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We retrospectively analyzed the frequency and nature of infections occurring 
in 48 patients with chronic granulomatous disease. The long-term use of 
trimethoprim-sulfamethoxazole and ketoconazole as a preventive therapy for 
infections has also been evaluated. Lymphadenitis, lung infections, dermatitis, 
enteral infections, and hepatic abscesses were the most frequent infections. 
Staphylococcus aureus, Salmonella, and Aspergillus were the main microor- 
ganisms encountered. Twelve patients died: five from lung aspergillosis, three 
from hepatic abscesses, two from pneumonopathy of unknown origin, one from 
salmonellosis, and one from another probable infection that could not be 
proved. The actuarial survival rate was 50% at 10 years of age, with a prolonged 
plateau thereafter. There was no difference in survival rates between patients 
with X-linked and those with autosomal recessive chronic granulomatous 
disease. The 8-year actuarial survival rate was significantly higher for patients 
born in 1978 or afterward than for patients born before 1978 (92.9% vs 70.5%). A 
retrospective analysis of the occurrence of bacterial and fungal infections in 
patients who received trimethoprim-sulfamethoxazole and ketoconazole as 
infection prophylaxis indicated that the former was effective against bacterial 
infections but that ketoconazole provided no protection against Aspergillus 
infections. (J PEDIATR 1989;114;555-60) 

Chronic granulomatous disease is an inherited disorder of 
bacterial and fungal killing by phagocytic cellsV4; phagocy- 
tosis of microorganisms by neutrophils and monocytes is 
not associated with the burst of oxidative activity? Several 
biochemical abnormalities have been described that may 
account for this defect, including the  absence of cyto- 
chrome b559, 6 abnormal flavoproteins, 7 low-affinity 
NADPH oxidase, 7"9 or extreme glucose-6-phosphate dehy- 
drogenase deficiency? ~ Most frequently, CGD is inherited 
as an X-linked recessive disease associated with cyto- 
chrome b559 deficiency. H,12 Affected patients have recur- 
rent infections from the first year of life, usually involving 
the skin, lymph nodes, lungs, liver, and gastrointestinal 
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tract. These bacterial and fungal infections are frequently 
responsible for early deaths. 13-17 

In this article, we report the clinical features of 48 
patients with CGD observed at one center to delineate the 
relative frequency, types, and sites of infections, and their 
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consequences. We retrospectively reviewed patients' charts 
to evaluate the role of the mode of inheritance and of 
antibiotic prophylaxis in the occurrence and severity of 
infections. 

M E T H O D S  

Forty-eight patients (39 boys) from 38 different families 
were referred to Hbpital des Enfants-Malades, Paris, 
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Table  I. Clinical manifestations in 48 CGD patients 

Infections 

Patients Infectious 
episodes 

No. % (No.) 

Lung infections 39 81 59 
Lymphadenitis 35 73 120 
Dermatitis 35 73 81 
Peritoneal and enteral 22 46 58 

infections 
Hepatic abscesses 14 29 15 
Osteomyelitis/septic arthritis 10 21 10 
Urinary tract infections 8 17 15 

between 1969 and 1985. Thirty-four of them were alive at 
the time of this report, and two were lost to follow-up. 
Thirty-six patients were of French origin; the others came 
from North Africa (6 patients), Yugoslavia (1), South 
Korea (2), Portugal (2), and Egypt (1). 

Diagnosis was based on family history and on personal 
history of recurrent infections involving skin, lymph nodes, 
lungs, and liver, and it was confirmed in all patients by the 
finding of either a defective reduction of nitroblue tetrazo- 
lium, TM impaired bacterial killing, ~ absence of stimulated 
oxygen consumption, ~9 or impaired chemiluminescence 
production 2~ by neutrophils. Superoxide formation and 
granuloeyte cytochrome b559 measurements were evaluated 
in 18 patients. 21 The mode of inheritance was determined 
according to family history and by studying parental 
granulocytic functions by means of the mentioned tests 
above. X-linked inheri tance was demonstrated in 27 
patients and autosomal recessive inheritance in 11 patients. 
In nine cases the mode of inheritance remained undeter- 
mined because of inconclusive data (five patients) or 
parent unavailability (four patients). 

Since 1981, oral prophylactic antibiotic therapy has 
been given to 34 patients in an uncontrolled study. Sixteen 
patients were treated by alternating three antibiotics, 
namely, trimethoprim-sulfamethoxazole, 50 mg/kg /day  
for sulfamethoxazole, oxacillin, 25 mg/kg/day,  and pristi- 
namycin, 25 mg/kg/day,  for a total of 26V2 patient-years. 
Each antibiotic was given alone, daily for 1 week. Twenty- 
eight patients have been treated with only TMP-SMZ, 
administered daily in the same dose; nine of these had 
previously received the three-antibiotic regimen. These 34 
patients have been treated for 81 patient-years. The 
treatment period thus included one fourth of their lifetime 
(319 patient-years). In addition, ketoconazole was given 
daily, 3 weeks per month at a dose of 5 mg/kg/day ,  in an 
attempt to prevent fungal infections. 

In our retrospective examination of the infections 
recorded in these patients, the various organs were consid- 
ered as infected if at least three of the following criteria 

Table  II. Microorganisms cultured from 169 infection 
sites in CGD patients 

Patients Infections 

Microorganisms No. % No. % 

Staphylococcus aureus 25 52 53 31 
Aspergillus 19 40 24 16 
Salmonella 16 33 22 14 
Serratia 8 17 11 7 
Escherichia coli" 8 17 11 7 
Mycobacteria 8 17 8 5 
Staphylococcus 7 15 10 6 

epidermidis 
Proteus 6 12.5 7 4 
Candida albicans 5 10 5 3 
Klebsiella pneumoniae 4 8 4 2 
Pseudomonas 3 6 4 2 
Enterobacter cloacae 2 5 3 
Haemophilus influenzae 2 2 
Cephalosporium 1 1 
Pneumocystis carinii 1 1 
Campylobacter 1 1 

were present: (1) observation of specific clinical symptoms, 
(2) detection of a microorganism by a specific procedure, 
including bronchoalveolar lavage, needle aspiration under 
ultrasonographic guidance, or open biopsy, (3) antibiotic 
therapy for at least 7 days, and (4) for visceral infections, 
findings of specific abnormalities by radiographs (lungs, 
bones), ultrasonography (liver), or computed tomogra- 
phy. 

The methods used for statistical analysis are indicated in 
the table footnotes. 

R E S U L T S  

Overall occurrence of infections. The overall frequency 
of the various infections is shown in Table I. The mean age 
at onset of the first infection was 16 l& months, with a range 
from 1 day to 16 years. The most frequent first infections 
were lymphadenitis (13/48), neonatal skin infections (12/ 
48), pulmonary infections (9/48), and diarrhea (4/48). 
The first infection occurred before the age of 1 year in 
70.8% of the patients, before the age of 3 years in 85.4%, 
and before the age of 5 years in 95.8%. 

The diagnosis of CGD was usually made later, at a mean 
age of 40 months, with a range from 7 days to 16 years. 
Fungal pneumonitis, lymphadenitis, and hepatic abscesses 
were the most striking infections that led to specific 
granulocyte function testing. The responsible microorga- 
nism was identified for 169 of the 254 observed infections 
(Table II). 

Localization of infections 

Lung  infections. Thirty-nine patients (81%) had 59 
pulmonary infections. Fungi were responsible for 24 lung 
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Figure. Actuarial survival of 48 patients with CGD calculated by Kaplan-Meier plot. X-L, X-linked; A-R, autosomal 
recessive. 

infections in 19 patients and were the most frequently 
isolated microorganisms. Aspergillus infections were asso- 
ciated with a high mortality rate; 5 of the 19 infected 
patients (26%) have died. 

The age at onset was 55 months, with a range from l 
month to 14 years. Aspergillus infections occurred early in 
life, 56% before the age of 5 years and 89% before the age 
of 10 years. The clinical and radiologic findings were 
nonspecific, and diagnosis was made by isolation of the 
fungal agent (20/24). In the four other cases, the diagnosis 
was based only on the detection of specific serum antibod- 
ies. All patients were treated with parenteral amphotericin 
B for 4 to 18 months. Recurrences were observed in three 
cases, requiring secondary surgical resection in two of 
them and leading to death in one. 

In 28 cases, no microorganism could be grown. Atypical 
mycobacteria (three cases), cytomegalovirus (two), Pneu- 
mocystis carinii (one), and Klebsiella pneumoniae (one) 
were the other microorganisms cultured. 

Hepatic abscesses. The mean age at onset was 83 
months, with a range from 1 month to 18 years. Hepatic 
abscesses were common (14/48, or 29%). Staphylococcus 
aureus was found on nine occasions and Pseudomonas 
aeruginosa once. The diagnosis of hepatic abscess was 
confirmed by  ultrasonography (8/8), radioisotope scan- 
ning (5/6), or both. 

In addition to parenteral antibiotic therapy, surgical 
drainage was needed in nine cases and percutaneous 
ultrasound-guided drainage was performed in two cases. 
The infection resolved in 1 l patients; 3 patients died from 
septicemia. 

Gastrointestinal and peritoneal infections. These infec- 
tions occurred in 50% of the patients, who had 39 episodes. 
Salmonella infections were severe and frequent, causing 
21 infections in 16 children (33%). The mean age at onset 

was 38 months, with extremes from 4 months to 14 years. 
Clinical findings included fever (17/20), diarrhea (9/11), 
hepatomegaly (9/11), and skin lesions in six patients. All 
but two patients were treated with antibiotics. Two of them 
died; one was not treated and the other had septic shock 
after intestinal perforation. Other intestinal manifestations 
were much less frequent. Perianal abscesses occurred in 10 
patients and peritonitis in two. 

Gastric antral narrowing was diagnosed in two children 
who had vomiting and was confirmed by x-ray studies. 
Both recovered during antistaphylococcal therapy; surgery 
and corticosteroid therapy were not needed. 

Pyogenic arthritis and osteomyelitis. Ten children 
(21%) had either septic arthritis (three patients) or osteo- 
myelitis (seven patients). Aspergillus grew in cultures of 
specimens from three patients and Serratia in two. Staph- 
ylococcus aureus was isolated in one case of osteomyelitis 
and suspected in three others. All patients recovered except 
one with disseminated Aspergillus infection. 

Lymphadenitis. The lymph nodes were the most fre- 
quently infected sites; 73% of the patients had at least one 
episode of lymphadenitis requiring antibiotics and surgical 
drainage. The mean age at onset of the first-noted episode 
of !ymphadenitis was 16 months. The predominant micro- 
organisms were S. aureus (53%) and gram-negative bacilli 
(28%); bacille Calmette-Gu6rin vaccine lymphadenitis was 
suspected in 19 patients but proved in only five. 

Skin infections. These infections affected 73% of the 
children (35/48). Ten had neonatal pustulosis, with proved 
Staphylococcus epidermidis infection in three cases. One 
9-year-old boy had a very severe Proteus pyodermatitis. 

Urinary tract infections. These infections were relatively 
frequent; 15 infections were identified in eight patients. 
Thirteen had cystitis, one had balanitis, and one bad 
pseudotumoral granulomatous cystitis. 
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Table  III. Morbidity and mortality rates according to 

inheritance of CGD 

A u t o s o m a l  
X- l inked recessive Unknown 
(n = 28) (n = 14) (n = 9)  

Mean follow-up 7 6.3 6.2 
(per yr per 
patient) 

Mean age at first 15 24.0 20.0 
infection (too) 

Deaths 7 2.0 3.0 
Mean number of 3 1.8 2.7 

infections (per 
yr per patient) 

n. Number of patients. 

Influence of mode of inheritance on the frequency of 
infections and on mortality rates. The actuarial survival 
curve of CGD patients indicates a relatively linear death 
rate between the ages of 1 and 10 years. The survival rate 
was 50%at 10 years of age and was maintained over the 
next 10 years (Figure). No statistical difference was 
observed between the two groups of patients defined by the 
mode of inheritance (X-linked or autosomal recessive). 
The third group was not statistically compared with the 

t'wo others because of its heterogeneity, our inability to 
study some families, or inconclusive data. There was no 
significant difference in the frequency or severity of 
infections in patients with either type of inherited CGD 
(Table II!). 

In contrast, the stratification of the patients into two 
groups according to their date of birth, before 1978 
(n -- 21) or after (n = 27), indicates a difference in surviv- 
al rates. In the first group the 8-year survival rate was 
70.5%, in comparison with 92.9% (only one death) in the 
second (p <0.05). 

Effects of infection prophylaxis by long-term administra- 
tion of antibiotics. Table IV indicates the incidence per 
year of major infections encountered in the 34 patients 
before and during the prophylaxis period. During antibiot- 
ic prophylaxis, there was an impressive reduction in the 
incidence of bacterial infections. No difference could be 
observed between the use of the three-antibiotic regimen 
and the use of TMP-SMZ alone (data not shown). Finally, 
when comparing patients with or without prophylaxis, we 
could find no difference in mortality rates between these 
two groups (data not shown). No side effects of prophylac- 
tic antibiotic use have been observed. 

In contrast, fungal (Aspergillus) infections remained 
frequent despite the use of KTZ. Indeed, four patients had 
lung Aspergillus infections while being treated with KTZ. 
Unfortunately, the serum concentrations of KTZ were not 

T a b l e  IV. Effects of antibiotic prophylaxis on morbidity 
rates 

Infect ions per  y e a r  per pa t ien t  

Patients Patients 
wi thout  with 

prophylax is  prophylax is  
(n = 34)  (n = 34) 

All infections 2.06 0.43 0.001" 
Fungal infections 0.19 0.09 NS't 
Liver abscesses 0.15 0 0.01 
Salmonella infections 0.14 0.01 0.02 
Lymphadenitis 0.53 0.04 0.001 

*Data analyzed by paired Student-Fisher t test. 
]'No statistical difference. 

studied, and they might have been too low, either because 

of low dosage or insufficient intestinal absorption of KTZ. 
Tolerance of long-term administration of KTZ was good, 
and no side effects were noted except rare and transient 
elevation of the serum aminotransferase activity. 

D I S C U S S I O N  

Chronic granulomatous disease is a condition known to 
be associated with repeated and life-threatening bacterial 
and fungal infections. Our observations are comparable to 
those already published. 1~-17 S. aureus has been the most 
frequent pathogen .13,14,2z,23 Salmonella also has been rec- 

ognized as being responsible for frequent and severe 
infections~4; the role Of Aspergillus lung infections as a 
cause of death has been described more recently. Cohen et 
al. 24 showed that such untreated fungal infections are 
always fatal and that, despite treatment, over 40% of 
patients died; among our patients, 5 of 19 (26%) with 
Aspergillus pneumonitis did not survive. In our experience, 
delayed diagnosis may allow extension to the pleura and to 
the chest wall, and short-term antifungal therapy has been 
associated with poor prognosis. The progression of the 
infection is slow, contrasting with the frequent and rapid 
dissemination of AslYergillus in patients with secondary 
immunosuppressionY. 26 

Weening et al. z7 showed that X-linked CGD, which is 
associated with the lack of cytochrome b559, leads to more 
severe infections than the autsomal recessive form. Our 
patients with the X-linked form had a slightly greater 
frequency of bacterial infections. Autosomal recessive 
CGD is probably a heterogeneous group of diseases, which 
may explain the differences observed between series. 2t,28 

Whatever the type of CGD, far more deaths occur 
within the first decade. 15"17,22,23 This may be explained in 

two ways: First, patients with a less severe phenotype 
survive, but one would then expect some differences 
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between patients with differently inherited forms, which is 

not the case. Second, patients who survive severe infections 

are thereafter immunized and protected against  life- 

threatening microorganisms (mainly Aspergillus). This 

latter hypothesis is in accordance with the early occurrence 

of Aspergillus infections and could be tested by a study of  

serum antibody levels to Aspergillus in surviving teenag- 

ers. Careful  follow-up after severe infections may also 

contribute to long-term survival. 

Significant improvement in survival rates has been 

achieved, probably because of better diagnostic procedures 

and the use of more efficient antibacterial and antifungal 

drugs2 5-t7 A longer follow-up of the younger patients will 

tell us whether such therapy allow s long-term survival or 

only delays the fatal outcome for a few years. 

The use of continuous long-term antibiotic therapy to 

prevent  the  life-threatening infections of CGD has been 

pr0sposed. With the use of nafcillin 29 or T M P - S M Z  at 

various dosages, ~~ a reduction in the average number of  

infections and instances of  surgical drainage was demon- 

strated. Although our experience is based on a retrospec- 

tive, uncontrolled study, we confirmed these resul ts  for 

bacterial infections. Mortal i ty rates did no t appear to be 

reduced during prophylaxis, an observation confirmed by 

the fact that many deaths in our series occurred as a 

consequence of Aspergillus infections. Few data are avail- 

able concerning the prophylactic use of antifungal antibi- 

otics. Ketoconazole has been proved to be a useful agent in 

treating and preventing Candida albicans infections in 

immunocompromised patients? 3 Aspergillus organisms 

are Susceptible in vitro to KTZ,  34 but high concentrations 

of K T Z  in the growth medium are sometimes required. 3s 

However, there has been no clear proof of  in vivo efficacy. 

As foreseen, we found no Candida albicans infection s, but 

KTZ did not show evidence of efficacy for Aspergillus 
infections. Therefore it is now necessary to test new 

antifungal drugs such as itraconazole, which is potentially 

active against Aspergillus. 
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