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Abstract

Purpose Chronic granulomatous disease (CGD) is an
inherited phagocytic disorder characterized by recurrent infec-
tions with usually catalase-positive organisms. Infections in
CGD from developing countries are expected to be different
from those in the Western countries. We report the profile of
infections in children diagnosed with CGD from a tertiary care
center in North India.

Methodology Case records of children diagnosed with CGD
at Pediatric Immunodeficiency Clinic, Advanced Pediatrics
Centre, Postgraduate Institute of Medical Education and
Research, Chandigarh, India, from August 1993 to April
2016 (23 years) were analyzed.

Results Thirty-eight children were diagnosed to have CGD.
Median follow-up of patients was 2 years (interquartile range
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0.75, 6.0). Staphylococcus aureus and Pseudomonas spp.
were the two most common causative bacteria isolated.
Aspergillus was the most common fungus isolated. The most
common organ involved was the lung (94.7%). Liver abscess-
es were identified in 5 patients (13.2%), and 20 (52.6%) pa-
tients had lymphadenitis. Infections with Pseudomonas spp.
were high in our cohort (15.7%) compared to the other studies.
Infections with some unusual organisms (e.g., Fusarium
dimerium and Chryseobacterium gleum) were also seen in
our cohort. Children with X-linked CGD presented earlier
and also had a greater number of infections as compared to
autosomal recessive CGD.

Conclusions Various socioeconomic factors coupled with the
lack of awareness and paucity of readily available diagnostic
facilities for primary immunodeficiencies accounted for a late
clinical presentation with severe infections and increased mor-
tality (28.9%) in our cohort. However, mortality was similar in
X-linked and autosomal recessive CGD as was the number of
fungal infections. The incidence of infections and mortality
was significantly lower after initiation of antibacterial and
antifungal prophylaxis.

Keywords Chronic granulomatous disease - North India -
infections - bacteria - fungi - mortality

Abbreviations
XL X-linked
AR Autosomal recessive
MALDI-TOF Matrix-assisted laser desorption
ionization time-of-flight mass spectrometry
SI Stimulation index
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Introduction

Chronic granulomatous disease (CGD) is an inherited primary
immunodeficiency disorder that results in defective phagocyte
oxidative function [1]. Five different types of CGD have been
described based on defects in one of the five proteins consti-
tuting the NADPH oxidase system. A defect in CYBB gene
which encodes for gp91phox results in X-linked CGD.
Defects in CYBA, NCF-1, NCF-2, and NCF-4 result in auto-
somal recessive CGD due to deficiency of gp2lphox,
p47phox, p67phox, and p40phox proteins, respectively [1,
2]. X-linked CGD (XL-CGD) is the most common type of
CGD reported in the Western countries, whereas autosomal
recessive CGD (AR-CGD) is the most common subtype in
countries with the high rates of endogamous marriages.

The clinical phenotype is characterized by recurrent infec-
tions due to catalase-positive organisms such as
Staphylococcus aureus and Aspergillus spp. [1]. Common
clinical presentations include suppurative adenitis, deep-
seated abscesses, pneumonia, and osteomyelitis. The use of
prophylactic antimicrobials, interferon gamma (IFN), and
bone marrow transplantation has resulted in a significant re-
duction in morbidity and mortality in CGD [3, 4]. Data on
infection pattern and causative microorganisms provide added
information to the CGD infection spectrum and help in early
identification and management of CGD. Infections in CGD
are likely to be persistent and usually require a prolonged
duration of antimicrobial or antifungal therapy to clear the
organisms [5]. However, the pattern, frequency, and severity
of infections may vary among different subtypes [1, 5].
Identification of deleterious infections is of paramount impor-
tance to guide the empirical choice of antibiotics or antifungal
therapy until confirmatory microbiological investigations are
available.

Data regarding infections in CGD have predominantly em-
anated from developed countries [3, 5, 7-12], and literature
from developing countries is scarce [13—18]. Infection profile
from developing countries is expected to be different to that
reported from the Western countries due to the difference in
environmental and socioeconomic factors. Hence, the guide-
lines for the management of infectious complications in CGD
cannot be extrapolated to developing nations. We previously
reported 17 cases of CGD from our center in 2013 [18]. We
have now diagnosed 21 new cases of CGD in the last 3 years
and analyzed the infection pattern and mortality in all the
patients.

Methodology
The study was conducted in the Pediatric Allergy Immunology

Unit, Advanced Pediatrics Centre, Postgraduate Institute of
Medical Education and Research, Chandigarh, India. In the last

@ Springer

23 years (August 1993—April 2016), we diagnosed 38 children
with CGD. Data of all 38 patients were retrieved from the case
records and files of the Pediatric Immunodeficiency Clinic. The
study was approved by the Departmental Review Board.
Diagnosis of CGD was based on the nitroblue tetrazolium test
(NBT) alone in 10 cases, dihydrorhodamine (DHR) testing alone
in 2 cases, and by both in 26 cases. Heparinized blood was used
for the DHR assay by flow cytometry. Stimulation of the neutro-
phils was done by phorbol 12-myristate 13-acetate (PMA). DHR
was also performed on the parents and siblings wherever neces-
sary. b558 (gp91phox/p22phox) staining was carried out by flow
cytometry in selected cases where suspicion of XL-CGD was
based on clinical grounds. p47phox and p67phox staining by
flow cytometry was performed in cases where autosomal reces-
sive CGD was suspected. Genetic diagnosis of CGD was
established in 25 out of the 38 children. Mutational analysis
was performed at the National Defense Medical College,
Saitama, Japan, and at the Department of Pediatrics and
Adolescent Medicine, The University of Hong Kong, Hong
Kong, after obtaining written informed consent from the parents.

Age at onset of infection, infection and microbiological
pattern before and after diagnosis of CGD, duration of fol-
low-up, and mortality data were analyzed in all 38 patients.
Complete blood counts, immunoglobulin profile, blood cul-
tures, chest radiograph, and ultrasound abdomen were per-
formed in all cases. Computerized tomography (CT), fine nee-
dle aspiration or biopsy from tissue specimens, body fluid
cultures, and fungal blood serology were performed wherein
considered necessary on clinical grounds. Bacterial cultures
were carried out by conventional methods until 2010, and
matrix-assisted laser desorption ionization time-of-flight mass
spectrometry (MALDI-TOF MS, Bruker Daltonics,
Germany) analysis was used for identification of bacteria from
2010 onwards. Diagnosis of fungal infection was based on
fungal cultures or histopathological evidence. Fungal serology
was considered positive for antigen, when the galactomannan
index (Aspergillus) was >1.0, whereas for antibody (Candida,
Aspergillus fumigatus, Aspergillus flavus, Aspergillus niger),
it was considered significant when the clear precipitin band
was seen on immunodiffusion plate.

Data were analyzed by using SPSS version 21 software
(SPSS, Inc., Chicago, IL).

Calculation of Stimulation Index by Flow
Cytometry-Based Dihydrorhodamine Testing

Fluorescence of DHR was measured on the FL1 histogram.
Percentage positivity and median fluorescence intensity (MFI)
were taken in consideration for reporting. MFI of stimulated
tube (C) was divided by MFT of the unstimulated tube (B) to
calculate neutrophil oxidative index (NOI) or stimulation in-
dex (SI). A healthy control sample was simultaneously tested
during each run for comparison.
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Results

A total of 38 cases of CGD were diagnosed in the last 23 years.
We had diagnosed only 17 cases of CGD until 2013 [18], and
21 additional new cases of CGD (55.3%) have been diagnosed
in the last 3 years after that period. Median age of onset of
infections was 5 months with interquartile range (IQR) be-
tween 2 and 21 months. Median age at diagnosis of CGD
was 2 years (IQR 0.7, 4.5). Median delay in the diagnosis of
CGD was 1.17 years (IQR 0.15, 2.34). Sixteen children
(42.1%) had XL-CGD—13 of them were found to have a
mutation in the CYBB gene, and 3 have been identified as
X-linked based on b558 staining pattern on flow cytometry.
Autosomal recessive form of CGD (AR-CGD) was identified
in 18 children (47.4%)—8 were found to have a mutation in
the NCFI gene, 3 in the NCF2 gene, 1 of the patients was a
sibling of a child with mutation in NCF/ gene, 2 children had
an abnormal DHR, but no mutation has been identified in the
CYBB gene, and 4 girls had an abnormal DHR who were
presumed to have an AR-CGD (Suppl. Table S1). The type
of CGD could not be identified in four patients (10.5%). One
patient with NCF-2 mutation was lost to follow-up. Median
follow-up of patients who survived the first infection at the
time of diagnosis of CGD was 2 years (IQR 0.75, 6.0).

Microbiological Patterns

Bacteria were isolated during 34 infectious episodes, and ma-
jority of them were in XL-CGD group. Similarly, confirmato-
ry evidence of fungal infection, either on histopathology or
fungal culture positivity, was evident during 14 infectious ep-
isodes (Suppl. Table S2 and Fig. 1).

After initiation of cotrimoxazole and itraconazole prophy-
laxis, there was a marked reduction in the incidence of culture-
proven bacterial and fungal infections (Fig. 1). Except for an
episode of Staphylococcus hemolyticus septicemia, there was
no documented Staphylococcus infection after the initiation of
prophylaxis. Glucocorticoids were used in four patients—two
with colitis and one each with intestinal obstruction and
hemophagocytic lymphohistiocytosis. Except for one patient
(S.No. 28) who developed an Aspergillus pneumonia during
oral prednisolone therapy, none of the others developed sig-
nificant infections while on glucocorticoid therapy.

Mixed Infections

A patient was said to have mixed infection when more than
one organism was isolated during an infectious episode.
Mixed infections were seen in 10 patients (26.3%). Five pa-
tients were in the XL-CGD group—S.No. 3 (pneumonia due
to Mucor spp. and Mycobacterium tuberculosis), S.No. 5
(Candida albicans in urine culture and Burkholderia cepacia
septicemia), S.No. 9 (Enterobacter spp. septicemia and a

probable fungal pneumonia), S.No. 12 (fungal pneumonia,
rib, and vertebral osteomyelitis and Acinetobacter spp.
paravertebral soft tissue infection), and S.No. 14 (Klebsiella
pneumonia from retropharyngeal abscess and pneumonia due
to Pseudomonas aeruginosa).

Four children with AR-CGD had mixed infections—S.No.
17 (S. aureus and C. albicans in lung aspirate cultures), S.No.
27 (Nocardia spp. lung abscess and S. hemolyticus septice-
mia), S.No. 29 (pneumonia due to A. fumigatus and
P. aeruginosa), and S.No. 30 (septicemia due to
Pseudomonas stutzeri and Acinetobacter spp.). A patient
(S.No. 36) with unclassified CGD had an episode of pneumo-
nia with P. aeruginosa and septicemia with S. aureus.

Localization of Infections

Predominant infections were pneumonia, followed by skin
and soft tissue infections, lymphadenitis, septicemia, and deep
organ infections (Suppl. Table S2 and Table 1).

Lung

Eighty-four episodes of pneumonia were noted in 36 patients
(94.7%). Two patients with XL-CGD developed contiguous
bone involvement, and a patient with NCF-2 mutation developed
a lung abscess. Pneumonia was complicated by septicemia in
eight patients, and four of them died due to severe sepsis and
respiratory failure. Twelve (31.6%) patients had received empir-
ical antitubercular therapy before the diagnosis of CGD was
made. Confirmatory evidence for the causative pathogen by cul-
ture from respiratory secretions or histopathology of lung aspirate
could be identified during 16 episodes (Suppl. Table S2).

Galactomannan levels in broncheoalveolar lavage (BAL)
specimens were assessed in two children (S.Nos. 28, 31) with
suspected fungal pneumonia, and the BAL galactomannan
optical density (OD) index was 0.98 and 2.9, respectively, in
them. Both the OD index values are >0.8, our laboratory cut-
off to identify invasive pulmonary aspergillosis (sensitivity
86.4%, specificity 90.7%) [19]. A. fumigatus grew from the
BAL fungal cultures in one patient (S.No. 28). Although no
growth was detected from the BAL fluid in the other patient
(S.No. 31), she showed a clinical response to empirical intra-
venous amphotericin therapy.

Liver

Six episodes of liver abscess were documented in five patients
(13.2%) (three XL-CGD, one AR-CGD, and one unclassified
CGD). Four patients had multifocal liver abscesses (S.Nos 5, 7,
20, and 38), and one patient had a single loci of collection at
presentation. S. aureus was isolated from liver pus in three pa-
tients (S.Nos 7, 20, and 38). Liver abscess in a patient (S.No. 38)
ruptured into the peritoneal space and a laparoscopic drainage
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Fig. 1 Organisms isolated in a north Indian cohort of 38 patients with
chronic granulomatous disease (CGD). a Total microbiological isolates
over a period of 23 years. b Microbiological isolates before the diagnosis

was performed for its resolution. Glucocorticoids were not used
for the management of any of these liver abscesses.

Brain
One patient with unclassified CGD developed multifocal
brain abscesses and endophthalmitis due to A. fumigatus. An

episode of meningoencephalitis occurred in a patient with
NCF-1 mutation. However, no organism was identified.

@ Springer

of CGD and initiation of antibiotic prophylaxis. ¢ Microbiological
isolates after the diagnosis of CGD and initiation of antibiotic prophylaxis

Skin and Soft Tissue

Forty episodes of skin and soft tissue infections were noted
among 15 children (39.5%). Surgical drainage of the abscesses
was required in 10 episodes. Microbiological evidence could be
identified in only two patients as most of the episodes resolved
with empirical antistaphylococcal antimicrobials such as cloxa-
cillin or amoxicillin-clavulanate. Except for an episode of cellu-
litis due to P. aeruginosa, all other episodes had occurred before
the initiation of cotrimoxazole prophylaxis.
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Table 1  Infectious complications pre and post diagnosis of CGD in XL and AR CGD groups

Infectious episodes Total person- Total pre- Total post- Ratio pre and Total XL-CGD  XL-CGD pre-
years diagnosis diagnosis post diagnosis person-years diagnosis
224.5 years person-years person-years (95% CI) 79.13 years person years

126.29 years 98.17 41.5 years

Pneumonia 84 72 12 6 (3.53t010.2) 38 33

Skin and subcutaneous abscess 40 32 8 4 (2.1-7.5) 23 18

Anorectal abscess 6 5 1 5.0 (0.8-31.0) 6 5

Lymphadenitis 36 31 5 6.0 (2.6-13.6) 16 12

Liver abscess 6 6 0 13 (0.89t0189.4) 4 4

Deep abscess 18 16 2 8 (2.1-29.8) 13 12

Osteomyelitis 4 4 0 9(0.64t0126.8) 3 3

Septicemia 11 10 1 10.0 (1.5-65.4) 4 4

No. of surgical procedures 26 24 2 12.0 (3.15-45.6) 11 11

Infectious episodes Total XL-CGD Total AR-CGD AR-CGD AR-CGD Risk ratio XL

post-diagnosis

person-years

pre-diagnosis

post-diagnosis

and AR (95% CI)

person-years 133.3 years person years person years

37.63 years 73.1 years 60.20 years
Pneumonia 5 37 30 7 1.02 (0.73 to 1.43)
Skin and subcutaneous abscess 5 14 11 3 1.64 (0.99-2.7)
Anorectal abscess 1 — - - 13 (0.89 to 189.4)
Lymphadenitis 4 15 14 1 1.06 (0.62 to 1.81)
Liver abscess 0 1 1 0 4 (0.61-26.1)
Deep abscess 1 3 2 1 433 (1.5-12.6)
Osteomyelitis 0 1 1 0 3(0.50 to 17.95)
Septicemia 0 5 4 1 0.8 (0.29-2.2)
No. of surgical procedures 0 10 9 1 1.1 (0.57 to 2.13)
Lymph Node Other Infections

Twenty children (52.6%) were noted to have lymphadenitis in
our cohort. Most of these were suppurative adenitis that oc-
curred before the initiation of cotrimoxazole prophylaxis, and
resolution could be achieved in nine cases only after surgical
drainage. S. aureus was isolated in two patients before the
initiation of cotrimoxazole prophylaxis. Lymphadenitis due
to Klebsiella pneumoniae (n = 3) and B. cepacia (n = 1) was
seen after the initiation of cotrimoxazole prophylaxis. Bacillus
Calmette-Guérin (BCG) adenitis was noted in three patients—
two with XL-CGD and one with unclassified CGD. All three
patients responded to antitubercular therapy.

Bone

Four episodes of bone infection were documented. Two pa-
tients with XL-CGD had contiguous rib involvement along
with pneumonia. Spread of infection to vertebra leading to
osteomyelitis and gibbus was seen in one of the patients
[20]. Both of the patients had fungal pneumonia at the time
of bone involvement (Mucor spp. and a probable Aspergillus
spp.). Osteomyelitis of the elbow joint was noted in one pa-
tient (S.No. 21) before the diagnosis of CGD was made.

Blood stream infections were identified in nine patients (three
XL-CGD, four AR-CGD, and two unclassified CGD) proved
to be fatal in five of them. Organisms isolated during the infec-
tious episodes included B. cepacia, Enterobacter spp., S. aureus,
S. hemolyticus, P. aeruginosa, P. stutzeri, Acinetobacter spp.,
non-typhoidal Salmonella spp., K. pneumoniae, and Candida
tropicalis. An episode each of onychomycosis, esophageal can-
didiasis, and urinary tract infection with Candida spp. were noted
in the XL-CGD group. Oral thrush was also seen in two patients
with an NCF-1 mutation.

Comparison of Infections Among Types of CGD

Age at onset of infections was earlier in XL-CGD when com-
pared to AR-CGD (Table 2). Pneumonia (56.3%), skin and soft
tissue infection (25%), lymphadenitis (12.5%), and liver abscess
(6.3%) were the presenting infectious manifestations in the XL-
CGD group. Lymphadenitis (52.9%) followed by pneumonia
(41.2%) and skin and soft tissue infections (5.9%) were the initial
manifestations in the AR-CGD group. The number of infections
was also higher in the XL-CGD group (Table 1). However, the
mortality, the number of patients with fungal infections, and the
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mixed infections were comparable among both the groups
(Table 2). Comparison of SI values between different types of
CGD are shown in Fig. 2a.

Mortality

There were 11 deaths (28.9%) in our cohort of 38 patients.
Median age at death was 8 months (IQR 7, 13) (Table 3). All
patients died due to infections and its complications. Mortality
was higher in patients with lower age at onset of symptoms and
diagnosis. Ten deaths occurred at the initial detection of CGD,
and a girl with AR-CGD died 5 years after the diagnosis of CGD
due to pneumonia. Pneumonia was identified in nine patients
(81.8%) at the time of death. Bloodstream infections were detect-
ed in five patients (45.5%).

Discussion

Prevalence of XL-CGD and AR-CGD was almost equal among
in our cohort of CGD. This is in contrast to the increased prev-
alence of XL-CGD that has been reported from Western coun-
tries [3, 6-8, 12]. AR-CGD outnumbered XL-CGD in series
reported from Iran, Turkey, and Israel, where the rate of consan-
guineous marriages is high [11, 13, 15]. Median age at diagnosis
was 2 years which is similar to the reports from Western coun-
tries [21]. High rates of endogamous marriages within close-knit
caste and community-based groups in India could have
accounted for higher numbers of AR-CGD in our cohort. An
carly age at onset and an increased frequency of infections were
noted in children with XL-CGD when compared to AR-CGD.
The incidence of deep abscesses was also higher in the XL-CGD
group. However, incidence of fungal infections, blood stream

infections, and mortality was similar among both the groups,
which is contrast to the reports from other countries (Suppl.
Table S3). A report from Turkey showed that early age of onset
and severity of infections were dependent on the residual phox
activity and not on the mode of inheritance. All patients with
gp91phox defects had SI < 1.5, and all patients with p47phox
defects had SI > 3 [11]. However, in our series, the median SI
values among gp91phox and p47phox-deficient patients were
comparable (Fig. 2). A recent study by Kulkarni et al. [22] from
India also noted SI values <1.5 in 14 out of 21 patients with
p47phox defect. Survival also did not seem to depend upon the
SI values in our cohort (Fig. 2 and Suppl. Table S4). However,
the follow-up period in the majority of patients was very short
(<3 years), and a longer follow-up period would provide con-
vincing data on survival patterns. The higher mortality in AR-
CGD observed in our cohort is probably due to the preferential
identification of patients with severe manifestations and
unrecognition of many patients with milder forms of disease
[23].

Pneumonia is the most common infection in our cohort
which is similar to previous reports from other countries.
The incidence of lymphadenitis is also comparable to previous
studies. However, incidence of osteomyelitis and liver abscess
was lower in our cohort when compared to other reports. We
could not use IFN prophylactic therapy in our patients due to
difficulty in procurement and financial constraints. However,
the number of infections and mortality was significantly re-
duced after initiation of cotrimoxazole and itraconazole pro-
phylaxis in our cohort. This is in contrast to the reports from
UK, where in spite of prophylactic cotrimoxazole and
itraconazole, infections were frequent [6]. Reasons could be
due to difference in compliance of patients with the drugs and
severity of underlying defects which may vary among

Table 2 Comparison of clinical characteristics between XL-CGD and AR-CGD

Parameter XL-CGD (n=16) AR-CGD (n = 18) p value
Median age at onset of infections (IQR)* 3.5 months (1.12, 8.5) 11.0 months (2.75, 42.0) 0.07
Median age at diagnosis® 1.25 years (0.67, 3.5) 3.0 years (1.68, 7.0) 0.08
Median delay in diagnosis of CGD* 1.08 years (0.18, 1.98) 1.8 years (0.42, 2.69) 0.37
Median follow-up* 1.25 years (0.04, 2.0) 2.0 years (0.1, 6.0) 0.42
Median stimulation index in DHR*® 1.14 (1.00, 1.88) 1.3 (1.1, 1.68) 0.44
No. of patients with SI < 1.5 (%)° 7 (43.8%) 9 (50%) 1.00
Number of patients with mortality (%)° 4 (25%) 4 (22.2%) 1.00
No. of patients with infection episodes >5 (%)° 9 (56.2%) 8 (44.4%) 0.73
No. of patients with >3 episodes of pneumonia (%)° 6 (37.5%) 3 (16.6%) 0.25
No. of patients with blood stream infection (%)° 3 (18.75%) 4 (22.2%) 1.00
No. of patients with confirmed fungal infection (%)° 4 (25%) 6 (33.3%) 0.71
No. of patients requiring surgical intervention (%)" 7 (43.7%) 9 (50%) 0.74

*Mann-Whitney U test

® Fisher’s exact test or chi-squared test
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Fig. 2 Comparison of PMA stimulation index (SI) values in DHR oxida-
tion assay and survival between different types of CGD. a Comparison of
PMA SI values in DHR assay between different types of CGD. b Survival

different ethnicities. Though we could not objectively docu-
ment the compliance of antiinfective prophylactic therapy, all
patients except one were on regular prophylaxis.
Staphylococcus followed by Aspergillus infections were
commonest in our cohort which is similar to other reports.
Overcrowding and a lower socioeconomic status may have
played an additional role in the development of staphylococcal
infections. We also noted a significant drop in staphylococcal
infections after initiation of cotrimoxazole prophylaxis (Fig. 1).
Pseudomonas spp. which are also catalase-positive organisms
have not been commonly reported in CGD (Suppl. Table S3).
We noted that Pseudomonas spp. was the second most common
bacterial isolate in our cohort. No patients with documented
Pseudomonas infections in our cohort were on concomitant
immunosuppressive medications. A combination of acquired
risk factors such as prolonged stay in the intensive care unit,
placement of the endotracheal tube in situ, and the underlying
CGD would have predisposed to fulminant Pseudomonas

and follow-up: XL-CGD vs AR-CGD. ¢ Survival and follow-up: SI>3 vs
SI<1.5

infections in patient nos. 30 and 36 [24]. Community-
acquired Pseudomonas infections are reported mainly in pa-
tients with underlying risk factors, and in India, community-
acquired pneumonia in children due to Pseudomonas spp. are
not frequently encountered [24, 25]. Patient 6 had a
community-acquired cellulitis, and patient nos. 23 and
29 had community-acquired pneumonia due to
P aeruginosa. We believe that underlying CGD status
had played a major role in the acquisition of pseudomonas
infections. A similarly high rate of Pseudomonas infec-
tions (13%) was also documented in a CGD cohort from
Israel [14]. However, a similar rate of Pseudomonas in-
fections has not been documented from Iran [13]. Hot and
humid weather that is experienced in the subtropical and
tropical countries may have contributed to the develop-
ment of infection with Pseudomonas spp. Pseudomonas
spp. have also been reported to grow well in warm con-
ditions such as hot tubs [26].
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Table 3  Comparison of clinical characteristics between patients with and without mortality in CGD

Parameter Patients with mortality Patients without mortality p value
(n=11) (n=27)
Median age at onset of infections (IQR)* 3 months (1.25, 8.0) 7 months (2.5, 24.0) 0.2
Median age at diagnosis (IQR)* 0.67 years (0.58, 1.0) 3.0 years (1.5, 6.0) 0.004*
No. of patients with >5 episodes of infections (%)° 3 (27.3%) 16 (59.2%) 0.15
No. of patients with >3 episodes of pneumonia (%)° 0 (0%) 10 37%) 0.04*
No. of patients with septicemia (%)b 5 (45.4%) 4 (14.8%) 0.09
No. of patients with deep tissue infection (%)° 4 (36.36%) 7 (25.9%) 0.7
No. of patients with confirmed fungal infection (%)° 5 (45.45%) 7 (25.9%) 0.27
No. of patients with mixed infections (%)° 4 (36.36%) 6 (22.2%) 043
No. of patients with non-infective complications® (%)° 2 (18.18%) 4 (14.8%) 1.0

*p value significant (<0.05)
#Mann-Whitney U test

® Fisher’s exact test or chi-squared test

¢ Six patients with non-infective complications with colitis (four), intestinal obstruction (one), and hemophagocytic lymphohistiocytosis (one)

Infections due to Burkholderia pseudomallei are more fre-
quent in the tropical regions with heavy rainfall and coastal
areas [27, 28]. B. pseudomallei infections in CGD have been
reported from Singapore, Puerto Rico, and Guadeloupe, re-
gions in close proximity to the sea [29-31]. The northern part
of India neither experiences a heavy rainfall nor is it very close
to the sea. This might be the reason for the absence of
B. pseudomallei infections in our cohort. Infections due to
Salmonella spp. were documented in 5.4 and 5.6% of patients
with CGD in a cohort from Iran and Turkey, respectively [11,
13]. A low prevalence of Salmonella spp. in our cohort
could be due to the widespread use of empirical antibi-
otics such as cephalosporins in the community for all
kinds of infections which could have lowered the culture
yield of Salmonella spp. [32].

Chryseobacterium gleum, a catalase-positive organism, was
isolated from respiratory secretions of an infant with XL-CGD
and pneumonia (Suppl. Table S1). Chryseobacterium spp. is
known to colonize in natural habitats such as tap water and soil.
Clinical isolates of C. gleum were initially reported in neonatal
infections, and isolates were mainly from the sputum and urine
[33-35]. Chryseobacterium isolates have been found to be sus-
ceptible to minocycline and cotrimoxazole, but resistant to oth-
er antibiotics [34]. The C. gleum isolate in our patient was
sensitive to minocycline, cotrimoxazole, and piperacillin
tazobactum. The child improved with 4 weeks of IV piperacil-
lin tazobactum and oral cotrimoxazole therapy. Infection with
C. gleum has previously not been documented in CGD.

Mycobacterial infections are also commonly reported in
CGD, especially from countries where tuberculosis is endemic
and BCG vaccination in neonatal period is a prevalent practice
[11, 13, 14, 36, 37]. We documented BCG adenitis in four
patients and M. tuberculosis pneumonia in two patients. The
incidence of mycobacterial infections was low in our cohort

@ Springer

despite India being an endemic nation for tuberculosis and a
mandatory neonatal BCG vaccination as per the National
Immunization Schedule of India. High rates of empirical anti-
tubercular therapy (12/38) before the diagnosis of CGD could
have accounted for a low yield of mycobacterium. Other reason
could be due to the difference in virulence potential of BCG
strain used in different countries. The BCG strains used in
India are the Pasteur and Copenhagen strains [38].

Fungal infections were predominantly due to Aspergillus
spp. which is similar to the previous reports. Confirmatory
evidence of Aspergillus was documented in seven patients.
Six patients were suspected to have Aspergillus pneumonia
because they had a persistent pneumonia not responding to
antibiotics, a positive fungal serology for Aspergillus, and a
good clinical response to antifungal therapy such as
amphotericin B or voriconazole. Two children with suspected
fungal pneumonia had an elevated galactomannan OD index
values in BAL and a good clinical response to antifungal
therapy. The utility of BAL galactomannan assay in the diag-
nosis of Aspergillus pneumonia in CGD has not been ex-
plored in large cohorts. In an epidemiological study done in
the community comprising two provinces of Northern India,
Aspergillus accounted for ~20% of all viable spores in the air
with higher counts during the winters coinciding with the
wheat-harvesting period in these areas [39]. In another study
done at our institute, high spore counts of Aspergillus in the air
were found [40]. These reports clearly indicate that
Aspergillus is quite common in our region. Pneumonia
due to Fusarium spp. was previously documented in three
patients with CGD in the US cohort, and we noted the
presence of Fusarium dimerum in one of the patients with
p4Tphox defect [3].

Mortality in our cohort is high when compared to other
cohorts, and this could be speculated to be due to non-
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availability of IFN and difficulties in arranging hematopoietic
stem cell transplantation (HSCT). However, prophylactic ther-
apy with IFN is mainly used in USA, and many parts of
Europe still do not use IFN routinely in CGD. The survival
rates between transplanted (90%) and non-transplanted chil-
dren (90%) with CGD were also reported to be similar in a
series by Cole et al.; however, the duration of follow-up was
short (median post-transplantation follow-up 3.84 years) [41].
Ten out of 11 patients died due to severe infections at the time
of diagnosis of CGD in our cohort, and only one patient
succumbed to pneumonia 5 years after diagnosis and initiation
of antiinfective prophylaxis. A higher incidence of septicemia
in patients who had mortality was probably due to a late clin-
ical presentation, dissemination of infection, and acquired sep-
sis as a result of prolonged hospital stay. A late clinical pre-
sentation of patients was probably due to a lack of awareness
of primary immunodeficiency diseases (PIDs) among physi-
cians. Moreover, diagnostic tests for PID are not readily avail-
able in many parts of the country, and the patients have to be
referred to a tertiary care center for diagnosis and management
of PID [23].

Though many infections before the diagnosis of CGD
improved with antimicrobials, documentation of microor-
ganisms could not be obtained in many of them. However,
this is perhaps one of the largest series from a developing
country that has focused on the infection profile in CGD.
High rates of Pseudomonas infections (15.7%) were seen
in our cohort. Moreover, we have documented the pres-
ence of unusual infections such as F. dimerium and
C. gleum. Various factors such as lower socioeconomic
status, overcrowding, and environmental factors such as
tropical weather play an important role in the develop-
ment of infections. A lack of awareness of PID and non-
availability of diagnostic facilities for PID in the commu-
nity could have accounted for a late clinical diagnosis and
increased mortality in CGD in our cohort. We also recog-
nize the lack of easy access to HSCT and IFN therapy.
Though the survival and mortality were similar in XL-
CGD and AR-CGD in our cohort, a longer follow-up
would be needed to draw definitive conclusions.
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