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Review article 

Endemic infections in Southeast Asia provide new 

insights to the phenotypic spectrum of primary 

immunodeficiency disorders 

Pamela Pui-Wah Lee and Yu-Lung Lau 

Summary 

Primary immunodeficiency disorders (PIDs) 

are rare genetic diseases of the immune system. 

With improving awareness of PIDs among 

clinicians, the number of patients diagnosed with 

PIDs is rising rapidly in Southeast Asia. 

However, delayed diagnosis remains common 

and adversely affects the prognosis of these 

patients. In this review, we provide simple 

phenotypic approach to the diagnosis of PIDs 

based on pattern recognition. Through multi-

centered collaborative studies in the Asian 

Primary Immunodeficiency Network (APID), we 

present unique patterns of infectious diseases 

associated with PIDs in Southeast Asia, including 

BCG disease, tuberculosis, melioidosis, Penicillium 

marneffei and Chromobacterium violaceum 

infections. These initial observations suggest the 

possibility of utilizing these infections that rarely 

affect normal healthy children as ‘indicators’ for 

PIDs, which is of particular relevance for 

clinicians working in Southeast Asia. (Asian Pac J 

Allergy Immunol 2013;31:217-26) 

Key words: Pimary immunodeficiencies, Asian 

Primary Immunodeficiency Network, mycobacteria, 

penicilliosis, melioidosis, Chromobacterium violaceum 

Primary Immunodeficiencies: An overview 

Primary immunodeficiency disorders (PIDs) are 

rare inborn errors of the immunity. PIDs are 

categorized according to defects in various 

components of the immune system (Table 1), and 

more than 150 genetic defects have been identified 

for over 200 entities.
1
 Defects in immune defense 

not only result in susceptibility to infections, but 

immune dysregulation can also lead to autoimmunity, 

autoinflammation, hemophagocytosis, lymphopro-

liferative disorders and malignancy. 

Infections are common in children. On average, 

school-age children younger than 5 years of age may 

have 3 to 8 episodes or upper respiratory tract 

infections per year. Children attending school, day-

care centers or those who have a sibling attending 

school have higher risks, and the frequency can be 

as high as once a month.
2
 Therefore, ‘recurrent 

infections’ is not an uncommon complaint 

encountered in pediatric practice. Infections in an 

otherwise healthy child are usually uncomplicated 

and self-limited. The child should be healthy in 

between episodes and demonstrate normal growth 

and development. PIDs are rare, and recurrent 

infections are more commonly attributable to other 

causes, for example, breach of the natural physical 

barrier such as burn injury, obstruction of the 

physiological system such as obstructive uropathy or 

pulmonary sequestration, and secondary 

immunodeficiencies. If these conditions are 

excluded, PIDs should be considered especially in a 

child with recurrent or persistent infections of 

unusual severity or caused by opportunistic 

organisms, poor physical growth, and presence of 

relevant family history (Table 2).  

The key to detect a PID is to consider such 

possibility by recognizing the pattern of clinical 

presentations (Table 3) and a phenotypic approach 

for PID classification and diagnostics has been 

recently proposed.
3 
Infections are the most common 

clinical presentations of PIDs. Specific immunological 

defects are associated with unique patterns of 

infection, which varies from the susceptibility to a
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Table 1. Categories of PIDs. Readers please refer to the 
complete list of PIDs published by the International Union 
of Immunological Societies Expert Committee for 
Primary Immunodeficiency.

1
 

Categories Examples 

Humoral (antibody) 

deficiencies 

X-linked agammaglobulinemia (XLA)  

Common variable immunodeficiencies (CVID)  

Hyper-IgM syndromes 

Combined 

immunodeficiencies 

Severe combined immunodeficiencies (SCID)  

Complete DiGeorge syndrome 

Phagocytic defects Severe congenital neutropenia (SCN) 

Chronic granulomatous disease (CGD) 

Leukocyte adhesion deficiency (LAD) 

Defects of the innate 
immunity 

Defects of the IL12-IFNγ axis (Mendelian 
susceptibility to mycobacterial infections, 

MSMD) 

Chronic mucocutaneous candidiasis (CMC) 

Herpes simplex encephalitis 

Complement 

deficiencies 

Various genetic deficiencies of complements 

C1q/r/s to C9, factor D, factor H, factor I, 
properdin 

Autoinflammatory 

disorders 

Periodic fever syndromes e.g. hyper-IgD 

syndrome 

Chronic infantile neurologic cutaneous and 

articular syndrome (CINCA)  

TNF receptor-associated periodic syndrome 
(TRAPS)  

Early onset inflammatory bowel disease (IL10 

/ IL10 receptor deficiency) 

Immune 

dysregulation 

Familial hemophagocytic lymphohistiocytosis 

(FHL) syndromes, X-linked 

lymphoproliferative (XLP) syndromes  

Autoimmune lymphoproliferative syndrome 

(ALPS)  

Autoimmune polyendocrinopathy with 

candidiasis and ectodermal dystrophy 

(APECED)  

Immune dysregulation, polyendocrinopathy, 

enteropathy X-linked (IPEX) 

Other well defined 
syndromes 

Wiskott-Aldrich syndrome (WAS) 

Hyper-IgE syndrome (HIES)  

DNA repair defects e.g. ataxia telangiectasia  

Immune-osseous dysplasia e.g. cartilage hair 
hypoplasia 

Source: Lee PP and Lau YL 

broad range of pathogens in severe combined 

immunodeficiency (SCID), to specific organisms as 

a result of defects in innate recognition or signaling 

molecules (Table 4). Identification of such clinical 

patterns can provide useful clues to the diagnostic 

process.  

Table 2.  Diagnostic considerations for children 
presenting with recurrent infections 

Extrinsic or secondary causes of 

immunodeficiencies 

When to consider PID (“Red Flags”)

• Breach of physical barrier: 

• Respiratory: allergic 

rhinitis, ciliary 
dysfunction, cystic 

fibrosis, aspiration 

pneumonia caused by 
oromotor dysfunction or 

gastro-esophageal reflux 

• Skin: atopic eczema, 
burns, bullous skin 

disorder 

• Central nervous system: 

basal skull fracture, spinal 
dermal sinus 

• Urinary: vesicoureteric reflux, 
posterior urethral valve 

• Foreign bodies, e.g. indwelling 

catheters 

• Splenectomy / congenital 

asplenia 

• Secondary 
immunodeficiencies: 

immunosuppressive therapy, 
malignancy, malnutrition, 

protein-losing states (nephrotic 

syndrome, enteropathy), 
diabetes mellitus, renal failure 

• Recurrent/persistent infections 
of unusual severity 

• Infections affecting multiple 
sites  

• Infections that rapidly progress 
with fulminant, life-threatening 

clinical course 

• Frequent use of antibiotics and 
suboptimal treatment response 

• Infections caused by 
opportunistic organisms 

• Failure to thrive 

• Parental consanguinity  

• Family history of recurrent 
infections or early infant deaths  

 

Source: Lee PP and Lau YL 

Early diagnosis has significant impacts on the 

prognosis of PIDs, and has life-saving implications 

for infants with SCID. Timely commencement of 

treatment will prevent organ damage and preserve 

the best outcome for patients whose disease is 

amenable to cure by hematopoietic stem cell 

transplant. While definitive diagnosis of PIDs may 

require sophisticated functional and molecular 

studies, a significant proportion of PIDs can be 

picked up by tests commonly performed, such as 

full blood count and serum immunoglobulin levels. 

The fact that absolute lymphocyte count (ALC) <2.5 

× 10
9
/l is abnormal in infants is often under-

recognized. An infant presenting with recurrent 

infections and failure to thrive with lymphopenia on 

multiple occasions together with absent thymic 

shadow on chest X-ray should lead to a high 

suspicion of SCID. Boys with recurrent 

sinopulmonary infections who have absence of 

tonsils and lymph nodes on examination and low 

immunoglobulin levels may have congenital 

agammaglobulinemia, most likely X-linked 

agammaglobulinemia (XLA). Male infants with 
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Table 3. Common patterns of infectionsraising the 
suspicion of PIDs 

Common patterns of infections in PIDs 

• Recurrent sinopulmonary infections 

• Chronic diarrhea 

• Recurrent cutaneous or soft tissue abscess/fistula 

• Chronic mucocutaneous candidiasis 

• Severe or long-lasting warts, generalized molluscum contagiosum 

• Invasive infections, e.g. meningitis, osteomyelitis, deep organ 
abscess, bacteraemia 

• Opportunistic pathogens, e.g. Pneumocystis jiroveci, 
Cryptosporidium sp., non-tuberculous mycobacteria, disseminated 

varicella or recurrent herpes zoster 

• Systemic fungal infection e.g. candidemia, invasive aspergillosis 

• Complications of live vaccines, e.g. BCG, oral polio, rotavirus, 

varicella 

Source: Lee PP and Lau YL 

eczema, recurrent infections, thrombocytopenia and 

small platelet size on blood film review point to the 

diagnosis of Wiskott-Aldrich syndrome (WAS). 

Delayed separation of umbilical cord and pyogenic 

infections with leukocytosis up to 50x10
9
/L is a 

classical presentation of leukocyte adhesion 

deficiency (LAD). Children with soft tissue and 

deep organ abscesses who have normal blood counts 

and immunoglobulin levels should be tested for 

phagocytic functions to exclude chronic granulomatous 

disease (CGD), and testing of respiratory burst by 

nitroblue tetrazolium test (NBT) or dihydrorho-

damine reduction (DHR) test is increasingly 

available in many immunology laboratories in Asia. 

Readers can refer to excellent guidelines on multi-

stage diagnostic protocols for screening and 

investigations of PIDs.
3,4
 

Genetic diagnosis for PIDs in Asia 

The increasing number of molecular etiologies of 

PID and the rarity of each entity is a challenge for 

establishing a genetic diagnostic service for PID. In 

addition to the technology platform, the 

prioritization and interpretation of genetic tests 

require expertise in clinical immunology, molecular 

genetics and bioinformatics which are often only 

available in academic institutions with research 

interest in PIDs. The RIKEN Research Center for 

Allergy and Immunology (RCAI) in Japan was 

established in 2001 and created a network with 13 

universities and colleges (Primary Immunodeficiency 

Database in Japan, PIDJ). The research program is 

funded by the Japanese Ministry of Health, Labor 

and Welfare to conduct epidemiological, pathological, 

diagnostic, and therapeutic studies on primary 

immunodeficiencies.
5
 In Taiwan, a national PID 

diagnostic service at Primary Immunodeficiency 

Care and Research (PICAR) Institute, Chang Gung 

Memorial Hospital was supported by the Taiwan 

Foundation for Rare Disorders.
6
 For the rest of Asia, 

government or non-government organization (NGO) 

supported PID diagnostic service is largely 

unavailable.  

In 2009, the Asian Primary Immunodeficiency 

(APID) Network with the genetic diagnostic 

laboratory based in The University of Hong Kong 

was established.
7,8
 The mission is to promote 

knowledge exchange in terms of scientific discoveries, 

clinical management and service needs of PID. 

Based on research collaborations, genetic tests are 

offered free of charge to patients referred from over 

50 hospitals in mainland China, Taiwan, the 

Philippines, Singapore, Thailand, Malaysia, 

Vietnam, India and the Kingdom of Bahrain. By 

July 2013, the APID Network has received over 

1,300 patient referrals, and PID was genetically 

confirmed in 455 patients. The top 5 genetic 

diagnoses established for patients referred to the 

APID Network are XLA, WAS, X-CGD, X-SCID 

and X-HIM and altogether they constituted 90% of 

all types in the APID cohort. All of them are X-

linked PIDs as parental consanguinity is uncommon 

in Eastern and Southeast Asia (<3%), and most of 

the autosomal recessive disorders are caused by 

compound heterozygous mutations.
8 

The wealth of clinical and genetic data collected 

in the APID database provides unique information 

on PIDs in Asia which is not otherwise known to 

researchers in Western countries. While majority of 

patients have typical presentations as described in 

classical literature,
9-12

 findings from the APID 

network suggest that Mycobacteria tuberculosis and 

M. bovis BCG, Chromobacterium violaceum, Burkholderia 

pseudomallei and Penicillium marneffei infections 

of unusual severity could represent ‘red flags’ for 

PID unique to Southeast Asia.  

Tuberculosis and M. bovis BCG 

Tuberculosis is endemic in Asia. Out of 22 

countries with high tuberculosis burden, 10 are 

Asian countries.
13
The policy of universal BCG 

vaccination shortly after birth is adopted in all Asian 

countries. BCG is a live vaccine and has the 

potential to cause local disease and systemic 

dissemination in immunocompromised hosts. In 

infants affected by vertical transmission of HIV, the 

incidence of disseminated BCG is 400-1,300 per 

100,000 recipients.
14
Similarly, BCG can cause life-
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Table 4. Pathogen susceptibility in PIDs 

(Abbreviations: APECED, autoimmune polyendocrinopathy, candidiasis and ectodermal dysplasia);CGD, chronic granulomatous disease; CID, 

combined immunodeficiency; CVID, common variable immunodeficiency; HIMS, hyper-IgM syndrome; HIES, hyper-IgE syndrome; LAD, 
leuckocyte adhesion deficiency; SCID, severe combined immunodeficiency; WAS, Wiskott-Aldrich syndrome; XLP, X-linked 

lymphoproliferative syndrome) 

 

Pathogens PIDs 

Bacteria 

• Gram-positive encapsulated bacteria: Streptococcus 
pneumoniae, H. Influenzae 

 

 

• Staphylococcus  

 

• Meningococcus 

• Gram-negative bacteria: Escherichia coli, Pseudomonas 
aeruginosa,Klebsiella sp., salmonella 

 

• Nocardia, Serratiamarcesens 

• Burkholderia species e.g. B. cepacia, B. pseudomallei 

• Mycobacteria e.g. M. tuberculosis, non-tuberculous 
mycobacteria such as M. bovis BCG, M. abscessus,  M. 

avium intracellulare 

 

Antibody immunodeficiency, CVID, selective antibody deficiency (anti-

polysaccharide antibody), WAS, deficiencies of early components of 
complement classical pathway (C1, C4,C2), C3, factors I and D 

Selective susceptibility to severe pneumococcal infection: IRAK4, 

MyD88 deficiency 

CGD, neutropenia, LAD, HIES, Chédiak-Higashi syndrome, IRAK4 

deficiency 

Complement deficiency 

SCID, neutropenia, CGD, LAD, agammaglobulinemia  

Selective susceptibility to non-typhoidal salmonella: defects in IL12-IFNγ 

axis 

CGD 

CGD 

SCID, CGD, monogenic defects in IL12-IFNgamma axis, Defects of 

NEMO-dependent NF-κB activation, X-HIM (CD40 ligand deficiency) 

Virus 

• Herpes simplex encephalitis 

• Epstein-Barr virus associated hemophagocytic syndrome, 

lymphoproliferation and malignancy 

• Cytomegalovirus or adenovirus infections 

• Respiratory syncytial virus, parainfluenza virus 

• Enterovirus 

• Human papillomavirus (warts) 

• Vaccine-associated poliomyelitis (oral polio vaccine)                                                           

 

TLR3, UNC93B and NEMO deficiency, complete STAT1 deficiency 

XLP1 (Duncan’s disease, SH2D1A), XLP2 (XIAP), ITK deficiency, 
CID, CVID 

SCID, CID, WAS 

SCID, CID 

SCID, agammaglobulinemia 

SCID, CID, AR-HIES (DOCK8), epidermodysplasia verruciformis 

(EVER1/EVER2 defect), WHIM syndrome 

SCID, agammaglobulinemia 

Fungi 

• Pneumocystis jiroveci 

• Chronic mucocutaneous candidiasis 

• Invasive candidiasis, aspergillosis 

• Penicillium marneffei 

• Histoplasma capsulatum 

 

 

SCID, idiopathic T-lymphopenia, CVID, X-HIM (CD40 ligand 
deficiency), WAS 

SCID, idiopathic T-lymphopenia, congenital neutropenia, hyper-IgE 

syndrome, dectin-1 deficiency, CARD9 deficiency, APECED, gain-of-
function STAT1 disorder, IL17A deficiency 

SCID, idiopathic T-lymphopenia, congenital neutropenia, hyper-IgE 

syndrome, CGD, LAD 

SCID, idiopathic T-lymphopenia, neutropenia, gain-of-function STAT1 

disorder 

Idiopathic T-lymphopenia, X-HIM (CD40 ligand deficiency), hyper-IgE 
syndrome, gain-of-function STAT1 disorder, Autosomal dominant form 

of IFN-γ receptor 1 deficiency 

Parasites 

• Giardia 

• Cryptosporidium 

 
Agammaglobulinemia, CVID, IgA deficiency, HIM 

X-HIM (CD40 ligand deficiency) 

Source: Lee PP and Lau YL 
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threatening disease in children with SCID, CGD, 

CD40 ligand deficiency, and defects of the IL12-

IFNγ axis (Mendelian susceptibility to 

mycobacterial diseases, MSMD).
15 

Persistent 

discharge and ulceration at the site of BCG 

inoculation is the most common initial presentation, 

and some progress to have manifestations of 

systemic dissemination which include osteomyelitis, 

hepatosplenic abscess, pneumonia and bone marrow 

involvement (Figure 1).  

In the APID cohort, BCG disease affected 25% 

of infants with SCID who were often only diagnosed 

when they presented later with other systemic 

infections.
11
 On the other hand, 43% of CGD 

patients developed BCG disease, compared with 

only 8% in Europe.
16
 IL12 receptor β1 deficiency 

was diagnosed in 9 patients with BCG disease, and 

one patient with STAT1 mutation had recurrent 

BCG meningitis. In Taiwan, dominant-negative 

mutations of the interferon-γ receptor 1 (IFNGR1) 

gene were identified in 3 patients with BCG 

disease.
17
 Disseminated BCG is extremely difficult 

to treat, especially in SCID patients. Despite the use 

of combination anti-mycobacterial agents, the 

chance of complete eradication is low unless 

functional immune response is restored by stem cell

transplant. Furthermore, it is associated with 

significant transplant-related morbidities by causing 

inflammatory complications upon immunoreconstitution. 

Multiple BCG reactivations can occur in patients 

with CGD and MSMD, and BCG can remain latent 

until reactivations take place in adulthood and 

manifest as disease.
18
 

As BCG vaccine is given to all infants at birth, 

BCG-related complications may provide an early 

opportunity to pick up potential underlying 

immunodeficiency before other more serious 

infections set in. Special attention should be given to 

infants with family history of BCG vaccine 

complications, and one may need to consider 

withholding routine BCG vaccinations until 

appropriate investigations are carried out. In Taiwan 

where newborn screening of SCID is implemented, 

BCG vaccination is deferred until the result is 

available so as to avoid administering BCG to 

infants who may have underlying T-cell deficiency.  

A high incidence of tuberculosis (TB) was 

observed in patients with CGD from China, South 

Africa, Iran, Argentina and Brazil where it is 

endemic.
9,19-22

 In a cohort of 17 Chinese CGD 

patients, 7 of them developed TB giving an overall 

incidence of 10.4 cases over 100 patient follow-up

Figure 1. Disseminated BCG leading to diagnosis of X-SCID. A 5-month old boy presented with persistent ulceration of 
the BCG site (A) and multiple erythematous nodules in the limbs (B and C). He was also noted to have proximal 
phalangeal swelling of the right index and middle fingers for 2 months (D), and bone scan showed increased uptake at 
the corresponding region (E). Hepatosplenomegaly was found on physical examination, and ultrasound of the abdomen 
showed multiple nodules in the spleen (F). M. bovis BCG was cultured from skin biopsy. Lymphocyte subset showed 
absence of T-cells and the pattern is compatible with T−B+NK− SCID (G), which is genetically confirmed by 
identification of a nonsense mutation p.Q188X of the IL2RG (common γ-chain) gene (H).  
 



Asian Pac J Allergy Immunol 2013;31:217-26 

 

222 

 

years, which far exceeds that of age-matched local 

population.
9  
Most had extensive disease with distant 

spread or recurrence requiring prolonged course of 

anti-TB treatment. The decision to initiate 

immunological investigations to evaluate for 

underlying PIDs in patients with TB can be a 

challenge to clinicians working in endemic region, 

but should be considered if the patient has 

complicated TB and past history of pyogenic or 

fungal infections.  

Melioidosis 

Melioidosis is caused by the environmental 

gram-negative bacillus Burkholderia pseudomallei.
23 

Melioidosis is endemic in Southeast Asia and the 

Northern Territory of Australia, corresponding to 

the tropical latitudes between 20°N and 20°S. 

Northern Thailand is the most endemic area and the 

annual incidence is up to 50 cases per 100,000 

people. Other endemic regions include Vietnam, 

Malaysia, Singapore, Cambodia, Myanmar and 

Laos. Cases have also been reported in Southern 

China, Hong Kong, Taiwan, areas of the Indian 

subcontinent, Central America and various Pacific 

and Indian Islands. Environmental risk factors 

include unprotected exposure to soil and water, and 

affected persons often have a history of injury. 

Seasonal pattern is observed and most cases occur 

during the rainy season.
24
 Incidence peaks between 

40-60 years of age, and up to 80% of patients have 

underlying risk factors such as diabetes mellitus, 

alcoholism, chronic lung disease, nephropathy, 

thalassemia, steroid therapy and malignancy. 

Pneumonia and bacteremia are the most common 

clinical manifestations and occur in over 50% of 

patients. Other disease manifestations include soft 

tissue abscess, liver and splenic abscess, 

lymphadenitis and osteomyelitis.
23
 

Children under the age of 15 years account for 

only 10-15% of the total number of cases in 

Thailand,
24
 and even less in Malaysia (5.5%),

25
 

Australia (5%)
26
 and Singapore (2.4%).

27
 In 2 

pediatric series from Thailand, over 60% of patients 

had localized form and none of them had underlying 

diseases.
28,29

 A unique feature is the frequent 

occurrence of suppurative parotitis which accounts 

for 40% of pediatric melioidosis in Thailand
30
 and 

Cambodia
31
 but is exceedingly rare in Australia.

26
 

Among children with septicemic forms, over half 

had co-morbidities such as diabetes, aplastic anemia, 

hematologic malignancy, nephrotic syndrome and 

chronic renal disease.
28,29

 

Other Burkholderia species such as B. cepacia 

and B. gladioli are well recognized to cause 

fulminant infections in CGD patients.
15,32

 Isolated 

cases of melioidosis were reported in children with 

CGD in the literature. The first case was reported in 

1971 by Tarlow, who described a 2 year-old 

Caucasian boy residing in Singapore.
33
The 

occurrence of B. pseudomallei osteomyelitis led to 

the investigations and diagnosis of CGD. The 

second case was an 11 year-old boy living in Puerto 

Rica who was known to have X-CGD, presenting 

with fever, productive cough, supraclavicular and 

mediastinal lymphadenopathy. B. pseudomallei was 

isolated from lymph node biopsy, but despite 6 

weeks of intravenous therapy he died 3 weeks after 

discharge.
34
 The third patient from French West 

Indies had B. pseudomallei pneumonia and 

peritonitis at 4 years old, and he was diagnosed to 

have CGD at 12 years old when he developed liver 

abscess.
35
 

In Hong Kong, a 40 year-old man who had 

history of fulminant melioidosis and miliary TB was 

diagnosed to have X-linked CGD of attenuated 

phenotype as residual oxidative burst activity was 

observed by nitroblue tetrazolium test.
7
 Within the 

APID network, a 12 year-old Chinese boy from 

Singapore was confirmed to have X-linked CGD 

after he succumbed to fulminant melioidosis. His 

younger brother also died of melioidosis at 2 years 

old, and although genetic test was not performed it 

was possible that he was similarly affected by CGD. 

The clinical presentations of melioidosis in CGD 

patients are summarized in Table 5. These examples 

suggest that melioidosis could be a unique 

presenting infection in patients with CGD who do 

not otherwise have the classical clinical phenotype. 

Chromobacterium violaceum 

C. violaceum is a saprophytic bacteria which is 

largely confined to tropical and subtropical regions. 

It is an extremely rare infection with no more than 

200 cases reported worldwide. Human infection was 

first documented in 1927 in Malaysia, and was later 

reported in Singapore, Vietnam, Thailand, Sri 

Lanka, Taiwan, Hong Kong, India, Australia, 

southeastern region of the United States, as well as 

Latin American countries including Brazil and 

Argentina.Persons infected by C. violaceum often 

have prior history of traumatic exposure tosoil, 

marine environment and stagnant water. After entry 

to the body, C. violaceum disseminates via the 

bloodstream and causes metastatic abscess in the 

lungs, liver and spleen. It is resistant to many
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commonly used first-line antibiotics such as 

penicillin, ampicillin, first and second-generation 

cephalosporins. Disease progression is rapid and the 

mortality is over 50%.
38
 

C. violaceum infection was recognized to occur 

at an unusually high frequency in CGD patients in 

Florida and Louisiana in South United States.
39
 

From a literature review of 25 children with invasive 

C. violaceum infection, 9 patients (36%) had CGD.
40
 

A few cases of C. violaceum sepsis were reported in 

CGD patients from Thailand,
41-43

 Malaysia,
44
 and 

India.
45
 In a cohort of 7 Thai CGD patients, the 

diagnosis of CGD was prompted by C. violaceum 

infection in 3 patients. Similarly, fulminant C. 

violaceum sepsis led to the diagnosis of CGD in a 13 

year-old boy from the United States.
46
In Hong 

Kong, a boy with known X-CGD died of C. 

violaceum infection at the age of 10 years. In 

addition, a 40 year-old man who was the elder 

brother of the X-CGD patient with history of miliary 

TB and melioidosis (described in the previous 

section), died of fulminant C. violaceum sepsis. He 

experienced trivial trauma during a camping activity 

near a pond, and later developed a 1-cm forearm 

abscessfollowed by rapidly spreading cellulitis, 

sepsis, multi-organ failure and death within 24 hours 

of admission.
47,48 

The diagnosis of X-CGD in his

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

younger brother led to the suspicion that he was 

similarly affected. These cases suggested that C. 

violaceum infection can be a clinical indicator of 

underlying immunodeficiency, especially phagocytic 

dysfunction.  

Penicillium marneffei 

Penicillium marneffei is a pathogenic fungus 

endemic in Southeast Asia.
49 

Penicilliosis is an 

AIDS-defining illness and following the exponential 

rise in HIV prevalence in Southeast Asia, 

penicilliosis emerged as a clinically significant 

opportunistic infection.
50 
Less commonly, penicilliosis 

occurs in patients with immunodeficiency secondary 

to diabetes mellitus, immunosuppressive therapy, 

and solid organ or hematopoietic stem cell 

transplant. Clinical manifestations include 

pneumonia, cytopenia, skin lesions, lymphadenopathy 

and hepatosplenomegaly but many patients have 

disseminated disease with rapid progression to 

multi-organ failure and death because of their 

immunocompromised state.
51 

Little is known about the patients who suffer 

from penicilliosis but without HIV infection or 

secondary immunodeficiencies. A systematic 

literature review of 509 cases of P. marneffei 

infection published in the Chinese and English 

literature from 1970 – 2011 revealed 32 patients 

Table 5.   Melioidosis in CGD patients 
 

Year Locality Gender CGD type Age at the time  

of melioidosis 

Presentation Outcome 

1971  

(Tarlow)33 

Caucasian 

residing in 

Singapore  

Male Unknown 2 years Fever, irritability, meningism 

Membrane formation in pharynx, culture  

positive for B. pseudomallei 

Toe and finger abscesses, bone curettings 

positive for B. pseudomallei 

Recovered 

1998  

(Dorman et al.)34 

 

Puerto Rico Male X-CGD 11 years Fever, right neck pain, productive cough 

Supraclavicular and mediastinal 

lymphadenopathy, biopsy was positive for  

B. pseudomallei 

Died 3 weeks after 

discharge 

2006 

(Renella et al.)35 

French West 

Indies 

Male X-CGD 4 years Right lower lobe pneumomia and peritonitis  

caused by melioidosis at 4yr; liver abscess at  

12 year and diagnosed CGD 

Recovered  

Present report  Hong Kong Male X-CGD 40 years Fulminant pulmonary melioidosis and  

systemic diseases 

Recovered 

Present report Singapore Male X-CGD 12 years Fever, acute encephalopathy, right middle  

lobe pneumonia, B. pseudomallei bacteremia, 

 multi-organ failure 

Younger brother died of B. pseudomallei 

septicemia at 2 years 

Died 
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aged 3 months to 16 years with no known HIV 

infection, and 8 of them had PIDs or blood disorders 

while 4 had abnormal immune functions. The PIDs 

associated with penicilliosis included SCID, 

common variable immunodeficiency (CVID), 

hyper-IgM syndrome, hyperIgE syndrome and 

congenital neutropenia (Kostmann syndrome) but 

immune evaluations of the remaining patients were 

not stated.
52
 Autoantibody against interferon-γ was 

demonstrated in adult patients with penicilliosis and 

concomitant non-tuberculous mycobacterial 

infection, non-typhoidal salmonellosis or 

melioidosis, suggesting the importance of the IL12 / 

interferon-γ axis in the host defense against these 

pathogens.
53
 

Within the APID network, 4 pediatric patients 

with penicilliosis and chronic mucocutaneous 

candidiasis (CMC) were investigated for PIDs. One 

of them was genetically confirmed to have 

autosomal dominant hyper-IgE syndrome as she had 

history of staphylococcus bacteremia and recurrent 

pneumonia complicated by pneumatocele formation, 

in addition to disseminated penicilliosis. For the 

remaining 3 patients, heterozygous STAT1mutations 

were identified.
54
 Autosomal dominant gain-of-

phosphorylation STAT1 defect is recently identified 

to be the genetic cause of familial CMC.
55,56

 While 

most reported cases had isolated mucocutaneous 

candidiasis, a few of them had candidemia, 

disseminated aspergillosis, coccidioidomycosis and 

histoplasmosis.
56
The identification of penicilliosis in 

these patients expands the current knowledge on the 

phenotypic spectrum of autosomal dominant STAT1 

mutations, and reveals the importance of STAT1-

mediated signaling in innate immune defense 

against P. marneffei.  

Conclusion 

Tuberculosis, melioidosis, penicilliosis and C. 

violaceum infections are diseases which are endemic 

in Southeast Asia. However, it should be noted that 

most individuals suffering from these infectious 

diseases have risk factors including old age, 

underlying chronic illness and acquired 

immunodeficiencies. Pediatric patients without these 

obvious risk factors should receive special attention 

for potential undiagnosed immunodeficiencies, 

especially in those with ‘red flags’ of PIDs. It should 

also be noted that these endemic infections can be 

the initial presenting illness for patients with CGD, 

defects in IL12-IFNγ axis or innate defects of fungal 

recognition and signaling pathways. In particular, 

penicilliosis should be regarded as a clinical 

indicator of PID in patients who are HIV-negative 

and without apparent secondary immunodeficiency.  

Endemic infections unique to Asia provide 

exciting potentials for research in PIDs. Systematic 

data collection and documentations through multi-

centered collaborative studies will provide important 

epidemiological and clinical information on children 

with these rare infections. The establishment of 

diagnostic protocols will facilitate the identification 

of known PIDs, and opens the opportunities of 

discovering novel PIDs through next generation 

sequencing. Above all, the priority in Southeast Asia 

is to promote awareness among healthcare workers, 

and to secure resources for diagnosing and treating 

these patients.  
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