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ABSTRACT 
 

The Bacillus Calmette - Guérin (BCG) vaccine is purported to be disseminated in the body after inoculation via a 
lymphohematogenous route, even in immunocompetent individuals. This study was aimed to investigate the 
presence of Bacillus Calmette - Guérin in the bone marrow specimens of BCG vaccinated children using a 
molecular method. In this cross-sectional study, a total of 70 bone marrow samples were collected randomly 
from the hospitalized patients in Namazi and Amir Hospitals of Shiraz, Iran between April 2013 and March 
2014. Bone marrow specimens were examined using the AmpliSens MD-FRT PCR kit (InterLabService Ltd, 
Moscow, Russia), designed for qualitative detection and differentiation of mycobacterium tuberculosis complex 
(M. tuberculosis, M.bovis, M.bovis BCG, etc.). Of the 70 cases, 42 (60%) were male.  Patients’ age ranged from 8 
months to 6 years, with the most frequent age group being the 2-3 years (22.8%). Bone marrow aspirate smears 
showed no histopathological sign of granuloma/caseous granuloma. The bone marrow aspirate smears were 
also negative for acid-fast bacilli staining (i.e. Ziehl-Neelsen stain). Samples were all found to be negative for BCG 
based on real-time PCR results. Our study showed no evidence of bone-marrow involvement of BCG in a group of 
sick vaccinated children with no clinical presentation of disseminated BCG disease. 
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INTRODUCTION 

 

Bacillus Calmette - Guérin (BCG) vaccine is the 

only currently-available licensed vaccine against 

tuberculosis (TB) [1]. Since its discovery and 

initial testing in the 1920s, It’s one of the most 

widely used live vaccines worldwide [2]. It is a live 

attenuated derivative of a virulent strain of 

Mycobacterium bovis and was originally derived 

from cows with tuberculous mastitis [1, 2]. BCG 

vaccination is a part of the immunization program 

in many developed and developing countries and 

is usually given early after birth or during the first 

2 weeks of life [3]. It’s been shown to provide up 

to 80% protection against severe tuberculosis 

such as miliary TB disease and TB meningitis [4]. 

Although BCG vaccination is generally considered 

safe, complications including subcutaneous 

abscess, osteomyelitis, regional lymphadenitis, 

eczema vaccinatum, hypertrophic scars, and 

keloid formation are reported to occur in <2% of 

vaccinated cases [5, 6]. The disseminated BCG 

infection is reported to have an incidence rate of 

0.01-3.4 per million [7-9]. It is expected to occur 

mostly in immunocompromised children [10, 11]. 

After inoculation, BCG mycobacteria multiply both 

at the injection site, where they generate the 

induction of a prolonged inflammatory responses, 

as well as in remote sites with preponderance of 

local draining lymph nodes [12]. They are able to 

spread lymphohematogenously to distant parts of 

the body especially to reticuloendothelial system 

and bone marrow. In the state of 

immunodeficiency, this small confined foci of BCG 

in tissues escape from the detection/suppression 
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by the immune system and produce a clinical 

scenario known as systemic or disseminated BCG 

disease. The diagnosis can be confirmed by the 

isolation of M. bovis BCG through conventional 

and molecular methods from one or more clinical 

samples including regional lymph nodes, 

respiratory secretions, blood, cerebrospinal fluid, 

and bone marrow, in the presence of a clinical 

syndrome consistent with disseminated BCG 

disease [13]. If BCG can potentially disseminate to 

other body organs, could it be found in the bone 

marrow of vaccinated children? To answer this 

question, we have tested the bone marrow of BCG 

vaccinated children for the BCG bacilli. Since it 

wouldn’t be ethical to ask healthy children to 

undergo an invasive and painful procedure such 

as bone marrow examination, we decided to 

include only the hospitalized pediatric patients 

who have undergone a bone marrow examination 

for some other clinical reason.  

 

MATERIALS AND METHODS 

 

In this cross-sectional study, a total of 70 bone 

marrow samples were collected randomly from 

the hospitalized patients in Namazi and Amir 

Hospitals of Shiraz, Iran between April 2013 and 

March 2014. Patients with an age < 6 years who 

had undergone a bone marrow examination for 

the clinical suspicion of hematologic disorders, 

malignancies and infectious diseases such as Kala 

azar, osteomyelitis, etc. in the period of time 

between April 2013 and March 2014 were 

included in this study. Any patients known or 

suspected to have a disseminated BCG disease 

were excluded. 

 

This study was approved by the institutional 

review board of the Shiraz University of Medical 

Sciences and was performed in accordance with 

the ethical standards as laid down in the 1964 

Declaration of Helsinki and its later amendments 

or comparable ethical standards. Chart review 

was done by skilled nurses and laboratory staffs 

were blinded to the patient characteristics and 

diagnosis.  

 

Two- milliliters of bone marrow samples were 

collected in EDTA-coated tubes from all the 

participants, aliquoted and frozen at −80°C for 

real-time PCR assay. Considering that the 

Polymerase Chain Reaction (PCR) is a rapid, 

sensitive and specific method for detecting the 

BCG-type M.bovis, it was chosen to detect BCG 

genome in the bone marrow specimens. DNA 

extraction was performed on 250µl bone marrow 

samples. To achieve maximum yield, digestion was 

performed on one volume sample in two volumes 

0.5% Tween 20, 0.5% NP-40, 10 mM NaOH, 10 

mM Tris (pH 7.2), and 320 mg proteinase K per 1 

mL (proteinase K lysis buffer) for 24 hours at 56°C 

and then boiled for 10 minutes followed by 

ethanol precipitation and resuspension in 100 µL 

sterile distilled water and storage at −80°C. Bone 

marrow specimens were examined using the 

AmpliSens MD-FRT PCR kit (InterLabService Ltd, 

Moscow, Russia), designed for qualitative 

detection and differentiation of mycobacterium 

tuberculosis complex (M. tuberculosis, M.bovis, 

M.bovis BCG, etc), according to manufacturer’s 

instruction. 

 

RESULTS 

 

Of the 70 cases, 42 (60%) were male and 28 

(40%) were female.  Patients’ age ranged from 8 

months to 6 years, with majority being from the 

age group 2-3 years (22.8%) (Table 1).  

 
Table 1: Patient characteristics 

 
 Frequency (%) 

Age  

<1 years 7 (10.0%) 

1-2 years 15 (21.4%) 

2-3 years 16 (22.8%) 

3-4 years 14 (20.0%) 

4-5 years 8 (11.4%) 

5-6 years 10 (14.2%) 

Male Sex 42 (60.0%) 

Causes of BME  

FUO 10 (14.2%) 

Kala azar disease 9 (12.8%) 

Osteomyelitis 3 (4.2%) 

Other infections 8 (11.4%) 

Lymphoma (NHL, AML, ALL) 19 (27.1%) 

Neuroblastoma 5 (7.1%) 

Other malignancies 8 (11.4%) 

ITP 4 (5.7%) 

BME: bone marrow examination; FUO: fever of unknown 

origin; NHL: non-Hodgkin lymphoma; AML: Acute myeloblastic 

leukemia; ALL: Acute lymphoblastic leukemia; ITP: Immune 

thrombocytopenic purpura 
 

Thirty (42.8%) patients were recruited from the 

Infectious diseases and Immunology wards of 

Namazi hospital and 40 (57.2%) cases were 

recruited from the hematology and oncology 

wards of Amir Hospital in Shiraz, Iran.  

 

None of the patients’ bone marrow aspirate 

smears showed caseous granuloma. The bone 

marrow aspirate smears were also negative for 

acid-fast bacilli staining (i.e. Ziehl-Neelsen stain). 
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Samples were all found to be negative for BCG 

based on real-time PCR results. 

 
DISCUSSION 

 

BCG vaccination is being implemented since 1921 

in most regions of the world to immunize infants 

against TB. One hundred twenty million doses of 

BCG vaccine are being used each year around the 

globe [14-16].  Although not well investigated, 

BCG after inoculation is expected to undergo a 

course similar to mycobacterium tuberculosis 

after entry into lungs. Following multiplication 

and access to regional lymph nodes, 

mycobacterium BCG will probably have a lympho-

hematogenous dissemination to other body 

organs.  It is still unclear how this nonfatal 

dissemination of BCG after vaccination of infants 

can occur in the presence of an apparently intact 

immune system [17-19]. 

 

BCG dissemination in the immunodeficiency state 

is well-documented, however, there are also 

studies reporting it in apparently healthy 

individuals [20]. Likewise, there are several 

reports of BCG dissemination with bone marrow 

involvement in those with impaired immune 

system [21, 22]. In one case, a 68-year-old man 

had developed bone marrow infection with BCG 

two years after intravesical instillation of BCG for 

treatment of superficial bladder cancer. The bone 

marrow biopsy revealed granulomatous 

inflammation [21]. Many others have reported 

similar cases of disseminated BCG disease post 

intravesical treatment with BCG due to carcinoma 

in situ in the urinary bladder [23, 24].  

 

There are more cases of BCG dissemination in 

apparently immunocompetent individuals in the 

literature [17, 19, 25-30]. The hypothesis is that 

after inoculation, BCG bacilli are phagocytosed. 

The macrophages that engulfed the bacilli can 

circulate within the body and seed them in 

reticuloendothelial tissues such as liver, spleen or 

bone marrow.  Dissemination of BCG to not 

reticuloendothelial organs is also reported [31].  

 

In 1956, Gormsen for the first time, proposed the 

hypothesis of hematogenous dissemination of BCG 

as a natural consequence of vaccination in humans 

[18]. He examined autopsy samples of 26 

individuals and found granulomas in 13 of the 

samples in various organs, including the liver, 

lungs, spleen and kidneys but not in bone marrow 

[18]. 

 

 In a study by Trevenen et al. at Children's 

Hospital, Winnipeg, autopsies from 36 infants (34 

Canadian Indian, one Caucasian and one Inuit) 

that had been vaccinated with BCG shortly after 

birth were examined [19]. According to the 

results, 72.2% of infants had tuberculoid 

granulomas in many locations, including the 

vaccination site, regional lymph nodes, liver, 

spleen, lung, bone marrow and salivary gland. 

Only 2 (5.5%) had a tuberculoid granuloma 

formation in their bone marrow.  

 

Our findings didn’t show any evidence of the 

presence of BCG in the bone marrow of vaccinated 

children. We have used real-time PCR method, 

which is a highly sensitive and specific modality 

for detecting BCG-type M.bovis. One explanation 

could be the fact that small foci of BCG are sparse 

in the marrow and taking a tiny sample may not 

necessarily reach to it. So taking more specimens 

from each patient in a larger volume may have had 

a different yield. Studies which reported 

disseminated BCG disease with negative acid-fast 

bacilli or PCR findings could support that 

hypothesis [19]. The study population (i.e. 

pediatric patients who have undergone bone 

marrow examination for the suspicion of either a 

hematologic-oncologic or an infectious disease) 

may not be representative of all vaccinated 

children, but considering the invasive and painful 

nature of the bone marrow examination, it’s 

unethical to be done on healthy children. 

Inadequate power could also be another potential 

reason.  
 

CONCLUSION 

 

BCG was not found in the bone marrow specimen 

of the sick vaccinated children without clinical 

manifestation of disseminated BCG infection. 

Further studies with larger sample size are 

recommended.  
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