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Abstract

We describe the first case, to our knowledge, of disseminated Mycobacterium bovis Bacillus 

Calmette-Guérin infection in a child with Bare Lymphocyte Syndrome type II after undergoing 

hematopoietic stem cell transplantation (HSCT). The patient presented 30 days post HSCT with 

fever and lymphadenitis. Lymph node, blood, and gastric aspirates were positive for M. bovis. The 

patient received a prolonged treatment course with a combination of isoniazid, levofloxacin, and 

ethambutol. Her course was further complicated by granulomatous lymphadenitis and otitis media 

associated with M. bovis that developed during immune suppression taper and immune 

reconstitution. Ultimately, the patient recovered fully, in association with restoration of immune 

function, and has completed 12 months of therapy.
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The Bacillus Calmette-Guérin (BCG) vaccine is created from a live, attenuated strain of 

Mycobacterium bovis. It is usually given at birth to infants in areas where tuberculosis is 

endemic, to prevent disseminated and central nervous system tuberculosis. Although rare, 

disseminated infection following BCG vaccine (also known as BCG-osis) is a serious and 

potentially life-threatening complication that occurs predominantly in children with 

compromised immunity (1–5). Furthermore, when patients with primary immune deficiency 

disorders inadvertently receive the BCG vaccine, subclinical infections may occur that may 

then be “unmasked” when recovery of immune responses ensues. This phenomenon of 

opportunistic infection-associated immune reconstitution inflammatory syndrome (IRIS) has 

been well described in children with human immunodeficiency virus (HIV) after response to 

antiretroviral therapy (2, 6). A different type of IRIS, known as paradoxical IRIS, has also 

been described where the recovery of pathogen-specific immune responses during 

antiretroviral therapy leads to a characteristic syndrome of recurrent inflammation (fever, 

elevated C-reactive protein), and enlargement of preexisting lesions and/or development of 

new lesions (lymph nodes, pleuritis) that are culture-negative for microorganisms (7–9). 

These subtypes of IRIS are being increasingly recognized after solid organ transplantation 

and hematopoietic stem cell transplantation (HSCT; 8, 10).

Bare Lymphocyte Syndrome type II (BLS-II), a member of the heterogeneous severe 

combined immunodeficiency (SCID) group, is caused by a genetic deficiency in major 

histocompatibility complex (MHC) class II expression on antigen-presenting cells. This 

condition leads to a combined immunodeficiency with defective CD4 T-cell development 

and a lack of T-helper cell-dependent antibody production by B cells. Although numbers of 

circulating B lymphocytes are normal, humoral immunity is severely impaired as well.

More than 150 patients with BLS-II have been reported worldwide (11). The disease is 

passed on with an autosomal recessive inheritance pattern resulting from defects in several 

distinct transacting regulatory factors that are required for the expression of MHC class II 

genes. The deficiency can be subclassified into 4 complementation groups: Mutations in 

CITA (complementation group A), RFXANK (group B), RFX5 (group C), and RFXAP 
(group D) genes have been identified. Children affected by this condition are predisposed to 

recurrent bacterial, viral, fungal, and protozoan infections starting within the first year of 

life. Although some children reach puberty, and a few survive into adulthood, the majority 

die before the age of 10 years (12, 13). As with other combined immunodeficiency 

disorders, HSCT is currently the only available curative treatment, and is best completed 

before development of complications that result in severe end-organ damage (11, 14–16). 

Successful HSCT outcomes are limited by a high incidence of primary graft failure along 

with severe graft-versus-host disease (GVHD) and regimen-related toxicities (14, 16–18).

Unlike children with other primary immune deficiency disorders, children with BLS-II do 

not seem to develop severe infections after vaccination with BCG (19), and disseminated 

BCG after HSCT has not been reported (20). To our knowledge, this is the first case of 

disseminated BCG infection reported in a patient with BLS-II.
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Case presentation

A 23-month-old girl with BLS-II was transferred from the Kingdom of Saudi Arabia to 

Rainbow Babies and Children’s Hospital for an allogeneic HSCT. She was born full term 

and received her immunizations according to schedule (including BCG at birth) and was 

well until 6 months of age, when she presented with severe pneumonia complicated by 

respiratory failure. There-after, she had multiple recurrent infections including impetigo, oral 

thrush, esophageal candidiasis, sinusitis, pneumonia, and otitis media, with chronic diarrhea 

and failure to thrive.

Upon transfer to our center, genetic evaluation demonstrated a homozygous mutation in 

exon 6 (362A>T;Asp121Val) RFXANK gene, confirming the diagnosis of BLS-II. Analysis 

of MHC class I and MHC class II expression on cells using flow cytometric analysis 

revealed an absence of MHC class II on CD19+ cells, which was consistent with the 

diagnosis of BLS-II. The expression of MHC class I was normal. Her laboratory data 

showed a normal white cell count of 9.1 × 109/L with absolute lymphocyte count of 3.47 × 

109/L, CD4: 0.729 × 109/L, CD8: 0.8333 × 109/L, and immunoglobulins IgG 428 mg/dL, 

IgA <6 mg/dL, and IgM <5 mg/dL.

Given her primary diagnosis and its associated infectious sequelae, along with the 

availability of a 7/8 human leukocyte antigen-matched related donor (her biological father), 

the patient underwent a pre-HSCT evaluation including computed tomography (CT) 

imaging. Chest CT revealed subsegmental areas of opacity in the right upper lobe, left upper 

lobe, and right mid-lung field, as well as left axillary lymphadenopathy. To further evaluate 

these findings, bronchoscopy was performed and cultures obtained, which were positive for 

Moraxella catarrhalis but negative for acid-fast bacilli (AFB) by stain and culture. CT of the 

sinuses revealed opacification of maxillary sinuses, bilateral mastoid air cells, and middle 

ear cavities. Given these findings, nasal endoscopic irrigation of maxillary sinuses was 

performed and bilateral pressure equalization (PE) tubes were placed. Inner ear cultures 

grew β-lactam-negative Haemophilus species, while sinus cultures grew Corynebacterium 
species, Stenotrophomonas maltophilia, and Haemophilus species. Based on the lung, sinus, 

and ear culture results, the patient completed a 14-day course of oral ciprofloxacin.

In addition to hepatomegaly visualized by CT of the abdomen and pelvis, the patient had 

persistent transaminitis. Therefore, a liver biopsy was performed, and histology showed 

chronic portal hepatitis with scattered portal and periportal granulomas that stained negative 

for AFB.

In preparation for the allogeneic HSCT, the patient received reduced-intensity conditioning 

with targeted-dose intravenous busulfan (0.8 mg/kg every 6 h × 8 doses, goal area under the 

curve of 1000 µMol × min) fludarabine (30 mg/m2 × 5 doses), and rabbit anti-thymocyte 

globulin (2.5 mg/kg × 3 doses). Unmanipulated bone marrow from her 7/8 human leukocyte 

antigen-matched (mismatched at the DRB1 loci) father was used as the stem cell graft. 

GVHD prophylaxis included tacrolimus (goal level 8–12 ng/mL) and mycophenolate mofetil 

(15 mg/kg every 8 h), which were started 3 days before HSCT graft infusion (day [D] 0). 
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The initial transplant course was complicated by moderate-severe sinusoidal obstruction 

syndrome of the liver and subsequent primary graft failure on D42.

The patient subsequently underwent a second HSCT using alemtuzumab (10 mg × 4 doses), 

fludarabine (30 mg/m2 × 4 doses), and a single fraction total body irradiation (200 cGy) on 

D–1 (21) and granulocyte colony-stimulating factor mobilized peripheral blood stem cells 

from the original related donor. Single-agent tacrolimus was used as GVHD prophylaxis. 

The patient had an uneventful immediate post-transplant course and achieved neutrophil 

engraftment on D9.

On D30 of the second HSCT procedure, the patient developed fevers and a large fluctuant 

left cervical lymph node. At this time, the absolute neutrophil count was 4.58 × 109/L and 

absolute lymphocyte count was 0.260 × 109/L. Incision and drainage of the lymph node was 

performed. Stains of the muco-purulent fluid were positive for AFB, and subsequent culture 

and polymerase chain reaction results identified M. bovis/BCG that was susceptible to 

isoniazid (INH), rifampin, and ethambutol, and resistant to pyrazinamide. Cultures of blood 

and gastric aspirates also yielded M. bovis/BCG. The patient was started initially on INH, 

ethambutol, and levofloxacin, a rifampin-sparing regimen, to avoid induction of tacrolimus 

metabolism (22). Five weeks after starting therapy, elevations of alanine aminotransferase 

and aspartate aminotransferase were noted and reached levels of 5 times the upper limit of 

normal. At that time, the INH and other potential liver toxic medications were stopped, with 

subsequent improvement of the liver enzymes. INH was later successfully reintroduced with 

no subsequent hepatitis.

On D113, the left cervical fluctuant lymph node had recurred and a left middle-ear mass 

attached to the PE tubes was seen. The mass was excised and the lymph node aspirated in 

the operating room; however, the PE tubes were retained. The mass showed multiple 

granulomas with AFB present (Fig. 1) and subsequently M. bovis/BCG was isolated and 

found to have a susceptibility profile similar to the initial isolate. Lymph node fluid culture 

was negative. Rifampin was added to the regimen and a tacrolimus taper was begun.

Approximately 1 month later (D152), the patient developed a sinus tract at the site of 

original biopsy with persistent drainage requiring curettage. At this time the PE tubes were 

removed, and intraoperative stains and cultures from the sinus tract were negative.

Three weeks later (D171), the patient again presented with an enlarged and purple-colored 

left axillary node. A positron-emission tomography scan showed increased fludeoxyglucose 

activity in the area of the enlarged lymph nodes, with no additional areas of abnormal 

uptake. A left axillary lymphadenectomy was performed on D207. The mass appeared to be 

scrofulous on gross examination. Microscopically, granulomas were present throughout the 

tissue, but stains and cultures were negative for AFB and other organisms.

The patient continued to do well postoperatively. After a 4-month taper, immune suppression 

was discontinued, and the patient was medically cleared to return to the Kingdom of Saudi 

Arabia to complete 12 months of anti-M. bovis/BCG therapy.
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Discussion

BCG is recommended by the World Health Organization for infants in developing countries 

to prevent severe manifestations of tuberculosis. The vaccine is generally safe in patients 

with normal immune systems and complications are rare, with an estimated incidence of 

disseminated BCG disease of 0.1–4.3 cases per 1 million vaccinated children (3, 23). 

However, cellular immune deficiency has been identified as a major risk factor for 

disseminated disease development, which is often fatal in vulnerable children despite 

treatment with appropriately directed therapy (3, 4, 23, 24). While BCG vaccination is 

contraindicated in immune compromised children, the majority of patients are immunized at 

birth, before the diagnosis of immune deficiency is made.

Other than in HIV-infected patients, severe localized and disseminated BCG disease has 

been reported in patients with SCID variants and can be the first indication of a 

compromised immune system (5). Despite BLS-II being a combined cellular and humoral 

immune deficiency disorder, children with BLS-II rarely develop adverse reactions to BCG 

vaccination (5, 11, 19, 20). In one study looking at 35 patients with BLS-II, 7 patients were 

immunized with the BCG vaccine but did not develop disseminated disease. The absence of 

BCG infection was thought to be attributed to the presence of residual immunity conveyed 

by CD8+ T cells and natural killer cells in this patient population (11). Our patient carried 

the diagnosis of BLS-II and had a history of several opportunistic infections, but no evidence 

of a clinical BCG infection was found during the extensive pre-transplant evaluation. 

Patients with BLS-II have normal MHC class I molecules and normal or low CD8+ cells. 

The role of CD8+ in early control of mycobacterial infections is not completely clear, but 

these cells may be stimulated early in mycobacterial infections leading to the production of 

interferon gamma, which is pivotal in the control of these infections (25).

Allogeneic HSCT is the only curative treatment for BLS-II. The use of chemotherapy in the 

conditioning regimen and immune suppression for GVHD prophylaxis further compromises 

host immunity during the peri-transplant period, thereby increasing the risk for disseminated 

BCG infection in previously immunized patients. On the other hand, children with 

congenital immune deficiencies who develop disseminated BCG infection are at high risk of 

death, and HSCT may be a life-saving procedure as restoration of the immune system, in 

addition to anti-mycobacterial agents, may ultimately lead to control of the infection (26–

29).

It is unclear how long BCG can persist at vaccination sites or elsewhere. A recent study 

showed that 4 weeks after vaccination with BCG, microorganisms persisted in the 

vaccination site in about half of healthy volunteers but were cleared in most by 3 months 

(30). Others have reported disseminated BCG infection in patients with HIV 30 years post 

vaccination indicating that viable organisms may persist for long periods of time in the 

immunocompromised host (3, 8). Our patient was almost 2 years of age at the time of HSCT 

and had never had evidence of a BCG-related complication. It is likely that she developed 

disseminated BCG infection 30 days following her second HSCT procedure, around the time 

of extreme immune suppression that resulted from GVHD prophylaxis in combination with 

severe, prolonged neutropenia and lymphopenia from the conditioning regimen. Given the 
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medical history, we assumed that the infection was caused by the BCG inoculum. The 

patient’s isolate was sent to the CDC, who identified the strain as BCG/M. bovis, which had 

the pncA His57Asp mutation that confers resistance to pyrazinamide, typical of BCG/M. 
bovis strains. However, absolute confirmation of our assumption would require access to the 

vaccine strain used in Saudi Arabia.

We searched medical literature written in the English language for reports on patients who 

developed BCG infections after HSCT and found 10 publications (20, 26–28, 31–36; Table 

1). The cases described were 19 patients with primary immune deficiency disorders (16 

children with SCID/Omenn’s and 3 with other disorders). All patients had received the BCG 

vaccine as part of their routine immunizations in infancy. Eleven children had evidence of 

BCG infection prior to HSCT that ranged from local inflammation at the vaccination site to 

disseminated disease. In 8 children, disseminated disease developed after HSCT, 3 of which 

had no evidence of BCG infection before HSCT. The timing between HSCT and the 

development of the BCG infection ranged from 1 to 18 months, but most patients had 

reactivation of the disease within 4 months post HSCT.

Taper of immune suppression and the recovery of absolute lymphocyte counts (Fig. 1) in our 

patient also coincided with the development of inflammatory BCG adenitis that was related 

to IRIS; a left cervical followed by axillary lymphadenitis developed >90 days after the 

initiation of anti-BCG treatment. Biopsy failed to grow mycobacteria in culture, and 

histopathologic examination showed inflammatory granulomas.

This syndrome of inflammatory BCG adenitis associated with immune reconstitution 

following allogeneic HSCT was first described by Searle et al. (8) in 2010. They reported 4 

patients treated with HSCT in infancy for malignant conditions who had been vaccinated 

with BCG at birth. All 4 children developed painful ipsilateral lymphadenopathy post 

transplantation, occurring at the time of increasing T-cell numbers.

At this time, it is unclear how to best manage children with IRIS caused by BCG. In patients 

with HIV, from whom most of the experience emanates, needle aspiration, surgical 

debridement, and systemic corticosteroids in addition to anti-mycobacterial treatment have 

been used, but some cases have resolved spontaneously without intervention or antibiotics 

(2, 8, 37). Three of the 4 patients reported by Searle et al. (8) were treated with steroids (2 

additionally were treated with INH and rifampin while on steroids) and 1 received no 

intervention. Because our patient had disseminated disease at onset, we treated her 

aggressively with antimicrobial therapy, surgical debridement, and discontinuation of 

immune suppression, which resulted in a full recovery.

To date, no set guidelines exist for the use of anti-mycobacterial prophylaxis in patients with 

a history of BCG vaccination at birth, who ultimately require allogeneic HSCT for immune 

deficiency. Two children without evidence of BCG infection before HSCT received INH or 

INH/ciprofloxacin and, despite this prophylaxis, developed disseminated disease post 

transplant (26, 27).

In conclusion, patients with primary immune deficiency disorders including BLS-II, who 

have a history of BCG vaccination at birth, should be considered at high risk for 
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disseminated BCG infection following HSCT, even in the absence of clinical or subclinical 

disease pre-transplant. No clear data are available to recommend the use of peri-transplant 

prophylaxis, but this should be considered in high-risk patients on a case-by-case basis. A 

history of BCG disease pre-transplant, including disseminated BCG, should not be a 

contraindication for HSCT, as successful hematopoietic and immune reconstitution with 

functional donor cells is likely critical to successful treatment. Finally, inflammatory BCG 

adenitis associated with IRIS can be observed in patients after HSCT, and mimics that 

reported in HIV patients receiving antiretroviral therapy. The clinician should be alerted to 

these manifestations as the patient’s immune system reconstitutes.

Abbreviations

AFB acid-fast bacilli

BCG Bacillus Calmette-Guérin

BLS-II Bare Lymphocyte Syndrome type II

CT computed tomography

D day

GVHD graft-versus-host disease

HIV human immunodeficiency virus

HSCT hematopoietic stem cell transplantation

INH isoniazid

IRIS immune reconstitution inflammatory syndrome

MHC major histocompatibility complex

PE pressure equalization

SCID severe combined immunodeficiency
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Fig. 1. 
Lymphocyte subsets and clinical symptoms after hematopoietic stem cell transplantation. 

ANC, absolute neutrophil count; FK506, tacrolimus.
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