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Summary
BCG vaccination complications, such as BCGitis and 
BCG-osis are relatively rare complications, which 
may occur in immunocompromised patients, includ-
ing infants with hematological malignancies receiving 
chemotherapy. There is currently very few published 
data complicated BCG vaccination cases in infants with 
hematological malignancies. We report 2 children with 
infant acute leukemia developing BCG vaccination 
complications demonstrating a multidisciplinary thera-
peutic approach needed in these cases.
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Introduction
According to the World Health Organization, the Russian 
Federation is among 30 countries with high tuberculosis 
burden. BCG vaccine has a proven protective effect against 
tuberculous meningitis and disseminated tuberculosis in 
children [1]. The Bacillus Calmette-Guérin (BCG) vaccine 
is produced from a live and attenuated strain of Mycobac-
terium bovis. In Russian Federation the primary BCG vac-
cination is mandatory for all newborns is at 3-7 days of life.  
Although vaccination with BCG is considered to be safe, it 
may cause regional (BCG-itis) and disseminated (BCG-osis) 
complications in immunocompromised host. As it is given 
early in life, some patients may receive the vaccine before 
some specific contraindications are revealed.

There is currently no systematic published data on comp- 
licated BCG vaccination in infants with acute leukemia. 

The term "infant leukemia" generally refers to acute lymph-
oblastic leukemia (ALL) diagnosed in patients younger than 
1 or acute myeloid leukemia (AML) registered in children 
younger than 2 years [2].

We report 2 cases of children with infant acute leukemia de-
veloping BCG vaccination complications and demonstrate a 
possible therapeutic approach to this condition.

Case descriptions
Clinical case 1
A 1-month-old girl was admitted to R.M. Gorbacheva Child-
ren Research Institute in February 2020. She was a term neo-
nate (birth weight 3.130 kg) born by normal vaginal delivery. 
The mother underwent regular prenatal check-ups revealing 
vaginal candidiasis and anemia of pregnancy. The patient 
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received BCG-M vaccine on the 3rd day of life. In February 
2020, routine CBC performed in a 9-day-old neonate have 
shown a high WBC counts of 265×109/l with 43% of blast 
cells in peripheral blood. The diagnosis of infant AML, FAB 
M4, ХХ t(2;11) with KMT2A rearrangement was estab-
lished. At the time of the diagnosis the patient had no clini-
cal signs of any disease. Patient received 1st AM42E chemo-
therapy course according to AML-MRD 2018 protocol with 
a dose reduction due to young age and was then referred to 
R. M. Gorbacheva Children Research Institute for fur-
ther treatment. Upon admission to the clinic on February 
19th 2020, the pancytopenia (Hb 69 g/l, Plt 2×109/l, WBC 
1.5×109/l) and high serum C-reactive protein level (156 mg/l) 
were found, thus leading to diagnosis of febrile neutropenia. 
The examination on admission revealed skin hyperemia 
at the BCG-M vaccination site and elbow area of the arm 
(Fig. 1). Empirical therapy regimen consisting of meropen-
em, linezolid, and anidulafungin was administered.

Figure 1. BCG-itis in Patient No.1

The chest X-ray (Fig. 2) and computed tomography (Fig. 3) 
have been performed in order to find possible sings of gen-
eralized BCG infection did not yield any abnormal findings.

According to pediatric phthisiologist’s recommendation, iso-
niazid was administrated in order to control BCGitis symp-
toms and prevent the spread of BCG infection possible due 
to AML therapy-associated immunosuppression. Along with 
systemic therapy the local treatment consisting of dimexide 
lotion and hypertonic solution were used.

The signs of local BCGitis resolved after one month after 
treatment initiation.

In April 2020, the patient achieved complete remission with 
minimal residual disease persistence registered by flow 
cytometry. The child then received hAM chemotherapy 
regimen instead of FLAida, which should have been giv-
en according AML-MRD 2018 protocol, due to the risk of 
life-threatening generalized BCG-infection. By the end of 
May 2020, the patient was found to be COVID-19 infection 
PCR test-positive without clinical or CT signs of infection. 
In July 2020 he received 3 anti-Covid-19 convalescent plas-
ma transfusions (10 ml/kg) due to prolonged SARS-CoV-2 

Figure 2. Chest X-ray pattern of Patient No.1

Figure 3. Chest СT scan of Patient No.1

Figure 4. BCG-itis resolution after treatment 
in Patient No.1
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persistence. The SARS-CoV-2 negative status was achieved 
after the second transfusion. Haploidentical allogeneic 
stem cell transplantation was performed on 24th of July in 
complete remission. Conditioning regimen consisted of in-
traveneous busulfan (12 mg/kg) and fludarabin. Graft-ver-
sus-host disease prophylaxis included post-transplant cyclo-
phosphamide, tacrolimus and everolimus. Engraftment was 
achieved on day +20. By June 2022 the patient has full donor 
chimerism, there are no signs of AML and no symptoms of 
BCG infection.

Clinical case 2
A 1-month-old girl was admitted to R.M. Gorbacheva Chil-
dren Research Institute in August 2019. The child was born 
from the second pregnancy (second birth) by caesarean 
section. She received BCG-M vaccine on the 3rd day of life.  
Then, as the child was one month old, the routine check-up 
revealed hepatosplenomegaly. The CBC have shown a high 
WBC count of 112×109/l with 90% of blasts. Also 76.2% 
of lymphoblasts with CD45dim/SSClow/CD19+/CD38+/
CD123+/CD10-/CD20-/CD22-/CD7-/CD117-/CD33-/
CD13-/CD64-/CD15-/sIgM-/cytIgM-/MPO-/cytCD3-/
cytCD79а+ immunophenotype were found in bone mar-
row, which corresponded to B-I ALL (EGIL). The blasts 
cytogenetics was characterized by chromosome rearrange-
ments 46,XX,t(11;19)(q23;p13)[4]/46,XX[16]. The girl was 
enrolled in Interfant 2006 protocol with 2/3 dose reduction 
during remission induction due to young age at diagnosis. 
The hematological remission and MRD-negative status by 
flow cytometry and molecular biology test were achieved on 
day 36. She then proceeded to consolidation therapy (Proto-
col IB) starting on 17th of September 2019. On day 5 of con-
solidation regimen the 9-mm upper left shoulder (BCGm 
vaccination site) infiltrate with central pustule appeared, 
although the child had not yet developed post-chemother-
apy cytopenia. The regional lymph nodes were not enlarged. 
According to pediatric phthisiologist’s recommendation 
isoniazid was added to antimicrobial therapy regimen (al-
ready containing meropenem, linezolid and anidulofungin). 
The chemotherapy was suspended till BCGitis regression 
(de-evolution of pustules and crusts formation). After BCGi-
tis resolved isoniazid treatment stopped due to hematolog-
ical toxicity (agranulocytosis) development. An allogeneic 
hemopoietic stem cell transplantat from matched related 
donor was performed on 12th of November 2019 with condi-
tioning regimen consisting of intravenous busulfan (12 mg/
kg) and fludarabin. The graft-versus-host disease prophylax-
is was post-transplant cyclophosphamide-based. On day +27 
post HSCT the MRD-negative remission with partial (40%) 
donor chimerism were registered. The patient received do-
nor lymphocyte infusion in order to boost donor chimerism. 
Then, 1st isolated bone marrow relapse was diagnosed on day 
+63. The patient received FLAG chemotherapy in January 
2020. However in February 2020 ALL progression (75% of 
CD22-positive blasts in bone marrow) was confirmed. The 
3 weekly inotuzumab ozogamicin infusions (0.8 mg/m2, 
0.5 mg/m2, and 0.5 mg/m2) were administered leading to 
MRD-negative remission achievement on 5th of March 2020. 
Then, on 16th March 2020 the patient received a second al-
logeneic stem cell transplantation from haploidentical do-
nor (father). Conditioning regimen consisted of treosulfan 

(36 g/m2) and fludarabin, the graft-versus-host disease 
prophylaxis included post-transplant cyclophosphamide 
and sirolimus. Engraftment was registered on day +17. The 
patient developed a Grade2 skin acute graft-versus-host dis-
ease successfully treated by glucocorticoids administration. 
By June 2022 she is alive, in remission, and retains full donor 
chimerism. The growth and development are normal.

Discussion
Adverse reactions to BCG vaccination are likely to be sub-
stantially underreported with only 1-10% of them being 
registered [3, 4]. These complications may be mild as well 
as severe. For the mild complications, e.g., cutaneous lesions 
(hyperemia, swelling, soreness, abscess formation, keloid 
and blister formation), the rate is estimated to be less than 
1/1,000. Local ulceration at the vaccination site, suppura-
tive lymphadenitis, osteitis, osteomyelitis, and disseminated 
BCG infection are severe complications, which occur in ap-
proximately two cases per 1 million of vaccinations [5]. 

Although BCG vaccination is contraindicated in patients 
with cancer, the majority of children are immunized at birth 
before the diagnosis is established. We describe two differ-
ent cases of BCG vaccination complications, which may 
have very different pathogenesis. The first case demonstrates 
opportunistic BCG infection development in patient with 
profound cytopenia and immune deficiency. The second 
BCGitis case developed past CBC counts recovery and may 
be explained by immune reconstitution inflammatory syn-
drome. Immune reconstitution syndrome is usually present-
ed in patients with HIV receiving highly active antiretroviral 
therapy (HAART) and is defined as paradoxical worsening 
of an opportunistic infection correlating with immune re-
covery [6]. This phenomenon is not unique to HAART re-
cipients and has also been described in context of high-dose 
systemic steroids and chemotherapy withdrawal [7, 8].

There are currently no guidelines for anti-mycobacterial 
therapy and prophylaxis in infants with history of BCG vac-
cination at birth developing secondary immune deficiency 
due to hematological malignancy and chemotherapy. Also, 
different approaches are used to manage immune reconsti-
tution syndrome-associated BCGitis, including surgical de-
bridement, needle aspiration, steroids and anti-mycobacteri-
al treatment. In some cases spontaneous resolution without 
intervention or antibiotics has occurred [9]. In our patients 
the BCGitis was successfully treated by chemotherapy sus-
pension and combination of local and systemic antimyco-
bacterial treatment.
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Осложненное течение вакцинации БЦЖ у детей 
до года с острыми лейкозами на фоне химиотерапии

Резюме
Осложненное течение вакцинации БЦЖ считается 
редким состоянием, однако иммунокомпрометиро-
ванные пациенты, в том числе дети раннего возрас-
та с гемобластозами на фоне химиотерапии, имеют 
высокий риск развития данного нежелательного 
явления. На сегодняшний день в литературе отсут-
ствует информация о ведении осложненной вакци-
нации БЦЖ у пациентов с младенческим лейкозом. 

Мы сообщаем о 2 случаях успешного лечения паци-
ентов с младенческим лейкозом, у которых на фоне 
химиотерапии имелось осложненное течение вак-
цинации БЦЖ, и демонстрируем наш мультидисци-
плинарный терапевтический подход.
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Острый миелоидный лейкоз, острый лимфобласт-
ный лейкоз, дети младшего возраста, БЦЖ-вакцина-
ция, осложнения, аллогенная трансплантация гемо-
поэтических клеток. 
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