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Aprogressive limp and swelling of the 
heel developed in a previously healthy 
two-year-old boy over a two-week 

period. The child had been born in India and 
had lived in Canada since the age of seven 
months. There was no history of trauma. 

On physical examination, the patient had no 
fever and appeared well, but he had swelling 
and tenderness at his right heel. A radiograph 
showed cortical destruction of the calcaneus, 
which was consistent with osteomyelitis or 
eosinophilic granuloma. Magnetic resonance 
imaging (MRI) showed bone marrow edema in 
the talus, in addition to calcification and T2 
hyperintensity in the calcaneus. Laboratory 
investigations showed an erythrocyte sediment-
ation rate (ESR) of 30 (normal 1–10)  mm/h. 
Treatment was started empirically with cefazo-
lin administered intravenously (150  mg/kg 

daily). After two weeks of therapy, however, the 
ESR showed little improvement (38  mm/h). 
 C -reactive protein was less than 0.6 (normal 
0–8)  mg/L, and the leukocyte count was 8.2 
(normal 5–12)  ×  109 cells/L. The patient’s 
hemoglobin and platelet count remained normal.

After one month of treatment, the patient was 
no longer able to weight-bear. An MRI showed 
necrotic areas with sinus tract formation in the 
posterior aspect of the calcaneus and subcutane-
ous abscess (Figure 1). The orthopedic service 
recommended reassessment after application of a 
stabilizing cast to minimize the risk of fracture 
and assist in weight-bearing.

After six weeks of treatment, the patient 
remained afebrile and was weight-bearing on the 
casted leg. The swelling had improved, but the 
patient remained tender to palpation over the calca-
neus. On further history-taking, the patient had not 
travelled outside of Canada since his arrival at the 
age of seven months, had no contact with visitors 
from abroad and had no sick contacts. A tuberculo-
sis skin test showed no induration at 48 hours.

What is the next step in managing 
this patient’s condition?

a. Repeat laboratory investigations (ESR, 
C-reactive protein)

b. Repeat MRI or computed tomography
c. Surgical biopsy with débridement
d. Change antimicrobial therapy to target 

 methicillin-resistant Staphylococcus aureus
e. Continue current treatment

The patient had not responded to a six-week 
course of antibiotic therapy directed against the 
most common cause of pediatric hematogenous 
osteomyelitis, Staphylococcus aureus. The pre-
sentation with two weeks of symptoms without 
fever suggests subacute osteomyelitis.1 Although 
a delay in diagnosis can occur in acute calcaneal 
osteomyelitis, improvement should have 
occurred after six weeks of therapy.2 Slight 
improvement in swelling and weight-bearing 
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Figure 1: Axial postgadolinium T1-weighted fat sat-
urated magnetic resonance image of the right heel 
of a two-year-old boy showing a nonenhancing 
intraosseous abscess with sinus tract extending to 
the lateral soft tissues. Phlegmonous changes to 
the surrounding soft tissue were noted.
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after cast immobilization is not reassuring 
because of the ongoing tenderness to palpation. 
At this point, surgical intervention (c) is required 
to assess for other pathogens, including 
 community-acquired  methicillin-resistant Staph-
ylococcus aureus, and to rule out other disease 
processes such as eosinophilic granuloma or 
tumour. In addition, drainage of abscesses and 
débridement of dead bone may aid healing.1

The child underwent surgical débridement 
and curettage of the calcaneus. Intraoperatively, 
copious amounts of gelatinous tissue emanated 

from the calcaneus, atypical for pyogenic osteo-
myelitis. Pathology of the material showed 
chronic necrotizing granulomatous inflammation 
(Figures 2 and 3), which was negative for acid-
fast bacilli on Ziehl–Neelsen staining.

Which diagnosis can be ruled out 
with the most certainty?

a. Mycobacterium tuberculosis complex osteo-
myelitis

b. Fungal osteomyelitis
c. Langerhans cell histiocytosis
d. Sever disease (calcaneal traction apophysitis)
e. Chronic regional multifocal osteomyelitis

Granulomatous inflammation is seen with myco-
bacterial and fungal infection, but the differential 
diagnosis also includes noninfectious causes 
such as sarcoidosis and malignant growths 
(including Langerhans cell  histiocytosis [c]).3

Chronic recurrent multifocal osteomyelitis, 
an autoinflammatory osteopathy, is character-
ized by the insidious onset of pain with swelling 
and tenderness. The metaphyses and epiphyses 
of long bones are often affected. Imaging shows 
bone edema, lytic areas and periosteal and soft 
tissue reaction. Biopsies show polymorphonu-
clear leukocytes with osteoclasts and necrosis in 
the early stages, followed by lymphocyte and 
plasma cell infiltration.4

Although a frequent cause of heel pain in chil-
dren is Sever disease or calcaneal traction apophy-
sitis (d), this condition can be ruled out. This con-
dition usually presents in children 8–15 years of 
age, and the inflammation is mainly seen in soft 
tissue and tendons. Clinically important abnormal 
findings on radiography and MRI do not occur.5

In our patient, the gelatinous material from 
the calcaneus was negative for acid-fast bacilli 
on staining, but polymerase chain reaction test-
ing and culture showed mycobacterial tuberculo-
sis complex.

The child and his parents had normal chest 
radiographs and negative results on skin tests for 
tuberculosis. The parents reported that their son 
had received the bacille Calmette–Guerin (BCG) 
vaccine when he was three days old. The myco-
bacterial tuberculosis complex includes Mycobac-
terium tuberculosis and Mycobacterium bovis, 
from which BCG is derived. The BCG vaccine is 
used to reduce hematogenous spread of M. tuber-
culosis from the site of primary infection.6 
Because pediatric mycobacterial infections are 
typically paucibacillary, tissue samples can be 
acid-fast negative on staining.

The patient was started on empiric treatment 

Figure 2: Bone biopsy sample shows an aggregate of Langhans giant cells 
(hematoxylin and eosin, original magnification × 100).

Figure 3: Bone biopsy sample showing a necrotizing granuloma (hematoxylin 
and eosin, original magnification × 50).
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with isoniazid, rifampin, ethambutol and pyrazin-
amide until the antimicrobial sensitivities 
returned, which showed pyrazinamide resistance. 
Mycobacterium bovis is intrinsically resistant to 
pyrazinamide because the organism does not pro-
duce pyrazinamidase, the enzyme required to 
convert the compound to its active form.7 Pyra-
zinamide resistance can often be an early clue of 
Mycobacterium bovis BCG  infection.

The final speciation showed Mycobacterium 
bovis BCG. Treatment with pyrazinamide was 
stopped and levofloxacin was started. Our 
patient underwent testing for immunodeficiency 
with negative HIV serology, normal lymphocyte 
proliferation by mitogen stimulation and normal 
serum immunoglobulins, including vaccine-
related antibody levels.

Treatment was continued with rifampin and 
isoniazid, and our patient continued to show a 
clinical response. Ethambutol was stopped after 
three months and levofloxacin after seven 
months. The patient completed 12 months of 
therapy, and radiography has shown resolution of 
his condition. At his last clinical visit, his phys-
ical examination was normal. A radiograph 
14 months after the end of treatment shows stable 
bone density and evidence of healing of the cal-
caneus. The patient was followed for 18 months 
after completing therapy and remains well.

Discussion

The BCG vaccine was first used for immuniza-
tion in 1921,8 and about 100  million children 
receive it each year.9 Complications related to 
the vaccine include local and disseminated 
abscesses, lymphadenitis and osteomyelitis. 
Such complications are estimated to occur in 
3.3% of vaccine recipients and generally appear 
six to nine months after vaccination.10

Disseminated BCG infection is uncommon, 
occurring in one per million vaccinations, and is 
associated with severe abnormalities in cell-
mediated immunity.11 In Canada, BCG is given 
to infants in communities with an average annual 
rate of culture-positive pulmonary tuberculosis 
greater than 30 per 100 000; this has generally 
applied to some First Nations communities. 
Between 1993 and 2002, 21 BCG vaccine–
related adverse events were reported in Canada. 
These included six patients with disseminated 
BCG, two patients with osteomyelitis, eight 
patients with BCG abscess and four patients with 
lymphadenitis.8 The rate of disseminated BCG 
among First Nations children was much higher 
than the highest global rates, probably because 
of the high prevalence of severe combined 
im muno deficiency in this population.8

BCG osteomyelitis
The reported international frequency of BCG 
osteomyelitis is variable; the International 
Union Against Tuberculosis and Lung Disease 
reports 0.39 cases per million vaccinations.12 
Risk factors include strain and dose of BCG. 
Local reactogenicity differs between vaccines 
based on the strain and the number of viable 
bacilli. Pathogenesis has been attributed to local, 
hematogenous or lymphatic spread.11

As with our patient, the clinical presentation 
of BCG osteomyelitis is usually nonspecific and 
insidious. The diagnosis is often only entertained 
after failure of routine antibiotic therapy for bac-
terial osteomyelitis.

The condition usually affects the peripheral 
skeleton, but can involve the vertebrae, ribs, ster-
num and clavicle. The largest review of cases of 
BCG osteomyelitis from Finland found that a 
minority of cases were multifocal (4%), and these 
cases were more likely to be associated with an 
underlying immune defect.11 The most common 
sites were the metaphysis and epiphysis of long 
bones. The leg was often implicated (58% of 
patients).11 Musculoskeletal tuberculosis differs 
from BCG osteomyelitis; the former has a predi-
lection for the spine and weight-bearing joints and 
occurs in school-aged children and adolescents.

The onset of symptoms is typically one year 
after vaccination (range 0.3–5 yr) (Appendix 1, 
available at www.cmaj.ca/lookup/suppl/
doi:10.1503/cmaj.140989/-/DC1). Kroger and 
colleagues described a longer incubation period  
(1.5 [range 0.25–5.7]  yr) in children who 
received the vaccine at birth compared with those 
who received it at two years of age (p < 0.05).11

Diagnosis
Inflammatory markers (ESR, C-reactive protein) 
are usually mildly elevated, and radiographic 
changes are nonspecific. The “typical” radio-
graphic picture of BCG osteomyelitis includes a 
well-demarcated destruction, usually located 
eccentrically in the metaphysis (sometimes in 
the epiphysis), a breakthrough of the cortex and 
no or slight spread of the lesion along the shaft, 
with scarce periosteal reaction.13

In seven published case series, surgical biopsy 
was performed in all but 1 of the 287 pa tients 
(Appendix 1). Substantial variability in investi-
gations done to confirm the diagnosis occurred. 
Cultures were positive in 135 (47%) cases, and 
pathology was suggestive in 238 (83%) cases. 
Histopathology shows chronic inflammatory 
changes and caseating necrotizing granulomas, 
but does not discriminate between mycobacterial 
species. Skin tests for tuberculosis were positive 
in 120 (42%) cases (Appendix 1).
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Culture, and more recently polymerase chain 
reaction testing, have been used to diagnose 
M. bovis BCG. The sensitivity pattern can provide 
an early clue to identify Mycobacterium bovis, 
because it is always pyrazinamide -resistant.

Immune status
The immune status of the patient must be consid-
ered. Our patient did not undergo testing for inter-
feron γ receptor 1 (IFNGR1) and  interleukin-12 
specific defects, which are known risk factors for 
BCG osteomyelitis. A small case series from 
Japan described six children with BCG osteomy-
elitis, three of whom were found to have partial 
IFNGR1 mutations. The three children with par-
tial mutations had multiple lesions, and two had 
recurrence of osteomyelitis.14 Most patients with 
isolated BCG osteomyelitis do not have serious 
underlying immune deficiencies.

Treatment
Once initial pathologic and microbiologic results 
suggest mycobacterial infection, directed therapy 
can commence. We started four-drug combina-
tion therapy for presumed Mycobacterium tuber-
culosis infection. Given the sensitivity pattern of 
the organism, we opted to substitute levofloxacin 
for pyrazinamide.

We are aware of no randomized trials, and  
there is limited observational evidence, for an opti-
mal treatment regimen in BCG osteomyelitis. Drug 
combinations have included isoniazid, rifampin and 
a third drug such as streptomycin or para-amino 
salicylic acid; 3 of the 287 cases described in the 
literature received fewer than three effective drugs 
(Appendix 1). A two-drug consolidation phase can 
be started later, after ongoing improvement is seen. 
The optimal duration of therapy is not clearly delin-
eated; most series have used between 6 and 
12 months of therapy (Appendix 1).

Most cases in the case series included surgical 
biopsy with débridement at diagnosis (Appen-
dix 1). Surgical intervention allows for removal 
of necrotic tissue and drainage of abscess mate-
rial, which improves antibiotic  penetration.13

Complications
Complications are described in 3%–5% of cases, 
including fistulae, abscess formation and the need 
for further surgical intervention. Relapses have 
been described in 2% of cases.11 No definite asso-
ciation between duration, drug regimen and com-
plication rate has been determined.

Conclusion

Osteomyelitis is an uncommon complication of 
the BCG vaccine. Clinicians should consider the 

diagnosis when a child presents with osteomyeli-
tis that does not respond to conventional antimi-
crobial therapy, especially within one to two 
years of receiving the BCG vaccine. A sensitivity 
pattern showing pyrazinamide resistance can pro-
vide a clue to the cause. Most BCG osteomyelitis 
shows favourable prognosis with orally adminis-
tered antituberculosis chemotherapy, but surgical 
débridement may be necessary. Further study is 
required to identify the optimal therapy to pre-
vent relapse and complications.
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