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Antibody deficiency is the most common class  
of immune deficiency in children and adults.  
Delayed diagnosis can result in preventable 
complications such as life-threatening bacterial 
infections and bronchiectasis. Where available, 
immunoglobulin replacement therapy is the 
treatment of choice for primary antibody deficiency 
syndromes to prevent recurrent infections and 
irreversible organ damage. Immunoglobulin 
replacement therapy has also been used to  
prevent infection in secondary immune deficiencies 
as well as to support bone marrow transplantation. 

More recently, the use of plasma derived 
immunoglobulin products has expanded into 
immunomodulatory therapy for the treatment of a 
growing number of immune mediated conditions, 
and uptake of immunoglobulin products has 
increased significantly. This has resulted in increased 
demand for immunoglobulin products and highlighted 
the need to develop clinical guidelines to support 
optimal use of these products in the treatment 
of immune disorders. Whilst guidelines on the 
indications for immunoglobulin therapy have been 
produced across the globe, no specific document 
existed in the Asia Pacific region to provide guidance 
for immunologists and other clinicians on the 
approach to immunoglobulin replacement therapy for 
immune disorders in clinical practice. 

In recognition of the growing economic and 
educational cooperation between Asia Pacific 
countries, the Asia Pacific Immunoglobulins in 
Immunology Expert Group (APIIEG) was formed to 

develop consensus recommendations for the use of 
immunoglobulin products in immune disorders in the 
region. The first objective was to develop consensus 
recommendations regarding immunoglobulin 
replacement therapy in immune deficiency. The 
members of APIIEG were invited to take part in 
this endeavour due to their specific knowledge 
and experience with immunoglobulin replacement 
therapy for immune deficiencies and their willingness 
to devote significant time to the process. The first 
meeting of the group took place in October 2006. 
By February 2008, the group established itself as 
an incorporated association. Following 17 months of 
vigorous debate, the consensus recommendations 
were finalised and ratified by the group in April 2008. 
During the development of the recommendations, 
APIIEG sought comment from the Asia Pacific 
Association of Allergy, Asthma and Clinical 
Immunology (APAAACI) and the Australasian Society 
of Clinical Immunology and Allergy (ASCIA), and I 
am proud to say that the final document has been 
endorsed by APAAACI and reviewed by ASCIA.

The aim of the Consensus Recommendations for 
the Use of Immunoglobulin Replacement Therapy 
in Immune Deficiency is to support immunologists 
and other clinicians in their use of immunoglobulin 
products in clinical practice. The consensus 
document provides practical recommendations 
on: evaluation of humoral immune responses 
in patients, when to consider the diagnosis of 
antibody deficiency, indications for immunoglobulin 
replacement therapy in primary as well as secondary 

Consensus recommendations for the use of  
immunoglobulin replacement therapy  
in immune deficiency 
Asia Pacific Immunoglobulins in Immunology Expert Group Inc (APIIEG) 

Foreword
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antibody deficiency and appropriate administration 
and monitoring of immunoglobulin replacement 
therapy. A discussion of adverse effects associated 
with immunoglobulin replacement therapy is also 
presented. 

These consensus recommendations have been 
produced from evidence based literature and expert 
opinion. As knowledge about and experience with 
immunoglobulin replacement therapy increase, 
revision of clinical practice will be required. It 
is the intention of the authors to update these 
recommendations annually, or as the need arises. 
This second edition, published in July 2009, contains 
minor editorial amendments to the text published in 
the first edition in June 2008, and is available from 
the Group’s website: www.apiieg.org

In addition to creating the consensus 
recommendations, the ‘Statement of Purpose’ of the 
Asia Pacific Immunoglobulins in Immunology Expert 
Group is to organise symposia and conventions on 
the subject of immunoglobulins and their use in 
immune disorders. The launch of edition 1 of these 
consensus statements at the 13th International 
Congress on Infectious Diseases in June 2008 in 
Kuala Lumpur, Malaysia, and at the 19th ASCIA 
Annual Scientific Meeting in Melbourne, Australia on 
November 2009, were the first of many activities to 
inform clinicians in the region. 

Finally, consensus recommendation documents are 
significant undertakings and I would like to thank all 
the members of the group for their dedication and 
hard work. I would like to extend a special thank you 
to our families for supporting us during the creation 
of this document, which often involved time away 
from home and additional commitments on top of 
our already busy schedules. 

A/Prof Mimi Tang

Chair, Asia Pacific Immunoglobulins in Immunology 
Expert Group Inc.

July 2009 

FOREWORD
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Endorsement

It is a great pleasure for me to write a foreword for the timely recommendations for the use of immunoglobulin  
replacement therapy in immune deficiency in the Asia Pacific. 

The region is the world’s most populated area with over 4 billion residents (over 60% of the world population). 
Certainly, a large number of patients with immune deficiency, particularly with B cell defects, exist in this region  
of the world. Treatment of patients with such disorders has been problematic throughout the Asia Pacific, not  
only because of lack of IVIg but also because of difficulty in arriving at a correct diagnosis. 

These Consensus Recommendations not only provide information on IVIg treatment but also contain significant 
recent information on appropriate diagnosis of diseases due to B cell defects. These Consensus Recommendations 
represent a mini-primer for B cells defects for those who are interested in the diagnosis and treatment of primary 
immunodeficiencies, particularly for immunologists and physicians who care for such patients in the region. 

On behalf of the Asia Pacific Association of Allergy, Asthma and Immunology (APAAACI), I would like to congratulate the 
Asia Pacific Immunoglobulins in Immunology Expert Group Inc (APIIEG), particularly Associate Professor Mimi Tang, for 
taking up such a formidable task. I would also like to thank Associate Professors, Orathai Piboonpocanun and Voravich 
Luagnwedchakarn (Faculty of Medicine Siriraj Hospital, Mahidol University), Pantipa Chatchatree (Faculty of Medicine, 
Chulalongkorn Hospital) and Lynette Pei-Chi Shek (Faculty of Medicine, National University of Singapore) for agreeing  
to review this document. 

APAAACI, in endorsing this document, wish that these Consensus Recommendations will be the beginning of continuing 
efforts that will lead to an improvement of care of such patients in the region. Efforts to increase availability of IVIg and to 
make such treatment affordable in the region are highly recommended. 

Professor Pakit Vichyanond, MD 
Faculty of Medicine Siriraj Hospital, 
Bangkok Thailand

President, Asia Pacific Association of Allergy, Asthma and Clinical Immunology (APAAACI)

Message from the President of the Asia Pacific Association of Allergy, Asthma and  
Clinical Immunology (APAAACI) on

Consensus Recommendations for the Use of Immunoglobulin  
Replacement Therapy in Immune Deficiency – 2008 
As published by Asia Pacific Immunoglobulins in Immunology Expert Group Inc (APIIEG)
 
June 9, 2008

These guidelines have been reviewed by the Australasian Society of Clinical Immunology  
and Allergy (ASCIA). ASCIA is the peak professional body of Clinical Immunologists and  
Allergists in Australia and New Zealand. Website: www.allergy.org.au
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Chapter 1

There are more than 150 primary immunodeficiency 
syndromes (PIDs) described1 as well as a range of 
secondary immune deficiency states. The PIDs have 
been classified into combined B and T cell 
deficiencies and predominantly antibody deficiencies 
(see Table 1 A and B), and other well defined 
immunodeficiency syndromes. The hallmark 
presenting feature is infection. Immunoglobulin 
replacement is the mainstay of therapy for the 
predominantly antibody deficiencies, but it is also an 
important therapeutic modality in combined T and B 
cell immune deficiency syndromes.

Antibody deficiency disorders constitute a group of 
heterogenous disorders ranging from inherited PIDs 
to acquired disorders of immune defense (see 
chapters 3-6). The early diagnosis of PID requires a 
high index of suspicion as the presentation is usually 
nonspecific. A delay in diagnosis has adverse effects 
on the clinical outcome, as it can result in irreversible 
damage to affected organs such as bronchiectasis 

and chronic lung disease, and in some cases,  
even death. 

Antibody deficiency should always be considered in 
patients presenting with severe, unusual, frequent or 
recurrent infections. The most common clinical 
manifestations are bacterial infections of the sinuses, 
ears and lungs, but other features may be more 
subtle (see below). Unfortunately, underlying immune 
defects are commonly overlooked, and delays in 
diagnosis and treatment may lead to detrimental 
effects on outcome, as early treatment is paramount 
in preventing long term complications. The presenting 
clinical manifestations depend largely on the type 
and severity of the underlying immune defect. 
Children may present with failure to thrive and  
adults with weight loss. In patients with milder 
phenotypes, the clinical examination may be  
entirely negative. Warning signs of a possible 
underlying immunodeficiency disorder have been 
developed by the National Primary Immunodeficiency 
Resource Centre (http://www.info4pi.org/index.cfm?
CFID=4441749&CFTOKEN=89405863) 2 and the 
European Society of Immunodeficiencies.3 A list of 
clinical presentations which may suggest an 
underlying immunodeficiency has been adapted from 
these resources and is shown in Table 2. This list is 
not exhaustive, but aims to provide practising 
clinicians with an awareness of when to consider 
immunodeficiency in their patients. Modifications  
of this list may be considered by the respective 
specialists to tailor to regional differences. 

When to consider a diagnosis of antibody deficiency

	 •	 The	hallmark	clinical	presentation	is	infection

	 •	 The	type	of	infection	provides	a	clue	to	the		
  underlying immune defect and condition

	 •	 Antibody	deficiency	is	the	most	common	 
  class of immune deficiency

	 •	 Antibody	deficiency	may	be	a	feature	of	either 
  a primary or secondary immune disorder

	 •	 Diagnosis	may	often	be	delayed	and	result	in		
  preventable complications
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Age of presentation

The age of onset of symptoms in severe antibody 
disorders such as X linked agammaglobulinaemia 
(XLA) is typically in the second six months of life 
when passively acquired maternal antibodies have 
diminished. However, the diagnosis is often made 
much later. In a large US series of XLA, the mean age 
of diagnosis was 5.4 years, although it may be earlier 
in those with a positive family history (2.6 years).4 

Common variable immunodeficiency disorders 
(CVIDs) on the other hand tend to present beyond 
the first five years of life and often into adulthood, 
due to a later onset of symptoms.5 It should be noted 
that the phenotype of these immunodeficiency 
syndromes is known to be highly variable. For 
example, XLA may present with first symptoms in 
adulthood,6 when CVIDs and acquired antibody 
deficiencies are usually identified. This emphasises 
the point that PIDs do not only present in childhood 
and must also be considered in adults 7, 8 when 
acquired (late onset) immunodeficiency disorders are 
more common. Reaching a diagnosis in adult patients 
is as important as it is in children, as an early 
diagnosis is critical for a favourable outcome.

Infections

An increased susceptibility to infection is the 
hallmark of immunodeficiency disorders, including 
antibody deficiency. In particular, infections that are 
severe, recurrent, unusual or chronic and require 
frequent courses of antibiotic therapy or result in 
organ damage and dysfunction, should alert the 
clinician to a possible underlying immunodeficiency 
syndrome. Primary immune deficiency should be 
considered following a single severe infection. Adult 
patients are often only diagnosed after many years of 
recurrent infection by which time they have 
developed complications such as bronchiectasis, so 
early suspicion of immune deficiency is important. 

Pyogenic sinopulmonary infection, including otitis 
media, is common in patients with antibody 
deficiency disorders, and the incriminating infective 
organisms are often the encapsulated bacteria; 
namely Streptococcus pneumoniae and Haemophilus 
influenzae. However, infections due to several other 
bacteria such as Staphylococcus spp, Pseudomonas 
spp, and Salmonella, are also well documented. 
Persistence of these infections often results in 
sequalae such as bronchiectasis and mastoiditis,  

and therefore these complications are important 
indicators for evaluating antibody function to exclude 
antibody deficiency disorders. In those with severe 
antibody deficiency, bacteraemia and sepsis involving 
the encapsulated bacteria is not uncommon, with 
case reports of other unusual bacteria such as 
Campylobacter lari 9 and Helicobacter cinaedi.10

In the absence of obvious antibody deficiency, 
recurrent otitis media and chronic otorrhoea may  
also be a manifestation of specific antibody 
deficiency (defined as poor serological response  
to polysaccharide antigens but normal levels of 
immunoglobulins and IgG subclasses, and normal 
responses to protein antigens 11, 12 (Refer to Chapter 4).

Persistent or chronic diarrhoea may be a feature of 
antibody deficiency. The ensuing malabsorption 
results in failure to thrive in children and significant 
weight loss in adults. In a series of cases with XLA 
and common variable immunodeficiency disorders, 
these gastrointestinal manifestations were related to 
wide ranging aetiologies including parasitic 
infestation such as giardiasis, small bowel lymphoma, 
inflammatory bowel disease and non-specific  
villous atropy.13,14 

Viruses. In general, patients with antibody 
deficiency do not experience severe viral infections. 
An exception is where there is an associated T cell 
defect (eg Epstein Barr virus infections in X-linked 
lymphoproliferative disease, or respiratory syncitial 
virus in severe combined immunodeficiency). In 
patients with isolated antibody deficiency such as 
XLA, enteroviral infections may be complicated by  
a persistent meningoencephalitis and may be 
associated with a dermatomyositis-like illness.15,16,17 
Additionally, vaccine associated poliomyelitis can 
result from chronic infection after vaccination with 
live attenuated polioviruses (oral Sabin).18-20 These 
infections may be related to chronic infection of the 
gut by vaccine-derived poliovirus and patients may 
continue to excrete large amounts of virus for years.21 

Chronic arthritis may be a manifestation of 
hypogammaglobulinaemia, and may be the 
presenting problem. Monoarthritis or oligoarthritis  
is the usual pattern. Besides bacterial infections, 
infections with echoviruses, coxsackieviruses, 
adenoviruses,4 and Ureaplasma urealyticum 22 have 
been identified in the joint fluid of these patients.  
In some cases however, the arthritis may have no 
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demonstrable relation to chronic infection and may 
therefore be a manifestation of autoimmunity.23,24. 

Opportunistic infections occur as a result of 
immunodeficiencies associated with innate, T cell  
or severe combined B and T cell defects (eg severe 
combined immunodeficiency (SCID)) rather than in 
predominantly antibody immunodeficiencies. Those 
with SCID have profound defects in cell mediated 
immunity and may present in early infancy with 
persistent infections with Candida albicans, 
Pneumocystis jiroveci (carinii) pneumonia, 
cytomegalovirus, Epstein Barr virus, and vaccination 
with Bacillus Calmette-Guerin infection can result in 
dissemination. The persistence and severity of these 
infections almost invariably results in failure to thrive. 
Gram positive and gram negative sepsis are common 
manifestations. Common childhood infections such 
as varicella-zoster virus, adenovirus and other 
respiratory viruses may be acute and life threatening 
in these children. Infants with SCID also lack the 
ability to reject allografts, leaving them at risk for 
graft versus host disease, either from T cell  
depleted haploidentical parental transplants  
or persistence of maternal cells, for which an 
eczematous rash, splenomegaly and eosinophilia  
are common manifestations.25

Haematological manifestations 

The most common are the cytopaenias,  
which are most often autoimmune in aetiology.

Thrombocytopenia, particularly immune 
thrombocytopaenic purpura, autoimmune  
haemolytic anaemia, neutropenia, lymphopaenia and 
splenomegaly can occur, particularly in CVIDs.26 
Other primary immunodeficiency conditions also 
have specific cytopaenias such as hyper IgM 
syndrome and Wiskott-Aldrich Syndrome. 

A wide range of autoimmune disorders from 
systemic autoimmunity such as systemic lupus 
erythematosus to more organ-specific disorders such 
as inflammatory bowel disease and pernicious 
anaemia have also been described in PID. Arthritis 
may be the presenting problem, particularly in CVIDs, 
and is more often septic or aseptic than autoimmune. 
However, arthritis mimicking rheumatoid arthritis has 
also been described in CVIDs.27

Granulomatous diseases

Although not confined to CVIDs, the development 
of granulomatous inflammation with sarcoid-like 
lesions has been well described in this condition.28,29 
The involvement of lung and liver worsens the 
prognosis and is often difficult to treat.30 In CVIDs, an 
association of human herpes virus 8 infections with 
granulomatous lymphocytic interstitial lung disease 
has been postulated to increase the risk of 
developing lymphoma.31 Sclerosing cholangitis is a 
well described consequence of hyper IgM syndrome.

Malignancies

Some malignancies and or their treatment  
may result in a secondary antibody deficiency (eg 
chronic lymphocytic leukemia, thymoma, multiple 
myeloma, non-hodgkins lymphoma). There is also an 
increased risk of malignancy in the primary antibody 
deficiency disorders, however this is usually not a 
presenting feature.29

Familial Inheritance

In conditions associated with severe immune 
defects, a family history of unexplained mortality in  
a sibling or relative may be of significance and in X-
linked disorders such as SCID, male mortality should 
raise a suspicion. Specific inheritance patterns such 
as X-linked inheritance as seen in XLA and hyper IgM 
syndrome are also important to note. The presence 
of parental consanguinity should alert one to the 
possibility of autosomal recessive conditions such  
as autosomal recessive agammaglobulinaemia. 
Commonly however, disease is sporadic and in that 
case there is no family history of immune deficiency.

WHEN TO CONSIDER A DIAGNOSIS OF ANTIBODY DEFICIENCY
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Circulating T cells Circulating B
Serum 
immunoglobulin

Disease

Markedly  
decreased

Normal or increased Decreased T−B+ SCID*

Markedly  
decreased

Decreased or normal Decreased T−B− SCID*

Present Normal or decreased
Decreased, except 
increased IgE

Omenn  
syndrome

Normal
IgM+ and IgD+ B cells 
present, but others 
absent

IgM increased or normal, 
other isotypes decreased

CD40 ligand deficiency

Normal
IgM+ and IgD+ B cells 
present, other isotypes 
absent

IgM increased or normal, 
other isotypes decreased

CD40 deficiency

Progressive  
decrease

Normal Normal or decreased PNP* deficiency

Decreased CD8,  
normal CD4 cells

Normal Normal MHC* class I deficiency

Normal number,  
decreased CD4 cells

Normal Normal or decreased
MHC* class II 
deficiency

Table 1 

Classification of Primary Immunodeficiency Disorders
A: Combined T cell and B cell immunodeficiencies
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Serum immunoglobulin Circulating B cells Disease

Severe reduction in all serum  
immunoglobulin isotypes

Profoundly  
decreased or absent  

Btk deficiency* 
μ Heavy chain deficiency  
l5 Deficiency 
Iga deficiency
Igβ deficiency
BLNK deficiency*  
Thymoma with immunodeficiency 
Myelodysplasia

Severe reduction in serum IgG  
and IgA (Low IgG and IgA;  
variable IgM)

Normal, low or  
very low numbers 

Common variable immunodeficiency  
ICOS deficiency  
CD19 deficiency 
X-linked lymphoproliferative syndrome 

Severe reduction in serum IgG and 
IgA with normal/elevated IgM Normal numbers

CD40L deficiency 
CD40 deficiency  
Activation-induced cytidine deaminase  
deficiency  
UNG deficiency

Isotype or light chain deficiencies 
with (One or more IgG and/or IgA 
subclasses as well as IgE may  
be absent)

Normal numbers  

Ig heavy chain deletions #

c chain deficiency 
Isolated IgG subclass deficiency 
IgA deficiency associated with IgG subclass 
deficiency 
Selective IgA deficiency

Normal IgG A and M Normal numbers
Specific antibody deficiency with normal  
Ig concentrations and normal numbers of  
B cells

IgG and IgA decreased Normal numbers
Transient hypogammaglobulinemia of infancy 
with normal numbers of B cells

Adapted from Geha RS, et al. International Union of Immunological Societies Primary Immunodeficiency Diseases 
Classification Committee. Primary immunodeficiency diseases: an update from the International Union of Immunological 
Societies Primary Immunodeficiency Diseases Classification Committee. J Allergy Clin Immunol. 2007 Oct;120:776-94 
 
*SCID Severe combined immunodeficiency; PNP purine nucleoside phosphorylase;  
MHC major histocompatilibity complex; btk Bruton tyrosine kinase; BLNK B cell linker protein;  
ICOS inducible costimulator; UNG uracyl DNA glycosylase. 
 
# these conditions are not necessarily clinically significant as they are not associated with recurrent infections 

B: Predominantly antibody deficiencies 

WHEN TO CONSIDER A DIAGNOSIS OF ANTIBODY DEFICIENCY
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Table 2:  
Signs which may indicate Immunodeficiency

*Adapted from the ‘10 warning signs of immunodeficiency’ developed by the National Primary Resource 
Foundation (http://www.info4pi.org/index.cfm?CFID=4441749&CFTOKEN=89405863) and the European  
Society of Immunodeficiency Diseases[3]. Note: The specificity and sensitivity of these criteria for the  
detection of PID have not been formally assessed in population studies.

Medical History
•	 Frequent middle ear infections (>8 per year)
•	 Middle ear infection associated with a persistent purulent discharge
•	 Recurrent serious sinus infections
•	 Severe infections (eg. meningitis, osteomyelitis, pneumonia) requiring IV antibiotics
•	 Persistent production of purulent sputum
•	 Infections in unusual areas eg. perianal area
•	 Recurrent deep skin or organ abscesses
•	 Infections with unusual or opportunistic organisms
•	 Persistent diarrhoea

•	 Family history of primary immunodeficiency

Clinical Features
•	 Poor growth, failure to thrive in children, or weight loss in adults
•	 Absent lymph nodes or tonsils
•	 Persistent unexplained oral thrush after one year of age

Other Features (more common in adult patients)
•	 Autoimmune cytopaenias
•	 Granuloma formation at any site (often misdiagnosed as sarcoidosis)
•	 Gluten insensitive enteropathy
•	 Unexplained hepatomegaly especially in adults
•	 Unexplained splenomegaly in children or adults
•	 Lymphoid interstitial pneumonitis



13

1. Geha RS, Notarangelo LD, Casanova JL,  
Chapel H, Conley ME, Fischer A, et al.  
Primary immunodeficiency diseases: an update 
from the International Union of Immunological 
Societies Primary Immunodeficiency Diseases 
Classification Committee. J Allergy Clin Immunol 
2007;120(4):776-94.

2. Information from your family doctor. Warning 
signs of primary immunodeficiency. Am Fam 
Physician 2003;68(10):2011.

3. de Vries E. Patient-centred screening for primary 
immunodeficiency: a multi-stage diagnostic 
protocol designed for non-immunologists.  
Clin Exp Immunol 2006;145(2):204-14.

4. Winkelstein JA, Marino MC, Lederman HM, 
Jones SM, Sullivan K, Burks AW, et al. X-linked 
agammaglobulinemia: report on a United States 
registry of 201 patients. Medicine (Baltimore) 
2006;85(4):193-202.

5. Chapel H, Lucas M, Lee M, Bjorkander J, 
Webster D, Grimbacher B, et al. Common 
variable immunodeficiency disorders: division 
into distinct clinical phenotypes Blood 
2008;112(2):277-86

6. Mitsui T, Tsukamoto N, Kanegane H,  
Agematsu K, Sekigami T, Irisawa H, et al. X-linked 
agammaglobulinemia diagnosed in adulthood: a 
case report. Int J Hematol 2006;84(2):154-7.

7. Mansouri D, Adimi P, Mirsaedi M, Mansouri N, 
Tabarsi P, Amiri M, et al. Primary immune 
deficiencies presenting in adults: seven years  
of experience from Iran. J Clin Immunol  
2005;25(4):385-91.

8. Riminton D S and Limaye S. Primary 
immunodeficiency diseases in adulthood.  
Intern Med J 2004;34(6):348-54.

9. Jirapongsananuruk O, Wanotayan K, 
Phongsamart W, Chokephaibulkit K,  
Visitsunthorn N, Luangwedchakarn V, et al. 
Recurrent Campylobacter lari bacteremia in  
X-linked agammaglobulinemia: a case report  
and review. Asia Pacific J Allergy Immunol 
2006;24(2-3):171-4.

10. Simons E, Spacek LA, Lederman HM and 
Winkelstein JA. Helicobacter cinaedi bacteremia 
presenting as macules in an afebrile patient 
with X-linked agammaglobulinemia. Infection 
2004;32(6):367-8.

11. Ambrosino DM, Siber GR, Chilmonczyk 
BA, Jernberg JB and Finberg RW. An 
immunodeficiency characterized by impaired 
antibody responses to polysaccharides.  
N Engl J Med 1987;316(13):790-3.

12. Boyle RJ, Le C, Balloch A and Tang ML.  
The clinical syndrome of specific antibody 
deficiency in children. Clin Exp Immunol 
2006;146(3):486-92.

13. Washington K, Stenzel TT, Buckley RH 
and Gottfried MR. Gastrointestinal 
pathology in patients with common 
variable immunodeficiency and X-linked 
agammaglobulinemia. Am J Surg Pathol 
1996;20(10):1240-52.

14. Teahon K, Webster AD, Price AB,  
Weston J and Bjarnason I. Studies on 
the enteropathy associated with primary 
hypogammaglobulinaemia. Gut 1994;35(9):1244-9.

15. Wilfert CM, Buckley RH, Mohanakumar T, 
Griffith JF, Katz SL, Whisnant JK, et al. Persistent 
and fatal central-nervous-system ECHOvirus 
infections in patients with agammaglobulinemia. 
N Engl J Med 1977;296(26):1485-9.

References



14

CONSENSUS RECOMMENDATIONS FOR THE USE OF IMMUNOGLOBULIN  
REPLACEMENT THERAPY IN IMMUNE DEFICIENCY

16. Rudge P, Webster AD, Revesz T, Warner T,  
Espanol T, Cunningham-Rundles C, 
et al. Encephalomyelitis in primary 
hypogammaglobulinaemia. Brain 1996;119:1-15.

17. Katamura K, Hattori H, Kunishima T,  
Kanegane H, Miyawaki T and Nakahata T. 
Non-progressive viral myelitis in X-linked 
agammaglobulinemia. Brain Dev  
2002;24(2):109-11.

18. Buckley RH. Primary immunodeficiency diseases 
due to defects in lymphocytes. N Engl J Med 
2000;343(18):1313-24.

19. Wright PF, Hatch MH, Kasselberg AG, Lowry SP,  
Wadlington WB and Karzon DT. Vaccine-
associated poliomyelitis in a child with sex-linked 
agammaglobulinemia. J Pediatr 1977;91(3):408-12.

20. Sankano T, Kittaka E, Tanaka Y, Yamaoka 
H, Kobayashi Y and Usui T. Vaccine-
associated poliomyelitis in an infant with 
agammaglobulinemia. Acta Paediatr Scand 
1980;69(4):549-51.

21. Labadie K, Pelletier I, Saulnier A,  
Martin J and Colbere-Garapin F. Poliovirus 
mutants excreted by a chronically infected 
hypogammaglobulinemic patient establish 
persistent infections in human intestinal cells. 
Virology 2004;318(1):66-78.

22. Mohiuddin AA, Corren J, Harbeck RJ, Teague JL, 
Volz M and Gelfand EW. Ureaplasma urealyticum 
chronic osteomyelitis in a patient with 
hypogammaglobulinemia. J Allergy Clin Immunol 
1991;87(1 Pt 1):104-7.

23. Sordet C, Cantagrel A, Schaeverbeke T and  
Sibilia J. Bone and joint disease associated with 
primary immune deficiencies. Joint Bone Spine 
2005;72(6):503-14.

24. Verbruggen G, De Backer S, Deforce D, 
Demetter P, Cuvelier C, Veys E, et al. X linked 
agammaglobulinaemia and rheumatoid arthritis 
Ann Rheum Dis 2005;64(7):1075-8.

25. Buckley RH, Schiff RI, Schiff SE, Markert ML,  
Williams LW, Harville TO, et al. Human severe 
combined immunodeficiency: genetic, phenotypic, 
and functional diversity in one hundred eight 
infants. J Pediatr 1997;130(3):378-87.

26. Arkwright PD, Abinun M and Cant AJ.  
Autoimmunity in human primary 
immunodeficiency diseases.  
Blood 2002;99(8):2694-702.

27. Swierkot J, Lewandowicz-Uszynska A, 
A. Chlebicki A, Szmyrka-Kaczmarek M, 
Polanska B, Jankowski A, et al. Rheumatoid 
arthritis in a patient with common variable 
immunodeficiency: difficulty in diagnosis and 
therapy. Clin Rheumatol 2006;25(1):92-4.

28. Cunningham-Rundles C and Bodian C.  
Common variable immunodeficiency: clinical  
and immunological features of 248 patients.  
Clin Immunol 1999;92(1):34-48.

29. Mechanic LJ, Dikman S and Cunning ham-
Rundles C. Granulomatous disease in common 
variable immunodeficiency. Ann Intern Med  
1997;127(8 Pt 1):613-7.

30. Bates CA, Ellison MC, Lynch DA, Cool CD,  
Brown KK and Routes JM. Granulomatous-
lymphocytic lung disease shortens survival in 
common variable immunodeficiency. J Allergy 
Clin Immunol 2004;114(2):415-21.

31. Wheat WH, Cool CD, Morimoto Y, Rai PR, 
Kirkpatrick CH, Lindenbaum BA, et al. 
Possible role of human herpesvirus 8 in the 
lymphoproliferative disorders in common variable 
immunodeficiency. J Exp Med 2005;202(4):479-84.



15

This chapter will focus on the evaluation of 
humoral immunity, which can guide the need for 
immunoglobulin (Ig) replacement. It will not elaborate 
on investigations to assess T cell, natural killer (NK) 
cell, phagocytic and complement functions. 

When a primary immunodeficiency is suspected, 
the clinical presentation will guide the planning of  
investigations.1Investigation of humoral immune 
function may be undertaken in a staged approach 
(Table 1). Alternatively, if there is a high index of  
suspicion for a primary immune deficiency, 

Chapter 2

stages 1-4 may be undertaken together. First line 
investigations for patients suspected of having an 
antibody deficiency include a full blood count (FBC) 
and serum Ig (IgG, IgA, IgM and IgE) measurements. 
More detailed evaluation of humoral immune 
function can be pursued based upon the  
results of these first line tests and the clinical  
presentation. The first line tests will also provide 
helpful information on the likelihood of other primary 
immune deficiencies.2 Immunoglobulin levels and 
lymphocyte counts vary significantly with age and 
interpretation of laboratory results must be made 
in the context of age, population, and laboratory 
method specific ranges.3 For example, age related 
changes in immunoglobulin levels are shown in 
Figure 1. Local laboratories should be encouraged to 
develop age specific reference ranges relevant to the 
local population. Interpretation of results for children 
using adult reference ranges is a common error. 

Evaluation of humoral immune function to guide the 
need for immunoglobulin replacement

	 •	 Evaluation	of	immune	function	must	be	 
  performed in the context of age-specific  
  reference ranges that are specific for the  
  population and laboratory method being used

	 •		 Hypogammaglobulinaemia	is	not	a	diagnosis		
  and requires further assessment

	 •		 Some	antibody	deficiencies	may	evolve	with		
  time and repeat evaluation of antibody  
  function may be required

	 •		 The	evaluation	of	humoral	immune	function		
  is guided by the clinical setting and may be  
  performed in a staged approach

	 •		 Anti-pneumococcal	antibodies	are	only			
  measured in specialized laboratories and  
  their interpretation is complex

	 •		 The	finding	of	isolated	low	IgG	subclass		
  levels may not be clinically significant
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1 Full blood count and serum immunoglobulin IgG, IgA, IgM, IgE

2 Serum, urinary and faecal proteins

3
Lymphocyte markers: CD3 with CD4 [T helper cells], CD3 with CD8 [T cytotoxic cells], CD16 with 
CD56 [NK cells], CD19 or CD20 [B cells]

4 Antigen specific antibody response and IgG subclasses

5 More detailed B cell immunophenotyping such as switched memory B cells CD27 with surface IgM

6 Specific genetic testing

Table 1 
Staged investigations of humoral immunodeficiency

Stage 1 
a) FBC 

Lymphocyte counts should be interpreted using age 
appropriate normal ranges. A low lymphocyte count 
(less than 2000 cells/ml) in a newborn or an infant 
with recurrent and/or persistent infections will require 
urgent investigation to exclude severe combined 
immunodeficiency (SCID) although a normal 
lymphocyte count does not exclude this diagnosis. 
An elevated lymphocyte count in adults raises the 
possibility of chronic lymphocytic leukaemia, and 
further evaluation of B cell phenotype is required. A 
low neutrophil count can be associated with X-linked 
agammaglobulinaemia (XLA), X-linked hyper-IgM 
syndrome, common variable immunodeficiency 
disorders (CVIDs) and Wiskott Aldrich syndrome 
(WAS). Hemolytic anaemia and thrombocytopenia 
can occur in IgA deficiency, CVIDs, and some forms 
of hyper-IgM immunodeficiency. A low platelet count 
with small platelet volume is highly suggestive of 
WAS in a boy with eczema and recurrent infection. 
X-linked thrombocytopenia, allelic with WAS, is also 
characterized by small platelets.

b) Serum immunoglobulins (IgG, IgA, IgM, IgE)
IgG is the only isotype that crosses the placenta 

during pregnancy, and serum IgG levels in the first 
few months of life largely represent maternal IgG. 
This is gradually replaced by the infant’s IgG and by 
10 to 12 months of age, the IgG is nearly entirely the 
infant’s. Premature infants have lower levels of IgG at 

birth than term infants, and levels reach a nadir at 3 
months of age. IgA may not be detectable in the first 
6 months of life. Failure to detect IgA in infancy may 
not necessarily indicate IgA deficiency. 

Hypogammaglobulinaemia is not necessarily 
indicative of an immune deficiency and always 
requires further clinical and laboratory assessments 
for an underlying cause. Conversely, borderline IgG 
levels, for example 4 to 6 g/L, or normal IgG levels do 
not necessarily exclude humoral immunodeficiencies, 
such as CVID, specific antibody deficiency, or 
IgG subclass deficiency, and additional testing of 
functional antibody responses is required. The value 
of IgG subclass measurements is uncertain (see 
Chapter 4). In hyper-IgM syndrome, levels of IgG 
and IgA are low, while IgM may be normal (early 
in disease) or elevated (usually later in disease). 
An isolated absence of IgA (<0.05g/l) is reported 
to occur in up to 1:500 people in Caucasians, and 
is usually not associated with an increased risk of 
infections. High serum IgE levels in a clinical context 
of recurrent cold abscesses due to Staphylococcus 
aureus may suggest a diagnosis of hyper-IgE 
syndrome, although elevated IgE is most commonly 
observed with atopic disorders such as atopic 
dermatitis, and is also seen with systemic helminth 
infections. Reduced serum immunoglobulin levels are 
also seen with the cellular immune  
deficiencies (Chapter 5). 
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Stage 2
Serum, urinary and faecal proteins

Other causes of low Ig levels include multiple  
myeloma, protein-losing enteropathy and  
nephrotic syndrome. 

Serum and urinary protein electrophoresis should 
be performed in adults with reduced levels of IgG 
or IgM to exclude the presence of a paraprotein. 
Multiple myeloma is a common reason for failure 
of polyclonal antibody production. Estimation of 
polyclonal immunoglobulin levels may be affected by 
the presence of monoclonal paraproteins. 

Serum albumin and total protein should be 
performed in all patients, to exclude a protein-losing 
state. Urinary albumin and protein may be performed 
to assess for renal loss. Faecal clearance of alpha1-
antitrypsin or 51 Cr-labelled albumin can be performed 
to assess for gastrointestinal loss.

Stage 3 
Lymphocyte markers

If antibody deficiency is demonstrated, enumeration 
of lymphocyte subsets should be considered  
(Figure 2). Lymphocyte markers of interest include 
CD19 and/or CD20 for B cells; CD3, CD4 and CD8 for 
T cells; and CD16 and/or CD56 for NK cells. 

Panhypogammaglobulinaemia (low or no IgG, A and 
M) with low or no B cells will suggest X-linked (XL) 
or autosomal recessive (AR) agammaglobulinaemia. 
CVIDs is a diagnosis of exclusion and other 
diagnoses including XLA, X-linked lymphoproliferative 
syndrome (XLP) and hyper-IgM syndromes must be 
excluded.4 Low B and/or T cell numbers or a reversed 
CD4:CD8 ratio may be seen in some cases of CVIDs.

Very low T cell numbers with or without low NK cell 
numbers will suggest cellular immune deficiencies 
such as SCID or combined immunodeficiency (CID). 
In many of these conditions B cell number is also 
reduced (See Chapter 2, Figure 2). 

Stage 4 
a) Antigen specific antibody responses 

Assessment of antigen-specific antibody responses 
should be considered as part of the evaluation of 
patients with mild to moderate reductions in serum IgG. 
Evaluation of specific antibody responses is unlikely to 
provide additional information in patients with markedly 
reduced IgG levels and/or absent B cells.

In patients with normal serum IgG, IgA and 
IgM levels, and normal B and T cell subsets, 
in whom there is strong suspicion of humoral 
immunodeficiency based on clinical presentation, 
further investigation of functional antibody responses 
to protein and polysaccharide antigens should be 
pursued. Evaluation of IgG subclass levels may also 
be considered (see Chapter 4). 

Isohaemagglutinin titres against blood group A and 
B antigens, which can be detected in most normal 
children beyond the first 6 months of life except those 
with blood group AB, provide information on antigen 
specific IgM responses.5 By the age of three years, 
98% of patients with blood groups A, B, or O have 
isohaemagglutinins with a titer of at least 1:16.6 Low 
or absent isohaemagglutinin titres in a patient without 
type AB blood group is indicative of a poor functional 
IgM response, and may be seen in antibody 
deficiency syndromes. However, isohaemagglutinin 
titres may often be normal at the time of diagnosis of 
antibody deficiency syndromes such as CVIDs, and 
wane over time. 

Measurement of specific IgG titres against 
commonly used protein antigen vaccines, such as 
tetanus and diphtheria toxoid, hepatitis A and B and 
rubella, can provide information on functional IgG 
responses to protein antigens. If titres are reduced, 
booster vaccinations may be administered and 
antigen specific IgG titres re-evaluated four weeks 
after immunization. Anti-streptolysin O titre (ASOT) 
may also be helpful as most individuals have had 
prior exposure. Absence of specific IgG to measles, 
mumps or chicken pox in the presence of known 
history of infection is useful as this indicates failure 
of specific antibody synthesis. 

Evaluation of specific IgG titres against 
polysaccharide antigens is also required in the 
assessment of functional antibody responses. The 
pneumococcal vaccine, Pneumovax®, remains the 
only readily available unconjugated polysaccharide 
vaccine and is used to evaluate functional IgG 
responses to polysaccharide antigens. Prevenar® 

contains polysaccharide antigens conjugated to a 
protein, and therefore does not specifically assess 
the antibody response to polysaccharide antigen 
alone (See Chapter 4). Criteria for interpretation 
of specific antibody responses to polysaccharide 
antigens have been proposed by expert groups, 
however, there is no established consensus on 

EVALUATION OF HUMORAL IMMUNE FUNCTION TO GUIDE  
THE NEED FOR IMMUNOGLOBULIN REPLACEMENT
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the number of serotypes or the specific serotypes 
that should be assessed. Diagnostic laboratories 
differ in their assay methods and in the number 
of selected pneumococcal serotypes (analyzed 
individually or in combination). A recent study has 
defined specific antibody deficiency (SAD) as an 
adequate IgG antibody response to less than 50% 
of 12 pneumococcal serotypes tested four weeks 
after vaccination with Pneumovax®, the 23-valent 
unconjugated pneumococcal vaccine, where an 
adequate IgG antibody response was defined as a 
post-immunization titre of ≥1.3mg/ml or four times 
that of the preimmunization value.7 The vaccine 
literature uses a cut off of 0.35mcg/ml in healthy 
infants and >1.0mcg/ml in high risk populations as 
a protective titre against pneumococcal disease, 
however these data are derived from studies using 
Prevenar, and may not be relevant to the evaluation 
of functional Ig responses to polysaccharide antigens. 
Criteria for the interpretation of functional antibody 
responses to polysaccharide antigens will continue  
to be refined and informed by research findings.

If antibody responses to the unconjugated 
pneumococcal vaccine (Pneumovax) are reduced 
according to the criteria described above, one 
should proceed to immunize with a conjugated 
pneumococcal vaccine (Prevenar) to determine 
whether there is any antibody response to the 
protein-conjugated pneumococcal antigens. If present, 
this approach will also provide some protection against 
pneumococcal infections. It has been suggested that 
if the specific antibody response to protein conjugated 
pneumococcal antigens is deficient in addition to having 
poor polysaccharide antigen responses, this suggests 
a more severe antibody deficiency such as CVIDs.8 

Reimmunisation with a second dose of conjugated 
pneumococcal vaccine may also be considered if the 
response to the initial vaccine is unsatisfactory. 

b) IgG subclasses
As with the evaluation of specific antibody 

responses, the interpretation of IgG subclasses is 
fraught with difficulties (see Chapter 4). Importantly, 
the finding of isolated low IgG subclass levels 
may not be clinically significant since individuals 
with complete absence of IgG subclasses due to 
gene deletions may remain entirely asymptomatic. 
However, if reduced IgG subclass levels are also 
accompanied by the presence of low or absent 
response to specific protein and/or polysaccharide 

antigens, and/or a low serum IgA level, this may bear 
more significance.

Stage 5 
Other immune investigations

If XL or AR hyper-IgM syndrome is suspected, 
further analysis for CD40L (XL hyper-IgM) and CD40 
(AR hyper-IgM) expression should be performed to 
confirm these diagnoses. Other diseases that lead to 
a similar phenotype of low IgG and IgA with normal 
or elevated IgM include Activation-Induced Cytidine 
Deaminase (AICDA) and Uracil-N-Glycosylase (UNG) 
defects (see figure 2b).9

Severely reduced CD19 expression with normal 
number of B cells enumerated using an antibody 
against CD20 indicates a diagnosis of  
CD19 deficiency.10

The heterogeneity of CVIDs has prompted 
classification schemes using detailed phenotyping  
of B-cell subpopulations, including switched memory 
B cells (IgD-IgM-CD27+) and CD21low B cells.11 The 
consensus EUROclass classification scheme defines 
subgroups of patients with CVIDs. It is based on flow 
cytometric B cell phenotyping and separates patients 
into the following groups:

•	 Nearly	absent	B	cells	(<1%)	-	 
 includes all patients with severe defects  
 in B cell differentiation

•	 Severely	reduced	switched	memory	B	cells		
 (<2%) - indicates a defective germinal centre  
 development as found in ICOS or CD40L  
 deficiency and is associated with a higher risk  
 for splenomegaly and granulomatous disease

•	 Expansion	of	transitional	B	cells	(>9%)	-	 
 associated with lymphadenopathy

•	 Expansion	of	CD21low B cells(>10%) - 
 associated with splenomegaly

This concept for classification of CVIDs defects 
is still evolving. Such detailed flow cytometric 
analyses of B cell populations are largely performed 
in research settings and are not widely available in 
clinical practice. 

Stage 6  
Genetic studies

Genetic testing may help define and classify PIDs 12 

and direct appropriate treatments including antenatal 
diagnosis and genetic counseling (Figure 2). 
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Kinetics of antibody production in childhood

Modified from Stiehm ER, Fundenberg HH. Serum levels of immune globulins in health and  
disease. A survey. Pediatrics 37:715, 1966.
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Figure 2a 
Immunophenotypic and genetic classifications of severe combined immunodeficiency (SCID)
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Figure 2b 
Immunophenotypic and genetic classifications of predominantly antibody deficiencies 
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Chapter 3

Immunoglobulin replacement therapy for primary  
antibody deficiency with reduced serum  
immunoglobulin levels

	 •	 Serum	levels	of	immunoglobulin	isotypes	may		
  be reduced or normal (see chapter 4) in the  
  primary antibody deficiencies 

	 •	 The	primary	antibody	deficiencies	with	severe		
  reduction of serum IgG will usually require  
  lifelong immunoglobulin replacement therapy 

		 •	 CVIDs	are	a	group	of	heterogeneous	 
  conditions associated with failure of antibody  
  production and diagnosis is made after  
  excluding other known primary and  
  secondary immune deficiencies

	 •	 Immunoglobulin	replacement	therapy	is	not		
  indicated for isolated IgA deficiency 

Primary antibody deficiencies comprise a 
heterogeneous group of diseases (see chapter 1), 
in which failure to produce protective antibodies 
almost always results in recurrent bacterial infections. 
Lack of antibody production may be due to 1) failure 
of pre B cells to differentiate into mature antigen 
sensitive B cells, 2) defective B cells unable to 
respond to activation signals (for example common 
variable immunodeficiency disorders; CVIDs) or 3) 
inadequate T cells unable to provide the required 
signals to B cells that induce class switch from IgM 
to IgG and IgA production. There is heterogeneity 
within each of these three groups, due to  
differences in underlying immunopathogenesis  
and variable prognoses.

There are also primary antibody deficiencies 
associated with non-lymphoid abnormalities, in 
which a single gene mutation and/or several gene 
polymorphisms result in syndromes that include the 
presence of primary antibody deficiency; these are 
discussed later in Chapter 5.

B cell differentiation defects, including XLA

These are a group of single gene diseases that 
result in defects of B cell differentiation and a lack of 
mature B cells, which can be readily demonstrated by 
flow cytometry. Mutations have been identified in a 
number of genes coding for receptors involved in the 
recognition of differentiation signals, growth factors, 
essential cytokines, transcription factors, proteins 
required for immunoglobulin gene rearrangement, or 
signal transduction molecules. So far, in addition to 
those in the BTK gene, defects in the BLNK, μ heavy 
chain, lambda 5/14.1 of the surrogate light chain 
(l 5/14.1) and IgA genes have also been identified, and 
more will likely follow as not all patients with absent 
circulating B cells are yet accounted for by these 
identified gene defects. Regardless of the underlying 
gene defect, these conditions are all managed in 
the same way, with replacement immunoglobulin 
therapy. The prototype condition, X-linked 
agammaglobulinaemia (XLA) is the only condition in 
this group that is X-linked, the others being inherited 
as autosomal recessive conditions, polygenic with 
susceptibility polymorphisms (in the case of CVIDs).
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Description of the condition 
These diseases typically present in children beyond 

the first 6 months of life once protective maternal 
antibody has been metabolised. Children present 
with recurrent and/or severe bacterial infections, 
with associated low serum IgM, IgA and IgG, 
failure of primary antibody production and absent 
B cells. In XLA, a family history is only identified in 
approximately 50% of cases, as there is an unusually 
high rate of new mutations affecting the BTK gene. 
It is thought that there is a higher incidence of earlier 
and more serious infections and bronchiectasis in the 
autosomal recessive (AR) diseases than in XLA.1,2 

Girls with the AR conditions have presented around 
a year of age, the majority with life-threatening 
infections, though this may broaden out (as in XLA) 
once more children have been described.

Diagnostic features 
Low serum levels of IgM, IgA and IgG [usually IgG 

<1 g/l; IgA and IgM are <0.07 g/l].3 Levels should 
be measured on at least two occasions to confirm 
the diagnosis.

A normal IgG in the neonatal period does 
not exclude the diagnosis of these conditions. 
Specific antibodies to immunisation antigens 
and common infectious organisms are typically 
absent, as are isohaemagglutinins. Some antigen 
specific antibodies may be detected at the onset 
of disease; however, these are lost progressively 
over time. It is not necessary to perform detailed 
evaluation of functional antibody responses with 
test immunisations if the diagnosis is secured by the 
absence of specific antibodies following infection and 
a lack of circulating B cells).4 Lack of obvious lymphoid 
tissue (especially tonsils) is a helpful clinical feature; 
presence of tonsils usually excludes XLA. Lack of B 
cells, plasma cells, and germinal centres in lymphoid 
tissues (including bowel biopsies) is also seen on 
histological examination, however demonstration  
of these findings on biopsy is not required to make  
a diagnosis.

When to commence treatment 
Once diagnosed, the patient requires Ig replacement 

therapy. Administration of Ig when there is active 
infection may be associated with a higher incidence 
of mild to moderate adverse reactions (5% reaction 
rate amongst subjects with infection vs 0.4% reaction 
rate amongst subjects without infection).5 Some 

authorities recommend delaying the administration of 
Ig replacement until after infection is controlled with 
antibiotics for this reason (see chapter 7: Approach to 
immunoglobulin replacement).

Duration of therapy 
In the absence of a “cure” (for example gene 

therapy or human stem cell transplantation for 
provision of normal B cell progenitors), replacement 
immunoglobulin therapy is life-long.

Common Variable Immunodeficiency  
Disorders (CVIDs) 

Description of condition
These are a group of heterogeneous conditions 

associated with failure of antibody production, 
resulting in recurrent bacterial infections. The 
aetiology of these conditions is unknown, although 
they are thought to involve several genes (polygenic) 
with susceptibility polymorphisms. These conditions 
are characterised by reduced serum levels of IgG and 
IgA isotypes, with normal or low levels of circulating 
B cells and variable IgM levels. Typically, IgG levels 
are severely reduced. They present in adults of all 
ages as well as in children; some patients have a 
long history of infections whilst others may have 
gradual onset of symptoms, reflecting insidious 
onset of antibody failure. Though most patients 
present with respiratory or intestinal bacterial 
infections, some patients present with non-infective 
complications (such as autoimmune cytopenias 
or lymphoid infiltration) and patients presenting 
with granulomatous complications have been 
misdiagnosed as having sarcoidosis. 

Whilst a very few are due to mutations in  
non-redundant genes (CD19) others are thought 
to be polygenic and therefore due to multiple 
polymorphisms of B cell genes (such as TACI, BAFFR 
or currently unknown genes) possibly in association 
with polymorphisms in T cell genes whose products 
are required for isotype switching.6 

Diagnostic features
A diagnosis of CVIDs is made only after exclusion 

of other defined primary antibody deficiencies and 
all secondary causes of antibody deficiency. Other 
primary complex combined T & B cells syndromes, 
such as WAS and others in which antibody failure is  
a part, must also be excluded.
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The following diagnostic criteria were proposed by 
expert groups with the intention to inform research 
studies,3 however they form a useful basis for 
clinical diagnosis.

1. Patient is > 4 years of age

2. Serum IgG and IgA levels are below the normal 
ranges for age; IgM levels are normal or low, 
rarely undetectable. Levels should be measured 
on at least two occasions, 4 to 6 weeks apart.

3. There are usually detectable B cells [>1%] in 
the circulation. However, the recent Euroclass 
classification describes a subgroup of CVIDs 
with <1% B cells.7 Levels should be measured 
on at least two occasions 4 to 6 weeks apart.

4. A failure of specific antibody production after 
natural antigen exposure (eg: childhood illnesses 
such as measles or chickenpox, hepatitis A, etc) 
and/or a lack of specific antibody production 
following immunisation is demonstrated. If 
antigen specific antibody levels are low initially, 
immunisation with licensed vaccines, followed 
by repeat measurement of specific antibody 
levels 4 weeks later, should be performed to 
confirm failure of antibody production. This 
may not be necessary for those patients with 
markedly reduced IgG levels. Appropriate 
isohaemagglutinins are low in titres or absent. 
Absence of antibodies to rubella, measured  
early in pregnancy, are often a useful clue.

5. Other causes of secondary antibody 
deficiencies, including lymphoid malignancy, 
drug-induced antibody deficiencies 
(anticonvulsants, anti-rheumatics and  
immune suppressants), renal or gut protein  
loss are excluded.

When to commence treatment 
This is straightforward for those CVIDs patients 

who suffer recurrent infections (the majority). Once 
the diagnosis is confirmed, the patient requires 
immunoglobulin replacement therapy. It is usual, in 
the presence of chronic infection or bronchiectasis,  
to cover the patient with an appropriate antibiotic 
until immunoglobulin replacement therapy is 
established. For those patients who meet the 

diagnostic criteria but in whom recurrent or severe 
infections are not evident or the bacterial nature of 
recurring infections is not clear, evaluation of specific 
antibody responses to test immunisations is required 
to assist with the decision of when to commence 
treatment. In these patients, a period of observation 
may be considered and prophylaxis with antibiotics 
considered for a trial period but only if appropriate.

Less commonly, patients present with an 
autoimmune or lymphoproliferative complication of 
CVIDs in the absence of obvious recurrent infections. 
In this circumstance, the patient may benefit from 
a trial of immunoglobulin therapy for a period of 
one year (to include all seasons in case of seasonal 
variation in infections). Relief from symptoms 
previously ignored by the patient (such as chronic 
sinus infection or acute on chronic chest infections) 
can be revealing in terms of assessing whether 
there has been reduced morbidity following trial 
immunoglobulin therapy.

Duration of therapy 
For patients in whom Ig replacement therapy 

has been commenced in the setting of recurrent 
infections, replacement immunoglobulin therapy 
is life-long.

Hyper-IgM syndromes

Description of condition
This is a group of single gene diseases with X-linked 

(CD40 ligand deficiency) or autosomal recessive 
inheritance. These diseases are due to abnormal  
T cells (CD40 ligand deficiency) or abnormal T-B cell 
interactions (CD40 deficiency) and may be classified 
as combined immune deficiencies. Failure of T cells 
to induce B cell class switching from IgM to IgG 
and IgA production results in an associated failure 
of IgG and IgA antibody production, and loss of 
somatic hypermutation to provide increased affinity 
for antigens. This results in excessive bacterial 
infections. Intrinsic defects in the downstream  
B cell signalling pathways that lead to 
immunoglobulin class switching and the generation 
of increased antibody diversity and affinity are also 
included in this group of diseases (for example AID, 
UNG and others likely to be identified).

 IMMUNOGLOBULIN REPLACEMENT THERAPY FOR PRIMARY ANTIBODY  
DEFICIENCY WITH REDUCED SERUM IMMUNOGLOBULIN LEVELS
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These conditions usually present in children 
and rarely in adults. Most patients present with 
respiratory or intestinal infections. A common 
presentation in infancy is with Pneumocystis jiroveci 
(carinii ) (PCP) pneumonia. 

Less common presentations include lymphoid 
hyperplasia and unexplained abnormalities in liver 
function (for example sclerosing cholangitis). 

Diagnostic features
Low serum levels of IgA and IgG (usually IgG  

<1 g/l, IgA <0.07 g/l) and normal or raised levels of 
IgM. 3 Levels should be measured on at least two 
occasions. IgG specific antibodies to natural exposure 
and immunisation antigens are absent, though IgM 
isohaemagglutinin levels are usually normal. Evaluation 
of specific antibody responses would not be required 
if IgG levels are markedly reduced. 

Circulating B cell numbers are normal. For CD40 
ligand deficiency, monoclonal antibodies are used 
to detect CD40L protein on activated T cells in vitro. 
Absence of CD40L protein is diagnostic, but if CD40L 
protein is detected, diagnosis can be made if there 
is failure of T cells to bind a CD40 construct on 
activation in vitro. Molecular confirmation is essential. 
Defects in the downstream B cell pathways are 
diagnosed by gene sequencing in expert centres.

Lack of, or giant, germinal centres in lymphoid 
tissues are indicative of CD40 ligand deficiency or 
AID/UNG deficiency, respectively, and deranged 
lymph node architecture such as follicular hyperplasia 
are a clue to these defects which also result in 
somatic hyper-mutation.8,9

When to commence treatment 
Once the diagnosis is confirmed, the patient 

requires immunoglobulin replacement therapy. 

Duration of therapy 
In the absence of a “cure” (provision of normal 

progenitors for B cells by human stem cell 
transplantation(HSCT)), replacement immunoglobulin 
therapy is life-long. There is a considerable decrease 
in life expectancy for patients with CD40 ligand 
deficiency as a result of liver disease secondary  
to Cryptosporidia infections or malignancy. 

HSCT has been reported to be successful in  
CD40 ligand deficiency and may be considered 
in boys with this disease.10 If HSCT is successful 
in CD40 ligand deficiency, and normal 
immunoglobulin synthesis can be demonstrated, 
Ig replacement can be discontinued.

Selective IgA deficiency with recurrent 
infections

Selective IgA deficiency (in the absence of other 
evidence of impaired humoral immunity) with 
recurrent infection is not an indication for IRT.11 
Immunoglobulin replacement therapy products  
do not contain appreciable amounts of IgA.
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Chapter 4

Immunoglobulin replacement therapy for primary  
antibody deficiencies with normal serum  
immunoglobulin levels; and for transient  
hypogammaglobulinaemia of infancy

There are a number of conditions where antibody 
production is abnormal despite the presence of normal 
serum levels of IgG, IgA and IgM. These include specific 
antibody deficiency (SAD) and IgG subclass deficiency. 

In these conditions the use of IRT is controversial 
and not routinely recommended as first line therapy, 
but may be considered in some situations. The use 
of IRT is also controversial in the condition Transient 
Hypogammaglobulinaemia of Infancy (THI), where levels 
of serum immunoglobulin are transiently reduced. 

This chapter will discuss the above conditions where 
use of IRT is controversial. Conditions in which 
there is no indication for the use of replacement 

immunoglobulin therapy are also discussed. 

Individuals with specific antibody deficiency (SAD) 
or low levels of IgG subclasses vary greatly in their 
susceptibility to infection and present a clinical 
challenge. In general, consensus case definitions are 
lacking. Furthermore, there may be important overlap 
between conditions – for example, a proportion of 
patients with IgG subclass deficiency and IgA  
deficiency have abnormal antibody production to 
specific antigens.1-3

These conditions are relatively common. In the 
Australasian Society for Clinical Immunology and Allergy 
Primary Immune Deficiency (PID) Register of Australia 
and New Zealand4 IgG subclass deficiency and SAD 
accounted for 39.1% of antibody deficiency disorder 
registrations, with IgG subclass deficiency being the 
most common (25.1%).4 IgG subclass deficiency and 
SAD accounted for 26.5% of total IRT within  
the Register.4

The importance of antibody deficiency disorders with 
normal serum IgG within the spectrum of antibody 
deficiency disorders is highlighted by the relative 
frequency of these conditions and the lack of evidence 
based guidance regarding the appropriateness of 
immunoglobulin replacement therapy. Further studies 
are required.

Specific Antibody Deficiency

Description of the condition
Specific antibody deficiency is a condition 

characterised by impaired production of antibodies 

	 •	 Immunoglobulin	replacement	therapy	(IRT)	is		
  seldom required when the serum IgG level is normal

	 •	 Specific	antibody	deficiency	(SAD)	describes	an		
  immunodeficiency characterised by failure of  
  antibody response to antigenic challenge

	 •	 There	is	a	lack	of	evidence	to	provide	clear	 
  guidance on the efficacy of IRT in SAD

	 •	 In	general,	IRT	is	not	indicated	for	isolated	IgG		
  subclass deficiency with normal specific anti- 
  body responses to vaccine antigens

	 •	 Transient	Hypogammaglobulinaemia	of	Infancy		
  (THI) is a diagnosis that can only be confirmed  
  in retrospect after the reduced immunoglobulin  
  levels return to normal

	 •	 Most	children	with	THI	do	not	require	IRT
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to specific antigens, usually polysaccharide, despite 
normal total IgG levels and normal B cell numbers.5-7 
Typically this condition is only considered when 
there is a clinical presentation with repeated or 
severe infections. Failure of antibody response to 
vaccine antigens (polysaccharide or protein) may be 
a feature of diverse primary immunodeficiencies, 
but the term specific antibody deficiency is usually 
reserved for those individuals in whom other PID 
disorders have been excluded. The term “specific” 
antibody deficiency has been used interchangeably 
with “functional” antibody deficiency, although it may 
also be used more precisely to describe defective 
antibody responses to T-independent unconjugated 
polysaccharide antigen challenge only. 

Diagnostic features
Consensus case definitions have not been 

established. Published studies suggest that 
a diagnosis of SAD may be made if there is 
both recurrent and/or severe infection (typically 
sinopulmonary infections, purulent otorrhoea and 
bronchiectasis) AND an inadequate specific IgG 
response to >50% of polysaccharide antigens 
assessed.8 An inadequate IgG response to a 
polysaccharide antigen may be defined as a post 
immunisation titre (four weeks after immunisation 
with Pneumovax®) of <1.3μg/ml or less than four fold 
higher than the pre-immunisation titre (see Chapter 
2 and section on interpretation of test results below). 
Although these criteria for an adequate response  
are applied in both paediatric and adult patients, 
further studies are required to confirm the validity  
of this approach.

Controversy surrounding specific  
antibody deficiency

Patients with specific antibody deficiency can 
present a diagnostic challenge.1,9 The use of vaccines 
as challenge systems to assess the competence 
of humoral immunity in humans has become 
widespread in clinical immunology. These assays  
are attractive because they measure a dynamic  
in vivo response of the immune system. However, 
measurement of vaccine responses are commonly 
used with the intention of identifying individual 
patients who might be suitable candidates for the 
use of IRT, to the exclusion of those with a normal 
response. It is important to critically examine the 
limitations of the evidence underlying this practice.

1. There is a general lack of prospective population 
based studies of vaccine non-responders. 
Pneumococcal vaccine non-responsiveness 
in otherwise healthy individuals may not 
necessarily represent a state of increased 
susceptibility to infectious morbidity or mortality. 

2. Antibody responses to unconjugated 
pneumococcal vaccines vary widely among normal 
subjects10 and vary with the characteristics of the 
vaccinee population 11 including age.12

3. Protective function may correlate with avidity 
better than antibody level.11

4. Although efforts to improve standardisation 
are underway, performance characteristics 
of individual laboratory methods, choice of 
serotypes and quality control programs  
remain variable.

5. Prior use of 7-valent pneumococcal 
polysaccharide-protein conjugate vaccine 
(Prevenar®) may invalidate the subsequent use 
of an unconjugated vaccine in the assessment  
of T-independent humoral immunity.13

Recommendations 
1.  Testing:

In patients over two years of age with a normal 
serum total IgG who experience frequent or 
persistent bacterial sinopulmonary infections or 
suppurative otitis media for at least six months, 
antibody responses to specific antigens (eg 
vaccines) should be evaluated. Blood samples 
should be collected at baseline and at four weeks 
post vaccination. Unconjugated pneumococcal 
vaccine (Pneumovax®) challenge is recommended 
as anticapsular polysaccharide responses can 
be assessed and Pneumococcus is a common 
respiratory tract pathogen in PID. Testing of vaccine 
responses should be performed in a specialised 
laboratory and responses examined to as many 
serotypes as possible using standardised reagents 
and assay methodologies. Many reference 
laboratories offer 12 pneumococcal serotypes. 
Antibody responses to protein antigens (tetanus 
and diphtheria) are rarely abnormal in the setting of 
normal responses to polysaccharide (see Chapter 2).

2. Interpretation of antibody response results:
Interpretation of the antibody response can be 

difficult. It is recommended that a diagnosis of 

IMMUNOGLOBULIN REPLACEMENT THERAPY FOR PRIMARY ANTIBODY  
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specific antibody deficiency can be suspected if 
following 23-valent unconjugated pneumococcal 
immunisation there is an adequate response to 
<50% of 12 pneumococcal serotypes tested. An 
adequate response is defined as a post-immunisation 
antibody concentration of 1.3μg/ml or greater, or a 
four-fold increase over the preimmunization value for 
that serotype.8,12

When to commence treatment
There is a lack of evidence to provide clear 

guidance on the efficacy of IRT in SAD. Many 
patients with specific antibody deficiency will 
not require Ig replacement for control of bacterial 
infections.1 If there are severe or recurrent bacterial 
infections involving the sinopulmonary tracts, initial 
management with prophylactic antibiotics should be 
commenced. Immunoglobulin replacement therapy 
may be considered where patients continue to 
experience recurrent infection despite prophylactic 
antibiotic therapy.9,14 Commonly used oral antibiotics 
include cotrimoxazole, and macrolides. 

Patients may benefit from immunisation with a 
conjugated pneumococcal vaccine1, which may 
provide an additional opportunity for assessment of 
functional immunity (see chapter 2) and also provide 
some protection against pneumococcal infection. 
In rare cases of severe end-organ damage such as 
bronchiectasis in the presence of unequivocal failure 
of vaccine responses, IRT should be commenced 
immediately without a prior trial of antibiotic therapy.

Duration of therapy
The natural history of SAD is not known. It is 

recommended that patients receive one to two 
years of therapy followed by cessation and repeat 
immunological evaluation once replacement 
immunoglobulin has been cleared (at least six 
months from last infusion). Patients should be 
monitored for clinical response to IRT relying 
principally on frequency and severity of infections, 
antibiotic dependence and the development of 
end-organ damage. However, further infectious 
episodes may not necessarily indicate IRT failure, 
as pre-existing airway damage may predispose to 
continuing infections. A trial of cessation of therapy 
will also allow evaluation of treatment effect. In 
temperate climates it is common to cease therapy 
in the spring-summer months due to the reduced 
likelihood of infection during these months. Re-

evaluation of immune response with vaccine 
challenge should be performed six months after 
cessation of immunoglobulin replacement when 
treatment immunoglobulin has been cleared. During 
this period it is important to document infection rates 
and the need for antibiotics. Patients experiencing 
severe organ or life-threatening infections 
during these months may have immunoglobulin 
replacement therapy recommenced immediately 
(see chapter 8).

IgG subclass deficiency

Description of the condition
The clinical significance of abnormal IgG subclass 

levels in patients with increased susceptibility to 
infection is unclear. In these individuals, additional 
immune defects such as IgA deficiency and impaired 
responses to vaccine antigen challenge may be 
present.1,15 IgG subclass deficiency may be first 
detected in individuals who subsequently evolve  
to CVIDs.1

Diagnostic criteria
In the absence of evidence supporting isolated 

IgG subclass deficiency as a disease state with 
significant morbidity, diagnostic criteria are not 
justified. Individuals with recurrent infection and 
abnormally low levels of one or more IgG subclasses 
should be further evaluated by assessing functional 
antibody responses (see Specific Antibody Deficiency). 

Controversy surrounding IgG subclass deficiency
IgG subclass deficiency is a recognised 

immunodeficiency 6 but its clinical significance as an 
isolated finding is in doubt. Arguments against the 
idea that abnormalities of IgG subclasses define a 
distinct disease include:16

1. Isolated finding of low levels of one or more 
IgG subclasses does not identify individuals at 
risk of developing severe recurrent bacterial 
infections.15

2. Lack of reproducibility of IgG subclass assays 
and lack of well standardised age-specific 
reference ranges.

3. Data on the natural history of IgG subclass 
reductions in children are not available.

4. Individuals with g-heavy chain deletions of one or 
more IgG subclasses are generally asymptomatic.
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5. Normal polysaccharide antibody responses 
may be detected in IgG2 subclass deficient 
individuals.

Recently a large, uncontrolled, retrospective 
study of IRT in 350 adult patients with IgG subclass 
deficiency reported that in patients with 4 or more 
antibiotic-demanding respiratory tract infections per 
year at baseline, 69.7% experienced a greater than 
50% reduction in the rate of such infections on IRT.17 

Response was similar between patients with chronic 
lung disease and those without. However this study 
was retrospective and did not include a control 
group. Therefore, it is not possible to conclude that 
the clinical benefit was attributable to IRT. Also, 
vaccine responses were not systematically evaluated 
so it is not known whether broader defects of 
antibody function were present in these patients.

When to commence treatment
There is a lack of evidence to provide clear 

guidance on the efficacy of IRT in IgG subclass 
deficiency. In general, the finding of isolated IgG 
subclass deficiency is seldom sufficient grounds 
for commencement of immunoglobulin therapy. A 
trial of IRT may be considered if functional antibody 
responses are deficient AND there is bronchiectasis 
or significant infection recurring despite prophylactic 
antibiotic therapy (see Specific Antibody Deficiency). 

Transient Hypogammaglobulinaemia of Infancy 

Description of the condition
Transient hypogammaglobulinaemia of infancy (THI) 

has been defined as persistently low immunoglobulin 
levels in an infant older than six months in whom 
other immunodeficiencies have been excluded. 

Diagnostic criteria
The usual findings are reduced IgG levels (70% 

subjects) with or without reduced IgA levels (95% 
subjects).18 The incidence is uncertain, however 
this condition appears to be common relative to 
other primary immunodeficiency syndromes. A 
predominant phenotype seen is male infants with 
otitis media and wheezing. THI is also associated 
with atopy.19

The majority of infants with THI have normal or near 
normal responses to protein antigens such as tetanus 
and diphtheria which distinguishes the condition from 
other more profound immunodeficiencies.20 Recovery 

of the immunoglobulin levels to normal generally 
occurs by 18 months of age. More recently a cohort 
of children was described in which the normalisation 
of immunoglobulins commonly occurred after the 
period of infancy.18 Of those whose immunoglobulins 
normalised, only 48% occurred in infancy and 
normalisation was significantly delayed in females 
as compared to males. It was suggested that a 
more appropriate term for such cases may be 
“hypoimmunoglobulinaemia of early childhood”. 
This is a diagnosis that can only be confirmed in 
retrospect after the reduced immunoglobulin levels 
return to normal.

When to commence treatment
Most children with THI do not require IVIg 

treatment. If a more severe life-threatening infection 
such as meningitis or pneumonia has occurred 
or there is ongoing bacterial respiratory infection 
despite prophylactic antibiotic therapy, a trial of IVIg 
for 6-12 months is indicated.

Clinical settings for which IRT is not recommended

Use of IRT for primary prevention of infections
Patients who do not experience recurrent, 

severe or unusual infections in whom laboratory 
abnormalities have been detected incidentally do not 
meet appropriate criteria for IRT. Common examples 
of laboratory abnormalities include Selective IgA 
deficiency, and low levels of IgG subclasses. IRT 
in these circumstances would represent a primary 
prevention strategy, and there is insufficient data on 
future infectious risk in the natural history of subjects 
with these findings to support IRT use. 

Secondary prevention of infections in the  
absence of laboratory evidence of impaired  
humoral immunity 

Recurrent infection with normal humoral immune 
function by currently available tests eg idiopathic 
bronchiectasis, is not an indication for IRT in the 
absence of clinical trials demonstrating benefit.

IMMUNOGLOBULIN REPLACEMENT THERAPY FOR PRIMARY ANTIBODY  
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Chapter 5

There are a number of conditions with combined 
defects of T cell and B cell immune function1. Those 
with severe impairment of T cell function include 
severe combined immune deficiency (SCID),  
Omenn syndrome, and MHC class II deficiency. 
Some patients with T cell deficiencies have normal 
immunoglobulin levels but nevertheless have defects 

of antibody production (eg. purine nucleoside 
phosphorylase (PNP) deficiency, CD8 deficiency, 
MHC class II deficiency). Other combined immune 
deficiencies have a less profound impairment of T 
and B cell function, and include Wiskott-Aldrich 
Syndrome (WAS), Ataxia Telangiectasia (AT), and 
X-linked lymphoproliferative syndrome (XLP). This 
terminology can be confusing. Indeed, X-linked 
hyper-IgM syndrome and some forms of CVIDs 
involve combined defects of T and B cell function,  
but have been discussed in chapter 3. 

Severe combined immunodeficiency (SCID)

Description of the Condition
SCID is a heterogeneous group of disorders 

associated with a profound defect of T and B cell 
function. As a result there is absence of specific 
immunity and severe susceptibility to a large range of 
common and opportunistic infections (bacterial, viral, 
fungal and protozoal). Without specific treatment, 
most patients die within the first years of life. Bone 
marrow transplantation is the definitive therapy once 
diagnosis is made, although gene therapy has been 
successful in some cases of X-linked and adenosine 
deaminase deficiency associated SCID. Prevention 
of infection with intravenous immunoglobulin and 
prophylactic cotrimoxazole (to prevent pneumocystis 
infection), aggressive treatment of infections, and 
use of irradiated, CMV negative blood products 
will all prolong short-term survival whilst awaiting 
definitive treatment.

Immunoglobulin replacement therapy for primary 
immune deficiency with combined cellular and 
antibody deficiency

	 •	 Patients	with	combined	immune	deficiency		
  have defects of T cell function as well as  
  antibody deficiency

	 •	 Immunoglobulin	replacement	therapy	(IRT)	 
  may be indicated for the antibody   
  deficiency component

	 •	 In	SCID,	IRT	should	be	initiated	immediately		
  the diagnosis is established

	 •	 IRT	may	be	commenced	in	children	with		
  genetically confirmed XLP in the absence of  
  hypogammaglobulinaemia or specific  
  antibody deficiency

	 •	 IRT	is	indicated	in	classic	Wiskott-Aldrich		
  syndrome and has been shown to prolong  
  life expectancy 

	 •	 In	Hyper	IgE	syndrome,	Ataxia	Telangectasia		
  and DiGeorge syndrome, a trial of IRT should  
  be considered in patients with recurrent  
  sinopulmonary infection or severe lung  
  disease and evidence of impaired specific  
  antibody responses
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Approximately 50-60% of cases are X-linked and due to 
mutations in the common gc chain. Most of the remainder 
are autosomal recessive, however the molecular defect 
in many cases has not yet been identified. Identified 
mutations are regularly updated.2,3 

Most infants present in the first two to six months of 
life with opportunistic infection, especially pneumocystitis 
pneumonia. There is often chronic diarrhoea with resultant 
failure to thrive and persistent candidiasis. Severe 
eczematous rash may occur in association with graft-
versus-host disease from maternally derived T cells or in 
Omenn syndrome.  
There is an increased frequency of bacterial infections as 
transplacentally derived IgG wanes in the absence  
of production by the affected infant.

Diagnostic features
There is absence of tonsillar and lymphoid tissue 

and absence of a thymic shadow on chest X-ray. Most 
infants will have absent or profound reduction of IgA 
and IgM. IgG levels may not be reduced in the first few 
months of life, but are usually profoundly low thereafter. 
Lymphopenia is present in most cases, with T, B and 
NK cell numbers variably affected dependent on the 
molecular aetiology.4 Of note, in some conditions such 
as Omenn syndrome, Bare Lymphocyte Syndrome or 
PNP deficiency, there are normal or elevated levels of 
total IgG, A and/or M but absence of specific functional 
antibodies. There is markedly reduced mitogen induced 
T-cell proliferative response.

When to commence treatment
Immunoglobulin replacement therapy should be initiated 

as soon as possible after the diagnosis is established, 
once hypogammaglobulinaemia is confirmed. A 
proportion of children will have incomplete immune 
reconstitution following bone marrow transplantation as a 
result of failure of B cell engraftment. These children will 
require ongoing replacement IVIg in the same way as 
other patients with primary humoral immunodeficiency 
(refer to Chapter 3).

Other well defined primary immunodeficiency 
syndromes where IVIg may be indicated

There are a number of combined immunodeficiencies in 
which the immune defect is not as profound as that found 
in most cases of SCID. The identification of the molecular 
basis of these disorders is expanding. Immunoglobulin 
replacement therapy is not necessarily indicated in these 
patients with combined immunodeficiency syndromes.

Wiskott-Aldrich Syndrome (WAS)

This X-linked disorder is characterised by 
thrombocytopenia (with small platelet size), eczema and 
recurrent infections. The syndrome is also associated with 
a substantial risk of auto-immune disorders and lymphoid 
malignancy. There is a progressive loss of T cell numbers 
and B cell function. The WASP protein (WASp) has roles 
in organisation of the cytoskeleton via regulation of actin 
polymerization, intracellular signalling, IgG-mediated 
phagocytosis and regulation of apoptosis. Presentation 
is variable ranging from classic WAS to isolated 
thrombocytopenia without immune deficiency (X-linked 
thrombocytopenia; XLT) and congenital  
X-linked neutropenia.5

Children with WAS often initially present with 
petechiae, bruising, and blood streaked stools associated 
with eczema which can be of variable severity. 
Recurrent ear infections often with purulent drainage 
commence by six months of age, followed by other 
sinopulmonary infections. Eczema is often complicated 
by secondary bacterial and viral skin infections. Patients 
are at increased risk of severe herpes, varicella and 
pneumocystis infections. A range of auto-immune 
diseases can occur, most commonly Coombs positive 
haemolytic anaemia and platelet autoantibodies 
which can exacerbate the thrombocytopenia. Severe 
thrombocytopenia may predispose to life-threatening 
haemorrhage. Thrombocytopenia and or neutropenia  
may occur in the absence of immune deficiency in XLT.

The characteristic laboratory finding in WAS syndrome 
is thrombocytopenia with small platelet size. B cell 
numbers are normal or proportionally elevated, 
even when lymphopenia develops (by 6-8 years). 
Immunoglobulin G, A and E levels are usually elevated 
whilst IgM is mildly to moderately reduced. There are 
poor specific antibody responses to polysaccharide 
antigens and usually also poor responses to protein 
antigens. Isohaemagglutinin levels are low. Natural killer 
cell function is impaired, contributing to the risk of severe 
herpes and varicella infection. The diagnosis can be 
confirmed by genetic testing or by detection of WASP 
proteins by Western Blot. 

Replacement intravenous immunoglobulin (IVIg) 
therapy has been shown to substantially prolong life 
expectancy in WAS and is recognised standard therapy 
to prevent recurrent infection.4 Splenectomy, when 
performed to prevent life-threatening haemorrhage, 
increases the risk of subsequent infection. Life-long 
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prophylactic antibiotic therapy must then be continued. 
High dose IVIg (2g/kg) and systemic steroids are 
sometimes used to treat auto-immune complications. 
Their effect on platelet counts however is minimal 
in the absence of splenectomy. Bone marrow 
transplantation is the only curative treatment, the 
best results occurring when performed at a younger 
age. There is no evidence that patients with the XLT 
phenotype benefit from antimicrobial prophylaxis or 
IVIg (Italian Primary Immunodeficiencies Strategic 
Scientific Committee recommendations for diagnosis 
and treatment of WAS/XLT 2004).6

Hyper-IgE Syndrome

The genetic defects associated with both 
autosomal dominant 7,8 and recessive forms 9,10 of 
Hyper-IgE syndrome have been recently described. 
Most cases are autosomal dominant (AD) or sporadic 
and have been found to be secondary to mutations 
in STAT3, a downstream mediator of IL6 signaling.8 
A rarer autosomal recessive form of hyper-IgE 
syndrome is associated with mutations in Tyrosine 
Kinase 2 (TYK2).10 The AD or sporadic form of Hyper-
IgE syndrome is characterised by chronic dermatitis, 
recurrent infections, skeletal abnormalities 
(osteopenia and delayed shedding of primary teeth), 
development of coarse facies and substantially 
elevated serum IgE levels. The dermatitis usually 
begins in early infancy and is pruritic but its 
distribution is atypical of atopic dermatitis, the 
commonest cause of a significantly elevated IgE 
at this age. Despite the high IgE levels and higher 
incidence of positive skin prick tests, food allergy, 
asthma and hayfever are uncommon. Staphylococcal 
infections are common. The skin infections in hyper-
IgE syndrome tend to be deep eg furunculosis, and 
are often associated with minimal systemic toxicity. 
There is an increased frequency of sinopulmonary 
infection particularly pneumonia. Pneumatocoeles 
form secondary to recurrent staphylococcal 
pneumonia. Infections with Candida albicans, 
Haemophilus influenzae, Streptococcus pneumoniae 
and group A streptococci are also a common cause 
of recurrent sinopulmonary infections.

In most cases, serum antibody levels are elevated. 
However many individuals have impaired specific 
antibody responses to polysaccharide antigens which 
may be associated with poor responses to protein 
antigens as well.11,12 

The mainstay of treatment is life-long, continuous 
anti-staphylococcal antibiotic and/or antifungal 
treatment to prevent infection. Surgical excision 
of pneumatocoeles may be required. There have 
only been case reports or single cases in small 
case series reports of patients with severe eczema 
demonstrating that some patients benefit from high 
dose (1-2g/kg) IVIg therapy,13-15 and its role in this 
entity remains controversial. However, in patients 
with recurrent sinopulmonary infection or severe 
lung disease AND evidence of impaired specific 
antibody responses, a trial of IVIg 0.4g/kg monthly is 
warranted (see Chapter 4).

Ataxia telangectasia

This is an autosomal recessive condition secondary 
to mutations of the ATM gene on chromosome 11. The 
ATM protein has roles in signal transduction, intracellular 
protein transport and cell cycle control. Characteristic 
features include progressive neurodegeneration (ataxia 
and dysarthria), occular and cutaneous telangiectasia, 
immunodeficiency, premature aging and significant risk 
of malignancy. This is one of a group of related disorders 
termed the chromosomal breakage syndromes, which 
include Nijgemen breakage syndrome and DNA ligase I 
and IV deficiency.

Laboratory tests that can support the diagnosis 
are raised serum alpha-fetoprotein (AFP) and 
chromosomal fragility. Genetic testing is also 
available to confirm the diagnosis.

There is a variable degree of immune dysfunction. 
The most common immune defects in a cohort 
of 100 affected individuals were lymphopenia 
(71%), impaired mitogen induced T cell proliferation 
(35%), IgA deficiency (63%) often in association 
with low IgG2 and impaired specific antibody 
responses (31%). In contrast, almost 10% develop 
hypergammaglobulinaemia, many with monoclonal 
bands on immunofixation. In contrast to the 
neurological progression, longitudinal data in this 
cohort demonstrated a lack of deterioration in 
immune status over time.16 Recurrent mucopurulent 
upper respiratory tract infection occurs in a third 
of patients and recurrent otitis media in half of the 
patients. The incidence of lower respiratory tract 
infection increases with age, probably in association 
with neurological rather than immune deterioration. 
The incidence and severity of clinical infection 
with bacterial, viral and opportunistic infections is 
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significantly less than predicted by the measurable 
immune deficits.

Immunoglobulin replacement therapy in patients 
with significant infection reduces the severity and 
frequency of infections. Immunoglobulin replacement 
therapy is warranted in patients with recurrent 
infection AND evidence of a humoral immune defect.

DiGeorge Syndrome

DiGeorge syndrome results from a developmental 
defect in the third branchial pouch and fourth 
pharyngeal arch, classically causing typical facies, 
cardiac outflow tract defects, thymic and parathyroid 
hypoplasia, behavioural problems and developmental 
delay. Deletions of chromosome 22q11.2 are found in 
approximately 85% of patients and of chromosome 
10p13-14 in a smaller number. There is great variability in 
the severity of clinical and immunologic defects. 

Most patients have an increased susceptibility to 
otitis media and sinusitis, usually more a function of 
anatomic and functional airways compromise than 
of systemic immunodeficiency. The most common 
finding is a mild reduction in total T cell numbers 
(CD3), particularly of the CD4 subset, usually of no 
clinical significance. Complete absence of T cells 
resulting in a severe immune deficiency (complete 
DiGeorge) is rare. 

Isolated IgA deficiency and specific antibody 
deficiency are not uncommon. However, 
panhypogammaglobulinaemia is rare. Children with 
DiGeorge syndrome have been reported to have a 
statistically significant reduction in circulating CD27+ 
B cells, particularly IgM+CD27+ cells with only mild 
reduction in switched memory B cells compared with 
age matched controls. IgM+(IgD+)CD27+ B cells 
produce high-affinity IgM antibodies in a  
T cell-independent manner and are involved in rapid 
response to polysaccharide antigens and the memory 
B cell defect may contribute to infection risk.17

Most children with recurrent otitis media and 
sinusitis only require early antibiotic therapy with or 
without prophlylactic antibiotics. However, in those 
with recurrent or severe infection despite antibiotic 
prophylaxis AND evidence of impaired specific 
antibody responses, a trial of immunoglobulin 
replacement therapy 0.4g/kg monthly is warranted.

X-linked Lymphoproliferative syndrome (XLP)

This syndrome is characterised by vulnerability 
to adverse outcomes following EBV infection 
that manifests in 3 classic forms with significant 
overlap: fulminant infectious mononucleosis (50%), 
hypogammaglobulinaemia (30%) and lymphoma (25%). 

A third of those with hypogammaglobulinaemia 
have hypogammaglobulinaemia before EBV infection 
and up to 10% of male patients diagnosed as having 
CVIDs may have mutations in SH2D1A (located at 
Xq25), the molecular basis of 60-80% of XLP. This 
gene encodes the adaptor protein SAP (signalling 
lymphocyte activation molecule (SLAM) – associated 
protein), the absence of which leaves a series of 
T and B cell proliferation signals unchecked. A 
second defect, a mutation in BIRC4 which encodes 
the X-linked inhibitor of apoptosis protein (XIAP) 
has recently been described.18 Following infection 
with EBV, patients mount a vigorous, uncontrolled 
polyclonal expansion of T and B cells. Uncontrolled 
lymphocyte proliferation, organ infiltration, and 
T cell cytotoxic activity can lead to multiorgan 
failure, hepatic necrosis, bone marrow failure and 
death. An associated defect of NK cell cytotoxicity 
predisposes to haemophagocytosis and mutations in 
SH2D1A have been found in some cases of familial 
hemophagocytic lymphohistiocytosis. Survivors can 
develop hypogammaglobulinaemia with impaired 
specific antibody production, inverted CD4/CD8 ratio, 
and diminished in vitro T cell proliferative responses 
to mitogens and antigens. 

Immunoglobulin replacement therapy (0.4g/
kg monthly) is indicated in patients with XLP and 
hypogammaglobulinaemia and/or specific antibody 
deficiency to prevent recurrent infection and its 
sequelae. Although controversial, many clinicians 
would commence immunoglobulin replacement 
therapy in children with genetically confirmed 
XLP without hypogammaglobulinaemia or specific 
antibody deficiency. Although it may reduce the 
risk, it may not prevent primary EBV infection and 
relapses of EBV disease occur in patients while 
receiving immunoglobulin replacement therapy.4,19 
Bone marrow transplantation should be considered 
in patients who have experienced at least 1 life-
threatening manifestation of XLP but is controversial 
before clinical disease has manifest.
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Thymoma with Immunodeficiency  
(Good syndrome)

Good syndrome is a rare cause of combined B and T 
cell immunodeficiency that occurs in association with 
a thymoma. This sporadic disorder is most commonly 
seen in older adults of either sex (>40 years) and 
should be considered in the differential diagnosis of 
CVIDs. The classic scenario is radiological detection 
of the thymoma and subsequent recognition 
of hypogammaglobulinaemia, depleted B cells, 
diminished T cells and inversion of the CD4/CD8 
ratio. In vitro T cell responses are impaired. The onset 
of immunodeficiency may precede the thymoma. 
Affected patients have increased susceptibility to 
bacterial, fungal, viral, and opportunistic infections. 
The most common infections are from candidiasis 
and herpes virus as well as common respiratory 
tract infections. Associated autoimmune disease is 
common (myasthenia gravis, pernicious anaemia, 
diabetes, thrombocytopenia). Immunoglobulin 
administration decreases the number of infections. 
Surgical removal of the thymoma may improve 
the autoimmune problems, but does not cure the 
immunodeficiency. Death usually occurs within a  
few years of diagnosis if the thymoma is malignant.20
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Secondary causes of antibody deficiency

	 •	 The	first	priority	is	to	treat	the	underlying	 
  disorder causing the antibody deficiency  
  where possible

	 •	 Opinions	vary	on	the	use	of	IRT	for	these	 
  secondary causes of antibody deficiency

	 •	 IRT	may	be	considered	in	patients	with	 
  severe recurrent infection and profound  
  hypogammaglobulinemia

	 •	 In	HIV	infection	in	children,	antiretroviral	 
  therapy should be used as the first line   
  treatment prior to considering IRT

	 •	 IRT	is	usually	not	helpful	in	protein	losing	 
  states such as nephrotic syndrome and protein  
  losing enteropathy

	 •	 Evaluation	of	specific	antibody	responses	to		
  vaccine antigens may assist in the decision  
  to commence IRT

Chapter 6

There are a number of conditions that may be 
associated with secondary antibody deficiency  
(Table 1). Immunoglobulin replacement therapy may 
be appropriate in certain situations but the evidence 
to support this is limited. The first approach to 
management of the antibody deficiency is to correct 
the underlying cause where possible. Indications for 
commencing IRT are discussed.

Haematological malignancies and 
lymphoproliferative disorders

Haematological malignancies and lymphoproliferative 
disorders may be associated with secondary immune 

deficiency either as a direct effect of the disease itself 
or due to drug therapy. Hypogammaglobulinaemia and 
impaired vaccine responses have been documented 
in chronic lymphocytic leukaemia (CLL) and multiple 
myeloma (MM).1,6 The exact mechanism(s) are not 
known but clonal proliferation of dysfunctional malignant  
B cells and plasma cells that suppress the normal cellular 
counterparts are likely. In addition, T cell responses may 
be impaired resulting in diseases such as herpes zoster, 
and neutropenia can be a complication of chemotherapy. 
The result is that infections are more common in these 
patients, but it is often difficult to tease out the effects of 
the disease itself versus those of drug therapy.

In the absence of chemotherapy, the majority 
of infections are bacterial with a predominance of 
encapsulated bacteria, for example pneumococcus, 
particularly in the early phases of the disease. 
Chemotherapy is associated with a broader spectrum of 
infections, including opportunistic infections, particularly if 
there is associated neutropenia. The pattern of infection 
in early CLL or plateau-phase MM mimics that seen in 
primary antibody deficiency. 

Given the evidence for efficacy of immunoglobulin 
replacement in primary antibody deficiency there has been 
some interest in using immunoglobulin replacement in 
the haematological malignancies, particularly CLL and MM 
where hypogammaglobulinaemia is well documented. 
However because of the complexity of the underlying 
condition it cannot be assumed that replacement will be  
as efficacious as in primary hypogammaglobulinaemia. 
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Studies to assess immunological function and 
likelihood of infection in subgroups of patients with 
haematological malignancies are generally lacking. 
There is no consensus on the best approach to 
assess infection risk and immunological status, 
although evaluation of specific response to 
immunisations has been suggested. The stage of 
disease may also be important when considering 
replacement immunoglobulin therapy. Advanced 
disease, as demonstrated in MM (see below), 
may respond less well, especially if there is 
neutropenia secondary to chemotherapy. Also 
these variables may increase the baseline risk 
of infection, which may then remain unmodified 
by immunoglobulin replacement therapy. When 
considering immunoglobulin replacement therapy in 
someone with recent infection, antecedent events 
such as chemotherapy and type of infection (non-
encapsulated bacteria) may suggest that infection  
was not related to hypogammaglobulinaemia  
and therefore replacement immunoglobulin may  
not be indicated.

Practice varies internationally with respect 
to the use of immunoglobulin replacement in 
haematological malignancies and guidelines are 
sparse. This most likely reflects the limited evidence 

available. The majority of studies explore the use of 
IRT in CLL and MM rather than lymphoma or acute 
leukaemias.

Twelve randomised-controlled studies on efficacy 
of intravenous immunoglobulin therapy (IVIg) have 
been identified.7-18 These studies were conducted 
between 1984 and 1994 predating the use of drugs 
such as rituximab which is likely to have an additional 
effect on B cells. The studies are limited by small 
sample size (12-84 participants) and in general do 
not define a high risk group most likely to benefit. 
One exception is a study of patients with plateau 
phase myeloma described below. Only three studies 
have examined IVIg therapy in acute leukaemia 
(predominantly lymphoblastic),16-18 the remaining 
studies being in CLL or multiple myeloma.7-15  Two of 
these latter studies also included a few patients with 
low-grade B cell lymphoma.12,15

Treatment protocols for IVIg used in MM and CLL 
differed between the studies, but most subjects 
received IVIg at a dose of 0.4 g/kg every three to four 
weeks. Two small studies (34 and 36 patients each) 
compared a dose of 0.5 mg/kg to 0.25 mg/kg in CLL  
and found no difference in efficacy with respect 
to reduction in infections however they were 

Haematological / Lymphoproliferative conditions

•	 Chronic lymphocytic leukaemia
•	 Multiple myeloma
•	 Lymphoma
•	 Acute leukaemia

Infections
•	 Human immunodeficiency virus (HIV) 
•	 Congenital Rubella

Drugs (See Table 2)

Transplantation
•	 Solid organ 
•	 Haemopoietic stem cell

Protein losing states

•	 Nephrotic syndrome
•	 Protein losing enteropathy
•	 Lymphangiectasia
•	 Chylothorax
•	 Severe burns

Prematurity –

Table 1 
Conditions that may be associated with a secondary antibody deficiency  
(either due to the condition or the treatment)
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underpowered to demonstrate an effect.10,11 If IRT 
is commenced, current recommendations for dose 
and route of delivery of Ig replacement for immune 
deficiency should be followed (see chapter 7). Use 
of subcutaneous Ig has been suggested in one small 
study to offer an alternative to IVIg.19 The role of 
prophylactic antibiotics has not really been addressed 
except for a small study in MM (see below).20

Chronic lymphocytic leukaemia (CLL)
Description of the condition

Studies in CLL enrolled subjects due to either a  
significant history of infection or 
hypogammaglobulinaemia. Some subjects therefore 
had normal immunoglobulins. These studies 
demonstrated significantly reduced infection in 
the active IVIg arm compared to placebo or no 
treatment.7, 8,12,13 In the largest study (84 subjects), 
there were 23 infections in the IVIg treated versus 
42 in the placebo group.7 In the 57 patients who 
completed a year of therapy, there were 14 infections 
in the IVIg group versus 36 in the placebo group. 
The number of subjects who remained infection free 
did not differ significantly with 13 in the IVIg group 
versus 11 in the placebo group. Three people in each 
group died.7

Multiple chemotherapy regimens have been 
shown by multivariate analysis to be associated 
with the greatest risk of serious infection (OR 3.04 
versus hypogammaglobulinaemia 1.24).21 There 
is other evidence that the infection risk in CLL is 
greater with hypogammaglobulinaemia.3-5 In addition 
there is evidence of impaired vaccine responses 
in CLL, however, prospective studies examining 
infection rate in those with poor vaccine responses 
as compared to those with normal responses are 
lacking.3-6 No RCT performed subgroup analysis to 
investigate differential efficacy in different risk groups 
or assessed antibody response to vaccination. 
Hence, in CLL it is not known whether certain 
patients are more likely to benefit when compared to 
others. 

The role of antibiotic prophylaxis has not been 
systematically explored in this condition, however,  
there has been a small trial in MM with promising 
results (see over).20

A recently published Canadian guideline 
recommends the prophylactic use of IVIg in adults 
with haematological malignancy “associated 

with hypogammaglobulinaemia or dysfunctional 
gammaglobulinaemia.”22  The British Committee 
for Standards in Haematology recommend 
immunoglobulin replacement in CLL patients with 
hypogammaglobulinaemia, recurrent bacterial 
infection and failure to respond to prophylactic 
antibiotics.23

Diagnostic features
A careful assessment of patients with CLL should 

include a detailed infection history. Specifically, a 
history of serious or recurrent bacterial infection 
is noteworthy. An assessment of humoral 
immunity by measuring immunoglobulins and 
response to antigens such as tetanus, diphtheria, 
haemophilus (protein antigens) and pneumococci 
(Pneumovax®) (polysaccharide antigens) may provide 
some indication of risk of infection. The stage of 
disease (for example advanced) and presence of 
other unmodifiable variables such as multi-agent 
chemotherapy and neutropenia need to  
be considered as IRT may be less efficacious under  
these circumstances. 

When to commence treatment
Recurrent or serious bacterial infection in CLL 

associated with hypogammaglobulinaemia where 
other significant risk factors (neutropenia or 
multiple courses of chemotherapy) are felt not to be 
causative. Impaired vaccine responses will support 
the decision. Prophylactic antibiotics should be 
considered initially. 

Duration of therapy
Treatment should be for a trial of a year in the 

first instance with annual assessment of efficacy 
thereafter. 

Multiple Myeloma (MM)
Description of the condition

A prospective study in multiple myeloma 
highlighted that reduced non-paraprotein IgG and IgA 
levels and/or poor antibody response to exogenous 
antigens were associated with an increase in serious 
infections.2 The largest study of prophylactic IRT 
in MM included 83 subjects in plateau-phase.9 
An infection history or immunoparesis was not a 
requirement for enrolment but a subgroup analysis 
was performed. A significant decrease in serious and/
or recurrent infections was demonstrated. However 
this benefit was seen only in certain subgroups. 
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Subjects who had a poor response to polysaccharide 
pneumococcal vaccine benefited with a decrease 
in infections compared to those with a good IgG 
response. Also patients with relatively preserved bone 
marrow function (as assessed by platelet count and 
haemoglobin) had a reduced rate of infection compared 
to those with more advanced disease (low platelets 
or haemoglobin) who had no decrease in infection 
rates. This study did not look at the impact of baseline 
non-paraprotein IgG levels. Adverse events were more 
common (12% of infusions) in the IRT group compared 
to the controls (5% of infusions). Although the majority 
were mild this patient group does appear to be more 
susceptible as this rate is higher than in CLL (2.7%  
of infusions).9

A small study enrolling 57 subjects during early 
chemotherapy in MM compared prophylactic 
cotrimoxazole with no treatment. Although there was 
a 25% withdrawal from the treatment arm due to side 
effects, there was still a significant reduction in infection 
rate during the three month study duration in the 
cotrimoxazole treated group.20 

A recently published Canadian guideline on 
immunoglobulin use in haematological conditions 
recommends the prophylactic use of IVIg in adults 
with haematological malignancy “associated 
with hypogammaglobulinaemia or dysfunctional 
gammaglobulinaemia.”22 In addition guidelines on the 
management of MM from the British Committee for 
Standards in Haematology recommend immunoglobulin 
replacement when there are recurrent infections during 
plateau phase.24

Diagnostic features
A careful assessment of patients with MM should 

include infection history looking specifically for a 
history of serious or recurrent bacterial infection. 
An assessment of humoral immunity by measuring 
immunoglobulins (excluding the paraprotein) and 
response to antigens such as tetanus, diphtheria, 
haemophilus (protein antigens) and Pneumococci 
(Pneumovax®) (polysaccharide antigens) may provide 
some indication of risk of infection. The stage of disease 
(eg advanced with low platelets or haemoglobin)  
and presence of other unmodifiable variables such  
as multi-agent chemotherapy and neutropenia need  
to be considered as IRT may be less efficacious under 
these circumstances. 

When to commence treatment
Recurrent or serious bacterial infection in plateau 

phase MM associated with a reduced non-paraprotein 
IgG or IgA, poor response to pneumococcus and where 
other significant risk factors eg neutropenia or multiple 
courses of chemotherapy are felt not to be causative. 
Prophylactic antibiotics should be considered initially.

Duration of therapy
Treatment should be for a trial of a year in the first 

instance with annual assessment of efficacy thereafter. 

Acute leukaemia 
Description of the condition

Severe infection is often a complication of 
intensive chemotherapy for acute leukaemia. This 
is most often due to neutropenia but secondary 
hypogammaglobulinaemia may also contribute. Three 
studies of IVIg use in childhood acute (predominantly 
lymphoblastic) leukaemia were published between 
1989 and 1994.16-18 Two small studies (81 patients 
total) examined the effect of the addition of IVIg to the 
treatment of an acute infective episode.16-18 Both studies 
demonstrated a significant decrease in fever duration 
and in one the number of febrile episodes was also 
less. One study containing 60 participants looked at 
prophylactic IVIg use with results suggesting  
fewer infections.17 

These studies are very small and at least 14 years old; 
no clear recommendation for IRT can be made in this 
patient group. 

Other leukaemias / lymphomas
There are a variety of opinions across consensus 

documents regarding the use of IRT in acute leukaemia 
and non-Hodgkins lymphoma reflecting the lack of 
data. IRT may be considered in rare patients where 
there is recurrent severe bacterial infection and 
profound hypogammaglobulinaemia, and other causes 
of recurrent infection (eg neutropenia and advanced 
disease) are excluded.
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Infection with Human Immunodeficiency  
Virus (HIV) 

Paediatric HIV infection
Description of the condition

Children presenting with recurrent bacterial infections 
due to infection with HIV. 

Diagnostic features 
Children aged 12 years or younger with frequent, 

serious bacterial infections despite combination 
antiretroviral therapy (ART) and antibiotic therapy.

When to commence treatment
There is evidence to support the use of IRT for HIV 

infection in children in the absence of combination 
antiretroviral therapy (ART). However it is not clear that 
IVIg provides benefit not achievable with antibiotic 
prophylaxis. Since the advent of combination ART, 
morbidity and mortality from bacterial and opportunistic 
infections in HIV has decreased dramatically. There are 
no studies assessing the benefits of IRT in children 
with HIV infection who are treated with combination 
antiretroviral therapy.

Therefore, IVIg treatment for this condition would be 
uncommon and priority must be given to antiretroviral 
therapy. However, in exceptional patients who continue 
to experience recurrent bacterial infections despite 
adequate ART and prophylactic antibiotics, IVIg therapy 
can be considered. 

Duration of therapy
Treatment should be for a trial of 1 year followed by 

cessation and repeat immunological evaluation (six 
months post cessation) prior to recommencement  
of therapy. 

Adult HIV infection
IRT is not indicated, with or without combination 

antiretroviral therapy.

Congenital Rubella

Congenital rubella infection may be associated 
with persistent abnormalities of immunoglobulin 
production, which on occasion have required 
immunoglobulin replacement therapy. This is not 
generally seen with postnatal rubella infection. 

Drug induced immunodeficiency

Description of the condition
Reduced levels of serum immunoglobulins may be 

induced by a large number of immunosuppressive 
therapeutic strategies or as an idiosyncratic reaction 
to some drugs (table 2). In some cases there may be 
associated functional antibody defect and/or recurrent 
bacterial infections. The antibody defect may not be 
reversible upon cessation of the drug.

B cell depleting therapies require special consideration
Rituximab is an anti-CD20 monoclonal antibody that 

selectively depletes B cells from the pre-B stage to 
the mature B stage but does not affect hematopoietic 
stem cells or plasma cells. Single treatment courses 
of rituximab do not generally induce deficiencies in 
total serum Ig concentrations or antibody-specific 
IgG.25 Despite depletion of circulating B cells for 
6-12 months following therapy there is usually no 
resultant significant hypogammaglobulimaemia and 
IVIg replacement therapy is generally not necessary. 
Repeated courses may induce more prolonged 
hypogammaglobulinaemia for up to nine months.26, 27

When to commence treatment
Wherever possible the drug should be ceased, 

reduced in dose or changed to an alternative drug. 
Prophylactic antibiotics should be considered as a first 
option. IRT may be considered in rare cases, where 
patients present with recurrent bacterial infections 
due to drug induced humoral immunodeficiency (most 
commonly secondary to immunosuppressive agents) 
where the inciting drug cannot be reduced or ceased 
without substantial morbidity. Other causes for infection 
eg neutropenia should be excluded, and specific 
antibody responses to antigens may assist in the 
decision to commence immunoglobulin replacement 
therapy. Immunoglobulin replacement therapy is not 
indicated in patients who are not experiencing  
clinical infections. 

Duration of therapy
Duration will depend upon the clinical setting. 

Post transplantation

Description of the condition
Patients undergoing both haemopoietic stem cell 

transplantation (HSCT) and solid organ transplantation are 
at risk of developing infections due to immunosuppression 
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Table 2. Drug induced antibody deficiency

from pre-transplant preparative agents, graft-versus-
host disease, and delayed immunocompetence during 
post-engraftment period. Cytomegalovirus (CMV) is a 
significant cause of morbidity and mortality following 
transplantation, especially in children, who are at risk of 
primary infection. The provision of antibody may prevent  
or treat infections. 

Specific products available that may be considered 
for use include intravenous immunoglobulin and CMV 
hyperimmune globulin (CMVIg). CMV hyperimmune 
globulin has an approximately 5-8 fold enrichment in 
anti-CMV titre compared with IVIg.28 Its therapeutic 
use has become less important with the availability 
of potent antiviral drugs.

The use of IVIg and CMVIg in the setting of prevention 
of infections post-transplantation is still a matter of 
controversy despite numerous trials.29, 31 Many of the 
trials have produced contradictory results, findings that 
were not statistically significant, or were not blinded or 
randomized. None of the trials were placebo controlled, 
and most were carried out before recent advances in 
transplants, such as effective drugs for CMV infection, were 
available. In summary, results from these studies were 
conflicting, with some studies showing benefit from  
higher-dose IVIg, others showing no significant difference  
in effect between 2 or 3 different doses of IVIg.

Both IVIg and CMVIg have been used to treat CMV 
infection but no formal comparison between the 
two products has been made. There is no difference 
in incidence of CMV infection in patients receiving 
prophylactic standard IVIg (400 mg/kg/week) as 
compared to CMVIg (100 mg/kg/week). 32 The main 
disadvantage of CMVIg is the high cost (35% more 
expensive than IVIg).

When to commence treatment
•	 There is no proven benefit from prophylactic 

IVIg in preventing bacterial infections in patients 
undergoing HSCT. 33, 35

•	 There is no proven benefit from prophylactic IVIg 
in preventing late infections in patients undergoing 
HSCT in non-immunodeficient patients

•	 There is no proven benefit from prophylactic IVIg 
in preventing RSV infections in patients undergoing 
HSCT

•	 Some multinational protocols for HSCT recommend 
routine use of IVIg for hypogammaglobulinaemia 
- IVIg may be administered to comply with protocol 
recommendations but the benefit of this approach 
has not been adequately studied and there is 
considerable uncertainty as to the efficacy of such 
an approach.36

•	 IRT may be considered for acquired 
hypogammaglobulinaemia post allogeneic HSCT or 
Solid Organ Transplantation and:

	 •	 a	recent	episode	of	a	severe	invasive			
  infection, which is reasonably thought to be  
  caused by low levels of IgG; or

Idiosyncratic effects Agents with known immunosuppressive effects

•	 Antimalarial agents 

•	 Captopril 

•	 Fenclofenac 

•	 Gold salts 

•	 Penicillamine 

•	 Carbamazepine 

•	 Phenytoin

•	 Sulfasalazine

•	 Glucocorticosteroids 

•	 Cytotoxic immunosuppressives

•	 Cancer chemotherapy

•	 B cell depleting monoclonals eg rituximab (see text)

•	 Combination transplant rejection regimens
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	 •	 recurrent	episodes	of	clinically	significant		
  infections (eg, pneumonia), which are   
  reasonably thought to be caused by low  
  levels of IgG.

•	 The use of IVIg and CMVIg enriched preparations in 
the prevention and management of CMV infections 
remains controversial: 

	 •	 currently	there	is	no	indication	for	CMVIg	or		
  IVIg in the prophylaxis of CMV disease in  
  recipients of solid organ transplants   
  as it does not significantly reduce CMV  
  disease and CMV-associated mortality in  
  solid organ transplant recipients.37

 • although there are cited reports that   
  have supported the use of IVIg and CMVIg  
  in the prophylaxis of CMV disease   
  in patients undergoing HSCT, there 
   are doubts regarding efficacy and   
  recommendations for routine use have  
  no clear basis

• although there are randomized   
  control studies demonstrating pre-emptive  
  gancyclovir to be highly effective, there is  
  no evidence to suggest that the addition of  
  IVIg or CMVIg increases efficacy 37

• although there are studies suggesting benefits  
  from a combination of IVIg or CMVIg   
  and ganciclovir in the treatment of interstitial  
  CMV pneumonitis, this area is unresolved.38, 41

Larger doses of IVIg might need to be used because 
of the shortened half-life of immunoglobulin in HSCT 
patients. The half-life is estimated to be six days.42 The 
authors were unable to provide an explanation for the 
reduced half-life of IgG in these patients but suggested 
that weekly IVIg is likely to be optimal in this population. 
It has been postulated that the reduced half-life could be 
secondary to increased protein catabolism and/or acute 
graft-versus host disease.31 In one of the largest studies, 
500 mg/kg body weight was given weekly until day 90, 
then monthly until day 360 after transplantation.43 
Further research is required to determine dose, 
frequency, and duration of administration of IVIg in  
view of limited evidence. 

Protein losing states

Protein losing states include protein losing 
enteropathy, lymphangiectasia, nephrotic syndrome, 
chylothorax, and patients with severe burns. In general 
protein losing states encompass a group of disorders 
in which routine use of immunoglobulin replacement 

therapy is not recommended. The typical antibody 
profile seen in protein losing states is of reduced serum 
IgG with preservation of IgA and IgM due to their 
respective rates of production. Lymphopenia may be  
a feature where there are structural abnormalities of  
the lymphatics such as in intestinal lymphangiectasia 
and chylothorax. 

 As the functional antibody response remains intact 
increased susceptibility to infection is uncommon in 
these conditions. Rarely, intestinal lymphangiectasia 
may be associated with reversed CD4:CD8 ratio 43 

and reduced antibody synthesis (functional antibody 
response), in which case IRT may be indicated.

Use of IVIg will raise IgG levels only transiently 
and is therefore not generally recommended. IRT 
may be considered in patients with prolonged 
hypogammaglobulinaemia, very low IgG eg <2 g/l or 
defective functional antibody responses who experience 
recurrent infection despite antibiotic prophylaxis. 
In this situation there may be added benefit of the 
subcutaneous route of immunoglobulin administration 
because of delayed release of IgG into serum.

Prematurity

Maternal transfer of immunoglobulin to the fetus 
occurs as early as 17 weeks of gestation and 
progressively increases until birth. Maternal levels are 
reached around 33 weeks gestation. The endogenous 
synthesis of IgG occurs soon after birth while levels 
of maternal derived IgG decrease. At about 2 months, 
circulating IgG synthesised by the infant equals the 
amount derived by placental transfer and the level of 
serum IgG is lowest between 2-4 months of age. By 
10-12 months the serum IgG is completely derived 
from the infant. The premature infant has a lower IgG 
concentration level at birth 45 than healthy term infants 
however it is unclear how much this contributes to the 
increased risk of infection in the perinatal period.

IVIg for prevention of infection in preterm infants
Studies do not support the routine use of IVIg as 

prophylaxis against infection in preterm or low birth 
weight babies.46 A Cochrane meta-analysis of 19 
studies which included approximately 5,000 preterm 
and / or LBW infants found a small but statistically 
significant 3% reduction in sepsis and a 4% reduction 
in serious infections which are considered to be of 
marginal clinical significance. There was no reduction 
in mortality from infection or any other cause, and 
other important outcomes such as necrotizing 
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enterocolitis, intraventricular haemorrhage, or length 
of hospital stay.46 

IVIg for the treatment of sepsis in preterm neonates
A Cochrane review (updated 2008) 47 of six randomized 

studies (n=318) examined the effect of IVIg treatment 
on mortality in newborn infants <28 days of age 
with clinically suspected infections. IVIg therapy was 
associated with a reduced mortality of borderline 
statistical significance [RR 0.63 (95%CI 0.40,1.00)]. Study 
subjects included both preterm and term neonates. The 
authors concluded that there is currently insufficient 
evidence to support the routine administration of 
IVIg preparations for the prevention of mortality from 
suspected or subsequently proven neonatal infections.47, 48
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Chapter 7

	 •	 An	initial	maintenance	dose	would	be	 
  0.4-0.6g/kg per month

	 •	 Immunoglobulin	replacement	can	be	given	 
  via intravenous or subcutaneous routes

	 •	 Dose	adjustments	are	made	using	a	 
  combination of clinical parameters and  
  trough levels 

	 •	 Trough	levels	should	be	maintained	above	 
  the lower limit of normal age related reference  
  ranges or above 5g/L in children, whichever  
  is greater

	 •	 Higher	doses	of	immunoglobulin	may	 
  provide better protection from infection  
  in some individuals

Approach to immunoglobulin replacement

Immunoglobulin replacement in immune 
deficient patients can be achieved with either 
intravenous immunoglobulin (IVIg) or subcutaneous 
immunoglobulin (SCIg). Once it is determined that 
a patient requires immunoglobulin replacement, 
decisions to be made about replacement for any 
patient will include:

1.  Route: There are many IVIg products 
licensed worldwide,1 with some products 
readily available for intravenous use 
in the Asia Pacific region (Table 1) and 
few products currently available for 
subcutaneous use (Table 2). 

2.  Dose

3.  Location for infusions: home versus hospital

4.  Indications for dose adjustment.

Prior to starting therapy, patients and their families 
will need information about the range of replacement 
products available for use. Written informed consent 
should ideally be obtained and is a requirement 
in some centres. If IRT is to be used for a trial 
period, it is essential to discuss the anticipated 
duration of IRT and expected outcomes in advance 
of commencement. Prior to commencement of 
immunoglobulin replacement, baseline investigations 
should be arranged (see chapter 8) including renal 
and liver function. Before the first infusion it is 
advisable to store serum in case there is subsequent 
need to determine presence or absence of a specific 
infection at the time of starting treatment. Saving 
specimens may also be considered on a regular basis 
during immunoglobulin replacement therapy  
(see chapter 8). 

Intravenous versus subcutaneous 
immunoglobulin replacement

The decision on which route of administration 
is best for a given patient will depend on various 
factors including availability of appropriate products, 
patient factors, patient preference, and cost. There 
are advantages and disadvantages to each approach 
(Table 3) and the preferred route, and consequently 
infusion frequency, may vary at different times during 
a given patient’s life. 

Other medical conditions will influence the decision 
to proceed with either IVIg or SCIg replacement. 
Subcutaneous treatment may be contraindicated 
in severe thrombocytopenia, bleeding disorders, 
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or in those on anticoagulation therapy. It may be 
problematic for patients with widespread eczema. 
Subcutaneous treatment may be preferred if there 
are side effects from IV replacement or where 
IV access is difficult. Age is a factor in making the 
decision, with less frequent procedures often preferred 
in children, though SCIg has been shown to be well 
tolerated in infants and young children.2 Subcutaneous 
Immunoglobulin can be infused at various sites, with 
the abdomen being the most common. Infusion into 
the thigh is also possible. Limited subcutaneous 
tissue may limit site options for infusion. Availability 
of suitable product has previously been a significant 
factor limiting the use of SCIg replacement therapy, 
though there are an increasing number of products 

becoming available for subcutaneous use. There is 
published evidence 3 that intravenous products can 
also be given safely by the subcutaneous route. 

In terms of outcomes such as the IgG level 
achieved or the control of recurrent infections, 
there is no data to suggest advantage with use 
of either the IV or SC routes although long term 
studies are not available. A multicentre comparison 
of the efficacy and safety of intravenous versus 
subcutaneous immunoglobulin replacement  
therapy showed no significant differences in rates 
of breakthrough infections or adverse reactions. The 
IgG levels achieved were equivalent for the IV and SC 
replacement groups.4

Product Form
T 1/2 

in PID 
patients

Refrigeration Filter IgA Excipient

Intragam® P 6% solution
39.7 
days

Yes or use 
within three 
months if 
removed and 
stored below 
25°C

No <0.025mg/ml 10% maltose

Gammagard® 

Liquid 10% solution 35 days No No 37 mcg/ml Glycine

Octagam® 5% solution 40 days

Yes (may also 
be stored at 
room temp 
to max of 
25oC for 24 
months) 

No <0.2mg/ml 10% maltose

Sandoglobulin®

Lyophilized.  
Intravenous  
administration  
as a solution 
depending on 
volume of diluent

41.5 
days

No (stored 
below 25oC 
protected 
from light)

Yes
Maximum 
40mg/g 
protein

Sucrose

Sandoglobulin® 

NF Liquid 12% solution 34 days Yes No

<0.1mg/ml  
(normally 
below 
0.015mg/ml)

L- proline 
L- isoleucine 
Nicotinamide

Table 1 Asia Pacific intravenous immunoglobulin products
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Practical aspects of IVIg replacement
On initiation of IVIg replacement therapy, a loading 

dose may be considered, with 1g/kg given either 
as a single dose or as several smaller doses over a 
few days. Doses should be rounded to the nearest 
amount contained within a vial rather than discarding 
IVIg. The half life of naturally occurring IgG in the 
normal host is approximately 21-28 days. There are 
various half lives quoted for different IVIg 
products (Table 1). 

Maintenance doses are generally commenced at 
0.4-0.6g/kg given each 3-4 weeks, and again doses 
should be rounded to finish each vial rather than 
discard IVIg. A higher maintenance dose of  
0.6g/kg/4 weeks in adults and 0.8g/kg/4 weeks in 
children has been shown to reduce number (3.5 
vs 2.5 per patient) and duration (33 vs 21 days) of 
infections amongst XLA and CVIDs patients.5 For 
some patients, particularly those on home IVIg 
therapy, more frequent infusions may be more 
convenient and are an acceptable alternative, with 
the same cumulative dose per month administered. 

Use of topical analgesia prior to obtaining venous 
access should be considered, particularly in children. 
Options include local anaesthetic creams such as 
prilocaine and lignocaine (EMLA®; effective after 
30-40 minutes), amethocaine (Ametop®; effective 
after 20-30 minutes), or the coolant spray ethyl 
chloride (effective immediately). 

Each IVIg product has product information with 
suggested infusion rates, usually advising to 
commence each infusion slowly and increasing 
as tolerated. Most IVIg infusions will take 2-4 
hours to complete. The Intragam® P data sheet 
suggests a starting rate of 1ml/minute, increasing 
each 15 minutes to 4ml/minute maximum, with 
no modification suggested for weight, however 
slower rates should be used in infants and young 
children. Other published recommendations include 
starting each infusion at 0.5-1mg/kg/min increasing 
to a maximum of 4mg/kg/minute,1 with one study 
suggesting that rates of over 15mg/kg/min6 can be 
tolerated by selected patients. 

Prior to starting each infusion, baseline recordings 
of heart rate, respiratory rate, blood pressure 
and temperature should be recorded, with repeat 
recordings if required. The batch numbers of IVIg 
product used during each infusion must be noted 
in the patient’s records to enable retrospective 
verification in the event of transmitted infection.

IVIg infusions have been shown to be sufficiently 
safe to enable patients (adults and children) to 
receive infusions at home, with the help of a 
responsible adult. Home therapy is an option for 
patients established on IVIg who are not having 
infusion reactions. Therapy cannot be initiated 
at home because of the increased frequency of 
adverse reactions. In one large study of 290 patients 

Product Form IgA Excipient

Indicated for IgG  
replacement in PID

IM use SC use

Gammanorm® 16.5% solution <0.082mg/ml Glycine Yes Yes

Normal  
Immunoglobulin-VF

16% solution Not available Glycine Yes No

Subgam® 14-18% solution
Max 0.2% w/w 
of total protein

Glycine Yes Yes

Table 2 Asia Pacific intramuscular and subcutaneous immunoglobulin products
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receiving infusions at home (9474 infusions), there 
were a total of 87 reactions, 72 of which were mild 
and 15 classified as moderate; there were no serious 
reactions.7

Home therapy requires careful selection of patients 
in terms of patient reliability and ability to learn the 
techniques for venepuncture, IV infusion and aseptic 
technique. Formal education as to the nature and 
management of adverse reactions is needed and a 
log of adverse reactions should be established and 
maintained (Appendix 1). Resources including IVIg, 
pumps and monitoring equipment are required, 
as is the ongoing support and supervision of the 
supervising clinician / immunologist. Self injectable 
adrenaline was initially recommended for patients 
self infusing IVIg at home, but recent data from a 
large study found that this is unnecessary given the 
reported safety of home infusions.7

Practical aspects of SCIg replacement
Subcutaneous infusions of immunoglobulin (SCIg) 

are an alternative to IVIg replacement therapy, with 
the same cumulative dose of immunoglobulin given 
each month. Use of a higher monthly replacement 
dose, to maintain equivalent area under the curve for 

serum IgG over time, has been considered.8 While 
this resulted in a higher serum IgG level than when a 
dose equivalent to the IV dose was used, there was 
no apparent benefit in terms of infection control.

The regimen for SCIg infusions can be tailored to 
the patient and allows considerable flexibility, with 
divided doses given on average every 3-7 days, at 
1-2 sites per infusion. Steady state is reached after 
six months with weekly subcutaneous infusions or 
after 1 week if the patient is given daily infusions 
for five consecutive days; thereafter, steady state 
can be maintained with weekly infusions.8 For 
newly diagnosed patients with very low IgG being 
commenced on immunoglobulin replacement 
therapy, loading doses of either intravenous or 
subcutaneous immunoglobulin should be considered 
prior to starting SCIg, as this may help achieve 
normal levels more rapidly.2

Subcutaneous immunoglobulin replacement is 
usually home based therapy. The treatments are given 
by subcutaneous infusion via a battery powered 
pump, most often into the abdominal wall, with the 
thigh or arm as possible alternative sites, depending 
on adequate subcutaneous tissue. Various rates 

Therapy Strengths Weaknesses

IVIg
•	 Less frequent infusion (q3-4 week)

•	 Rapid increase in serum IgG

•	 Usually hospital based

•	 Intravenous access required

•	 Risk immediate adverse effects

SCIg

•	 Home based therapy

•	 IV access not needed

•	 Few systemic side effects; can be used  
for patients with previous reactions to IVIg

•	 Improved Quality of Life of patient and  
family with flexibility, independence,  
and empowerment

•	 Reduced cost of treatment – hospital  
costs and patient time

•	 Frequency of dosing will depend upon 
the dose to be administered, volume 
that the patient is able to tolerate per 
infusion and patient preference

•	 Local side effects (swelling, induration, 
local inflammation, itch)

•	 Requirement of a pump or pumps

Table 3 Comparison of Strengths and Weaknesses of IVIg and SCIg

APPROACH TO IMMUNOGLOBULIN REPLACEMENT
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of infusion have been published; rates of 20ml/hr 
have been tolerated in children 2 and rates of up to 
40ml/hr have been tolerated in adults.9 The volume 
able to be infused at any site may be up to 20-30ml 
as tolerated.10 SCIg infusions are generally well 
tolerated. There is often erythema and swelling at 
the site during the first few infusions, but these local 
reactions subside rapidly and rarely recur after 10 or 
so infusions. Given the demonstrated safety of SCIg 
infusions, provision of self injected adrenaline is  
not necessary.11

As with home IVIg, selection of patients for SCIg 
therapy needs to take into account the ability of the 
patient or family to reliably administer the treatment. 
Depending on the product used, patients may also 
require the facility to store the SCIg product at 4°C. 
Arrangements for how to manage infusions during 
illness or vacation need to be discussed. Patients 
need to keep a log of any adverse reactions to  
SCIg (Appendix 1), with an organized system  
whereby adverse reactions are reported to the 
supervising physician.

Whether immunoglobulin replacement is with 
IVIg or SCIg, the possibility of home based therapy 
should be considered, with improved quality of life 
demonstrated, particularly with SCIg.12

Immunoglobulin replacement dose adjustment 
After initiation of IVIg therapy the blood level of IgG 

increases rapidly and stabilizes over 3-4 months as the 
tissue spaces become saturated with IVIg. Similarly 
after initiation of SCIg the blood level of IgG rises over 
the next 3-6 months, even without a loading dose 
of IVIg.10 Ongoing dose adequacy is then assessed 
primarily by considering clinical progress of the patient 
and control of recurrent infections. The replacement 
dose in g/kg/month, and the pre-infusion trough IgG (in 
IVIg) or steady state IgG (in SCIg) achieved are also used 
to assess dose adequacy. 

Prior to the development of IVIg replacement 
therapy, doses were limited by the volume that could 
be administered by intramuscular IgG injection, and 
relatively low serum trough IgG levels were achieved. 
With the availability of IVIg preparations, higher 
replacement doses are able to be administered and 
higher trough levels of IgG achieved. Early studies 
comparing intramuscular or low dose IV immunoglobulin 
replacement with higher dose IVIg showed higher 
trough IgG and a reduction in intercurrent infections 

with higher dose IVIg replacement.13,14 One early study 
suggested that doses of IVIg achieving a trough of >5g/L 
were associated with a reduction in acute infection.15

The relationship between trough IgG levels, monthly 
dose of IVIg and clinical outcome is summarised in  
Table 4. Some data suggests that the trough IgG at 
which infections are prevented may vary between 
patients, between IVIg products, and may depend 
on associated clinical problems (such as chronic lung 
disease).16,17 Trough levels should be maintained within 
the normal age related reference range. 

Progression of pulmonary disease has been shown 
to occur despite a trough IgG level of >5g/L in a 
group of Finnish patients with CVIDs and XLA.18 A 
level of at least 6g/L was associated with prevention 
of progression of pulmonary disease in adult patients 
with CVIDs.19 Residual serum IgG levels of >8g/L 
compared to levels of 5-8g/L further reduced the risk 
of severe bacterial infection (pneumonia, septicemia 
and cellulitis) in children with XLA.20 In a double-blind 
randomized cross over study 5 of two doses of IVIg 
(0.3g/kg/4 weeks versus 0.6 g/kg/4 weeks in adults 
and 0.4g/kg/4 weeks versus 0.8 g/kg/4 weeks in 
children), the higher doses of IVIg were associated 
with a reduced number and duration of infections. 
The trough IgG increased from 6.3g/L to 9.4g/L on 
high dose treatment. Another study16 compared two 
IVIg products. Infection rates were lower in those 
receiving replacement doses of >0.4g/kg/dose, with 
reduced infection rates reported with higher trough 
IgG, and the best protection observed in those with 
trough IgG of >9g/L. There are no data suggesting 
that levels beyond this confer further protection, and 
consideration of down titration of immunoglobulin 
replacement dose should be considered if very high 
trough or steady state IgG levels are being achieved. 

The trough IgG will not be useful in determining 
dose adequacy in patients who commenced 
immunoglobulin replacement with normal serum 
IgG levels and poor specific antibody production, 
and clinical parameters will be the most important 
outcome measure in determining dose.1 

Dose adjustment may be achieved either by 
increasing the dose of immunoglobulin given, or  
by shortening the interval between immunoglobulin 
doses. Currently there are no studies indicating 
which of these approaches is a more effective 
strategy. The decision will be influenced by current 
dose and route, as well as patient preference. 
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Author Patients Dose Trough IgG Outcome

Eijkhout 5

N=43

Adults and children

XLA and CVID

Cross over 

0.3 vs. 0.6g/kg/4 weeks 
for adults

0.4-0.8 g/kg/4 weeks  
for children

Mean 9.4g/L 
(high dose)

Mean 6.6g/L 
(low dose)

Reduced numbers of infections 
on high cf low dose

Significantly increased trough 
IgG on high cf low dose

Liese 21
N=29

Children XLA

>0.4 g/kg/3 weeks vs. 
0.2 g/kg/3 weeks

Mean 6.5g/Lvs.

Mean 2.2g/L

Reduced episodes pneumonia 
on high vs low dose

Reduced days hospitalisation 
on high vs low dose

Quartier 20

N=35

Children 

XLA

0.26-1.12g/kg/3 weeks Median 5.5g/L

Trough level of 5g/L associated 
with prevention of acute 
bacterial infection

Level of >8g/L amoliated with 
further reduction in risk of 
acute bacterial infection

Roifman15

N=12 

Adults and children

XLA and CVIDs

Chronic lung 
disease

0.6 g/kg/4 weeks vs. 
0.2 g/kg/4 weeks

Reduced numbers of acute 
infections during periods with 
trough IgG of >5g/L

Roifman16

N=146

Adults and children

Various PID 
diagnoses

Comparison of two 
IVIg products

0.1-0.6 g/kg/3-4 weeks

Fewer validated infections in 
patients on >0.4 g/kg/4 weeks 

Fewer validated infections in 
patients with trough IgG  
7-9g/L cf <7g/L

Further reduction in infections 
with trough IgG >9g/L

Apparent difference in efficacy 
between two IVIg products in 
terms of reduction in infection

Table 4 Relationship between trough IgG, dose and clinical outcome
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Chapter 8

Ongoing care of patients receiving immunoglobulin 
replacement therapy

	 •	 Patients	on	Immunoglobulin	Replacement		
  Therapy (IRT) should have regular (3-6  
  monthly) review by their treating physician  
  to determine current clinical status and the  
  development of new morbidities 

	 •	 Routine	Chest	CT	is	not	recommended	in		
  children due to the increased lifetime risk  
  of cancer  

	 •	 A	multidisciplinary	approach	(including	 
  physiotherapy) to patient management  
  is desirable 

	 •	 The	main	infectious	complications	in	patients	 
  on IRT involve the sinopulmonary tract and  
  may lead to bronchiectasis 

	 •	 Continuous	prophylactic	antibiotics	may	 
  be required when recurrent infections  
  occur despite optimal IRT 

	 •	 In	some	conditions	a	trial	of	IRT	for	12-24		
  months may be initiated following which 
  IRT cessation and immunological  
  re-evaluation is required

Monitoring Of Patients On Immunoglobulin 
Replacement Therapy (IRT)

Clinical review should occur routinely in all patients 
on IRT at a frequency that is dictated by clinical 
status. In general, review should take place at 3-6 
monthly intervals, however, the capacity for early 
review in the case of intercurrent illness is essential. 
It is important that this evaluation is conducted by  
a clinical immunologist with training and experience 
in the care of patients with antibody deficiency. In 
addition, there should be a coordinated approach 
to care with involvement of a general practitioner/
paediatrican/physician to whom the patient 
can present for routine issues between review 
appointments with the clinical immunologist. At each 
review with the clinical immunologist, all patients are 
monitored to determine current clinical status and for 
the development of new morbidities.

Routine evaluation of all patients on IRT should 
include the following tests shown in Table 1 and may 
include the tests shown in Table 2.
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Table 1. 
Evaluation of patients on IRT

Test Interval
Potential Complication  
Being Assessed

Full blood count (FBC) 3-6 Monthly
Anaemia  
Cytopaenias

Creatinine 3-6 Monthly
Renal failure – a rare  
complication of IVIg use  
(see Chapter 9 - adverse effects)

Liver function 3-6 Monthly

Abnormal LFTs can detect the 
possibility of blood borne viral  
infection where early diagnosis 
and treatment is beneficial 1, 2

Trough IgG 3-6 Monthly

Refer to chapter 7 for discussion 
of IgG tough levels

NB. Trough IgG levels are not a 
valid method of monitoring IRT  
in patients with Specific Antibody 
Deficiency (SAD) and IgG  
subclass deficiency

Height/Weight
At each visit for children and  
six-monthly for adults

To adjust the dose as indicated 
and to monitor general well being

Blood Pressure Measurement At each visit

Spirometry
Yearly or as indicated by  
respiratory status

To monitor for deterioration in  
lung function 

Chest XRay As indicated by respiratory status

Routine CT chest is not recommended due to 
the increased lifetime risk of cancer, particularly in 
children.3, 4 The argument for performing baseline 
high resolution CT is that bronchiectasis has been 
identified in patients with high resolution CT 
(HRCT) that was not appreciated on CXR or clinical 
presentation. It is also useful for comparison if a 
subsequent scan is performed for clinical reasons.

Some centres perform regular CT chest to monitor 
for the silent progression of pulmonary lesions 
that may occur despite appropriate therapy.5 The 
general consensus of this expert group is that such 
investigation should not be performed as a ‘routine’ 
but would be performed as dictated by clinical status. 
Nevertheless, clinicians caring for patients must be 
vigilant to the possibility of progressive lung disease 
which may be subclinical. 

ONGOING CARE OF PATIENTS RECEIVING IMMUNOGLOBULIN REPLACEMENT THERAPY
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Table 2. 
Other tests that may be considered when monitoring patients on IRT

Test Interval Potential Complication  
Being Assessed

High resolution CT Chest

Baseline in Adults then as  
indicated by respiratory status

Contraindicated in Ataxia 
Telangiectasia

Bronchiectasis 
Granuloma 
Lymphoid interstitial pneumonia

Serum for storage Yearly

For later testing of virus if  
necessary. The risk of blood born 
viral infection is very low with no 
new cases reported since 1994

Ferritin Six-monthly
For early detection of iron  
deficiency

CRP Three-monthly

Has been advocated however the 
clinical significance of an elevated 
result remains uncertain.

May be elevated in  
bronchiectasis/LIP

Other Supportive Care
Ongoing patient and family education regarding the 

underlying immune deficiency condition, potential 
complications of both the disease and medical 
interventions, as well as the importance of continued 
adherence with prescribed therapies is essential.

Involvement of other subspecialists (for example 
Respiratory Physician) and allied health professionals 
(for example physiotherapist or dieticians) may be 
warranted in the presence of organ specific  
co-morbidities. Genetic counselling for inherited 
conditions should be provided to patients and their 
family members where appropriate. Involvement 
of social worker support to ensure patients are 
able to access all appropriate support services to 
which they are entitled should be pursued. Ongoing 
communication with schools/work places regarding 
the patient’s condition and the need for additional 
education/work place support when required is  
also important.

As children approach adolescence, preparation for 
transition to adult medical services is recommended. 
This involves participation in combined clinics involving 
the parent and adult immunology services.

Linking of families with appropriate patient support 
groups (for example Immune Deficiency Foundation 

Asia Pacific Alliance (IDFAPA)) is recommended for 
patient advocacy and support as well as education on 
new developments (Table 3). The clinical immunology 
service responsible for the care of the patient 
should ensure that newly identified patients with 
primary immune deficiency are entered into relevant 
registries, for example the Australasian Society of 
Clinical Immunology and Allergy (ASCIA) Register  
of Primary Immune Deficiency Disorders  
(www.immunodeficiency.org.au).

Management Of Infections During IRT
Intravenous immunoglobulin replacement therapy only 

replaces IgG, and does not correct defects in secretory 
IgA antibody. Furthermore IVIg does not provide 
high levels of specific antibody against all organisms. 
Therefore, patients on IRT are still susceptible to 
infections particularly sinopulmonary infections.

The main infectious complications in patients 
requiring IRT involve the sinopulmonary tract. Early 
identification of infection by clinical history (presence 
of purulent sputum, nasal drainage, or moist cough), 
or investigation (sputum culture, imaging studies), 
and aggressive treatment of intercurrent infections 
with antibiotics are essential.

Continuous prophylactic antibiotic therapy may be 
indicated in patients with antibody deficiency on IRT 
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Table 3: 
Primary Immunodeficiency Resources

when recurrent infections occur despite optimal IRT. 
Suggested antibiotic regimens include Amoxycillin 15g/
kg bd (500mg bd for adults); Amoxycillin/clavulanic 
acid (15/mg/kg of amoxycillin bd); trimethoprim/
sulphamethoxazole 3-5mg/kg trimethoprim daily (80-
160 mg trimethoprim in adults); azithromycin 10mg/kg 
3 days per fortnight (500mg for adults). Antibiotics can 
be cycled empirically every 1-2 months in an attempt to 
avoid resistance.

Management Of Suppurative Lung Disease
It is recommended that patients with chronic 

lung disease are managed in conjunction with a 
Respiratory Physician: 

•	 continuous broad spectrum antibiotic   
therapy may be considered (see above)

•	 regular chest physiotherapy for patients with 
chronic suppurative lung disease is important

•	 intensive inpatient therapy with intravenous 
antibiotic therapy and regular supervised 
physiotherapy should be considered for those 
with infective exacerbations lung disease

Vaccination
Influenza vaccination

The value of influenza vaccination in antibody 
deficient patients remains unproven and is not 
recommended as a routine. However, influenza 
vaccine may be useful in some patients with 
antibody deficiency as there may be induction  
of T cell immunity 6, 7. IVIg is unlikely to provide 
coverage for new influenza strains, so immunisation 
with inactivated influenza vaccine may be 
considered in patients with underlying lung disease 
or other indication for influenza vaccine if there is 
some residual capacity for antibody production. 
Immunisation with influenza vaccination is 
recommended for immediate family members  
and other household residents of  
immunodeficient patients. 

Other vaccines 
In general, immunisation is not indicated in antibody 

deficient patients as they are unable to adequately 
respond to routine immunisation. 

Organization Website

Immune Deficiency Foundation Asia Pacific  
Alliance (IDFAPA)

- IDF Asia

- IDF Australia

- IDF New Zealand

- IDF Pacific

www.idfapa.org

ASCIA Register of Primary Immune  
Deficiency Disorders (Australia)

www.immunodeficiency.org.au

National Primary Immunodeficiency  
Resource Center

www.info4pi.org

Immunodeficiency Foundation (USA) http://www.primaryimmune.org/idf.htm

Primary Immunodeficiency Association (UK) www.pia.org.uk

European Society for Immunodeficiencies http://www.esid.org/home.php

ONGOING CARE OF PATIENTS RECEIVING IMMUNOGLOBULIN REPLACEMENT THERAPY
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Planning cessation of IRT
In many circumstances such as X-linked 

agammaglobulinaemia or CVIDs, IRT is  
planned indefinitely. 

In situations where the defect of humoral immunity 
is less pronounced, IRT may be initiated on a trial 
basis for a limited time period. It is essential to 
discuss the anticipated duration of IRT and expected 
outcomes in advance of commencement. Patients 
who have the expectation of indefinite therapy may 
be reluctant to consider cessation despite being 
entirely free of infections. 

Assessment of humoral immunity in those continuing 
to receive IRT is difficult (see below) but not impossible. 
For this reason, both the physician and the patient may 
be uncertain about whether the defect of humoral 
immunity that triggered commencement of IRT has 
evolved, persisted, or even resolved in the intervening 
period. It is likely that a significant proportion of long 
term recipients of IRT, particularly those whose initial 
diagnosis was IgG subclass deficiency, specific 
antibody deficiency or where the antibody deficiency 
is secondary to other causes, could cease IRT without 
adverse effect. Ongoing use in such patients may 
impose an unnecessary burden on IVIg demand,  
medical costs and quality of life of the recipients. 

Assessing residual immune function during IRT
Immunoglobulin replacement therapy, by replacing 

polyclonal antibody, invalidates most laboratory tests 
of humoral immune function. Residual production 
of IgG and vaccine antibody responses cannot be 
distinguished from antibodies in the IRT product. 
Several approaches have been considered in the 
assessment of residual immune function while on 
IRT. Evaluation of responses to neoantigens such 
as Phage vaccine-Bacteriophage ØX-174 or Rabies 
vaccine has been used but is not currently widely 
available and thus of limited clinical applicability.8

In many circumstances such as X-linked 
agammaglobulinaemia or CVIDs, IRT is planned 
indefinitely. For those patients who have evolution 
of their immunological features eg. loss of IgA, IgM 
and isoagglutinins whilst on IRT, it could be argued 
that a therapeutic trial of IRT is not necessary. If 
the ongoing need for IRT is uncertain, a trial of IRT 
cessation will be required.

Re-evaluation of immunity after trial cessation
For those conditions in which IRT is to be used as 

a therapeutic trial (eg specific antibody deficiency 
with normal immunoglobulins), it is imperative that 
the plan to cease IRT is made prior to therapy being 
commenced. In general such therapeutic trials would 
be expected to proceed for 12 months followed by 
cessation and a period of ongoing clinical surveillance 
with immunological re-evaluation. Patients are required 
to be off IRT for 4-6 months before re-evaluation 
of endogenous immunoglobulin levels and vaccine 
responses (see chapter 2). This suggested time frame 
is based upon the understanding that it requires 4 half 
lives to clear 94% of exogenous immunoglobulin.

Serological tests for infection in recipients of IRT
Serological tests for infectious diseases are not 

helpful in patients receiving IRT as production of 
specific antibody (IgG, IgA and IgM) may be impaired 
due to the underlying humoral immune deficiency, 
and immunoglobulin preparations will contain IgG 
to common infectious organisms. Polyclonal IgG 
antibody from a large number of individual donors 
is likely to contain a concentration of microbial and 
vaccine antigen-specific IgG that approximates 
the mean level for the donor population (with the 
exception of excluded disorders such as HIV, syphilis 
and Hepatitis C virus). Therefore over reliance on a 
negative or positive serology test may result in false 
diagnosis. PCR for viral antigens should be used to 
assess for infection where available and appropriate. 

Serology testing for autoimmune disease in 
recipients of IRT

Immunoglobulin replacement products may contain 
auto-antibodies however these are present in very 
low titres. In more profound antibody deficiencies 
such as XLA, the patient is unable to produce  
auto-antibodies. A negative result does not 
necessarily rule out autoimmune disease. 
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Chapter 9

Adverse events with immunoglobulin  
replacement therapy

Administration of IVIg is associated with the risk of 
adverse events which may be classified as immediate, 
delayed or the transmission of viral infection.1

Immediate adverse events
Immediate adverse events (AE) are events occurring 

during the infusion. The more carefully a history of 
adverse reactions is sought, the higher the reported 
incidence. There are few prospective studies of the 
prevalence of immediate AEs and there is wide variation 
in immediate AE rates reported in the literature.2,3 
A recent prospective study in children showed that 
immediate AEs occurred in 10% of children and 4%  
of infusions.2 The majority of the reactions observed 
were mild 4 and severe reactions were very uncommon.5 
The most common immediate AEs were headache, 
pain at the infusion site and vertigo. Other symptoms 
may include nausea, fever, arthralgia, rash, palpitations 
and bronchospasm. The rate of headaches during the 
infusion is approximately 5%. In immunodeficient 
adults, Brennan et al classified reactions occurring  
in the first 48 hours as mild, moderate and severe   

(Table 1), with a 0.84% rate of mild or moderate 
reactions in 11,004 infusions.5  There were no severe 
reactions. A large ten year prospective study of one 
preparation (Octagam®) in patients with PIDs found 
immediate AEs in 8.3% of patients and 0.5% of 
infusions.6 The immediate AE rate in adults appears to 
be greater in those who are elderly and those who have 
secondary immune deficiency. Thus immediate AEs 
occurred in 12% of myeloma patients and 2.7%  
of adults with chronic lymphatic leukaemia.7

Previous studies have suggested that many immediate 
AEs, particularly headaches, are infusion rate dependant. 
Immediate AEs are more likely to be infusion rate 
dependent and may be reduced if the infusion rate is 
slowed. The mechanism of most of these events is 
unknown, but many have been considered to be due to 
IgG aggregates in the infusion which activate inflammatory 
pathways, for example complement, or stimulate cytokine 
production. Transient hypotension has been observed and 
may be due to IgG dimers.8

Immediate adverse events are more likely to occur on 
the first infusion, if there is an active infection,5 or when 
changing IVIg preparations 9 . Some authorities recommend 
that in the presence of an acute bacterial infection, 
administration of IVIg should be delayed for 36-48 hours 
while the acute infectious process is controlled.5,7 The 
management of AEs is outlined in the Table 1.

If immediate AEs are significant and not alleviated by the 
strategies outlined in Table 1, a change of IVIg product 10 or 
substitution with subcutaneous administration11 should be 
considered, and may result in resolution. 

	 •	 Adverse	events	may	be	immediate	or	delayed

	 •	 Headache	is	the	most	common	adverse	event

	 •	 Adverse	events	are	more	likely	to	occur	with	the		
  first infusion or if there is active infection

	 •	 Serious	adverse	events	are	very	uncommon

	 •	 Viral	inactivation	steps	utilised	in	the	production		
  of immunoglobulin have made the risk of   
  transmission of hepatitis and other blood borne  
  virus infections remote
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Table 1  
Classification and management of adverse reactions

Severity Symptoms Infusion Action Prevention

Mild

Headache, flushing, 
muscle aches, shivering, 
feeling sick, itching, 
urticaria, anxiety,  
light-headedness, 
dizziness or irritability

Decrease infusion rate

Consider pre-medication 
with paracetamol and/or 
antihistamine orally 45 
minutes before infusion 

Moderate
Mild reactions becoming 
worse, chest pain or 
wheezing

Cease infusion and when 
reaction subsides restart 
at half the rate

Pre-medication with 
paracetamol and/or 
antihistamine orally 
45 minutes before 
infusion. If ineffective, 
add hydrocortisone IV 30 
minutes before infusion

Severe

Moderate reactions 
persisting or becoming 
worse, tightness of 
the throat, severe 
headache and shaking, 
severe breathlessness 
or wheezing, severe 
dizziness or fainting, 
sensation of pressure in 
the chest or collapse

Cease infusion. 
Administer adrenaline 
Oxygen

Consider use of 
subcutaneous therapy

Delayed reactions Headache None
Ibuprofen three times 
daily for 24-48 hours

ADVERSE EVENTS WITH IMMUNOGLOBULIN REPLACEMENT THERAPY
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Anaphylaxis
Very rarely, life-threatening anaphylaxis may occur. 

These reactions are usually allergic, mediated by 
an immunologic mechanism such as IgE12, IgG11 or 
immune complex-complement related. Reactions to 
IVIg are frequently due to IgG anti-IgA antibodies in the 
recipient. As all IVIg products contain varying amounts of 
residual IgA (see Chapter 7), the likelihood of a reaction 
increases the larger the dose. Infusion of IgA-depleted 
IVIg minimises these reactions.13 Subcutaneous 
therapy has been utilised as an alternative without the 
recurrence of adverse reactions.11 

Immunoglobulin G anti-IgA antibodies may be 
found in patients with selective total IgA deficiency 
and those with common variable immunodeficiency 
disorders (CVIDs). These two groups of patients are 
at increased risk of anaphylaxis reactions due to 
the anti-IgA antibodies. Immunoglobulin G anti-IgA 
antibodies are found in about 20% of individuals 
with total selective IgA deficiency14 and about 10% 
of patients with CVIDs.15 The antibody levels remain 
relatively constant with time in those who have high 
or medium antibody levels. 

Anti-IgA antibodies are rarely, if ever, found in patients 
with decreased, but detectable serum IgA14 Reactions 
to residual IgA in the IVIg are not a problem in subjects 
with more severe antibody deficiencies such as X-linked 
agammaglobulinaemia, due to their inability to make 
functional antibodies. On some occasions, anaphylactic 
reactions may be due to IgE anti-IgA antibodies. As all 
immunodeficient subjects who have been found to have 
IgE anti-IgA antibodies also have IgG anti-IgA antibodies, 
the conclusion that the anaphylactic reaction was caused 
by the IgE antibodies is considered to be circumstantial.12

Haemolysis
Clinically significant haemolysis is rare following 

IVIg therapy. Intravenous immunoglobulin contains 
anti-A and anti-B antibodies against human ABO red 
cell antigens.16 Transfusion-associated haemolysis is 
thought to be associated with high titres of anti-A or 
anti-B antibodies.13 Haemolysis may also be caused 
by high titres of anti-Rh-d antibodies.17 Haemolysis 
has been reported more frequently in patients 
receiving high-dose IVIg therapy. The haemoglobin 
levels of patients with pre-existing haematological 
disorders who are receiving high-dose IVIg should be 
monitored. Significant haemolysis may require the 
suspension of treatment or switching the patient to a 
different IVIg batch or product.

Transfusion-associated Acute Lung Injury (TRALI)
Transfusion-associated acute lung injury (TRALI) is 

a very rare complication of IVIg therapy. There are 
two case reports of TRALI associated with the use 
of IVIg.18,19 Anti-granulocyte antibodies present in 
the IVIg product may be responsible.19 If the patient 
develops signs and symptoms of acute respiratory 
distress during or shortly after the infusion of IVIg, 
TRALI should be considered. 

Interference with glucose estimations 
The maltose present in some IVIg preparations, 

such as Intragam® P and Octagam® can interfere 
with the readings of blood glucose monitors that use 
test strips with glucose dehydrogenase, resulting in 
falsely elevated blood glucose levels. This has lead to 
iatrogenic hypoglycaemia in a diabetic patient, because 
of administration of increased insulin doses on the basis 
of falsely elevated capillary glucose readings.20 Blood 
glucose monitors that use the glucose oxidase system 
do not react with maltose and are recommended for 
use if there is co-existing diabetes.

Delayed adverse events
Delayed AEs may be defined as events occurring 

after the infusion has ceased and are more common 
than immediate AEs.21 A prospective study in children 
recorded delayed AEs in 21% of infusions and 41% 
of patients.2 Delayed AEs were four to six times 
more frequent than immediate reactions in patients. 
In children, headache was the most common delayed 
AE, occurring in 26% of patients and was associated 
with significant morbidity, defined as a significant 
loss of academic or leisure time.2 Tcheurekdjian et al 
recorded delayed AEs in 41% of infusions in patients 
with primary immunodeficiency.21 A prospective 
study in adults found headache in 30% of treatment 
courses of IVIg for neurological disease.22 Delayed 
headache is very common and does not usually 
require further investigation. It is also possible that 
IVIg infusions trigger migraines, and migraines have 
been reported to be a risk factor for headaches 
following IVIg infusion.23

Aseptic meningitis 
Aseptic meningitis is an inflammatory reaction  

with symptoms of severe headache associated  
with fever, nuchal rigidity, photophobia, nausea 
and cerebrospinal fluid (CSF) pleocytosis with 
elevated protein. Aseptic meningitis is a non-
infective complication and the CSF does not contain 
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bacteria or viruses. It has been reported following IVIg 
in 17% of adults24 and in 5% of children with idiopathic 
thrombocytopenia purpura (ITP).25 Aseptic meningitis 
appears to be more common in patients with ITP,  
neurological disease or a history of migraine23 
than in immunodeficient subjects. The aetiology is 
unclear, but it may be due to a hypersensitivity reaction 
to components of the IVIg preparation. Symptoms last 
three to five days and resolve without sequelae. Aseptic 
meningitis is usually associated with high doses of IVIg 
and rapid administration, and recurrence is common. 
Symptoms may be reduced by pre-medication with 
an analgesic or a non-steroidal anti-inflammatory and 
antihistamine, and by slowing the rate of administration.

Hyponatraemia 
Intravenous immunoglobulin administration can 

cause hyperproteinaemia and low sodium following 
the infusion. The low sodium is usually due to 
“pseudohyponatraemia” which arises from an increased 
percentage of protein or lipid in plasma, with a normal 
plasma water Na (+) concentration.26 Occasionally, true 
hyponatraemia can occur due to osmotic shift of water 
to the extracellular compartment.27

Thrombosis
Thrombotic events are a rare complication of IVIg 

treatment.28 Deep vein thrombosis, pulmonary 
embolism, myocardial infarction (MI) and stroke 
have all been reported.29 From October 1997 to July 
2007, Health Canada received ten reports of stroke, 
six reports of thrombosis, four reports of MI and 
two reports of pulmonary embolus, all suspected of 
being associated with IVIg. The median age of the 
patients was 61, and the youngest patient was 28 
years of age (Canadian Adverse Reaction Newsletter 
Vol.18, Issue 1, January 2008). Arterial thrombosis is 
four times more common than venous thrombosis.30 
The majority of patients have received high-dose 
therapy for an autoimmune disorder, however, there 
have been reports in individuals receiving standard 
replacement therapy for immune deficiency. Patients 
with vascular disease risk factors or known vascular 
disease were more prone to this complication.30 
Thus older age, associated arterial hypertension  
and hypercholesterolaemia were recognised as  
risk factors.31 

The pathological basis of thromboembolic 
complications is not well understood. Serum 
viscosity, increased platelet aggregation and the 

presence of factor XIa in IVIg products have all been 
postulated as initiating factors. Immunoglobulin G can 
raise blood viscosity.26 In patients with pre-existing 
high blood viscosity (monoclonal gammopathies, 
hypercholesterolaemia), hypercoagulable states 
and/or impaired cardiac output, this may lead to 
thrombosis. Patients considered at increased risk of 
thrombosis should be carefully monitored for signs 
or symptoms of intravascular events. Patients should 
be adequately hydrated and rapid infusion of IVIg 
should be avoided.32 Baseline assessment of blood 
viscosity should be considered in patients at high risk 
for hyperviscosity.

Neutropenia 
Transient neutropenia can occur 24-48 hours after 

IVIg.33 The neutrophil count returns to normal by 
14 days. Autoantibodies in IVIg against sialic acid 
containing receptors on the neutrophil surface, have 
been demonstrated to cause neutropenia.34

Acute renal failure
In 1998 the US Food and Drug Administration drew 

attention to the possibility of acute renal failure (ARF) 
associated with the use of IVIg usually in those patients 
with pre-existing renal compromise. Approximately 
90% of the US reported cases were associated with 
the use of sucrose-containing products.35 There are 
also reports in the literature of ARF following the 
use of non-sucrose containing products. Sucrose, 
maltose, glucose, glycine and D-sorbitol have all been 
used as stabilizing agents to prevent the formation 
of immunoglobulin aggregates. They are excreted 
by the kidney and may be associated with osmotic 
nephropathy at high doses.36 Acute renal failure usually 
occurs in the week following IVIg administration and 
about 40% of patients will require dialysis.

The mean time to recovery of renal function, 
with or without dialysis, is ten days. Patients at 
increased risk of developing ARF include those with 
pre-existing renal insufficiency, diabetes mellitus or 
paraproteinaemia, those over 65 years of age and 
those who are ill with volume depletion and sepsis, 
or who are receiving nephrotoxic drugs. Such patients 
should have their renal function monitored and should 
be adequately hydrated prior to the initiation of  
IVIg therapy. 

ADVERSE EVENTS WITH IMMUNOGLOBULIN REPLACEMENT THERAPY
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Autoimmune events 
There have been uncommon reports of the 

development of autoimmune disease presumed to 
be caused by autoantibodies in the IVIg. IgG from 
normal donors has also been shown to contain 
antibody against a number of cytokines including 
cytokines IL-6, interferon (IFN) a and GM-CSF.37 

Eczema 
An eczematous skin reaction with a characteristic 

initial localization to the palms and/or soles that then 
extends to the rest of the body is a rare adverse 
effect.38 The reaction occurs around 7- 10 days after 
the IVIG infusion and resolves by 1 month. The 
mechanism of this is unknown but seems to  
be batch related. 

Viral infections
The principal concern has been reports of 

non-A, non-B hepatitis transmitted by IVIg to 
immunodeficient subjects. The first report of  
non-A non-B hepatitis was in 1983 and this has 
been followed by at least 247 further cases by 1995 
associated with the use of Gammagard®.39 Of these 
the association between the IVIg and Hepatitis C 
(HCV) infection40 was considered probable or likely 
in 61%, possible in 26% and unlikely in 13%. A 
high proportion (88%) of non-A non-B hepatitis in 
immunodeficient subjects was associated with a 
positive hepatitis C PCR. All reports of infection have 
been with lyophilized preparations. Lyophilization 
may be important in stabilizing the virus. As had 
been predicted, HCV-infected plasma donors who 
had not yet seroconverted had contaminated 
plasma pools used for the manufacture of IVIg. 
Additional viral inactivation steps such as incubation 
at pH4, pasteurisation, nanofiltration or solvent-
detergent treatment have been incorporated into the 
production process of IVIg.41 It should be realized 
that as immunodeficient recipients cannot mount 
an antibody response, serological methods cannot 
be used for diagnosis, and the identification of 
causative organisms depends on PCR testing. An 
additional complicating factor is the possibility that 
subjects may develop hepatitis unrelated to therapy. 
Hepatitis C infected patients often demonstrated 
a rapid progression of HCV infection, with end-
stage liver disease in about 40% of patients, 10% 
of patients spontaneously cleared the virus and 
about 30% became asymptomatic carriers.5,42 
The clinical course of hepatitis C is not necessarily 

more severe in immunodeficient subjects. No other 
viruses are known to have been transmitted by IVIg 
preparations.43 It is notable that HIV transmission by 
IVIg has not been reported. This is despite the fact 
that unscreened plasma collected in the early 1980s 
was used in the manufacture of gammaglobulin 
products at a time when HIV transmission to 
recipients of other blood products was occurring, 
indicating that the virus is inactivated during the IVIg 
manufacturing process.

Prions 
Transmissible spongiform encephalopathies 

(TSEs) are rare fatal brain diseases of animals and 
man due to prions. There is no direct evidence of 
transmission of any of the TSEs by fractionated 
plasma products including IVIg. Inactivation of 
prions is not possible without destruction of the 
biological activity of the product and therefore only 
the principles of partitioning and size exclusion can 
be applied to eliminate prions during manufacturing 
of immunoglobulin preparations.44, 45 The overall 
reduction by partitioning processes can exceed 9 logs. 
The blood products industry, plasma fractionators, 
and regulatory authorities have taken precautionary 
measures to reduce the potential risk. There is 
currently no screening test. The collection of blood or 
plasma from an individual with the inherited forms of 
human TSE or TSE acquired iatrogenically is limited 
by deferral of donors on the basis of information 
obtained from a medical questionnaire. Most plasma 
collection agencies have adopted a policy of deferral 
of donors who had resided in the UK for six or more 
months between 1980 and 1996 (the time coinciding 
with the height of the UK BSE epidemic). 
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Appendix 1

1) Patient home therapy adverse reaction report form

2) Home subcutaneous immunoglobulin infusion record

3) Infection log during home immunoglobulin treatment



Patient home therapy adverse reaction report form 

•	 If	you	experience	a	reaction	to	immunoglobulin	infusion	please	complete	this	form		 	
 within 48 hours and forward to your immunology centre. 

•	 Follow	the	instructions	provided	by	your	immunologist	for	recognition	and	 
 management of an adverse reaction.

Patient name 

Product name 

Batch number 

Date of reaction 

General health before infusion (eg presence of infection)

Describe the reaction

Action taken    Infusion stopped   Yes / No

     Medication given  Yes / No

Please list medication 

Management for subsequent infusions (Hospital use only)

Signature:     Role:     Date:  
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