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Abstract
We present our experience in the hematopoietic stem cell transplantation (HSCT) in two chil-

dren diagnosed with Mendelian susceptibility to mycobacterial diseases. The first child under-

went a haploidentical HSCT with posttransplant cyclophosphamide using a reduced intensity

conditioning following which he had primary graft failure. He was subsequently found to have

interferon-𝛾1 receptor deficiency. He had immune reconstitution and is on antitubercular ther-

apy. The second child diagnosed with IL12RB1 gene mutation underwent matched sibling donor

HSCT with myeloablative conditioning following pretransplant immunosuppression with fludara-

bine and dexamethasone. He is 13months post-HSCTwith complete and remains disease free.
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1 INTRODUCTION

Mendelian susceptibility to mycobacterial diseases (MSMD) is a rare

genetic immune deficiency disorder characterized by a predisposition

to severe and disseminated infections with weakly virulent mycobac-

terium and various other organisms in an otherwise healthy person.

The underlying pathophysiology is disruption of interferon-gamma

(IFN-𝛾) related immunity. Human IFN-𝛾–mediated immunity is essen-

tial for the control of mycobacterial infections. Upon infection with

mycobacterium, primary host response cells such as macrophages

release a range of cytokines including IL-12, which stimulates T and

NK cells to secrete IFN-𝛾 . IFN-𝛾 activates macrophages to kill intracel-

lular pathogens and enhances the differentiation of IFN-𝛾 producing

T-helper cells. Several genes are involved in the pathogenesis of

MSMD: seven autosomal genes, IFNGR1, IFNGR2, STAT1, IL12B,

IL12RB1, ISG15, and IRF8; and two X-linked genes, NEMO and CYBB.

These disorders impair the production of IFN-𝛾 (IL12B, IL12RB1, IRF8,

ISG15, NEMO) or the response to IFN-𝛾 (IFNGR1, IFNGR2, STAT1, IRF8,

CYBB).1,2

Most of these diseases are treated with antimycobacterial

antibiotics and IFN-𝛾 therapy. Allogeneic hematopoietic stem cell

Abbreviations: CD, cluster of differentiation; CMV, cytomegalovirus; GvHD, graft versus host

disease; HSCT, hematopoietic stem cell transplantation;MSMD,Mendelian susceptibility to

mycobacterial diseases.

transplantation (HSCT) is a potentially curative option. However, the

success rates have been low, and the disease has provided excellent

insights into the biology of transplantation.

2 PATIENTS AND METHODS

2.1 Case 1

A 3-month-old male infant presented to our center with failure to

thrive, respiratory infections, and left axillary swelling from the age of

1 month. He was the first-born child of nonconsanguineous parents.

Hewas delivered by a cesarean section with a birth weight of 3 kg. The

neonatal periodwas uneventful. Complete blood countwas normal. He

received a Bacillus Calmette Guerin vaccine at birth. On admission, he

was tachypnoeic with a generalized maculopapular rash. On examina-

tion, his weight and height were below the third percentile, and there

was left axillary lymphadenopathy along with hepatosplenomegaly.

A needle biopsy of the node showed tuberculoid granulomas, which

stained positive for acid-fast bacilli. Mycobacterium tuberculosis was

isolated, which was sensitive to rifampicin. Primary immune defi-

ciency was suspected in this child as he had a very early presentation

of extrapulmonary disease. Lymphocyte subset analysis of T- and

B-cell markers by flow cytometry and serum immunoglobulin levels

was within the normal range. The cytomegalovirus (CMV) viral load
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by polymerase chain reaction method was 11 000 copies/mL. The

child was started on antitubercular medications including isoniazid,

rifampicin, pyrazinamide, and levofloxacin. He also received parenteral

ganciclovir for CMV infection. Before the molecular diagnosis, the

child had a trial of subcutaneous IFN-𝛾 . The axillary node enlargement

worsened considerably and required surgical excision of the lesion.

Histopathology revealed persistent tuberculomas studded with acid-

fast bacilli. A decision was made to offer a haploidentical stem cell

transplantation with posttransplant cyclophosphamide as the child

had no matched family donor, nor any matched unrelated donor. The

child was assessed and found to be free of any active mycobacterial

disease at the time of HSCT. Conditioning regimen included a reduced

intensity protocol with fludarabine (40 mg/m2 for 4 days, D-6 to D-3)

and treosulfan (12 mg/m2 for 3 days, D-6 to D-4) followed by post-

transplant cyclophosphamide (50 mg/kg for 2 days, D+3, D+4) with
tacrolimus to achieve in vivo donor T-cell depletion. Source of stem

cells was bone marrow from the father, and graft versus host disease

(GvHD) prophylaxis was tacrolimus alongwith cyclophosphamide. The

total cell dose given was 3 × 106 CD34 cells per kg recipient body

weight. Total nucleated cell (TNC) dose and CD3 dose infused were

3.8 × 108/kg and 0.9 × 108/kg, respectively.

2.2 Case 2

A5-year-oldmale child had presentedwith three episodes of glandular

tuberculosis since early infancy requiring prolonged antitubercular

therapy. MSMD was suspected, and whole exome sequencing was

done to confirm the diagnosis. A homozygous single base pair dele-

tion in exon 8 of the IL12RB1 gene that results in a frameshift and

premature truncation of the protein 9 amino acids downstream to

codon 233 detected in the IL12RB1 gene. The child was prepared

for HSCT as the sibling was a fully matched male donor. There was

no active infection prior to the HSCT. The child received two cycles

of pretransplant immunosuppression with fludarabine (40 mg/m2

for 5 days and dexamethasone 25 mg/m2 for 5 days) 3 weeks apart

as there is a high chance of graft rejection in MSMD. He underwent

myeloablative conditioning with thiotepa (8 mg/kg on D-7), treosulfan

(14 mg/m2 for 3 days, D-6 to D-4) and fludarabine (40 mg/m2 for 4

days, D-6 to D-3). The sibling cord blood and bone marrow to achieve

10 × 106/kg CD34 cells were infused. The TNC dose and CD3 dose

in the graft were 11.2 × 108/kg and 1.2 × 108/kg, respectively. GvHD

prophylaxis was tacrolimus and short course methotrexate at a dose

of 5mg/m2 on day+1, followed by 10mg/m2 on day+3,+6, and+11.
Families of both children were appropriately counseled regarding

HSCT, and written informed consent was obtained from the parents.

Thework and the study have been approvedby the institutional review

board.

3 RESULTS

Child #1 withstood the conditioning protocol well. He developed

E. coli sepsis during the neutropenic phase and recovered from it.

However, he rejected his graft and had autologous reconstitution

by day 28 post-HSCT. Meanwhile, whole genome sequencing was

performed, which showed that the child had MSMD with complete

IFN-𝛾1 receptor deficiency (IFGR1). The child continues to be on

four-drug antitubercular medications after a failed allograft.

Child #2 achieved neutrophil engraftment around D+16 postinfu-

sion with 100% donor chimerism. He had grade 2 skin GvHD around

D+45 postinfusion, which responded to oral steroids (prednisolone 1

mg/kg/d), whichwere tapered and stopped in 8weeks. The child is now

10 months post-HSCT with complete chimerism and no infections or

GvHD. At the time of submission of this manuscript, he was on a taper-

ing schedule of tacrolimus, which is being well tolerated.

4 DISCUSSION

Mycobacterial tuberculosis is rampant in India, and the drug resistance

in mycobacterial strain is increasing at an alarming rate.3 Infections

with these drug-resistant strains in immunocompromised patients can

be life-threatening.4 The lack of availability of IFN-𝛾 therapy makes

allogeneic HSCT the only therapeutic option for patients diagnosed

withMSMD in developing countries.

Careful selection of the donor is of utmost importance. The

outcomes with fully matched family donors or unrelated donors are

superior to thosewithhaploidentical donor transplantation.Outcomes

are also superior in those who are not in active disease at the time of

HSCT. In a multicenter survey of allogeneic HSCT performed in chil-

dren with complete IFNGR1 deficiency, both children who had active

mycobacterial infection died posttransplant due to disseminated

mycobacterial infection.5 Several other groups reporting outcomes of

HSCT inMSMD have emphasized the importance of achieving disease

remission prior to HSCT and the impact of disease on poor immune

reconstitution post-HSCT.6,7 Antimycobacterial treatment should be

continued throughout the transplantation.Myeloablative conditioning

improves survival as there is a high chance of graft rejection with a

reduced intensity regimen. The preferred graft source is non-T-cell-

depleted peripheral blood or bonemarrow stem cells. Themost critical

finding in the study done by Roesler et al was a very high incidence

of graft failure or dropping chimerism.8 The studies in mouse models

have suggested that the high risk of rejection may be due to the high

IFN-𝛾 levels prior to transplantation. IFN-𝛾 is known to inhibit stem

cell proliferation and hematopoiesis. The recipient hematopoietic cells

do not express IFN-𝛾 receptors; hence, recipient cells have selective

growth advantage and high incidence of autologous reconstitution.

Donor chimerism needs to be monitored at regular intervals, and if

decreasing, donor T-cell infusions should be considered as early as

possible to maintain stable chimerism.9 The interventions to reduce

IFN-𝛾 levels before transplant by pretransplant immunosuppression

or with antibodies to IFN-𝛾 or plasmapheresis might decrease the

chance of rejection.10 Emapalumab, a monoclonal antibody against

IFN-𝛾 , which was recently FDA-approved for treatment in primary

hemophagocytic lymphohistiocytosis, may have a potential role

in the future.11 HSCT is a therapeutic option; however, further
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research is needed to improve the outcome for this potentially fatal

disease.

ACKNOWLEDGMENTS

We would like to acknowledge the immense support provided by the

Infectious diseases’ specialists Dr Abdul Ghafur and Dr Vidyalakshmi

Devarajan, the Pediatric Critical Care Group and the Stem Cell Phere-

sis Team in themanagement of these children.

CONFLICT OF INTEREST

The authors declare that there is no conflict of interest.

ORCID

Ramya Uppuluri https://orcid.org/0000-0001-5771-8214

Nikila Ravichandran https://orcid.org/0000-0002-6456-8506

REFERENCES

1. Bustamante J, Boisson-Dupuis S, Abel L, Casanova JL. Mendelian

susceptibility to mycobacterial disease: genetic, immunological, and

clinical features of inborn errors of IFN-𝛾 immunity. Semin Immunol.
2014;26(6):454-470.

2. Al-Muhsen S, Casanova JL. The genetic heterogeneity of Mendelian

susceptibility to mycobacterial diseases. J Allergy Clin Immunol.
2008;122(6):1043-1051.

3. Goyal V, Kadam V, Narang P, Singh V. Prevalence of drug-resistant

pulmonary tuberculosis in India: systematic review andmeta-analysis.

BMC Public Health. 2017;17(1):817.

4. Merchant RH, Ahmed J, Ahmad N. XDR TB in a case of IL12R𝛽1 defi-

ciency: a case report of mendelian susceptibility to mycobacterial dis-

ease from India. Indian J Pediatr. 2013;80(9):781-782.
5. Roesler J, Horwitz ME, Picard C, Bordigoni P, Davies G, Kosciel-

niak E, et al. Hematopoietic stem cell transplantation for complete

IFN-𝛾 receptor one deficiency: a multi-institutional survey. J Pediatr.
2004;145(6):806-812.

6. Chantrain CF, Bruwier A, Brichard B, et al. Successful hematopoietic

stem cell transplantation in a child with active disseminatedMycobac-
terium fortuitum infection and interferon-gamma receptor 1 deficiency.

BoneMarrow Transplant. 2006;38:75-76.
7. Olbrich P,Martínez-SaavedraMT, Perez-Hurtado JM, et al. Diagnostic

and therapeutic challenges in a childwith complete interferon-𝛾 recep-

tor 1 deficiency. Pediatr Blood Cancer. 2015;62(11):2036-2039.
8. Rottman M, Soudais C, Vogt G, et al. IFN-c mediates the rejection

of haematopoietic stem cells in IFN-cR1-deficient hosts. PLoS Med.
2008;5(1):e26.

9. ReuterU, Roesler J, ThiedeC, et al. Correction of complete interferon-

𝛾 receptor 1 deficiency by bone marrow transplantation. Blood.
2002;100(12):4234-4235.

10. Michniacki TF,WalkovichKJ, FrameDG, Vander LugtMT. Interferon-𝛾

receptor 1 deficiency corrected by umbilical cord blood transplanta-

tion. J Clin Immunol. https://doi.org/10.1007/s10875-019-00621-8.
11. Al-Salama ZT. Emapalumab: first global approval. Drugs.

2019;79(1):99-103.

How to cite this article: Patel S, Uppuluri R, Vellaichamy

Swaminathan V, RavichandranN,Melarcode Ramanan K, Raj R.

Mendelian susceptibility tomycobacterial disease – Challenges

in hematopoietic stemcell transplantation.Pediatr BloodCancer.

2020;e28187. https://doi.org/10.1002/pbc.28187

https://orcid.org/0000-0001-5771-8214
https://orcid.org/0000-0001-5771-8214
https://orcid.org/0000-0002-6456-8506
https://orcid.org/0000-0002-6456-8506
https://doi.org/10.1007/s10875-019-00621-8
https://doi.org/10.1002/pbc.28187

