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 INTRODUCTION 
 Crohn ’ s disease is a chronic in� ammatory disorder primarily 

a� ecting the gastrointestinal tract. � e cause remains unknown, 

although a number of genetic  (1)  and environmental  (2)  risk 

factors have been identi# ed. A variety of hypotheses con-

cerning the underlying pathogenesis have been propounded, 

ranging from infections with atypical microorganisms  (3)  to 

autoimmune  (4)  processes. An alternative theory, based on 

the frequent observation of granuloma formation in Crohn ’ s 

disease, is that the underlying abnormality may be an acute 

in� ammatory response that is too weak. Studies in Crohn ’ s 

patients have revealed that both the recruitment of neutrophils 

to sites of experimentally induced new acute in� ammatory 

responses in the skin  (5,6)  or bowel  (5) , and the local in� am-

matory response elicited by introduction of killed bacteria 

into the tissues  (5) , are markedly diminished. � is appears to 

be related to defective production of chemotactic cytokines 

 (5,7) , whose secretion from mononuclear phagocytes is atten-

uated  (5,8,9) , even in patients with quiescent disease taking 

no immunosuppressive medication. � e hypothesis is that 

an impaired acute in� ammatory response, with decreased 

recruitment of neutrophils, predisposes to ine� ective clearance 

of bacterial and other organic debris that breaches the bowel 

wall. Consequent persistence of such material within the intes-

tinal mucosa could then provoke a granulomatous reaction, 

leading secondarily to the chronic in� ammation characteristic 

of active Crohn ’ s disease. � is view is supported by the recent 

discovery of genetic polymorphisms in a variety of genes that 

impair the normal functioning of the innate immune response 

 (10) . � ese include those involved in the recognition of 
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bacteria by phagocytes, principally  CARD15   (11,12) , cytokine 

signaling  (13) , and digestive processes such as autophagy  (14)  .

 Neutrophils provide the # rst line of cellular defense in the 

innate immune response  (15) . � eir primary role is to phago-

cytose microbes and e� ect killing and degradation of poten-

tial pathogens before their removal from the body. � is is 

accomplished via the respiratory burst, a process in which 

the NADPH oxidase enzyme system transfers electrons onto 

molecular oxygen within the phagocytic vacuole. � e result-

ing charge gradient leads to the activation of microbicidal and 

digestive enzymes discharged into the vacuole from cytoplas-

mic granules  (16) . 

 Chronic granulomatous disease (CGD) is a rare congenital 

immunode# ciency, a� ecting approximately 1 in every 250,000 

people, in whom genetic mutations in components of the 

NADPH oxidase complex either abrogate or grossly attenuate 

the respiratory burst  (17) . Mutations occur in one of four genes: 

 CYBB  (encoding gp91  phox   / NOX2),  NCF1  (p47  phox   / NOXO2), 

 NCF2  (p67  phox   / NOXA2), or  CYBA  (p22  phox  ). � e  CYBB  gene 

is located on the X chromosome and these mutations account 

for approximately 65 %  of cases; the remainder are autosomal 

recessive. Failure of the respiratory burst impairs killing of live 

bacteria and fungi, resulting in a clinical phenotype of severe 

and recurrent infections, but in addition there is concomi-

tant attenuation of digestion of other exogenous material. As 

a consequence, these patients frequently develop granuloma-

tous in� ammation in the absence of any demonstrable infec-

tion, most commonly involving the bowel  (18) . A number of 

case reports  (19 – 24)  and case series  (25 – 28)  have commented 

on the resemblance between this in� ammatory bowel disease 

and that seen in Crohn ’ s disease. Similar reports exist for other 

congenital disorders of neutrophil function, including gly-

cogen storage disease-Ib  (29) , leukocyte adhesion de# ciency 

 (30) , Chediak – Higashi syndrome  (31)  and various neutrope-

nias  (32,33) . Although some of these studies have examined 

immuno logical changes in a� ected bowel  (26 – 28) , none have 

formally compared how closely the clinical features of CGD 

and Crohn ’ s disease correspond. Here, we set out to examine 

the clinical behavior of the bowel disease in adult patients with 

CGD, and determine how frequently the features ful# ll accepted 

diagnostic criteria for Crohn ’ s disease.   

 METHODS  
 Patients 
 Adult patients with CGD currently treated at University Col-

lege London Hospital were identi# ed through clinical and 

laboratory databases by searching for diagnoses of their neu-

trophil defect. Patients are primarily referred to this center 

for management of their immunode# ciency, and linked in to 

gastroenterology services should such symptoms develop. All 

CGD patients were included in this study, and a retrospective 

analysis of their medical notes conducted. Demographic data 

(including patient ’ s age, sex, and ethnicity) were recorded, as 

were details of their immunode# ciency (including genetic 

subtype, residual oxidase activity, age at diagnosis of immuno-

de# ciency, prevalence and site of infections over a 

3-year period from 2003 to 2006, and current antimicrobial 

prophylaxis). � e diagnosis of CGD was con# rmed by the 

nitroblue tetrazolium reaction  (34)  and / or cytochrome 

c reduction  (35) , and activity of the oxidase quanti# ed by the 

latter in comparison to a panel of healthy controls. � e under-

lying genetic lesion was determined by examining for absence 

of the speci# c proteins by immunoblotting, and by DNA 

sequencing.   

 Clinical and pathological disease behavior 
 In all patients, medical records were searched for prevalence 

of gastrointestinal symptoms in the 3-year period 2003 – 2006, 

clinical investigation of the gastrointestinal tract (including 

radiological or endoscopic studies) at any time, family history 

of idiopathic in� ammatory bowel disease, and most recent 

body mass indices. 

 In those with a documented personal history of in� amma-

tory bowel disease, mode of diagnosis was con# rmed, as was 

exclusion of common infective pathogens. � e sites of gastroin-

testinal involvement were recorded, as were levels of blood and 

serum in� ammatory markers at the time of clinical activity, 

and any original misdiagnosis of CGD as Crohn ’ s disease. � e 

pathological features of their disease were then assessed against 

the Lennard – Jones criteria for the diagnosis of Crohn ’ s disease 

 (36) . � e number of patients meeting these criteria was de# ned 

as in the original description as the presence of three or more 

individual features, or of granulomata and one or more addi-

tional features, with the exclusion of infective etiologies. 

 � ere is no activity score for CGD in� ammatory bowel dis-

ease comparable to those available for Crohn ’ s disease  (37) . 

� e e� ects of medical and surgical treatments on in� amma-

tory bowel disease activity were determined by examining their 

e� ects on clinical, biochemical, and endoscopic indices. Clinical 

response was classi# ed as a sustained reduction (partial) or nor-

malization (complete) in the number of daily bowel openings or 

pain ratings compared to baseline over the course of treatment, 

veri# ed by objective improvement on assessment by a gastroen-

terologist on physical examination. Biochemical remission was 

classi# ed as a reduction of more than 50 %  (partial) or normaliza-

tion (complete) of peripheral blood white cell counts and serum 

C-reactive protein concentrations from baseline levels above the 

normal range. Endoscopic remission was classi# ed as improve-

ment (partial) or normalization (complete) of macroscopic 

and microscopic appearances of previously a� ected mucosa as 

determined by a gastroenterologist and histopathologist.   

 Statistical analysis 
 Statistics were calculated using GraphPad Prism v4.01. Data are 

expressed as median (range) and analyzed using the two-tailed 

Mann-Whitney  U -test unless otherwise speci# ed. Frequen-

cies of events or characteristics between di� erent groups were 

compared using the two-tailed Fisher ’ s exact test or   �   2 -test. A 

 P  value of 0.05 was taken as the threshold for signi# cance.    
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 RESULTS  
 Patient characteristics and immunodefi ciency phenotype 
 A total of 25 patients with CGD were studied ( Table 1 ). Of 

these, 11 (44.0 % ) had X-linked disease and 11 (44.0 % ) had an 

autosomal recessive inheritance pattern (9  p47   phox  , 1  p67   phox   and 

1  p22   phox  ). In 3 female subjects, it was not possible to determine 

the precise genotype. One of these individuals had a partial 

de# ciency of  p22   phox   and  gp91   phox   on immunoblotting with 

cytological evidence of skewed X-inactivation. � e median age 

of the patients was 28 years (range: 20 – 63), and their median 

age at diagnosis was 11.5 years (range: 0 – 41). � e majority of 

patients (64.0 % ) were male. Patients with X-linked disease 

were exclusively male (90.9 % ,  P     =    0.02 compared to auto-

somal inheritance), except for 1 female patient demonstrated 

a skewed X-inactivation pattern. Subjects were predominantly 

Caucasian (80.0 % ). With the exception of sex distribution, 

there were no signi# cant di� erences in any demographic char-

acteristics between the X-linked and autosomal groups. 

 In the majority of patients, neutrophil oxidase activity, as 

measured by reduction of cytochrome c, was completely absent 

( Figure 1a ). � ree patients, all with X-linked disease, demon-

strated a  “ variant CGD ”  phenotype, characterized by the pres-

ervation of some oxidase activity accompanied by defective 

microbial killing and digestion  (10) . In the preceding 3 years, 

19 (76.0 % ) patients experienced at least one infective episode 

involving a variety of sites ( Figure 1b ), and all had an elicit-

able history of recurrent infections at some stage during their 

life. � ese included the skin (44.0 % ), lymphatic system (8.0 % ), 

upper respiratory tract (20.0 % ), lower respiratory tract (40.0 % ), 

gastrointestinal tract (28.0 % ), genitourinary tract (8.0 % ), and 

musculoskeletal system (4.0 % ). 

 Of all the CGD patients, 16 (64.0 % ) were documented as 

experiencing at least one symptom relating to the gastro-

intestinal tract in the preceding 3 years ( Figure 2a ). � e most 

common symptoms were abdominal pain (32.0 % ), diarrhea 

(36.0 % ), constipation (28.0 % ), hematochezia (24.0 % ), and fail-

ure to thrive or weight loss (28.0 % ). � e median frequency of 

bowel openings in all patients was two per day (range: 1 – 15); 

amongst those with diarrhea this rose to seven per day. Of the 

eight patients reporting abdominal pain, the location varied 

( Figure 2b ) but was most frequently experienced in the lower 

abdomen (87.5 % ). � ere was no signi# cant di� erence in the 

frequency of gastrointestinal symptoms between the X-linked 

and autosomal groups, or in any of the other baseline charac-

teristics.   

 Gastrointestinal manifestations 
 A total of 12 patients had been investigated by upper and lower 

gastrointestinal endoscopy, and 9 of these also underwent radio-

logic contrast investigations (3 upper gastrointestinal follow-

through studies and 7 lower gastrointestinal studies). Of these, 

11 (44.0 %  of all the patients) had proven noninfectious in� am-

matory bowel disease, which was not related to the underlying 

genotype. In this subgroup, the median age of onset of their 

gastrointestinal symptoms was 14 years (range: 4 – 29), and over 

the past 3 years the median number of distinct gastrointesti-

nal episodes experienced was 1 (range: 1 – 7). � e symptoms 

  Table 1 .    Characteristics of CGD patients studied 

      X-linked 
( n  =11)  

  Autosomal 
( n  =11)  

  All patients 
( n  =25)  

   Median (range) age 
(years) 

 28 (20 – 41)  28 (21 – 63)  28 (20 – 63) 

   Male sex  10 (90.9%)  5 (45.5%)  16 (64.0%) 

   Ethnicity:       

      Caucasian  10 (90.9%)  8 (72.7%)  20 (80.0%) 

      Afrocaribbean  0 (0.0%)  1 (9.1%)  1 (4.0%) 

      Indian  0 (0.0%)  2 (18.2%)  2 (8.0%) 

      Oriental  1 (9.1%)  0 (0.0%)  1 (4.0%) 

      Other  0 (0.0%)  0 (0.0%)  1 (4.0%) 

   Median (range) age at 
diagnosis (years) 

 12 (0 – 37)  11 (4 – 41)  11.5 (0 – 41) 

   Median (range) infections 
in past 3 years 

 1 (0 – 4)  3 (0 – 9)  1 (0 – 9) 
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   Figure 1 .       Characterization of the biochemical and infectious phenotypes of 
CGD patients studied. ( a ) Oxidase activity, subdivided by genetic subtype. 
( b ) Frequency of infective episodes in the preceding 3 years.  
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at onset that prompted investigation of the gastrointestinal 

tract were either recalcitrant abdominal pain and / or diarrhea 

(nine patients) or perianal disease (two patients). None were 

reported to have a gastrointestinal infection immediately 

before the onset of their bowel in� ammation, and no patients 

had a documented family history of in� ammatory bowel dis-

ease. Mean body mass indices were similar between patients 

with and without gastrointestinal involvement (20.6   kg / m 2  

and 23.1   kg / m 2  respectively). No individuals were recorded to 

have any of the extra-intestinal features associated with Crohn ’ s 

disease  (38) . 

 In the patients with in� ammatory bowel disease, blood tests 

were taken at the time of active disease. Complete blood counts 

showed a mean hemoglobin concentration of 11.8 ± 2.3   g / dl, 

mean corpuscular volume of 79.4 ± 9.3   � , peripheral white cell 

count of 7.9 ± 4.1 × 10 9  per liter, peripheral blood neutrophils of 

6.1 ± 3.8 × 10 9  per liter, and platelet count of 454 ± 196 × 10 9  per 

liter. � e mean serum C-reactive protein concentration was 

61.4 ± 50.6   mg per liter and serum albumin was 3.9 ± 0.6   g / dl. 

 Macroscopic in� ammation was observed throughout the ali-

mentary canal ( Figure 3a ). A substantial number of patients 

developed oral aphthous ulceration (36.4 % ). Upper gastroin-

testinal in� ammation was apparent in one patient, on the basis 

of endoscopic studies. Although this individual complained of 

symptomatic dysphagia, no obvious stricture or obstructing 

lesion was visualized. In the bowel, the frequency of involve-

ment increased along a proximal-distal gradient, rising from 

36.4 %  in the ileocecal region to 63.6 %  in the leP  colon, 72.7 %  in 

the rectum and 100.0 %  in the perianal region. � e endoscopic 

features were nondiagnostic and essentially indistinguishable 

from those of Crohn ’ s disease, ranging from erythematous 

and friable mucosa, to discrete aphthous, snail track or ser-

piginous ulceration, through to frank cobblestoning. A typical 

endoscopic appearance is shown in  Figure 4a . In each patient, 

the in� ammation was of a discontinuous nature, creating skip 

lesions. Radiologic studies supported these # ndings by showing 

nonspeci# c discrete areas of ulceration. � ree patients (27.3 % ) 

developed enterocutaneous # stulae, and one (9.1 % ) developed 

an intestinal stricture. 

 In terms of the histopathology, the # ndings were character-

istically of a transmural chronic in� ammatory in# ltrate, with a 

range of morphological changes almost indistinguishable from 

Crohn ’ s disease. Biopsies from the upper gastrointestinal tract 

showed only sporadic nonspeci# c chronic in� ammatory cel-

lular in# ltrates. Terminal ileal biopsies demonstrated patchy 

active chronic in� ammation with associated crypt architectural 

distortion, ulcer-associated cell lineage formation, and occa-

sional granulomata. Colorectal biopsies showed patchy active 

chronic colitis associated with signi# cant distortion of crypt 

architecture, with associated cryptitis and crypt abscess forma-

tion ( Figure 4b and c ). In two cases, marked vascular ectasia 

was noted, as was colonic Paneth cell metaplasia in one patient. 

Goblet cell populations were preserved. 
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   Figure 3 .       Clinical and pathological characteristics of infl ammatory bowel 
disease in CGD patients. ( a ) Location of infl ammation. ( b ) Concordance 
with Lennard – Jones criteria for the diagnosis of Crohn ’ s disease.  
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were present in the majority of terminal ileal and colorectal 

biopsies, but were much more numerous in the colorectum. 

� ese macrophages were unlike those seen in melanosis coli, 

which contain more granular and darker brown pigment, and 

are generally more widely dispersed throughout the lamina 

propria. 

 All 11 patients (100.0 % ) with proven in� ammatory bowel 

disease ful# lled the Lennard – Jones criteria for the diagnosis 

of Crohn ’ s disease ( Figure 3b ); in fact, 3 of the patients were 

originally misdiagnosed as such.   

 Infl ammatory bowel disease therapeutics 
 All patients were receiving antibacterial prophylaxis. � is 

included co-trimoxazole (72.0 % ), cipro� oxacin (20.0 % ), 

 At all sites of in� ammation, the cellular in# ltrate contained 

scattered eosinophils, but their numbers were variable and no 

more numerous than those typically seen in adult Crohn ’ s dis-

ease. Noncaseating epithelioid granulomata ( Figure 4d and e ) 

were found in intestinal biopsies in 6 (54.5 % ) patients. Granulo-

mata ranged from small aggregates of epithelioid macrophages 

(microgranulomata) to classical Crohn ’ s-type well-formed epi-

thelioid granulomata. 

 � e single feature that best distinguished CGD-associated 

enterocolitis from Crohn ’ s disease was the presence of pig-

ment-laden macrophages within the lamina propria ( Figure 

4f ). � ese macrophages were most easily identi# ed in nonin-

� amed areas, had a yellow-brown hue and were typically clus-

tered in the lower third of the mucosa around crypt bases. � ey 

a

c

b

d

e f

     Figure 4 .       Endoscopic and histologic appearances of infl ammatory bowel disease in CGD. ( a ) Colonoscopic view revealing a well-demarcated area of infl am-
mation and ulceration with preserved surrounding mucosa. This was associated with synchronous lesions elsewhere in the colon. ( b ) Colonic mucosa 
showing patchy active infl ammation with withered crypts. ( c ) Active chronic colitis with crypt architectural distortion, fi brosis, cryptitis, and crypt abscess 
formation. ( d , e ) Well-formed epithelioid granuloma with Langhans-type giant cells. ( f ) Pigment-laden macrophages were prominent in noninfl amed regions 
of bowel.  
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� ucloxacillin (12.0 % ), co-amoxiclav (8.0 % ), metronidazole 

(8.0 % ), trimethoprim (8.0 % ), cephalexin (4.0 % ), erythromycin 

(4.0 % ), and penicillin V (4.0 % ). � ere were no signi# cant dif-

ferences in antimicrobial chemoprophylaxis between patients 

who did and did not develop bowel in� ammation. � is was 

accompanied by antifungal prophylaxis with itraconazole in 

84 %  of the patients. Of the patients with in� ammatory bowel 

disease, eight (72.7 % ) were treated with a 5-aminosalicylate, 

# ve (45.5 % ) with corticosteroids, three with azathioprine, one 

with methotrexate, two with thalidomide, two with in� iximab, 

one with granulocyte colony-stimulating factor, and two with 

interferon- � . One patient underwent granulocyte infusion, and 

two patients required a surgical resection. Partial responses to 

therapy, as assessed by clinical and biochemical criteria, were 

observed in # ve patients on 5-aminosalicylates, one patient on 

thalidomide, and one patient on interferon- � . Complete and 

sustained remission was achieved in one patient by azathio-

prine, in another patient by in� iximab, and in a third follow-

ing surgical intervention (subtotal colectomy). No signi# cant 

responses were observed following the introduction of corti-

costeroids.    

 DISCUSSION 
 � e observation of a chronic granulomatous, noninfective 

in� ammatory bowel disease in CGD links in with recent devel-

opments from studies of Crohn ’ s disease. Genetic analyses 

have identi# ed polymorphisms in genes involved in phagocyte 

function, of which the best characterized are  CARD15   (11,12) , 

 ATG16L1  and  IRGM   (14) . Polymorphisms in  CARD15  result 

in impaired recognition of bacterial peptidoglycan (present 

in both gram-positive and gram-negative bacterial cell walls), 

leading to attenuated cell signaling responses and secretion of 

cytokines important in establishing in� ammatory reactions 

 (8,9) . � ose in  ATG16L1  and  IRGM  impede autophagy, an 

intracellular process that contributes to the digestion of patho-

gens, antigen processing, and intercellular signaling  (14) . � ese 

are accompanied by clinical studies that demonstrate defective 

recruitment of neutrophils to sites of acute tissue insult   (5 – 7) . 

� e concept that could therefore connect Crohn ’ s disease and 

CGD enteritis might relate to a primary abnormality in the 

phagocytic response ultimately resulting in inadequate intrac-

ellular processing and digestion of bacteria. � is phenomenon 

would be partial in Crohn ’ s disease, but complete in CGD. 

 Previous studies of noninfective gastrointestinal involvement 

in CGD have largely focused on the pediatric or adolescent 

population. Although many sites of bowel involvement have 

been documented, these have not been systematically reviewed 

in adult patients. � is is important as, in our cohort of, the 

median age of onset of bowel disease was in early adolescence. 

We found evidence of noninfectious in� ammatory bowel dis-

ease in 44 %  of the patients, which may be an underestimate 

as case # nding was retrospective and the incidence of endo-

scopic subclinical disease is unknown. � is is greater than in 

some other series;  (18,25)  which may represent the fact that we 

studied an older population, that our center has a special inter-

est in the gastroenterological complications of CGD and thus 

have greater ascertainment of such manifestations, or genuine 

geographical variation in the frequency of bowel involvement. 

In our patients, in� ammation was demonstrated throughout 

the gastrointestinal tract, but with peak frequencies in the oral 

cavity, and small and large bowels increasing along a proximal-

distal gradient from the terminal ileum to rectum. � is mirrors 

the bacterial loads at these sites. 

 Gastrointestinal manifestations in CGD have been reported 

to occur at greater rates in patients with X-linked disease  (39) , 

a # nding we were not able to replicate here. In fact, we were 

not able to identify any baseline features that predicted which 

patients developed gastrointestinal in� ammation. Previous 

reports have suggested that the primary clinical complaint is 

abdominal pain, most frequently periumbilical; that approxi-

mately one-third of patients have evidence of gastrointestinal 

obstruction, and that the majority present with hypoalbumine-

mia. Histopathological # ndings have been summarized in vari-

ous case series, as typically showing foci of active in� ammation 

with cryptitis in the large bowel in two-thirds of patients. 

Comparable to our series, and the histopathological features 

of Crohn ’ s disease, granulomata are reported in approximately 

50 %  of patients, in whom they have been described as sharply 

de# ned aggregates of epithelioid histiocytes surrounded by a 

cu�  of dense lymphocytic in# ltrations without accompanying 

necrosis. In� ammatory lesions are also rich in neutrophils and 

eosinophils, at least in the pediatric population  (26,28) . One 

study has examined the in� uence of potential disease-modify-

ing genes, and found that coincident carriage of polymorphisms 

in the genes for Fc �  receptor IIIb and myeloperoxidase predis-

pose to gastrointestinal involvement, the latter in particular to 

perirectal disease  (40) . 

 Although other reports have remarked upon the apparent 

similarity between in� ammatory bowel disease in CGD and 

Crohn ’ s disease, the degree of clinical correspondence has 

never been formally evaluated. Strikingly, in our study of adult 

patients with CGD, clinicopathological features in all individu-

als with intestinal involvement ful# lled the Lennard – Jones 

diagnostic criteria for Crohn ’ s disease. In the absence of knowl-

edge of the concomitant infectious phenotype, the latter diag-

nosis would undoubtedly have been made, as was the case in 

just over a quarter of these patients. � e principal features com-

mon to both conditions were the discontinuous nature of the 

in� ammation forming characteristic  “ skip lesions ” , transmural 

in# ltration of in� ammatory cells predisposing to stenosis and 

# stulation, and demonstration of granuloma in approximately 

50 %  of the patients on routine clinical biopsy series. � ese 

granulomata were not morphologically distinguishable from 

those characteristics of Crohn ’ s disease. 

 Unlike the # ndings reported in the pediatric literature, we 

did not observe a disproportionate number of eosinophils 

within the in� ammatory in# ltrates beyond those seen in adult 

Crohn ’ s disease  (26,28) . � is might re� ect a di� erence between 

the pediatric and adult immune responses. We did, however, 
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frequency of infections  (48) . Finally, although intestinal diver-

sion can be associated with amelioration of distal in� ammation, 

we have experienced diS  culties with parastomal cutaneous 

infection and stoma breakdown. 

 � e principal limitation of this study is its retrospective 

nature, and the susceptibility of such investigations to ascer-

tainment bias and other confounding in� uences. We attempted 

to minimize the impact of these factors by including all patients 

with CGD, and employing strict and identical criteria to all sub-

jects. It would be highly informative to now study these patients 

in detail in a prospective manner, particularly in regard to their 

response to therapeutics. 

 Nonetheless, the importance of these current data is threefold. 

Firstly, they add to the at present sparse literature base on the 

clinical presentation and therapeutic options for this disease, 

and will hopefully stimulate collection of prospective data and 

clinical therapeutic trials. Secondly, they emphasize the impor-

tance of considering CGD or another congenital immuno-

de# ciency in the di� erential diagnosis of in� ammatory bowel 

disease. A high index of suspicion is required in the pediatric 

population (in whom Crohn ’ s disease is less common) and 

adults who have recalcitrant disease, particularly those with 

perianal involvement. � e histopathological # nding of pig-

ment-laden macrophages should also raise the question of the 

diagnosis. In such individuals, a history of recurrent episodes 

of infection should be speci# cally sought, as it may not have 

previously been recognized and will provide a strong clue to 

alert clinicians to the underlying diagnosis. 

 Finally, it may shed further light on the pathogenetic mecha-

nisms underlying Crohn ’ s disease. � e fact that patients with 

defective neutrophil function develop a chronic granulomatous 

in� ammatory bowel disease validates the concept that impaired 

innate immunity can elicit an apparently proin� ammatory 

picture as seen in active Crohn ’ s disease  (5) . Furthermore, it 

suggests that a subgroup of patients with Crohn ’ s disease may 

possess subtle aberrations in neutrophil function that contrib-

ute to such a phenotype, with an associated panel of possible 

candidate disease susceptibility genes. Given the high preva-

lence of perianal involvement observed in CGD patients with 

in� ammatory bowel disease, patients with perianal Crohn ’ s dis-

ease might be the most informative group in whom to search 

for such an abnormality.     
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con# rm the # nding of abnormal pigment-laden macrophages 

within the biopsies; these were most evident in nonin� amed 

areas of bowel. � e biochemical nature of this pigment has 

never been determined, but presence of such cells should alert 

the histopathologist to the possibility of CGD as part of the dif-

ferential of in� ammatory bowel disease. 

 An interesting # nding was the high frequency of perianal 

disease in the CGD patients, documented in every individual 

with in� ammatory bowel disease. Although a universal # nding 

in patients at the time of study, it was the presenting gastro-

intestinal feature in only two patients, suggesting it develops 

and becomes more common as a function of either increasing 

age or disease duration. Fistulae-in-ano are not uncommon in 

the general population, and evidence of perianal disease has 

been reported in up to 38 %  of patients with Crohn ’ s disease 

 (41) , in which dependence upon contents of the fecal stream has 

been demonstrated  (42) . Lesions are thought to arise from 

in� ammation or infection of perianal glands, or occasion-

ally from penetration of ulcers or # ssures originating from the 

rectum  (43) . � eir unusually high prevalence in CGD may 

re� ect an inability to clear debris from a region already prone 

to its deposition and collection, high rates of proctitis, and / or 

liability of this area to minor trauma related to the passage of 

harder fecal contents. 

 Due to rarity of the condition, there have been no rand-

omized controlled trials of the treatment of in� ammatory 

bowel disease in CGD. � ere are previous reports that steroids 

ameliorate symptoms and induce clinical remission, and that 

sulphasalazine may have a modest e� ect  (44) . � ere are sin-

gle reports of eS  cacy of cyclosporine  (45) , in� iximab  (39),  and 

granulocyte colony-stimulating factor  (46) , as well as evidence 

of remission following bowel diversion  (47) , bowel resection, 

or bone marrow transplantation  (39) . Interpretation of treat-

ment eS  cacy from our cohort is also limited by small numbers, 

lack of a validated disease activity score, and the retrospec-

tive nature of the analysis. Nonetheless, there was evidence of 

partial therapeutic response in individual patients to 5-ami-

nosalicylates, thalidomide, and interferon- � , and much more 

potent responses following azathioprine, in� iximab, or surgical 

resection of a� ected bowel. We did not # nd any patient who 

responded well to corticosteroids. We were unable to assess 

the eS  cacy of any agents in maintaining disease remission. 

Although acknowledging the shortcomings of these # ndings, 

they may act as a guide to clinicians treating in� ammatory 

bowel disease in CGD whilst a prospective controlled trial 

can be undertaken. Additionally, in our personal experience 

with these patients, we # nd that whereas immunosuppressive 

agents may reduce in� ammation in the short term, there are 

very real concerns about exacerbating the underlying immu-

node# ciency and precipitating infections. All patients should 

receive prophylactic antibacterial and antifungal agents. We 

have a relatively low threshold for employing immunostimu-

latory approaches with either granulocyte colony-stimulating 

factor or interferon- �  in patients with recalcitrant in� amma-

tion, as these can also be highly eS  cacious at reducing the 
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 Study Highlights 

  WHAT IS CURRENT KNOWLEDGE  

  3 CGD is a congenital neutrophil immunodefi ciency. 

  3 Innate immune responses are diminished in Crohn ’ s 
disease. 

  3 Anecdotal reports suggest CGD bowel disease resembles 
Crohn ’ s disease. 

  WHAT IS NEW HERE  

  3 CGD bowel disease fulfi lls diagnostic criteria for Crohn ’ s 
disease. 

  3 These patients are highly predisposed to perianal 
disease. 

  3 Several therapies are associated with disease 
suppression.          
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