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Summary
X-linked carriers of chronic granulomatous disease 
(CGD) may become phenotypically affected if 
substantial skewing from lyonisation occurs. We 
describe a 73-year-old female carrier with an 
overt CGD phenotype due to skewed lyonisation, 
complicated by macrophage activation syndrome 
(MAS)/haemophagocytic lymphohistiocytosis (HLH) 
secondary to Burkholderiacepacia complex septicaemia 
that was successfully treated with a combination of 
three antibiotics, an antifungal, granulocyte colony 
stimulating factor, intravenous immune globulin (IVIG) 
and ciclosporin. Fully phenotypic immunodeficiency 
is possible in X-linked CGD carriers when skewed 
lyonisation occurs, rendering such patients to all 
the same sequelae of CGD such as MAS/HLH. MAS/
HLH should be thoroughly excluded when evaluating 
’cepacia syndrome’ in non-CGD patients.

Background
Chronic granulomatous disease (CGD) is a rare, 
monogenic condition with an incidence of approx-
imately 1 in 250 000 live births and is hetero-
geneous in phenotype.1 It is due to a defective 
nicotinamide-adenine dinucleotide-phosphate 
oxidase enzyme complex: NADPH. NADPH 
oxidase is essential for neutrophil respiratory 
(oxidative) burst. It catalyses the first reaction 
in the respiratory burst pathway, allowing the 
generation of superoxide oxygen anions (O2

−) 
from molecular oxygen (O2).

1 2 The clinical hall-
marks of the disease include recurrent gram posi-
tive bacterial abscesses, gram negative bacterial 
(including Burkholderia) sepsis and recurrent 
invasive fungal infections.3 4 NADPH is a large 
enzymatic complex with multiple components; 
genetic defects in the genes that encode any of the 
subunits can give rise to CGD.5 Most of the genes 
responsible are inherited in an autosomal reces-
sive fashion, except for CYBB which encodes the 
gp91phox component; this gene is present on the 
X chromosome, making inheritance of this defect 

X-linked. X-linked carriers for CGD are prone to 
immune dysregulation and immunodeficiency if 
utilisation of the X chromosome that carries the 
aberrant CYBB mutation is preferentially selected, 
a process known as skewed lyonisation.6 

Macrophage activation syndrome (MAS)/
haemophagocytic lymphohistiocytosis (HLH) 
secondary to Burkholderia cepacia complex infec-
tion is a rare, but well-recognised complication of 
CGD.7–9 MAS/HLH is characterised by increased 
and circuitous stimulating cytokine production by 
macrophages and lymphocytes, including natural 
killer cells and cytotoxic T  lymphocytes, which 
results in a hyperinflammatory state leading to 
cytopenias, fevers, rash, hepatosplenomegaly 
and end-organ damage. Treatment of MAS/CGD 
involves a combination of targeted therapy to 
remove the precipitant, as well as controlling 
inflammation with immunomodulation and 
immunosuppression.10

B. cepacia complex is a group of closely, phylo-
genetically related phytopathogen bacteria that 
are uncommonly associated with disease in the 
otherwise healthy human. It can cause a severe 
and almost universally fatal infection in patients 
with cystic fibrosis (CF); this has previously 
been described as the ‘cepacia syndrome’.11  B. 
cenocepacia is associated with the greatest risk 
of ‘cepacia syndrome’ out of all the members of 
the B. cepacia complex. Generally, CF patients 
are colonised with B. cepacia for an asymptom-
atic period before the ‘cepacia syndrome’ occurs, 
although the timing between colonisation and 
infection is variable.12 The pathophysiology of 
the ‘cepacia syndrome’ is incompletely under-
stood. Furthermore, only few cases of successfully 
managed ‘cepacia syndrome’ exist.13–17

MAS/HLH due to B. cepacia septicaemia in an 
X-linked carrier of CGD with skewed lyonisation 
has not been described previously. We detail such a 
case that was successfully managed and compare this 
with the interventions used successfully in treating 
‘cepacia syndrome’ in CF.

http://casereports.bmj.com/
http://crossmark.crossref.org/dialog/?doi=10.1136/bcr-2019-230434&domain=pdf&date_stamp=2019-08-30
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Case presentation
A 73-year-old acutely unwell woman, who was previously 
known to be an X-linked CGD carrier with a distant history of 
polymyalgia rheumatica (PMR), was evaluated by our service. 
Six months prior to admission, she had had multiple recurrent 
lower respiratory tract infections. Each time she managed as an 
outpatient with oral antibiotics, although she required hospital 
admission for parenteral antibiotics on two occasions in 5 weeks 
prior to her acute deterioration. She had been diagnosed with 
a cryptogenic right-sided pneumonia with high fevers; this was 
despite exhaustive investigation on each occasion for a microbial 
pathogen, including two bronchoscopies. The latter episode was 
also managed with oral glucocorticosteroids (prednisone, 15 mg 
daily).

She eventually deteriorated with respiratory compromise 
with increasing shortness of breath, headaches, scalp tenderness 
and fevers despite an increased dose of prednisone at 25 mg/
day. Given her history of PMR, a temporal artery biopsy was 
collected, but revealed no diagnostic features of vasculitis. A 
lumbar puncture was performed, although cerebrospinal  fluid 
analysis was bland. An initial CT chest showed prominent right 
middle lobe consolidation (figure 1), although no further patho-
gens were isolated by further bronchoscopy and bronchial wash.

Subsequent blood cultures, however, were positive for B. 
cepacia complex and her antibiotics were later changed to a 
combination of three antimicrobials: ceftazidime (2 g two times 
per day) and trimethoprim/sulfamethoxazole (5+25 mg/kg four 
times a day) given intravenously and tobramycin (160 mg two 
times per day) given via the nebulised route. Treatment dose 
voriconazole (300 mg two times per day) was also given intra-
venously. It was prescribed empirically as a fungal chest infec-
tion could not be reasonably excluded. Other antibiotics, such 
as piperacillin/tazobactam, meropenem, azithromycin and doxy-
cyclin, were given in different combinations prior to  the diag-
nosis of B. cepacia as the causative pathogen, but rationalised 
quickly thereafter. In addition to antimicrobial medications, she 
was also administered granulocyte colony stimulating factor 
(filgrastim 300 µg alternate days) in an attempt to increase her 
total (including phenotypically normal) neutrophil count.

Despite the increased antibiotics, her shortness of breath and 
fevers acutely deteriorated into frank septic shock requiring 
admission to the intensive care unit. She was able to be managed 
with high flow nasal oxygen and intravenous vasopressor 
support.

Investigations
Suspicion of MAS was considered given her acutely inflamma-
tory deterioration (C reactive protein 299.7 mg/L, Reference 
Range (RR) <5, erythrocyte sedimentation rate 106 mm in 
1 hour (RR  <35), increasing transaminases (alanine  transami-
nase 126 U/L RR 5–55, aspartate transaminase (AST) 197 U/L 
RR 5–55, respectively) along with unexplained thrombocyto-
penia and non-haemolytic anaemia (nadir platelet count and 
haemoglobin were 83×109/L (RR 150−400×109/L) and 75 g/L 
(120–150 g/L), respectively); a screening serum ferritin returned 
at 10 903 µg/L (RR 20–300) and she was also found to have new 
onset hypertriglyceridaemia at 2.3 mmol/L (RR <2.0). A bone 
marrow aspirate revealed a hypercellular marrow with reactive 
changes and prominent haemophagocytosis (figure 2).

Differential diagnosis
MAS/HLH due to B. cenocepacia septicaemia, secondary to 
symptomatic CGD due to lyonisation.

Treatment
Considering her overwhelming sepsis and primary immunode-
ficiency, her MAS/HLH was treated with an amended protocol; 
intravenous immune globulin (IVIG;  150 g, equivalent to 2 g/
kg of body  weight) was administered in divided daily doses 
over 5 days, pulsed intravenous methylprednisolone (1 g daily 
for three doses) followed by oral prednisone at 50 mg/day on 
a prolonged taper. She also received ciclosporin at a conserva-
tive dose of 1.5 mg/kg/day; it was adjusted based on trough and 
2-hour post-dosing serum levels.

Outcome and follow-up
The patient was discharged from hospital 3 weeks after treat-
ment of her sepsis, with her immunosuppression (prednisone 
and ciclosporin) weaned judiciously in conjunction with careful 
monitoring of her inflammatory markers. Her transaminases, 
CRP and ferritin were  normalised over the next 3 months 
(figure 3).

Five years after her admission, she maintains health and inde-
pendence and lives with her husband in the community. She is 
maintained on antimicrobial prophylaxis.

Figure 1  Axial slice of CT chest with extensive right-sided 
consolidation.

Figure 2  Bone marrow aspirate with haemophagocytosis.
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Discussion
The underlying condition of the patient was diagnosed at the 
age of 33 in 1975, after which she had had two male children 
who died of overwhelming pyogenic sepsis at 9 and 14 months 
of age. She has a daughter who is also an X-linked carrier for 
CGD. Despite many decades of good health, she had been 
referred to our service in 2012 for evaluation of several (largely 
mild) lower respiratory tract infections, as well as persistent 
mediastinal lymphadenopathy. The latter had been biopsied to 
reveal non-necrotising granulomatous infiltrate and was thought 
to have been ‘sarcoidosis’. Testing requested by our service at 
that time confirmed her genetic status, with a mutated CYBB 
gene (figure 4).

Nitroblue tetrazolium (NBT) and dihydrorhodamine (DHR) 
flow cytometry chemiluminescence testing revealed two distinct 
populations of neutrophils; only 2% was considered as having an 
adequate respiratory burst on phorbol myristate acetate (PMA) 
stimulation, consistent with an extremely skewed lyonisation 
(figure  5). Recommendation at that time was for long-term 
antimicrobial prophylaxis; however, she declined this avenue 
and had subsequently been lost to follow-up until her current 
presentation.

MAS/HLH, although well recognised as a complication of 
CGD, is rare. There have been 14 cases to date describing MAS/
HLH in CGD patients,7 18–21 with four of them appearing to be 
triggered by a member of the B. cepacia complex. Case reports 
of female X-linked carriers with a mutated CYBB gene, who have 
become immunodeficient through skewed lyonisation, have also 
previously been described,6 22–24 although our case is the first 
documented case of an elderly female carrier of X-linked CGD 

with profound skewing of lyonisation resulting in susceptibility 
to B. cepacia with triggering of MAS/HLH.

There are five cases of confirmed ‘cepacia syndrome’ in CF 
patients whereby management resulted in survival. The manage-
ment of each of these cases is outlined in table 1.

NADPH is a large enzymatic complex that straddles the 
membrane and cytosol of the secondary granules of neutro-
phils. It is composed of the membrane-bound cytochrome b558 
(consisting of two proteins, gp91phox and p22phox) which is  asso-
ciated with the cytosolic components p47phox, p67phox, p40phox, 
as well as Rho-GTPase.3 5 Mutations in CYBB (the gene that 
encodes gp91phox) account for approximately two-thirds of cases 
of CGD, with the remaining cases attributed to mutations in the 
genes responsible for p47phox, p40phox, p22phox and p67phox.5

CYBB is inherited in an X-linked fashion. Mutations of the 
other genes are inherited in an autosomal recessive manner. 
Approximately 30% of CYBB mutations are de  novo.25 Being 
X-linked, mutations in CYBB universally affects men with a 
diagnosis usually being reached in early infancy. The overall 
prognosis has historically been poor, although prophylactic 
antimicrobials increases life expectancy markedly. Bone marrow 
stem cell transplantation is a curative option for some patients.4 5

Carriers of a mutated CYBB are prone to two well-described 
consequences: immune dysregulation and extreme lyonisation. 
Immune dysregulation is common in carriers and can manifest 
as a paradoxically increased propensity to autoimmunity.23 26 
The patients are at much higher risk of systemic diseases such 
as systemic lupus erythematosus. Additionally, granulomatous 
involvement of multiple organs can occur, with biopsies having 
a similar appearance to sarcoid.26 Our patient had both of these 
phenomena: steroid responsive polymyalgia rheumatica and 
previously confirmed mediastinal granulomatous lymphadenop-
athy. We also suspected large vessel vasculitis, although temporal 
artery biopsy was non-diagnostic.

Skewed lyonisation can also occur with advancing age, so that 
the preferred X-chromosome selected by neutrophil progeni-
tors harbours the mutated CYBB. Infections typical of CGD do 
not occur generally in carriers until lyonisation results in less 
than 5%–10% neutrophils that are respiratory burst compe-
tent.23 Our patient had previously been a confirmed heterozy-
gous X-linked CYBB (gp91phox) mutant carrier, with DHR flow 

Figure 3  Inflammatory marker trend with treatment. ALT, 
Alanine transaminases; CRP, C reactive protein; IVIG, intravenous 
immunoglobulin; Mpred, methylprednisone.

Figure 4  Sequencing of CYBB. Pathological deletion of adenine at 
position 764, resulting in reading frameshift and early termination 
(c.764hetdelA → p.Lys255Argfs) (A).

Figure 5  Dihydrorhodamine flow cytometric evaluation. (A) Control 
neutrophil population unstimulated. (B) Control neutrophil population 
after stimulation with PMA. (C) Patient neutrophil population 
unstimulated. (D) Patient neutrophil population after stimulation with 
PMA.
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cytometry testing revealing only 2% of neutrophils capable of an 
adequate respiratory burst. Additionally, she had had a medias-
tinal lymph node biopsy consistent with granulomatous infiltrate 
that was thought, retrospectively, to be due to her CGD carrier 
status. Her stably deranged LFTs, while not invasively investi-
gated, were in keeping with granulomatous liver infiltrate well 
described in carriers of CGD.26

MAS and HLH are conditions that probably lie on a spectrum 
of the same clinical entity. They are characterised by a hyperin-
flammatory state, with defined clinical and laboratory criteria.10 
By convention, MAS as a diagnosis is used when the clinical 
syndrome presents secondary to an infection or underlying 
autoimmune disease, while HLH is reserved when the primary 
defect is genetic (such as defects of granule trafficking within 
natural killer cells or other cytotoxic lymphocytes) or malignant, 
although there is no universally accepted consensus and both 
terms are frequently used interchangeably.

In CF, ‘cepacia syndrome’ is uncommon but rapidly fatal 
sequelae secondary to colonisation and septicaemia from 
members of the B. cepacia complex. The original descrip-
tion11 and subsequent case reports describe a state of uncon-
trolled hyperinflammation preceded by B. cepacia bacteraemia 
that almost universally results in death. Only a select few case 
reports to date have documented successful treatment of cepacia 
syndrome (table 1); one report aggressively treated the B. cepacia 
with a combination of antibiotics alone.13 Another utilised anti-
biotics and high dose intravenous glucocorticosteroids.16 A third 
reported case was successfully managed with aggressive antibi-
otics, however, that patient also had pre-existing dual immu-
nosuppression with mycophenolate mofetil and tacrolimus (a 
calcineurin inhibitor) for a previous en-bloc liver–pancreas 
transplant.15 Likewise, other cases of B. cepacia sepsis in CF 
also had calcineurin inhibitor-dependent immunosuppression 
for prevention of solid organ transplantation rejection as part 
of background therapy.17 The most recent published case docu-
ments successful treatment of cepacia syndrome with combina-
tion antibiotics, oral glucocorticosteroids and ciclosporin as a 
novel treatment without a history of previous transplantation.14 
Although full biochemical and clinical examination is not docu-
mented in these cases, some of the pathophysiology of ‘cepacia 
syndrome’ may potentially explained by unrecognised MAS/
HLH; the cornerstone of treatment of MAS/HLH is aggressive 
eradication of the triggering event (such as infection or malig-
nancy) if possible, glucocorticosteroids, high dose IVIG and 
ciclosporin with or without etoposide. Confirmed ‘MAS/HLH’ 
in CF patients secondary to B. cepacia has not been described 
in the literature to our knowledge, although cases due to other 
organisms exist.27 28

To our knowledge, this is the first report of MAS/HLH 
secondary to B. cepacia in an elderly patient with confirmed 

Learning points

►► Female carriers of X-linked chronic granulomatous disease 
(CGD) can become symptomatic through progressive 
lyonisation.

►► Burkholderia cepacia septicaemia and macrophase activation 
syndrome/haemophagocytic lymphohistiocytosis (MAS/
HLH) are rare complications of CGD and can occur in female 
carriers.

►► MAS/HLH should be considered a differential diagnosis in 
non-CGD cases of ‘cepacia syndrome’.Ta
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X-linked CGD carrier-status with a full pathological phenotype 
due to an extreme of lyonisation. Aggressive control of B. cepacia 
infection with multiple antibiotics and management of MAS/
HLH with high dose IVIG and ciclosporin immunosuppression 
were effective in this patient. In a non-CGD setting, such as in 
CF, ‘cepacia syndrome’ should be investigated with attempt to 
exclude MAS, as the latter has clearer therapeutic options.
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