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SUMMARY  X-linked hyper-IgM syndrome (XHIM) is a rare primary immunodeficiency disorder caused by muta-
tions of the gene encoding the CD40 ligand (CD40L). It is characterized by recurrent infections with markedly de-
creased serum IgG, IgA and IgE levels but normal or elevated IgM levels.  We report the clinical manifestations and
complete immune studies in the first family with molecularly proven XHIM in Taiwan.  A 5-month-old boy presented 
with rapidly progressive pneumonia which responded poorly to antibiotics. High levels of IgM and very low levels of 
IgG, IgA, and IgE were noted in his plasma specimen: IgM, 128 mg/dl; IgG, 18 mg/dl; IgA, 4 mg/dl); IgE, 1 IU/ml. 
Whole blood flow cytometry when he was 21 months old showed that only a small percentage (0.48%) of his in vitro-
activated CD4+ T cells expressed CD40L. When he was 3 years old, repeated flow cytometry showed essentially the 
same result (0.4%), compared with his father’s CD40L expression of over 85%. The patient’s mother had moderately
decreased CD40L expression (74.4%). Hyper-IgM syndrome was confirmed by CD40L mutation analysis in the boy,
which revealed a Lys 96 stop (nucleotide A307T) in exon 2 of CD40L, with a truncated protein resulting in the loss of 
the entire TNF domain. His mother was a carrier and apparently the individual in whom the mutation originated. 
Eleven other family members, including the patient’s father, sister, and grandmother, and the mother’s sisters and 
their children, all had normal results on CD40L mutation analysis. The patient has remained without significant bac-
terial infection on a regimen of monthly IVIG infusion and oral trimethoprim-sulfamethoxazole for Pneumocystis carinii
pneumonia (PCP) prophylaxis, although he has had recurrent oral ulcers and neutropenia. Bone marrow trans-
plantation is planned. 
 The hyper-IgM syndrome (HIM) is a rare 
mune deficiency disorder characterized by increased 
sceptibility to infections and a defect in immu-
globulin (Ig) isotype switching, resulting in low    
 undetectable serum levels of IgG, IgA, and IgE    
t normal or elevated IgM levels. Both primary   
d acquired forms of the disease have been reported. 
e acquired form has been associated with con-
nital rubella, administration of anti-epileptic drugs, 
d some tumors.1,2 Primary HIM includes X-linked, 
tosomal recessive and autosomal dominant forms 

of inheritance.2 The X-linked form (XHIM) is the 
most common and results from mutations of a gene 
coding for a membrane glycoprotein, the CD40 ligand 
(CD40L), which is mainly expressed on activated T 
cells. This results in an impairment of the normal 
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communication between T and B cells.3  
 

XHIM is a severe disease, although some 
variability in the clinical and immunological presen-
tation and outcome has been reported. Carriers of 
XHIM usually have serum Ig levels in the normal 
range and are asymptomatic. The fraction of T cells 
that have an active chromosome carrying the normal 
gene is usually sufficient for normal humoral immune 
function,4,5 so that female heterozygotes are usually 
silent carriers. 

 
Recently, molecular cloning of a gene re-

sponsible for the syndrome, the CD40L gene, has 
been reported. The gene has been successfully 
mapped to the long arm of the X chromosome at 
Xq26. Mutation analysis of the CD40L gene is used to 
confirm the diagnosis of XHIM.2,3 However, little is 
know about Taiwanese patients with or carriers of 
XHIM in respect to clinical and immunologic char-
acteristics or genetic polymorphism. We present a boy 
with rapidly progressive pneumonia who was diag-
nosed with XHIM by CD40L mutation analysis. We 
performed immunologic studies and CD40L DNA 
sequence analysis for his family. 

 
CASE REPORT 

 
A 5-month-old boy was referred from a local 

hospital for rapidly progressive pneumonia. He had a 
history of cough since 1 month of age but no history 
of serious infections. His immunizations were on 
schedule. Five days prior to this admission, he de-
veloped severe cough, dyspnea, fever, and poor ap-
petite. He was taken to a local hospital for worsening 
dyspnea and cyanosis. In spite of an O2 tent, the 
cyanosis became more and more severe.  He was 
therefore intubated and transferred to the pediatric 

intensive care unit at Mackay Memorial Hospital.  

He was pale, weak, and dyspneic on arrival. 
His weight was 7.23 kg (25th percentile) and his 
height was 42 cm (50th percentile). No oral thrush 
was present. The tonsils were small and the lymph 
nodes were tiny. Moist rales were heard on ausculta-
tion of both lungs. A chest x-ray revealed diffuse 
pulmonary infiltrates bilaterally. He was maintained 
on ventilatory support, and 100% O2 was required to 
keep the oxygen saturation above 90%. His WBC 
count was 37,500 cells/µl, with 78% neutrophils, 5% 
bands, 13% lymphocytes, and 4% monocytes.  His 
RBC count was 4.4 x 106/µl and platelets 476 x 103/µl. 
A sepsis workup was performed. The clinical pres-
entation was strongly suggestive of Pneumocystis 
carinii pneumonia (PCP) and sepsis, so he was treated 
initially with ampicillin, cefotaxime, erythromycin, 
and trimethoprim-sulfamethoxazole. Cultures of 
blood, urine, and CSF were all negative for bacterial 
growth, and no viruses were isolated from blood, 
urine, CSF, or a throat swab. Tests for RSV antigen 
and chlamydia IgM, IgG, and IgA were all negative. 
Bronchoalveolar lavage did not demonstrate a defi-
nite pathogen. Because the illness progressed unusu-
ally rapidly, we also performed immunological stud-
ies. The immunoglobulin levels were IgG, 18 mg/dl; 
IgA, 4 mg/dl; IgM, 128 mg/dl; IgE, 1 IU/ml; and IgD, 
< 48 IU/ml.  The relative proportions of immune cells 
were CD3 24.6%, CD4 10.3%, CD8 2.2%, CD19 
30.2%, CD57 1.0%, and active T cells 1.1%. Our 
diagnostic impression was combined immunodefi-
ciency, so we administered intravenous immu-
noglobulin (IVIG) 400 mg/kg, after which the 
pneumonia improved. The immunoglobulin levels 
and lymphocyte markers of the patient’s father, 
mother, and sister were all within the normal range 
(Tables 1 and 2).  

 

 
Table 1   Serum levels of IgG, IgM, IgA, IgE and CH50 in a patient with XHIM and his family  

 Patient         
(5 m/o) 

Patient         
(15 m/o) 

Father Mother Sister 

IgG (mg/dl) 18 431 931 1630 996 
IgM (mg/dl) 128 32 146 137 179 
IgA (mg/dl) 4 10 241 195 66 
IgE (IU/ml) 1 - 134 18 47 

CH50 (U/ml) 16.6 - 38.6 35.2 28.7 

m/o, months old 
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Because we strongly suspected HIM, we or-
dered flow cytometry for CD40L expression on 
CD4+ T cells when the patient was 21 months old. 
Blood was collected and cultured with phorbol 
12-myristate 13-acetate (PMA) and ionomycin for 16 
hours. Activated mononuclear cells were studied by 
immunostaining for CD40L expression as described 
previously,6 using CD40L monoclonal antibody 
(mAb) and CD40-immunoglobulin (CD40-Ig).  The 
immunostained cells underwent flow cytometric 
analysis. In the immunophenotypic analysis for 
CD40L expression only a small percentage (0.48%) 

of the patient’s activated CD4+ T cells expressed 
CD40L. We performed the procedure again when he 
was 3 years old with similar results (0.4%). His fa-
ther’s CD40L expression was 87.5% but the mother’s 
was moderately decreased at 74.4% (Fig. 1). CD40L 
expression on the patient’s activated platelets was 
also severely reduced. His proportion of NK (CD57+) 
cells was persistently low (1.0% at 5 months of age, 
2.3% at 15 months, and 0.6% at 21 months). Con-
sequently, hyper-IgM syndrome was confirmed by 
CD40L DNA analysis, which revealed a nonsense 
mutation at nucleotide 307 (nucleotide number ac-

 

 
Table 2   Lymphocyte cell markers and active T cells in a patient with XHIM and his family  

 Patient         
(5 m/o) 

Patient         
(15 m/o) 

Father Mother Sister 

CD3 24.6 67.2 60.6 63.9 55.4 
CD4 10.3 49.3 31.4 37.8 28.4 
CD8 2.2 14.7 21.9 21.4 20.2 

CD19 30.2 23.7 13.3 11.4 29.8 
CD57 1.0 2.3 12.3 20.4 31 

Active T cell 1.1 2.5 11.1 9.3 10.6 

m/o, months old 
 
Fig. 1 CD40L (CD154) expression by activated CD4  

are shown by a black line and shadow; the im  
indicated by a gray line (right panel). The ab
middle patient lane. The carrier mother has b
 

+ T cells. The immunostainings with mAb and CD40-Ig
munostaining with isotype-matched control reagent is

sence of CD40L expression is demonstrated in the 
imodal peaks. CD69 serves as stimulatory control. 
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cording to the sequence data published by D. Hol-
lenbaugh et al.7) from “A” to “T” resulting in a stop 
codon (TAG) at Lys 96 position (Gene bank: NM 
000074). The mutation presumed a truncated protein 
resulting in the loss of the entire TNF domain of 
CD40L, unrecognized by mAb and CD40-Ig. His 
mother was heterozygous on mutation analysis (two 
X chromosomes, one wild type and the other mutated) 
(Fig. 2). Eleven other family members, including the 
patient’s sister, father, and grandmother, and the 
mother’s sisters and their children were all homo-
zygous for the wild type gene (Fig. 3). There was no 
history of severe or recurrent infections in other 
family members. These results indicate that his 
mother was a carrier who apparently had a de novo 
mutation in one allele. With monthly IVIG infusion 
and oral trimethoprim-sulfamethoxazole for PCP 
prophylaxis, the patient has had no significant bac-
terial infections since his discharge. His IgM subse-
quently decreased to a normal range (32 mg/dl). He 
has, however, had oral ulcers and neutropenia (ab-
solute neutrophil counts 780/µl). Bone marrow 
transplantation is planned. 

Fig  

 
 

 

 
DISCUSSION 

  
Primary HIM syndrome is most commonly 

 
 

 

2 5 

7 8 9 

3 

 
Fig. 3   Pedigree of a patient with XHIM. Squares represe
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. 2   Sequence analysis of the CD40L gene from
the patient, mother (carrier) and father (nor-
mal control). Genomic sequence from the pa-
tient encompasses a nonsense mutation (A to
T) at nucleotide 307 (Lys 96), which results in
a stop codon. His mother is a carrier by ge-
netic analysis.   
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observed in males, and the most frequent mode of 
inheritance is X-linked recessive. Autosomal reces-
sive or dominant inheritance is postulated in some 
families with affected females.1, 2  Boys with HIM 
without a family history may have either sporadic 
XHIM or an autosomal form of the disease.8  The 
mechanisms of these two forms are different.   
 

XHIM (also known as HIM type 1) results, as 
noted above, from mutations in the gene encoding for 
CD40L, a membrane-bound protein found on acti-
vated CD4+ T lymphocytes and on a small subset of 
activated CD8+ T cells. This protein reacts with 
CD40 on B cells, causing the latter to switch isotypes 
from IgM to other Ig classes.  It also plays critical 
roles in the generation of memory B cells and the 
formation of germinal centers.9 By contrast, in 
autosomally transmitted HIM, defects in activa-
tion-induced cytidine deaminase (HIM type 2) or 
absence of CD40 antigen on B lymphocytes (HIM 
type 3) lead to a failure of Ig isotype switching and to 
somatic hypermutation in B cells 2,10   

 
Patients with XHIM experience early-onset 

infections, usually within the first year of life, thus 
temporally related to the decline in maternally-derived 
antibodies. The disease often presents with recurrent 
pyogenic infections, but PCP is a frequent initial 
manifestation. Miller9 reported a child with HIM who 
developed pneumonia and whose bronchoalveolar 
washings were negative for Pneumocystis carinii but 
whose histopathology atypically revealed pneumo-
cystis-induced caseating granulomas.  This stresses 
the importance of having a high index of suspicion 
for PCP to allow early intervention and treatment, 
even if Pneumocystis carinii is not identified in 
bronchoalveolar washings.   This was the case with 
our patient, but he responded well to treatment with 
trimethoprim-sulfamethoxazole and IVIG. In addi-
tion to pulmonary infections, infection of the biliary 
tree with Cryptosporidium parvum has been reported 
to predispose patients to sclerosing cholangitis and to 
tumors of the liver, pancreas or biliary tree.1  We ad-
vised the parents of our patient to have him avoid 
drinking unboiled water in order to prevent Crypto-
sporidium infection. Hematologic disorders, includ-
ing neutropenia, hemolytic anemia, and thrombocy-
topenia, have also been described.  Our patient had 
painful recurrent oral ulcers and neutropenia. In a 
previous report, 38 (68%) of 56 XHIM patients had 

neutropenia, which was chronic in 25 (45%).  The 
etiology of the neutropenia is unknown, although 
hypotheses about the mechanism include autoanti-
bodies or abnormality of CD40L.3,11,12  IVIG ad-
ministration may increase neutrophil counts,2 with 
G-CSF as another option if IVIG fails. While carriers 
of XHIM are generally asymptomatic,4,5 one carrier 
has been reported who had recurrent bacterial infec-
tions.5  

 
XHIM is characterized by markedly reduced 

serum IgG, IgA and IgE and normal to elevated IgM 
levels. Cell-mediated immunity usually has only 
subtle abnormalities.2 In a series of 56 patients with 
XHIM, the majority (53%) had normal IgM levels at 
the time of diagnosis. An increased IgM may actually 
reflect chronic, poorly controlled infections and has 
been observed in patients who started IVIG therapy 
at a later age.11 Failure of feedback regulation of IgM 
synthesis by IgG is another possible explanation of 
this phenomenon.13 In our patient, the initially high 
levels of IgM may have been due to his severe in-
fection. Carriers of XHIM usually have immu-
noglobulin levels within the normal range, suggest-
ing that even a small population of cells expressing 
wild type CD40L is sufficient to induce isotype 
switching, generate normal memory B cells, and 
prevent the symptoms of XHIM.4, 5 Our patient’s 
mother, who was clearly demonstrated to be a carrier, 
had normal levels of all Ig classes.  

 
The diagnosis of XHIM can be strongly 

suspected by demonstrating that in vitro-activated 
CD4+ T cells do not express CD40, using a chimeric 
recombinant of CD40 termed CD40-Ig by flow cy-
tometry.2 This method is useful for screening for 
XHIM in both patients and carriers. Usually CD40L 
expression is markedly diminished in affected chil-
dren and moderately decreased in carriers, which is 
compatible with our results (0.4% in the patient and 
75% in his mother).14  Expression of CD40L by ac-
tivated neonatal T cells is physiologically reduced, so 
a flow cytometric assay for CD40L expression 
should not be performed too early.  We waited until 
our patient was 21 months old, at which point the 
CD40L expression was clearly abnormal on flow 
cytometry. However, because reduced expression of 
CD40L has also been observed in some patients with 
common variable immunodeficiency, mutation 
analysis of the CD40L gene is ultimately required for 
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final confirmation of XHIM,2 which we did in our 
case.  

 
Female carriers of XHIM can be identified by 

the pattern of X-chromosome inactivation through 
analysis of CD40L expression on activated CD4+ T 
cells or at the cDNA level. However, the randomness 
of X-chromosome inactivation in XHIM limits pre-
dictive accuracy.4 In the family we studied, the pat-
tern of the mother’s CD40L expression on activated 
CD4+ T cells revealed random X-chromosome inac-
tivation. Hence, molecular analysis is the best ap-
proach for carrier detection,2, 4 which disclosed het-
erozygosity for the mutation in our case. In this 
family, we performed CD40L gene analysis for all 
members of the patient’s family, a total of 12 persons. 
Only the patient’s mother was a carrier, so she ap-
parently had a de novo mutation. Levy et al.11 ob-
served that 43% of a cohort of XHIM patients did not 
have a family history of the disease.  Other authors 
suggest about a 50% occurrence of new mutations on 
the X-chromosome.15  

 
In families with X-linked inheritance, pre-

natal diagnosis by means of segregation analysis of 
microsatellite typing of the CD40L gene using 
chorionic villous DNA can be safely attempted in a 
male fetus at 10 weeks of gestation. CD40L on cord 
blood cells should not be relied on as a single tech-
nique for diagnosis because of the obviously com-
plex developmental control of CD40L expression.4 
Recently, platelets have been described as capable of 
expressing CD40L within minutes of stimulation, so 
that flow cytometry is useful for neonatal screening 
and rapid diagnosis.13 In our patient, CD40L expres-
sion on activated platelets was severely reduced.  

 
The therapy for HIM is monthly infusions of 

IVIG at a dose of 400 to 500 mg/kg, which reduces 
the frequency and severity of infections. Regular 
IVIG infusions often also result in a reduction or 
even normalization of serum IgM levels, particularly 
if the infusions are started early in life.2, 13 In our pa-
tient, the serum IgM decreased to the normal range 
(32 mg/dl) with regular treatment. The success of 
IVIG therapy in lowering IgM may be related to 
lower levels of antigenic stimulation and improve-
ment of microbial clearance. Infants with XHIM 
should receive trimethoprim-sulfamethoxazole for 
PCP prophylaxis. Infections that do occur are treated 

with antibiotics specific for the pathogen. If neutro-
penia is severe, it may respond to G-CSF.2,11  In spite 
of all these measures, however, the long-term prog-
nosis of XHIM is still guarded.2,16  Only 20% of pa-
tients survive beyond 25 years of age.11 Severe in-
fections early in life or liver disease later on are the 
major causes of death. 2,4  Hematopoietic stem cell 
transplantation, from either a human leukocyte anti-
gen (HLA)-identical sibling or a matched unrelated 
donor, performed at an early age before significant 
damage has occurred, can cure the disease. Umbilical 
cord blood may be an alternative for those without an 
HLA-matched donor.2,17,18  Our patient’s and his sis-
ter’s HLA-type matched completely (HLA-ABC 
typing: A1101; B27, 60; Cw*07, HLA-DR typing: 
DRB1*09, 12; DQB10301 [DQ7], *0303[DQ9]), 
hence, bone marrow transplantation is now being 
planned.  

 
Our patient also had persistently decreased 

numbers of NK cells.  Stenstad19 reported a boy with 
HIM and associated NK cell deficiency. He sug-
gested that the latter might be due to lack of 
growth-promoting signals normally delivered by 
CD40L and thus might be pathophysiologically re-
lated to HIM. Deficiency of NK cells has been 
documented in the Chediak-Higashi syndrome, 
X-linked lymphoproliferative syndrome, leukocyte 
adhesion defect, severe combined immunodeficiency, 
and other T-cell immunodeficiencies, including 
HIM20 but it is very rare in any of the disorders.  

 
In summary, we have described the clinical 

characteristics and molecular identification of a 
family with XHIM in Taiwan. This disease should be 
considered in a male patient with normal or high IgM 
levels in the face of low serum IgG, IgA and IgE and a 
normal proportion of circulating B cells in spite of no 
family history. Early diagnosis of XHIM is important 
to allow treatment in order to minimize serious in-
fections. Detection of carriers may also allow ap-
propriate genetic counseling.   
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