 
41% (14 of 34) of the patients were male.

Table 1. Summary of Data on Twenty-one Definite Cases of Disseminated Bacillus Calmette Guerin Disease Reported From 1990 to 
2007 in Shiraz, Southern Irana

Cases Year of 
Diagnosis

Gender Age, mo Systemic 
Syndrome

Immune 
Defect

Site(s) with the Evidence 
of Disseminationb

Antimicrobial 
Therapy

Outcome

1 1995 M 16 F, HSM, parotitis, 
GLN

CMI DLN I, R, S A

2 1995 F 5 F, P, skin nodules SCID Gastric washing, BM I, R D

3 2003 F 4.5 F, HSM, GLN None Liver I, R A

4 2003 F 8 F, HSM, GLN, 
weight loss

None DLN, Liver I, R A

5 2004 F 6 F, HSM, osteomy-
elitis

SCID Rib I, R, E, S D

6 2004 F 13 F, HSM, GLN CGD DLN, Liver, BM I, R D

7 2004 F 3 F, HSM, general-
ized edema

SCID BM, Liver I, R D

8 2004 M 5 F, HSM, GLN None BM I, R, E D

9 2004 F 3 F, HSM SCID Liver, BM I, R D

10 2005 M 4.5 F, HSM, weight 
loss

None Liver I, R, E, S A

11 2005 F 28 F, HSM, GLN, ab-
dominal mass

CMI Intra-abdominal abscess, 
DLN

I, R A

12 2005 M 9 F, P, HSM None Lung I, R, E A

13 2005 F 6 Bowel 
obstruction, GLN

None DLN I, R, E D

14 2005 F 2 F, HSM, sepsis None Liver I, R, E, O A

15 2006 M 1 F, HSM, sepsis, 
skin nodules,

SCID Skin nodule I, R D

16 2006 F 3 F, P, HSM SCID Liver, BM I, R, E, O D

17 2006 F 17 Weight loss, 
splenomegaly, 
Osteomyelitis

None Bone, BM I, R, E, O A

18 2006 F 1.5 F,GLN, Bowel 
obstruction

None DLN, BM, Liver I, R, E, O D

19 2007 M 2 F, P, HSM None BM I, R, E, S, O D

20 2007 F 4.5 F, HSM SCID BM I, R, E, O, S D

21 2007 F 4 F, sepsis, GLN None Liver, DLN I, R, E, O, S A
aAbbreviations: A indicates alive; BM, bone marrow; CGD, chronic granulomatous disease; C, clarithromycin; CMI, unidentified cell-mediated immune 
defect; D, died; DLN, distant lymphadenopathy; E, ethambutol; F, fever; GLN, generalized lymphadenopathy; HSM, hepatosplenomegaly; I, Isoniazid; 
LAD, lymphadenopathy; MO, months, O, ofloxacin; P, pneumonia; R, rifampin; SCID, severe combined immunodeficiency; S, streptomycin.
bEvidence of dissemination included the histopathologic demonstration of acid-fast bacilli and/or typical histopathologic changes with granulomatous 
inflammation and/or the identification of Mycobacterium substrains, by standard polymerase chain reaction.
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Table 2. Summary of Data on the Thirteen Probable Cases of Disseminated Bacillus Calmette Guerin Disease Reported From 1990 to 
2007 in Shiraz, Southern Irana

Cases Year of 
Diagnosis

Gender Age, mo Systemic Syndrome Immune 
Defect

Site(s) with Evidence 
of Disseminationb

Antimicrobial 
Therapy

Outcome

1 1991 F 42 F, HSM, weight loss None BM I, R A

2 1995 M 22 F, GLN SCID DLN I, R D

3 1996 F 18 F, HSM, GLN None DLN I, R A

4 2005 M 4 F, HSM, sepsis SCID Liver I, R, E, S D

5 2005 M 6.5 Intussusception, GLN CMI DLN I, R, E, S D

6 2006 F 60 F, P, GLN, weight loss, 
osteomyelitis

CMI Lung, DLN I, R, E, O D

7 2006 F 3.5 F, HSM, sepsis SCID BM I, R, E, O D

8 2006 M 4 F, HSM, sepsis SCID BM I, R, E D

9 2006 F 10 F, P, HSM, GLN None DLN, Liver I, R, E, O D

10 2007 M 12 F, HSM, generalized 
edema

None Liver I, R, E, O, A

11 2007 M 2.5 F, P, HSM None BM I, R, E, O, C A

12 2007 M 6 F, GLN SCID BM I, R, E, O, S D

13 2007 M 2 F, HSM, GLN None DLN I, R, E, O, S A
aAbbreviations are defined in Table 1.
bEvidence of dissemination included the histopathologic demonstration of acid-fast bacilli and/or typical histopathologic changes with granulomatous 
inflammation and/or the identification of Mycobacterium substrains, by standard polymerase chain reaction.

Fever in 31 (91.2%), axillary lymphadenopathy in 26 
(76.5%) with fistulization in 50%, hepatosplenomegaly in 
25 (73.5%), stunted growth in 21 (61.8%), distant lymphade-
nopathy in 16 (47.1%), cough (longer than three weeks) in 
15 (44.1%), skin rash in 9 (26.5%) and vomiting in 9 (26.5%) 
were the most commonly reported signs and symptoms. 
Five patients (14.7%) had an active ulcer on their BCG injec-
tion sites. Disseminated BCG infection was diagnosed in 
three of the cases after laparotomy for bowel obstruction 
(cases 13 and 18, Table 1 ; case 5, Table 2). Specific pathologic 
findings (presence of granuloma and/or acid fast bacilli in 
tissue specimens) were found in 12 of 13 (92.3%) biopsies or 
aspirations of distant lymph nodes, 12 of 14 (85.7%) liver bi-
opsies and 15 of 24 (62.5%) bone marrow aspirations and 
biopsies. In the two lung biopsies and one of the two bone 
biopsy specimens, pathologic diagnosis was based on the 
presence of granuloma. One gastric washing, done for a 
patient with pneumonia, and two of three biopsies of skin 
rashes revealed acid fast bacilli (Tables 1 and 2).

The most common abnormal findings in blood profiles 
were as follows: anemia in 30 (88.2%), leukopenia (white 
blood counts less than 4000/μL) in 16 (47.1%), thrombocy-
topenia (platelet counts less than 150000/μL) in 15 (44.1%), 
and leukocytosis (leukocyte count that was two standard 
deviations above the mean count for a particular age) in 
15 (44.1%). Of the 34 cases, 17 (50%) occurred in immuno-
compromised hosts. Severe combined immunodeficiency 
(SCID) was identified in 12 (35.3%), followed by unidentified 
cell mediated immune defect in 4 (11.8%) and chronic gran-
ulomatous disease in 1 (2.9%). HIV was not detected in any 
of the cases. Disseminated BCG infection developed in two 

brothers (case 8, Table 1 ; case 13, Table 2) and a brother and 
sister (cases 7 and 19, Table 1) among the patients.

Response to therapy was poor, with an overall mortal-
ity rate of 58.8% (20 of 34). Of the 20 patients who died of 
disseminated BCG infection, 15 (75%) had an immune de-
fect. In contrast, of the fourteen patients who recovered, 
only two (14%) had an identified immunodeficiency. All 12 
infants with severe combined immunodeficiency (SCID) 
died despite the received treatment. Different treatment 
protocols were used in our patients, i.e. the patients were 
mostly treated with isoniazid and rifampin up to 2004 
and afterwards by three or more anti-tuberculosis drugs 
(Tables 1 and 2).

Disseminated BCG infection was confirmed in 21 pa-
tients by PCR, which was directly applied to the 28 avail-
able clinical specimens in pathology specimen bank 
and one intraabdominal abscess specimen (Tables 1 and 
2) (10). PCR results were positive on 26 specimens for M. 
bovis BCG including 9 of 9 (100%) bone marrow smears 
slides, 16 of 19 (84.2%) of FFPE tissue specimens and one 
intra-abdominal abscess specimen. As for 16 FFPE tissue 
specimens, PCR results on 3 specimens from skin rash, 
bone and lung were positive for M. bovis BCG; and PCR 
positivity was 100% for distant lymph nodes (6 of 6) and 
77.8% for liver (7 of 9).

5. Discussion
Herein, we on report 34 patients with disseminated 

BCG infection, 21 definite and 13 probable cases and to 
the best of our knowledge, this is the largest study on 
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children with definite disseminated BCG infection, re-
ported from Iran. Disseminated BCG infection is a rare 
consequence of BCG vaccination, with a reported fre-
quency of less than five per million vaccines and has 
mainly been seen in children with severe immune de-
ficiencies (3). Adverse reactions to BCG vaccine appear 
to be grossly underreported (11). Approximately, 1.4 mil-
lion children receive BCG vaccines every year in Iran and 
according to recent reports from Iran, the number of 
disseminated BCG infections is estimated to be higher 
than the expected rate (12-19). The greater reactogenic-
ity of Pasteur 1173P2 strain vaccines, used in the national 
immunization program or higher prevalence of pri-
mary immunodeficiency may be possible explanations, 
which need further investigations (20, 21).

The majority of our patients (91.2%) were infants, con-
sistent with previous reports in which 76 -100% of the pa-
tients were under two years of age (5, 13, 17-19, 22). The most 
clinical presentations in our series were fever found in 31 
(91.2%), axillary’s lymphadenopathy in 26 (76.5%) with fis-
tulization in 50%, hepatosplenomegaly in 25 (73.5%), and 
stunted growth in 21 (61.8%), in agreement with previous 
reports (5, 13, 17-19, 22). Unusual presentation of dissemi-
nated BCG infection could be accompanied by gastroin-
testinal manifestations. Of the 34 patients, two cases pre-
sented bowel obstruction (cases 17 and 26, Table 1) and one 
with intussusception (case 5, Table 2). One patient with 
retroperitoneal abscess presented an abdominal mass, as 
reported previously (case 11, Table 1) (10). The histopatho-
logic evidence of mycobacterial infection including the 
presence of acid fast bacilli and/or granuloma in tissue 
specimens removed by the liver and distant lymph node 
biopsy had very high yield of diagnosis (85.7% and 92.3%, 
respectively), so in children with suspected disseminated 
BCG infection in the absence of distant lymphadenopa-
thy, liver biopsy could be suggested for early diagnosis. 
Besides, biopsy or smear of other organs such as the skin 
nodules, bone and lungs may serve as diagnostic tools, as 
previously reported (5, 23, 24).

The identification of M. bovis BCG substrain in tissue 
specimens of patients with suspected disseminated BCG 
infection is required for definite diagnosis. In this study, 
disseminated BCG infection was confirmed in 21 patients 
by PCR, which was directly applied to the 28 available clin-
ical specimens with high rate of positivity (92.8%, 26 out 
of 28) (Tables 1 and 2) (10). In fact, the spread of BCG is a 
normal sequela of BCG vaccination, yet the identification 
and speciation of M. bovis BCG substrain by standard PCR 
in a patient with clinical findings consistent with dissem-
inated BCG infection, could serve as a well-established 
criteria for the diagnosis of disseminated BCG infection 
(5, 9). Clinical management of BCG disease is difficult in 
the absence of standard clinical trials. As for our patients, 
response to therapy was poor, with an overall mortality 
rate of 58.8%, which differ significantly in immunocom-
promised cases and patients without an identifiable im-
munodeficiency (75% vs. 14%, respectively; P = 0.0003). 

The overall mortality rate of 71% was reported previously, 
despite aggressive management, and it ranged between 
0% in patients without an identifiable immunodeficiency 
to 83% in immunocompromised counterparts (5).

Chemotherapy seems to be complicated by the inher-
ent resistance of all M. bovis strains to pyrazinamide, the 
inherent intermediate resistance of some BCG strains to 
isoniazid, and the emergence of additional resistance 
during inappropriate therapy (25, 26). In a review in 1993, 
most M. bovis isolates from 73 patients were sensitive to 
isoniazid and rifampin, so during 1991 - 2004, the ma-
jority of our patients were treated with a combination 
of isoniazid and rifampin. Concern for the selection of 
antibiotic-resistance, led to a change from the two-drug 
combined therapy to three or more drugs since about 
2005 in our cases (27). It has been suggested that four or 
more anti-tuberculosis drugs should be used for longer 
than one year in children with disseminated BCG disease 
until full recovery. The mortality in our patients who re-
ceived different regimens of anti-tuberculosis was not 
significantly different (Tables 1 and 2). It seems that the 
patient’s outcome is determined by their immunity state 
and/or progression of infectious process rather than an-
ti-tuberculosis regimens. Therefore, investigation for a 
standard treatment of disseminated BCG infection seems 
mandatory. Several reports suggest that early bone mar-
row transplantation together with appropriate antimi-
crobials in immunocompromised patients is effective in 
restoring immunity and curing the infection (27, 28).

In the present study, about half of the patients were 
with identified with immunodeficiency. Despite a few 
cases of disseminated BCG infection reported in normal 
hosts, immunodeficiency has been detected in the major-
ity of patients i.e., 86% in the review of Talbot et al. (5, 29, 
30). Although, in our study, the majority of immunologic 
defects predisposed patients to mycobacterial infections, 
in our study, the majority of immunologic deficiencies 
except the defects of inretleukin-12-interferon-γ (IL-12-
INF-γ) axis predisposed patients to mycobacterial infec-
tions were investigated. The major defects of IL 12- INF-γ 
axis leading to Mendelian Susceptibility to Mycobacte-
rial Diseases (MSMD) includes IFN γ R1, IL-12R β 1/IL-12 
p40, and signal transducers and activator of transcrip-
tion (STAT) 1 deficiency (31, 32). The major defects of the 
IL-12-INF-g axis include IFN γ R1, IL-12R β 1/IL-12 p40, and 
signal transducers and activator of transcription (STAT) 1 
deficiency (31, 32). Four patients with sibling relationship 
in our series were immunodeficient and all except one 
died despite aggressive treatment (cases no 7 and 8, Table 
1 ; no 4 and 13, Table 2). Since most of the cases with dis-
seminated BCG infection had immunodeficiency, mostly 
inherited as autosomal recessive, we suggest that all the 
siblings of cases with disseminated BCG infection should 
not be vaccinated at birth until complete evaluation and 
immunological work ups are performed.

In conclusion, infants and young children with pro-
longed fever, hepatosplenomegaly, lymphadenopathy 
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and a history of BCG vaccination should be examined for 
disseminated BCG infection. Polymerase Chain Reaction 
specific for M. bovis BCG in tissue specimens has a high 
rate of positivity in such cases. Nevertheless, further stud-
ies and clinical trials are required to assess the most ap-
propriate anti-tuberculosis regimen (33).

Acknowledgments
We thank H. Khajehei for his linguistic copyediting.

Footnotes
Authors’ Contribution:Abdolvahab Alborzi and Mo-

hammad Hasan Aelami developed the original idea and 
protocol, abstracted and analyzed the data, and wrote the 
manuscript. Gholamreza Pouladfar developed the proto-
col, abstracted the data, and prepared the manuscript, and 
was the guarantor. Bita Geramizadeh, Bahman Pourabbas, 
and Jalal Mardaneh developed the protocol, performed 
the laboratory tests, and prepared the manuscript.

Funding/Support:This study was supported by Profes-
sor Alborzi of the Clinical Microbiology Research Center.

References
1.       Erkens CG, de Vries G, Keizer ST, Slump E, van den Hof S. The epi-

demiology of childhood tuberculosis in the Netherlands: still 
room for prevention. BMC Infect Dis. 2014;14:295. doi: 10.1186/1471-
2334-14-295. [PubMed: 24885314]

2.       Fine P, Carneiro AM, Milstein JB, Clements JC. Issues relating to the 
use of BCG in immunisation programmes. A discussion document. Ge-
neva. Geneva: World Health Organisation; 1999. Available from: 
https://extranet.who.int/iris/restricted/handle/10665/66120.

3.       Scheifele D, Law B, Jadavji T. Disseminated bacille Calmette-
Guerin infection: three recent Canadian cases. IMPACT. Im-
munization Monitoring Program, Active. Can Commun Dis Rep. 
1998;24(9):69–72. [PubMed: 9611413]

4.       Marciano BE, Huang CY, Joshi G, Rezaei N, Carvalho BC, Allwood 
Z, et al. BCG vaccination in patients with severe combined im-
munodeficiency: complications, risks, and vaccination poli-
cies. J Allergy Clin Immunol. 2014;133(4):1134–41. doi: 10.1016/j.
jaci.2014.02.028. [PubMed: 24679470]

5.       Talbot EA, Perkins MD, Silva SF, Frothingham R. Disseminated 
bacille Calmette-Guerin disease after vaccination: case report 
and review. Clin Infect Dis. 1997;24(6):1139–46. [PubMed: 9195072]

6.       Greer CE, Wheeler CM, Manos MM. Sample preparation and PCR 
amplification from paraffin-embedded. Genome Res. 1994;3:S113–
22. doi: 10.1101/gr.3.6.S113.

7.       Magdalena J, Vachee A, Supply P, Locht C. Identification of a new 
DNA region specific for members of Mycobacterium tuberculo-
sis complex. J Clin Microbiol. 1998;36(4):937–43. [PubMed: 9542912]

8.       Yeboah-Manu D, Yates MD, Wilson SM. Application of a simple 
multiplex PCR to aid in routine work of the mycobacterium ref-
erence laboratory. J Clin Microbiol. 2001;39(11):4166–8. doi: 10.1128/
JCM.39.11.4166-4168.2001. [PubMed: 11682550]

9.       Bernatowska EA, Wolska-Kusnierz B, Pac M, Kurenko-Deptuch M, 
Zwolska Z, Casanova JL, et al. Disseminated bacillus Calmette-
Guerin infection and immunodeficiency. Emerg Infect Dis. 
2007;13(5):799–801. doi: 10.3201/eid1305.060865. [PubMed: 
18044052]

10.       Alborzi A, Mostafavi N. Retroperitoneal abscess due to dis-
seminated Bacille Calmette-Guerin infection. Jpn J Infect Dis. 
2007;60(6):392–3. [PubMed: 18032842]

11.       FitzGerald JM. Management of adverse reactions to bacille 
Calmette-Guerin vaccine. Clin Infect Dis. 2000;31 Suppl 3:S75–6. 
doi: 10.1086/314074. [PubMed: 11010827]

12.       Banani SA, Alborzi A. Needle aspiration for suppurative post-BCG 
adenitis. Arch Dis Child. 1994;71(5):446–7. doi: 10.1136/adc.71.5.446. 
[PubMed: 7826118]

13.       Rezai MS, Khotaei G, Mamishi S, Kheirkhah M, Parvaneh N. Dis-
seminated Bacillus Calmette-Guerin infection after BCG vaccina-
tion. J Trop Pediatr. 2008;54(6):413–6. doi: 10.1093/tropej/fmn053. 
[PubMed: 18593737]

14.       Afshar Paiman S, Siadati A, Mamishi S, Tabatabaie P, Khotaee G. 
Disseminated Mycobacterium bovis infection after BCG vacci-
nation. Iran J Allergy Asthma Immunol. 2006;5(3):133–7. [PubMed: 
17237565]

15.       Sadeghi-Shanbestari M, Ansarin K, Maljaei SH, Rafeey M, Pezeshki 
Z, Kousha A, et al. Immunologic aspects of patients with dis-
seminated bacille Calmette-Guerin disease in north-west of Iran. 
Ital J Pediatr. 2009;35:42. doi: 10.1186/1824-7288-35-42. [PubMed: 
20030825]

16.       Sadeghi-Shabestari M, Rezaei N. Disseminated bacille Calmette-
Guerin in Iranian children with severe combined immuno-
deficiency. Int J Infect Dis. 2009;13(6):e420–3. doi: 10.1016/j.
ijid.2009.02.008. [PubMed: 19403320]

17.       Norouzi S, Aghamohammadi A, Mamishi S, Rosenzweig SD, 
Rezaei N. Bacillus Calmette-Guerin (BCG) complications as-
sociated with primary immunodeficiency diseases. J Infect. 
2012;64(6):543–54. doi: 10.1016/j.jinf.2012.03.012. [PubMed: 
22430715]

18.       Movahedi Z, Norouzi S, Mamishi S, Rezaei N. BCGiosis as a pre-
senting feature of a child with chronic granulomatous disease. 
Braz J Infect Dis. 2011;15(1):83–6. doi: 10.1016/S1413-8670(11)70146-5. 
[PubMed: 21412596]

19.       Shahmohammadi S, Saffar MJ, Rezai MS. BCG-osis after BCG vac-
cination in immunocompromised children: Case series and re-
view. J Pediatric Rev. 2014;2(1):62–74. doi: 10.7508/JPR-V2-N1-62-74.

20.       Kozak R, Behr MA. Divergence of immunologic and protective 
responses of different BCG strains in a murine model. Vaccine. 
2011;29(7):1519–26. doi: 10.1016/j.vaccine.2010.12.012. [PubMed: 
21184855]

21.       Rezaei N, Mohammadinejad P, Aghamohammadi A. The demo-
graphics of primary immunodeficiency diseases across the 
unique ethnic groups in Iran, and approaches to diagnosis and 
treatment. Ann N Y Acad Sci. 2011;1238:24–32. doi: 10.1111/j.1749-
6632.2011.06239.x. [PubMed: 22129050]

22.       Hesseling AC, Schaaf HS, Hanekom WA, Beyers N, Cotton MF, Gie 
RP, et al. Danish bacille Calmette-Guerin vaccine-induced disease 
in human immunodeficiency virus-infected children. Clin Infect 
Dis. 2003;37(9):1226–33. doi: 10.1086/378298. [PubMed: 14557968]

23.       Gantzer A, Neven B, Picard C, Brousse N, Lortholary O, Fischer A. 
Clinical presentation of Bacillus Calmette-Guerin infections in 
patients with immunodeficiency syndromes. Pediatr Infect Dis. 
1989;8(4):201–6. [PubMed: 2654859]

24.       Gantzer A, Neven B, Picard C, Brousse N, Lortholary O, Fischer 
A, et al. Severe cutaneous bacillus Calmette-Guerin infection in 
immunocompromised children: the relevance of skin biopsy. 
J Cutan Pathol. 2013;40(1):30–7. doi: 10.1111/cup.12048. [PubMed: 
23157280]

25.       Vogelsang TM, Wetteland P. Dispersion and viability of BCG after 
intradermal injection in the guinea pig. 2. Pathological findings. 
Acta Pathol Microbiol Scand. 1961;52:287–99. [PubMed: 13781838]

26.       Hesseling AC, Schaaf HS, Victor T, Beyers N, Marais BJ, Cotton MF, 
et al. Resistant Mycobacterium bovis Bacillus Calmette-Guerin 
disease: implications for management of Bacillus Calmette-
Guerin Disease in human immunodeficiency virus-infected 
children. Pediatr Infect Dis J. 2004;23(5):476–9. [PubMed: 15131480]

27.       Ikinciogullari A, Dogu F, Ciftci E, Unal E, Ertem M, Reisli I, et al. An 
intensive approach to the treatment of disseminated BCG infec-
tion in a SCID patient. Bone Marrow Transplant. 2002;30(1):45–7. 
doi: 10.1038/sj.bmt.1703578. [PubMed: 12105777]

28.       Hung GY, Chiou TJ, Lin CY, Hsiao LT, Chen PM, Hwang B. Trans-
plantation of related histocompatible marrow and peripheral 
blood stem cells in a patient with severe combined immuno-
deficiency and disseminated BCG infection. J Chin Med Assoc. 
2003;66(1):72–5. [PubMed: 12728979]

29.       Raos M, Dodig S, Klancir SB, Kovac K, Hegedus-Jungvirth M. [BCG 



Aelami MH et al.

7Jundishapur J Microbiol. 2015;8(11):e25663

dissemination in a child with normal immunity]. Lijec Vjesn. 
2000;122(7-8):180–2. [PubMed: 11048461]

30.       Pedersen FK, Engbaek HC, Hertz H, Vergmann B. Fatal BCG 
infection in an immunocompetent girl. Acta Paediatr Scand. 
1978;67(4):519–23. [PubMed: 354316]

31.       Remus N, Reichenbach J, Picard C, Rietschel C, Wood P, Lammas 
D, et al. Impaired interferon gamma-mediated immunity and 
susceptibility to mycobacterial infection in childhood. Pediatr 
Res. 2001;50(1):8–13. doi: 10.1203/00006450-200107000-00005. 

[PubMed: 11420412]
32.       Mansouri D, Adimi P, Mirsaeidi M, Mansouri N, Khalilzadeh S, 

Masjedi MR, et al. Inherited disorders of the IL-12-IFN-gamma 
axis in patients with disseminated BCG infection. Eur J Pediatr. 
2005;164(12):753–7. doi: 10.1007/s00431-005-1689-9. [PubMed: 
16091917]

33.       Cuello‐García CA, Pérez‐Gaxiola G, Jiménez Gutiérrez C. Treat-
ing BCG‐induced disease in children. Cochrane Database Syst 
Rev. 2013;31:1. doi: 10.1002/14651858.cd008300.pub2.


