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Abstract

Introduction: The Bacille Calmette-Guérin (BCG), a live attenuatedMycobacteriumbovis vaccine, is administered to all the newborns
in Tunisia in order to prevent Tuberculosis (TB). Complications of this vaccine are uncommon. However, it poses a risk for children
with unknown immunodeficiency.
Case Presentation: We report on disseminated BCG disease in two infants, respectively, with severe combined immunodeficiency
and human immunodeficiency virus (HIV). Evolution was fatal for both, despite adequate anti-tuberculosis treatment.
Conclusions: Molecular methods are available to respond to the urgent need for rapid and specific diagnosis of local/regional or
systemic BCG disease, using available commercial kits GenoType® MTBC and GenoType® MTBDRplus. These tests allow prevention
of inoculation of live vaccines such as BCG among the next siblings until appropriate screening tests exclude primary or secondary
immunodeficiency syndromes.
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1. Introduction

The Bacille Calmette-Guerin (BCG) vaccine, composed
of a live, attenuated Mycobacterium bovis strain, is admin-
istered to almost 100 million children annually and re-
mains the only licensed vaccine for tuberculosis preven-
tion (1). Bacille Calmette-Guerin induces strong T-helper
type 1 (Th1) responses, even in neonates (1) and protects
against severe forms of childhood tuberculosis, such as
tuberculous meningitis and miliary tuberculosis in im-
munocompetent children (2). In regions of high tuber-
culosis endemicity, such as Tunisia, BCG vaccine is admin-
istered soon after birth. Although it is considered safe
in general, there are several complications, ranging from
local/regional BCG disease to disseminated BCG disease.
However, disseminated BCG disease, which is associated
with a high mortality rate, is very rare. This BCG compli-
cation may suggest an underlying immunodeficiency (3-
8). In Tunisia, BCG substrain Pasteur vaccine, is adminis-
tered to all the children at birth to prevent TB, without any
immunity status information. In addition, conventional
biochemical mycobacteria identification tests are complex
and time consuming, causing adverse consequences in the
management of patients. To overcome this, molecular

methods are used, for rapid and effective diagnostic tools.
Here, we report on two infants, who developed dissem-

inated BCG disease after BCG vaccination. Bacteriological
diagnosis was confirmed by molecular methods. When
definite diagnosis was made, immunological evaluation
was done, which revealed, severe combined immunode-
ficiency disease and infection with Human Immunodefi-
ciency Virus (HIV), respectively.

2. Case Presentation

The first case is a four-month-old male, with prolonged
fever lasting for one month before admission; his illness
did not respond to treatment by prescribing antibiotics.
The infant was hospitalized at the pediatric department
on the 26th of June 2015 (day 0 = day of admission). At
admission, physical examination revealed hepatomegaly
and splenomegaly. The infectious investigations showed
high levels of C-Reactive-Protein and leukocytosis (14000
/mm3). Cyto-bacteriological urine test and culture were
negative. At day +3, blood cultures were positive for
Klebsiella pneumoniae producing beta lactamase extended
spectrum. Despite antibiotic therapy adapted to the antibi-
ogram’s results, and negativity of blood cultures, the child
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still remained febrile. At day +6, ultrasonography revealed
a multi-nodular diffuse liver damage and X-ray showed a
lytic bone lesion affecting long and flat bones. The diag-
nostics of neuroblastoma metastasis, histiocytosis X and
mycobacteriosis were discussed. A bone marrow biopsy
was performed on day +7. Mycobacteriology examination
was performed on the same day, including microscopy by
Ziehl-Neelsen technique, and showed acid-fast bacilli with
a high bacterial load (three crosses). Tuberculosis or BCG
infection diagnosis was made, and the patient was then
started on anti-tuberculosis quadritherapy: isoniazide, ri-
fampicin, streptomycin and ethambutol. This diagnosis
led to realization of immunological tests, which revealed
a severe combined immunodeficiency (SCID) in this case;
patient characteristics are summarized in Table 1.

The second case was a six-month old female, with pro-
longed fever and pulmonary symptoms (persistent cough
and dyspnea) lasting for three weeks before admission. His
illness did not respond to treatment by prescribing antibi-
otics. On the 18th of June 2015, the infant was hospitalized
in the pediatric department (day 0 = day of admission).
Cyto-bacteriological urine and blood cultures were nega-
tive. On day +2, gastric aspiration was positive on acid-fast
bacilli microscopy by Ziehl-Neelsen technique (1 cross). Tu-
berculosis or BCG infection diagnosis was made and the pa-
tient was then started on anti-tuberculosis quadritherapy:
isoniazide, rifampicin, streptomycin and ethambutol. Im-
munological investigations and viral serology, performed
on day +3, revealed a positive serology to HIV in this infant.
Her mother was also HIV positive; the patient characteris-
tics are summarized in Table 1.

In the two cases, cultures of Mycobacteria on Lowen-
stein Jensen medium became positive on day +21 for the
bone marrow biopsy and day +28 for the gastric aspira-
tion. Strains identification was performed from colonies
by genotypic method using the kit GenoType® MTBC (Hain
Lifescience, Germany). The anti-tuberculosis susceptibil-
ity was performed by the kit GenoType® MTBDRplus (Hain
Lifescience, Germany). The two kits were used according
to the protocol recommended by the manufacturer. Both
techniques are based on DNA• STRIP® assays, which are
based on a multiplex polymerase chain reaction (PCR) in
combination with reverse hybridization. The GenoType®
MTBC assay is based on M. tuberculosis complex-specific
23s ribosomal DNA fragments, gyrB DNA sequence poly-
morphisms and the RD1 deletion region of M. bovis BCG.
The Genotype MTBDRplus assay, used for anti-tuberculosis
susceptibility, is based on rpoB, katG and inhA mutations
detection to determinate isoniazid and rifampicin resis-
tance. DNA extraction was performed by the thermal
method (45 minutes at 95°C) from discount colonies in sus-
pension. Briefly, 5 µL of extracted DNA was added to 20 µL

of commercialized master mix in a PCR tube, then ampli-
fied according to the supplier’s instructions: five minutes
at 95°C, followed by 10 cycles (30 seconds, 95°C and two
minutes, 58°C), and 20 cycles (25 seconds, 95°C; 40 s min,
53°C and 40 seconds, 70°C) ended by final elongation for
eight minutes at 70°C).

Both strains were identified: M. bovisBCG, based on the
hybridization profile indicating the specific band of the tu-
berculosis complex (band 4) associated with specific bands
of the species BCG (band 7, 9, 10 and 13) (Figure 1). The
two strains showed wild genotype rpoB, katG and inhA and
therefore were sensitive to rifampicin and isoniazid (Fig-
ure 2).

Figure 1. Identification of the Isolated Strain by GenoType® MTBC kit (Hain Life-
science, Germany)
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Despite the two children receiving adequate anti-
tuberculosis treatment, they died on day +52 and +58 re-
spectively, due to severe disseminated BCG infection.

3. Discussion

The BCG vaccine is a widely practiced vaccine, which is
useful for prophylaxis against tuberculosis. Disseminated
BCG infection is one of the most important complications
of this vaccine and can be seen in patients with an underly-
ing immunodeficiency (9). Although immunological and
HIV statutes are not known at birth, routine BCG vaccina-
tion continues in most countries, including Tunisia.

Although the current study emphasized on the diag-
nostic ability of molecular tests in accurate diagnosis of
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Table 1. Cases Descriptions

Case 1 Case 2

Gender Male Female

Age (month) 4 6

Reasons of hospitalization Prolonged fever of one month Prolonged fever and pulmonary symptoms (persistent
cough, mild dyspnea) of 3 weeks

Realized clinical exams and results

Physical examination Hepatomegaly and splenomegaly Not available

Infectious exams High levels of C-Reactive-Protein and leukocytosis (14000
/mm3)

HIV positive (for case and her mother)

Cytobacteriological urine test Negative Negative

Blood cultures Positive ( K. pneumoniae with β-lactamase extended
spectrum)

Negative

Radiological investigation

Ultrasonography Multi-nodular with diffuse liver damage Not available

X ray Lytic bone lesions (long and flat bones) Not available

Mycobacteriology

Ziehl-Neelsen microscopy Positive for bone morrow ponction (high bacterial load) Positive for gastric aspiration (low bacterial load)

Culture on LJ medium Positive (on day 21) Positive (on day 28)

Diagnostics (SCID) HIV

Established treatment Anti-tuberculosis quadritherapy: isoniazide, rifampicin,
streptomycin and ethambutol

Anti-tuberculosis quadritherapy: isoniazide, rifampicin,
streptomycin and ethambutol

Admission date 26 June 2015 18 June 2015

Duration of admission (day) 52 58

Death date 16 August 2015 14 August 2015

Figure 2. Anti-Tuberculosis Susceptibility by GenoType® MTBDRplus kit (Hain Life-
science, Germany)

disseminated BCG disease yet, in such cases with compati-
ble clinical signs and symptoms, who are suspected of hav-
ing immunodeficiency syndromes, a positive AFB smear in
BMA is sufficient to start specific anti-TB treatment and in
such situation, molecular tests only act as a confirmatory
modality. Treatment should not be delayed till the results
of PCR or cultures are available.

The diagnosis of disseminated BCG infection, often un-
recognized or late, generally reveals severe immunodefi-
ciency diseases in infants (3, 7, 9). It is reported that dis-
seminated BCG disease is one of the most common causes
of death in patients with primary immunodeficiency dis-
eases, particularly in those with SCID (10) and in HIV-
infected infants in the absence of combined antiretrovi-
ral therapy (11, 12). This poor prognosis is due to clinical
and bacteriological conventional diagnostic delay (10). To
overcome this, genotypic methods are used to accelerate
the bacteriological diagnosis, to improve the therapeutic
management and to prevent the BCG vaccine in the next
siblings, asking an accurate diagnosis. These methods are
based on reverse hybridization techniques for the identi-
fication of Mycobacteria species and anti-tuberculosis sus-
ceptibility from positive cultures on solid or liquid media
(13, 14). However, a few studies have reported the identi-
fication of M. bovis BCG and its anti-tuberculosis suscep-
tibility by these kits (15). This could be explained by the
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fact that disseminated BCG disease is found in developing
countries, where, molecular techniques, are of limited use
due to lack of resources (16), which explains why only a
few studies report the use of a molecular method (PCR)
on tissue specimens with good diagnostic yield, especially
on bone marrow and liver specimens (17). The use of con-
ventional techniques to identify M. bovis BCG is fastidious
and slow, so diagnostic of BCG infections seems difficult
in these countries (3). The second advantage of molecular
techniques is that they provide rapid results of suscepti-
bility of M. bovis BCG strain to anti-tuberculosis simultane-
ously with diagnosis, improving therapeutic management
(15).

Despite fast local/regional BCG disease diagnosis and
rapid reporting of sensitivity to anti-tuberculosis, the evo-
lution was fatal for both infants. However, we were able
to diagnose the species M. bovis BCG using molecular tech-
niques and label the disseminated BCG infection as such,
allowing us to reveal, respectively, SCID and HIV infection.

Therefore, for the next siblings, inoculation of live vac-
cines such as BCG would be postponed for a few months,
until appropriate screening tests exclude this diagnosis;
vaccination should then be performed in those with an in-
tact immune system.
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