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Abstract

Purpose Bacillus Calmette—Guerin (BCG) is a live attenuated vaccine with the potential of causing severe iatrogenic complica-
tions in patients with primary immunodeficiency diseases (PID) before and after hematopoietic stem cell transplantation (HSCT).
We aim to investigate risk factors of post-HSCT BCG-related complications in PID patients.

Methods A retrospective analysis of pediatric PID patients who had received the BCG vaccine and underwent HSCT at
Hadassah-Hebrew University Medical Center, between 2007 and 2019.

Results We found 15/36 (41.67%) patients who developed post-HSCT BCG-related complications. The most significant risk
factor for developing BCG-related complications was T cell deficiency (47.6% of the non-complicated vs 83.3% of the BCGitis
and 100% of the BCGosis groups had T cell lymphopenia, p =0.013). None of the chronic granulomatous patients developed
BCG-related manifestation post-transplant. Among T cell-deficient patients, lower NK (127 vs 698 cells/ul, p = 0.04) cell counts
and NK-SCID were risk factors for ongoing post-HSCT BCGosis, as was pretransplant disseminated BCGosis (33.3% of patients
with BCGosis vs none of the non-BCGosis patients, p =0.04). Immune reconstitution inflammatory syndrome (IRIS) was
observed in 3/5 patients with Omenn syndrome. Prophylactic antimycobacterial treatment was not proven effective.
Conclusion BCG vaccination can cause significant morbidity and mortality in the post-transplant T cell-deficient patient,
especially in the presence of pre-transplant disease. Taking a detailed medical history prior to administering, the BCG vaccine
is crucial for prevention of this complication.

Keywords BCG vaccination - hematopoietic stem cell transplantation - immune reconstitution inflammatory syndrome - primary
immune deficiency - severe combined immunodeficiency
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Introduction

Mycobacterium tuberculosis (MTB) is a significant world-
wide health threat [1]. Bacillus Calmette—Guerin (BCG) vac-
cine has been used widely since 1921 to prevent tuberculosis
(TB) [, 2], and a large proportion of the world’s population is
vaccinated with BCG soon after birth. Nevertheless, the esti-
mated prevalence of BCG side effects is 1:2500 and
1:100,000 for localized and disseminated complications, re-
spectively [3]. BCG-related complications can be subdivided
into local (vaccine area) or regional (adjacent lymph-node)
vaccine-related complications referred to as BCGitis, versus
distant (affecting one site) or disseminated (affecting > 1 site
and/or blood) BCG infection, referred to as BCGosis [4,
5]. Either pattern can be a manifestation of an ongoing
infection or can represent an immune reconstitution in-
flammatory syndrome (IRIS).

Since BCG is a live attenuated vaccine, complication rates
are significantly increased in immunodeficient individuals [3,
6-11], especially so in patients with T cell defects, mendelian
susceptibility to mycobacterial disease (MSMD), or chronic
granulomatous disease (CGD) [5-7, 11], reflecting the main
mechanisms of defense against mycobacteria. For T cell de-
fects, this susceptibly is related to the inability to produce an
effective Thl response [3]. MSMD patients suffer from de-
fects in the interleukin (IL)-12/IL-23/interferon (IFN) vy circuit
[12] and CGD, caused by defects in the NADPH oxidase
complex, adversely affect the macrophage’s and neutrophil’s
ability to kill phagocytosed bacilli [6, 13]. Severe combined
immunodeficiency (SCID) is the most common diagnosis
among BCG-complicated primary immunodeficiency (PID)
patients [3, 6] (42-51% of BCG-vaccinated SCID patients),
with the highest mortality rate (41.2%) [6]. Lower T
cell counts, younger age at vaccination [3], and natural
killer (NK)-SCID [6] are risk factors for BCG-related
complications.

Little is known about the prevalence and risks for BCG-
related complications in the post-transplant setting. In this
study, we summarize our experience with BCG vaccine-
related complications in PID patients in the post-
hematopoietic stem cell transplantation (HSCT) period.

Materials and Methods

This study was conducted at Hadassah Hebrew University
Medical Center in Jerusalem. We retrospectively collected
data from pediatric patients with inborn phagocytic or T cell
defects who underwent HSCT between January 2007 and
December 2019, after having received the BCG vaccine.
Patients were divided into combined (T cell mediated) and
phagocytic defects based on the international union of immu-
nological societies (IUIS) classification of PIDs [14]. SCID
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was defined in T cell-deficient patients, who presented in the
first year of life and had CD3 counts <500 cells/ul
[15]. PT9 without available pre-HSCT CD3 count, but
with IL2RG mutation and a classical SCID phenotype,
was also considered a SCID patient.

All patients had received their vaccines within the first
week of life, as per the Russian and Palestinian schedules. A
total of 32 of 36 patients had been vaccinated in the
Palestinian Authority with the BCG Danish-1331 strain.
Four patients (P9, P21, P32, and P35) had received the
Moscow-368 strain in Russia. Prophylactic antimycobacterial
treatment was given as per our protocol, which varied over
time. Since 2013, patients with severe T cell deficiency and a
history of BCG vaccine were given triple therapy (isoniazid,
rifampin, and ethambutol), while rifampin was substituted
during HSCT with ciprofloxacin to avoid drug interactions.
Treatment of symptomatic BCG complications was tailored
per patient. In general, antimycobacterial treatment was inten-
sified, and in cases of lack of improvement under such a reg-
imen, along with signs of hyperinflammation (fever, increase
in inflammatory markers) steroid treatment was added.

We recorded baseline patient characteristics, timing, and
nature of BCG complications, prophylactic and treatment reg-
imens, immunological work up, transplant characteristics, and
outcome. Graft-versus-host disease (GVHD) grading was
based on the Glucksberg grading [16]. Genetic diagnosis
was made via whole exome sequencing (WES) in 30 patients
and confirmed by Sanger sequencing as described elsewhere
[17]. For patients who were of the same kindred, diagnosis
was done via WES in the index case and confirmed in family
members by Sanger sequencing. Patients 25-26 were diag-
nosed via a CGD genetic panel. BCG-related complications
were diagnosed based on clinical assessment of the treating
physicians, supplemented with microbiology and pathology
results whenever available. Complications were categorized
as “infectious” when pre-transplant symptomatic disease fur-
ther disseminated in the context of increased immune suppres-
sion, or disease manifestation emerged in the context of re-
duced immune function, or “inflammatory” when symptoms
appeared for the first time shortly (within 45 days) after en-
graftment. In cases without symptomatic pre-transplant
BCGosis, in which symptoms appeared prior to engraftment,
it was impossible to discern worsening infection in the context
of immune suppression from inflammatory reaction of donor
T-cells, and therefore, we deemed these cases as “undeter-
mined.” BCGitis was defined as local and/or the regional
lymph node BCG infection, while BCGosis was defined as
distant/disseminated disease [4].

Statistical analysis was conducted with the IBM_SPSS
Statistics 27.0 version (IBM Inc., Armonk, NY). Cumulative
survival curve was calculated using XLSTAT 2020.3.1 ver-
sion. Fisher exact test was used for categorical variables.
Mann-Withney U test and the Kruskal-Wallis A tests were
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used for 2 and 3 groups of independent numerical variables,
respectively. Kaplan-Meier method was used for survival
analysis. All statistical analyses conducted a 2-tailed test with
a confidence level of 95%.

This study was approved by Hadassah’s Institutional
Review Board.

Results
Patient and transplant characteristics

Thirty-six pediatric patients who underwent HSCT for phago-
cytic and T cell defects in Hadassah medical center between
2007 and 2019, and had received the BCG vaccine prior to
transplant, were included in this study (Table 1). Fifteen
(41.7%) developed post-transplant BCG-related complica-
tions: 6 patients (40%) had BCGitis, while 9 patients (60%)
had BCGosis. Twenty-four patients were transplanted for T
cell defects, while 12 had phagocytic defects. Genetic diagno-
ses are detailed in Tables 2 and 3. Baseline diagnoses signif-
icantly differed between complication groups: while only
47.6% of the BCG-uncomplicated patients had a T cell defi-
ciency, 83.3% of the BCGitis and all BCGosis patients hada T
cell defect (Table 1). This difference in baseline immune de-
fect accounts for non-complicated patients’ older age at the
time of transplant compared with patients with BCGitis or
BCGosis (49.2 versus 23.3 and 9.9 months old, respectively,
p=0.002), as well as the increased use of prophylactic
antimycobacterial treatment in this group, considering our in-
stitutional protocol (66.7% in the BCGosis group vs 16.7%
and 23.8% in the BCGitis and non-complication groups, re-
spectively, p =0.05). Pre-transplantation BCGosis was a

predictor for post-transplant disseminated disease (75% and
22.7% cumulative incidence of post-transplant BCGosis
among patients with and without pre-transplant disease, re-
spectively, p = 0.004 Fig. 1).

Transplant variables are detailed in Tables 2 and 3. Donor,
graft source and dose, conditioning regimen, and GVHD pro-
phylaxis did not differ between groups. All transplants in this
cohort were first transplants, and none of the patients required
a second procedure.

Considering their increased rate of BCG-related complica-
tions, we analyzed T cell-deficient patients separately
(Table 4). On a pooled analysis of BCGosis patients compared
with non-complicated and BCGitis patients, those with
BCGosis were younger at the time of transplant (mean age
9.9 vs 34.2 months, p = 0.045) and were more likely to have
suffered from BCGosis prior to transplantation (33.3% of the
BCGosis group vs none of the non-BCGosis group, p = 0.04).
NK-cell counts prior to transplantation in BCGosis patients
were significantly lower compared with the non-BCGosis
group (243 vs 698 cells/ul, p=0.03).

In order to delineate other risk factors, T cell-
deficient patients without a pre-HSCT history of BCG
infection were analyzed separately: those who developed
BCGosis had lower pre-HSCT CD3 (32 vs 2425 cells/
ul, p=0.02) and NK-cell counts (127 vs 698 cells/ul,
p=0.04), but also a shorter diagnosis to transplant in-
terval (mean time 2.2 vs 10.7 months, p=0.02) (Fig. 2).

Among eight asymptomatic T cell-deficient patients re-
ceiving antimycobacterial prophylaxis prior to transplanta-
tion, 50% developed post-transplant BCGosis versus two-
thirteenths (15.4%) of untreated patients (p =0.15).
Prophylactic regimens did not differ between patients who
developed BCGosis and those who did not (mean number of
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Table1 BCG complication groups
Non-complicated BCGitis BCGiosis p value
Number of pts (%) 21(58.3) 6 (16.7) 9 (25.0)
Age at transplantation in months (STD) 49.2 (44.3) 24.3 (42.5) 9.9 (3.7) 0.002
Number of pts with a T cell defect (%) 10 (47.6) 5(83.3) 9 (100) 0.013
Pre-transplant lymphocyte count, 10%L (STD) 3914 (3616) 3233 (3266) 9569 (17000) 0.715
Pre transplant immunophenotyping®
CD3 cells/pl, mean (STD) 2780 (2803) 1416 (1616) 3614 (8480) 0.086
CD#4 cells/ul, mean (STD) 1134 (1376) 638 (849) 2719 (6116) 0.282
CDS8 cells/ul, mean (STD) 1258 (1472) 600 (764) 951 (1504) 0.326
CD19 cells/ul, mean (STD) 917 (581) 779 (1434) 690 (694) 0.267
NK cells/pl, mean (STD) 470 (565) 832 (993) 243 (427) 0.162
Number of pts with pre-transplant BCG-related complications (%) 1(4.8) 0 3(33.3) 0.06
Pts on pre-HSCT anti-mycobacterial treatment (%) 5(23.8) 1(16.7) 6 (66.7) 0.05
Mean number of anti mycobacterial meds (STD) 2(1) 3 3(0.6) 0.191
Mean duration of treatment prior to HSCT (STD) 2.9 (3.3) 1.5 1.2 (1.4) 0.69
Day of neutrophil engraftment (STD, Num of patients)b 18.6 (6.1, 20) 16.6 (4.2, 5) 15.4 (6.0, 8) 0.401
Post transplant day of BCG complication® NA 35(14.4) 65.7 (145.4) 0.239
Day 100 lymphocyte count, 10%L (STD, Num of patients) 2967 (3282, 18) 4467 (1782, 6) 2275 (2935, 8) 0.013
Day 100 chimerism (STD, Num of patients) 95.5 (13.0, 18) 86.0 (31.3,5) 53.4 (40.1, 8) 0.033
Number of pts with aGVHD Grade > 2 (%) 4 (19.0) 0 3(33.3) 0.278
Number of pts with cGVHD (%) 1(5.6) 2(33.3) 0 0.187
Mean duration of follow-up (STD) 30.9 (28.0) 53.8 (30.6) 22.6 (18.0) 0.123
Last follow-up lymphocyte count, 10%L (STD, Num of pts) 3636 (2493, 19) 5283 (4321, 6) 3040 (2147,9) 0.666
Last follow-up chimerism (STD, Num of pts) 89 (20.9, 18) 79.3 (33.1, 6) 474 (43.8,8) 0.061
Last immunophenotyping cells/pl, Mean (STD)*
CD3 2212 (1508) 5476 (4516) 2304 (932) 0.492
CD4 727 (371) 2230 (1846) 1389 (866) 0.122
CD8 1136 (1179) 2982 (2537) 872 (478) 0.268
CD19 533 (452) 667 (776) 862 (990) 0.902
NK 313 (348) 226 (258) 297 (446) 0.847
Num of pts on IVIG treatment at last follow-up (%) 4(22.2) 0 1(16.7) 0.794
Survival- Pts (%) 18 (85.7) 6 (100) 6 (66.7) 0.267

aGVHD acute graft vs host disease, cGVHD chronic graft vs host disease, DLI donor lymphocyte infusion, /VIG intravenous immunoglobulins, NA non

applicable, Pts patients, STD standard deviation

# Pre-transplant lymphocyte immunophenotyping was recorded for 14 patients of the BCG-non complicated group, 5 patients of the BCGitis group, and

7 patients of the BCGiosis group

®Neutrophil engraftment defined as the first day of 3 consecutive days of ANC > 500
¢ For patients with pre-transplant BCGosis, the first post transplant day of further BCG dissemination was noted

9 Last follow-up lymphocyte immunophenotyping was recorded for 12 patients of the BCG-non complicated group, 4 patients of the BCGitis group, and

7 patients of the BCGiosis group

medications 2.75 vs 2.25, p =0.12, mean duration of prophy-
laxis 0.59 vs. 0.75 months, p = 0.88). However, patients who
developed BCGosis despite prophylaxis had JAK3 (n=2),
RAGI1, and PNP deficiencies, whereas T cell-deficient, un-
complicated patients had the IL2RG ¢.664C > T variant (n =
3) and RAGI, suggesting a milder disease phenotype. On the
other hand, both T cell-deficient patients receiving
antimycobacterial treatment for pre-transplant symptomatic
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BCGosis experienced further deterioration of their disease de-
spite appropriate treatment with 3—4 medications for a period
of 1-4 months. Both patients subsequently died of dissemi-
nated disease 7—17 months post-transplant.

Younger age at transplantation and a shorter diagnosis to
transplant interval, observed in T cell-deficient patients who
developed post-HSCT BCGosis, are potential markers for a
more severe baseline condition. We therefore analyzed the
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Table 4 Characteristics of T cell

deficiency patients No BCGosis BCGosis p value
Num of pts (%) 15 (62.5) 9(37.5)
Age at HSCT, months (STD) 34.2 (37.6) 9.9 (3.7) 0.045
Num of patients with SCID (%) 3 (20) 5(55.6) 0.099
Num of patients with Omenn (%) 3 (20) 2(22.2) 1.0
Pre-HSCT ALC 10%L (STD) 4060 (4302) 9569 (17000) 0.676
Pre HSCT Immunophenotyping cells/ul, mean (STD)*
CD3 2425 (2843) 3614 (8480) 0.083
CD4 859 (1235) 2719 (6116) 0.296
CD8 1226 (1512) 951 (1504) 0.296
CD19 844 (903) 690 (694) 0.765
NK 698 (758) 243 (427) 0.03
Num pts with pre-HSCT BCGosis (%) 0 3(33.3) 0.042
Pts on anti-mycobacterials primary prophylaxis (%)b 4(26.7) 4 (66.7) 0.15
Day of neutrophil engraftment (STD, num of pts)® 18.9 (6.9, 14) 15.4 (6.0, 8) 0.206
Post-HSCT day of BCG complication (STD, num of pts) 34.0 (15.8,5) 65.7 (145.4,9) 0.257
Day 100 ALC, 10%L (STD, num of pts) 4223(2730, 13) 2275 (2935, 8) 0.017
Day 100 chimerism (STD, num of pts) 87.4 (23.8, 12) 53.4 (40.1, 8) 0.091
Number of pts with aGVHD grade > 2 (%) 1(6.7) 3(33.3) 0.13
Number of pts with cGVHD (%) 2(18.2) 0 1
Mean length of follow-up (STD) 41.7 (30.2) 22.6 (18.0) 0.144
Last follow-up ALC, 10%/L (STD, num of pts) 4006 (3417, 14) 3040 (2147, 9) 0.659
Last follow-up chimerism (STD, num of pts) 78.2 (28.8, 13) 47.4 (43.8, 8) 0.097
Last immunophenotyping cells/pl, mean (STD)
CD3 3114 (3208) 2304 (932) 1
CD4 1117 (1202) 1389 (866) 0.329
CDS8 1720 (2034) 872 (478) 0.77
CDI19 496 (375) 862 (990) 0.558
NK 331 (360) 297 (446) 0.558
Num of pts on IVIG at last follow-up (%) 3(23.1) 1(16.7) 1
Survival—number of pts (%) 13 (86.7) 6 (66.7) 0.326

aGVHD acute graft vs host disease, BCG bacillus Calmette—Guerin, cGVHD chronic graft vs host disease, ALC
absolute lymphocyte count, DL/ donor lymphocyte infusion, /VIG intravenous immunoglobulins, num number,

Pts patients, STD standard deviation

# Pre-transplant lymphocyte immunophenotyping was recorded for 14 patients of the non-BCGosis group and 7

patients of the BCGosis group

® Percentage of patients receiving primary prophylaxis is calculated of the number of pre-transplant asymptomatic

patients

¢ Neutophil engrafiment—defined as the first day of 3 consecutive days of ANC > 500

4 Last follow-up lymphocyte count was recorded for 10 patients of the non-BCGosis group and 7 patients of the

BCGiosis group

patients with SCID separately (=8, 5 (55.6%) of the
BCGosis group and 3 (20%) of the non-BCGosis group, p =
0.099; Table 4). In this cohort, there was no difference in
patient’s age at transplant or in diagnosis to transplant interval
(mean age 10.8 vs 9.3, p=0.55, mean time from diagnosis to
treatment 2.2 and 1.7 months, p =0.34, in the BCGosis and
non-BCGosis groups, respectively). However, pre-HSCT
NK-cell count remained significantly lower in the BCGosis

@ Springer

group compared with the non-BCGosis group (47 vs 597
cells/ul, p=0.03). Patients with SCID who developed
BCGosis had mutations in JAK3 (n=2), PNP, IL7R, and
IL2RG, whereas those who did not develop this complication
had mutations in RAG1 (n=2) and LCK.

Among patients with phagocytic defects, only PT8 with
VPS45 experienced mild BCGitis (Table 2). PT35 with
CYBB mutation and pre-HSCT BCGosis was treated with
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triple therapy prior and during transplant and had not suffered
reactivation of BCG. He is currently 12 months post-HSCT
with full donor chimerism (Table 3).

Pathogenesis of BCG-Related Complications

Four patients presented with infectious complications: PT3,
PT4, and PT10 had severe BCGosis prior to transplantation,
and their infection disseminated further during transplant-
related immunosuppression. Both PT3 and PT4 had viable
bacilli in pathology or microbiological specimens (Table 2).
While PT4’s duodenal biopsy revealed chronic mild inflam-
mation without granulomas, PT3’s initial biopsies revealed
granulomas which were absent in subsequent biopsies, sug-
gesting a declining immune function [18]. In another patient
(PT14), deteriorating immune function following a decline in
donor chimerism had uncovered a BCG infection, as evident
by positive gastric aspirate cultures and granulomas with acid-
fast bacteria (AFB) on lymph-node (LN) biopsy.

Eight patients presented with inflammatory complications
(Table 2). These were characterized by initial local/regional
disease on average day + 34.4 (range 19-60 days) post-HSCT,
followed by further dissemination in 2 patients. Another 3
patients (PTS5, PT6, PT9) without pre-transplant disease had
developed symptoms prior to engraftment; thus, it was impos-
sible to differentiate donor cell allo-reactivity from unmasked
previously asymptomatic infection in the context of immune
suppression in these cases.

Five patients demonstrated a switch from positive to sterile
cultures following antimycobacterial treatment: while 4 of
these patients (PT1, PT2, PT9, and PT15) had evidence of
granulomatous inflammation, suggestive of IRIS [18], PT5
exhibited a switch from a mononuclear infiltrate with positive
Ziehl-Neelsen (ZN) stain on an early skin specimen, into a
foamy histiocytic infiltrate with multinucleated giant cells on
a subsequent specimen. These changes are suggestive of a

a

10000

1000

100

Log pre-HSCT CD3

Non BCGosis BCGosis

BCG-related complications
Fig.2 Pre-HSCT immune variables in T cell-deficient patients with post-

HSCT BCGosis. Baseline immune variables of T cell-deficient patients
without a prior history of pre-HSCT BCGosis. Patients who developed

HSCT NK cells/microliter

transition from active infection to IRIS following engraftment
[18]. Of 12 patients receiving DLI, only one (PT15)
suffered further worsening of her skin BCGosis 34 days
following DLI.

Patient Outcomes

Mean follow-up was 32.6 months (range 0—105 months) and
did not differ significantly between groups (30.9, 53.8, and
22.6 months for non-complicated, BCGitis and BCGosis
groups, respectively, p =0.12). Patients with BCGosis had
significantly lower donor chimerism on day + 100 compared
with non-BCGosis patients (53.4 vs 93.4% donor cells, p =
0.01) and at last follow-up (47.4 vs 86.6% p =0.02). This
difference remained as a mere trend in T cell-deficient pa-
tients (donor chimerism on day + 100: 53.4 vs 87.4%, p=
0.09, and donor chimerism at last follow-up: 47.4 vs 78.2%,
p=0.097, in BCGosis compared with non-BCGosis patients),
even after excluding patients without pre-transplant disease
(donor chimerism on day + 100: 51.0 vs 87.4%, p=0.09,
and chimerism at last follow-up: 45.3 vs 78.2%, p=0.08). T
cell patients with BCGosis also had lower lymphocyte counts
onday + 100 (2275 vs 4223 cells/pl, p = 0.02). Other outcome
measurements did not differ between groups (Table 4).

Overall survival (OS) in our cohort was 83.3% (30/36 pa-
tients) and was comparable between T cell-deficient and phago-
cytic defect patients (79.2% and 91.7%, p=0.41). In T cell-
deficient patients, OS did not significantly differ among compli-
cation groups (OS =80.0%, 100% and 66.7% in the non-com-
plicated, BCGitis and BCGosis respectively, p =0.39; Fig. 3).
However, none of the T cell-deficient patients with a history of
pre-HSCT BCGosis survived transplant, whereas survival rate
without such history was 90.5% (Fig. 4; p <0.001).

All three patients with T cell defects who suffered of pre-
transplant BCGosis died in the post-transplant period (Table 2):
PT3 with inhibitor of nuclear kappa b kinase subunit beta

10000
1000

500

9 e

Non BCGosis BCGosis

BCG-related complications

post-HSCT BCGosis are compared with those who did not develop this
complication: a CD3+ counts were scaled on a logarithmic scale. b NK
cell counts were scaled on a linear scale

@ Springer
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Fig. 3 Survival in T cell
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(IKBKB) mutation was given a prolonged quadruple antimicro-
bial regimen for pre-transplant BCGosis. Following an MRD
transplant, he suffered secondary graft failure and died of dissem-
inated BCGosis and septic shock 17 months post-HSCT, despite
continued anti-mycobacterial treatment. PT4 with IL7Rx defi-
ciency was treated for 1 month prior to transplant for BCGosis.
Following her MSD transplant she failed to reconstitute her T
cells and responded poorly to antimicrobials. She died 7 months
post-HSCT of multiple bowel perforations related to her BCG
infection. PT10 with unidentified SCID presented with multiple
bacterial infections. Upon admission, he was noted to have BCG
lymphadenitis and hepatitis and an urgent mismatched unrelated
(MMUD) cord blood (CB) was performed for lack of a better

donor. Unfortunately, the patient failed to engraft and despite full
antimycobacterial treatment succumbed to BCGosis as well as
enteroviral infection. Three patients (PT27, PT31, and PT36) in
the non-BCGosis group died in the early post-transplant period
of veno-occlusive disease (VOD), sepsis, and non-engraftment
(Table 3).

Discussion

In this retrospective observational study, we compare 15 PID
patients with BCG vaccine-related post-HSCT complications
to 21 BCG-vaccinated patients without such complications.

Fia. L
ig 4 Surv1ve.11 inT .cell - Pre-HSCT
deficiency patients with pre- q BCGosis
HSCT BCGosis. A Kaplan-Meier | —INo
survival curve of T cell-deficient | ;_" Yes
patients demonstrates a o8 I No-censored
significantly reduced survival in = leteitl
patients with a pre-transplant !
history of BCGosis compared '§ =
with those lacking such history. g 0.6 l
Overall survival (OS)=0% vs 73 :
90.5%, p <0.001 2 |
: i
'g 0.4
3 .
|
0.2 i
i
|
0.0 :
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Patients with T cell deficiencies were at an increased risk of
developing BCG-related complications compared with
phagocytic defect patients. Indeed, post-HSCT, BCG-related
complications have been reported in T cell deficiencies [3,
18-35] but have not so far been described in phagocytic de-
fects. Despite the well-known association between CGD and
BCG [6, 7, 13, 36], none of our 7 BCG-vaccinated CGD
patients, including a patient with pre-transplant BCGosis, de-
veloped post-HSCT complications. These findings, in agree-
ment with previous reports [13, 37], point to the central role of
T cells in control of chronic mycobacterial infection and in
mycobacterial-related IRIS [38].

History of pre-transplant disease is a major risk factor for
post-HSCT BCGosis (Fig. 1; Table 4) as well as mortality
(Fig. 4). In a review of the literature, 16/37 (43.2%) SCID
patients with pre-transplant BCGosis died in the post-
transplant period [18, 22-24, 27, 29, 31, 33, 39]. Increased
mortality of pre-HSCT symptomatic patients was not found to
be affected by antimycobacterial treatment [3]. Post-transplant
treatment with anti-IL6 and Abatacept for prevention of in-
flammatory complications was recently reported in a small
cohort [27] as both effective and safe. These results warrant
further validation in larger, prospective studies.

Among T cell-deficient patients who had no pre-transplant
BCGosis, lower baseline CD3 counts were found to be a risk
factor for post-transplant BCGosis (Fig. 2). Poor T cell func-
tion was previously described as a risk factor for both BCG
infection [3, 27] and future IRIS [40]. Lower NK-cell counts
were found both in the T cell deficiency cohort, and in SCID
patients specifically, and indeed, half of the patients in our
SCID cohort who developed BCGosis had NK-SCID. This
is compatible with a recent report [6], which identified a 2-
fold higher number of NK negative SCID patients compared
with NK positive SCID patients among the patients with
BCG-related complications. NK cells have a role in control
of mycobacterial infection, through the secretion of IFN-y and
TNF o as well as via direct contact [41, 42].

Various mechanisms have been ascribed to post-transplant
BCG-related complications [6]. These can generally be divid-
ed into worsening of infection in the context of intensified
immune suppression, versus increased inflammation in the
context of an improved immune function. IRIS, defined as
the restoration of an immune response against pathogen-
specific antigens resulting in immunopathology, requires a
functional immune system as a pre-requisite for diagnosis
[43]. Features in our cohort consistent with IRIS included
close association with engraftment and granuloma formation
[18, 44], regardless of bacilli vitality. Features consistent with
an infectious-driven process included active pre-transplant in-
fection, poor immune reconstitution, and viable bacilli [18].
Nevertheless, distinguishing a predominant infectious process
from an inflammatory reaction is challenging [45], since both
mechanisms co-exist in the same patient during immune

reconstitution. Gantzer et al. [18] demonstrated a switch from
a diffuse histiocytic granuloma-negative infiltration with
positive AFB to a CD3-rich, AF negative, granuloma-
tous inflammation, as immunity was restored. Biopsy
results can be helpful in distinguishing IRIS-related le-
sions from infectious worsening.

Three of five patients in our cohort who presented with
Omenn syndrome developed IRIS. While there is not enough
data to establish Omenn syndrome as a risk factor for post-
HSCT BCG-related complications, it is possible that the
switch from a Th2 milieu in Omenn syndrome [46], known
to inhibit mycobacterial immune response [38], to a Thl
milieu in the post-HSCT period increased the risk of
developing IRIS. Certainly, a shift from a Th2 to Thl/
Th17 predominance is known to occur in multiple set-
tings associated with IRIS [44, 45, 47].

There is no consensus regarding prophylactic treatment in
PID patients [3]. In a previous retrospective analysis [3], only
3% of SCID patients receiving secondary prophylaxis devel-
oped BCG-related complications. However, prophylactic
treatment did not improve OS. In our hands, post-exposure
prophylaxis did not mitigate the risk for developing
BCGosis. Nevertheless, as prospective controlled studies are
lacking, we continue recommending a triple prophylactic reg-
imen for profoundly T cell-deficient patients who have re-
ceived the BCG vaccine. Another point to consider in pro-
spective studies is the use of prophylaxis against inflammatory
complications, as suggested in a recent report [27].

There are currently no guidelines for treatment of post-
HSCT BCG disease, and diverse regimens have been used
[3, 18-21, 24-28, 31, 33, 35, 39, 48, 49]. Treatment modali-
ties other than anti-microbials include steroids [27, 29, 44, 47,
48], surgical treatment, [19, 20, 23, 27, 48] IFNvy, [18] and
anti-IL1 and anti-IL-6R antagonists [27]. Our treatment pro-
tocol includes a triple regimen until clinical and radiological
resolution of disease, as well as immune reconstitution.
A recent report [27] eases safety concerns regarding
anti-inflammatory treatment for IRIS on immune recon-
stitution. However, further studies are needed to better
define the efficacy, safety, and need of such treatments
in the post-transplant settings.

Finally, the WHO recommends avoiding BCG vaccination
for immunodeficient infants [50]. These guidelines, however
justified, are difficult to implement, due to immunization
timing. Furthermore, neonatal screening does not encompass
the wide range of BCG-associated PIDs and is currently not
available in the countries with the highest burden of mycobac-
terial disease. Recommendations to postpone vaccination in at
risk infants [50-52] must be weighed against the global health
impact of BCG vaccination. Recently, the COVID-19 epi-
demic has stimulated new interest in the BCG vaccine for its
possible non-specific protective effects through trained innate
immunity, though evidence of efficacy of BCG vaccination
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against COVID-19 is lacking [53, 54]. Thus, while vaccine
delay across all populations is neither practical nor advisable,
we recommend that the possibility of PID should be consid-
ered prior to vaccination, especially in areas with a high prev-
alence of consanguinity.

Conclusion

BCG vaccination causes significant morbidity and mortality
in PID patients, especially during post-transplantation im-
mune reconstitution. Disseminated mycobacterial infection
after HSCT is observed mainly in profound T cell deficiencies
despite appropriate antibiotic treatment, with increased risk in
NK-SCID. Pre-transplant infection is a significant negative
prognostic factor. Taking a detailed medical and family histo-
ry prior to administering the BCG vaccine is crucial and pos-
sibly lifesaving. Finally, there is a need for consensus guide-
lines for the prophylaxis and treatment of BCG disease in PID
patients both prior to and following HSCT.
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