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Background	

• One	of	the	commonest	symptomatic	PIDs		
o Prevalence	1:10,000-1:200,000	

• Heterogeneous	group	of	disorders	characterised	by	poor	or	absent	antibody	production	
causing	increased	susceptibility	to	infections	

• Onset:	Bimodal	age	distribution	2-5yrs	and	20-40s	
• Delayed	diagnosis	common	(average	delay	5-7	years);	<20%	of	patients	diagnosed	before	

age	20	
	
Aetiology	

• B-cell	maturation	defect	–	multiple	molecular	defects	may	be	involved	
o Accumulation	of	B	cells	proximal	to	defect	with	decreased	or	absent	numbers	of	

more	mature	B	cells	
o Depending	on	point	of	maturation	arrest,	there	may	be	propensity	for	autoimmunity	

(esp	CD21	lo)	
• May	be	associated	with	various	innate	or	cellular	immune	defects	(should	these	still	be	

classified	as	CVID??)	
o Eg	French	group	called	CVID	patients	with	prominent	T	cell	defects	“LOCID”		=	late	

onset	combined	immunodeficiency.	CD4	lymphopenia	with	more	
lymphoproliferative	manifestations	
	

	
	
Molecular	defects	

• A	number	of	mutations	and	polymorphisms	associated	with	CVID	but	whether	these	are	
disease	causing	or	disease	modifying	is	controversial		

• Molecular	defects	found	in	<3%	of	cases	except	TACI	which	may	be	seen	in	up	to	10%	
• Defects	below	typically	behave	as	disease	modifying	defects	
• Detected	by	molecular	methods	(PCR	etc)	or	flow	cytometry	(surface	expression	of	ICOS,	

TACI,	CD21	etc)	
	

Diagnostic protocol & laboratory measures
Early diagnosis of CVID is important as it may drastically
change the course of disease. It helps in patient counseling
both in terms of explaining the symptoms and planning
future management. Appropriate therapy in the form of anti-
biotics and IGs if given timely can prevent irreversible organ
damage as well as disease-associated complications [59].
Although the diagnostic criteria for CVID (BOX 1) were formu-
lated by the European Society for Immunodeficiencies and
Pan-American Group for Immunodeficiency almost 15 years
earlier, still a significant number of patients are either mis-
diagnosed or there is a delayed diagnosis [60]. In a study by
De Santis et al., diagnosis of CVID was delayed for a decade
in about a quarter of their patients [61]. Hence to further
strengthen these criteria and to avoid confusion with other
conditions causing failure of antibody production and resem-
bling CVID, for example, transient hypogammaglobulinemia
of infancy, modifications in original diagnostic criteria have
been proposed by Helen Chapel, Cunningham-Rundles and

recently by Ameratunga et al. (BOX 2). According to these mod-
ifications, criteria in the ABC or ABD category indicate prob-
able CVID. These are the patients who require parenteral
IGs. Patients with criteria of A, AB, AC, AD but not those of
B should be labeled as possible CVID. In addition to these
modifications, they also suggest that other known causes of
antibody failure should be excluded first and a follow-up may
be done for a period of 2 years after detection of low serum
IGs to exclude the secondary antibody failure due to a lym-
phoid malignancy [55,62].

Clinical & laboratory workup in CVID
A high index of suspicion in all patients presenting with mul-
tiple and recurrent infections especially of respiratory and
GIT with or without noninfectious complications is impor-
tant to avoid delay or misdiagnosis of CVID. On encounter
with such patients, evaluation should begin with detailed per-
sonal and family history followed by careful clinical examina-
tion and a systematic laboratory assessment (BOX 3). Initially,
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Figure 2. Central and peripheral development of B cells.
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	 Function	 Prevalence		 Clinical	and	laboratory	features	
TACI	 B	cell	surface	receptor,	involved	in	

differentiation	and	isotype	switch	
Mainly	T-independent	B	cell	
responses	
Ligands:	APRIL	and	BAFF	

10%	 Hypogammaglobulinemia,	
autoimmunity,	lymphoid	
hyperplasia	

ICOS	 Costimulatory	molecule	expressed	
on	activated	T	cells.	T	cell	help	in	late	
B	cell	differentiation,	class	switching	
an	memory	B	cell	differentiation		

2%	 Hypogamma	
Reduced	memory	and	switched	
memory	B	cells	
Immune	neutropenia	
Splenomegaly	

BAFFR	 Expressed	on	B	cells.	Ligand	is	BAFF	
which	provides	survival	signals	for	
peripheral	B	cell	differentiation	

	 Arrest	at	transitional	B	cell	stage	
(accumulation	of	IgM/IgD	CD38+)	

CD20	 Regulation	of	B	cell	activation	and	
proliferation	

	 Recurrent	pneumonia,	impaired	
response	to	polysaccharide	
vaccines	

CD19	 B	cell	co-receptor	complex.	Lower	
threshold	for	B	cell	activation	
following	antigen	engagement	

V	rare	(case	
reports)	

Hypogammaglobulinaemia,	
reduced	CD27+	B	cells	
Abnormal	and	short	lived	immune	
response	

CD21	(CR2)	
CD81	

LRBA1	(LPS	
responsive	beige	
like	anchor	
protein!)	

B	cell	activation,	autophagy	 V	rare	(5	
kindreds)	

Autoimmunity,	
hypogammaglobulinaemia	

MSH5	 DNA	mismatch	repair	 	 Increased	lymphoproliferation	

	
Clinical	manifestations	

• Clinical	manifestations	include	recurrent	infections	with	encapsulated	organisms	(dependent	
on	humoral	immunity),	atypical	organisms	and	autoimmunity/granulomatous	manifestations	

	
	 Manifestation	 Prevalence	
Infections	 Pneumonia	

-	strep	pneumoniae	
-	haemophilus	influenza	
-	mycoplasma	
-	Moraxella		
-	PJP	

	

Sinusitis/bronchitis/otitis	
-	Strep	pneumonia	
-	haemophilus	influenza	
-	moraxella	

	

GIT	
-	Giardia	
-	campylobacter	
-	salmonella	
-	helicobacter	

	

Meningitis	
-	Strep	pneumonia	
-	Neisseria	meningitidis	
-	H	influenzae	

	

Autoimmune	 ITP	 10%	
Other	immune	cytopenias	 10%	
Pernicioius	anaemia	 2.6%	
Thyroid	disease	 1.4%	
Coeliac	disease	 1%	



Other	organ	specific	or	
systemic	autoimmune	disease	

<1%	

IBD	 6.4%	
Lymphoproliferative	 Nodular	lymphoid	hyperplasia	

(Gut)	
5.4%	

NHL	 5.4%	
Granulomatous	
disease	

Lung,	LN,	Spleen	etc	 9.7%	

	
Diagnostic	Criteria	

	

	
	
Laboratory	diagnosis	
	
A)	Serum	Immunoglobulin	assays	
Reduction	in	immunoglobulins	are	the	hallmark	of	CVID	
Multiple	assays	available	(nephelometry,	turbidimetry	etc)	
NR	variations	dependent	on	age,	ethnicity	etc	
Reduction	defined	as	below	the	2.5	percentile	
NB:	rarely	IgM	may	be	high	(differential	class	switch	recombination	defect)	–	these	patients	have	
increased	propensity	for	lymphoproliferation/malignancy	
	
B)	Vaccine	response	and	isohaemaglutinin	titres	
Indicated	in	patients	with	mild	to	moderate	reduction	in	Igs	(not	required	if	IgG	<1.5g/L	or	B	cell	
<2%)	
Useful	to	select	patients	in	whom	IVIG	would	be	beneficial	
Required:		

patient should be investigated by baseline screening tests
(TABLE 6). During clinical examination, all target organs, that
is, lungs, GIT, ear, nose and throat, eyes, skin, liver and
spleen should be carefully assessed and if required, help of
laboratory and imaging measures may be taken. The initial
screening before assessment of integrity of immune response
helps in exclusion of more common nonimmunodeficient
conditions and also in defining the patient’s overall general
condition. Once other causes of recurrent infections are ruled
out and clinical features and baseline investigation suggest a
PID, next step should include specific immunological tests
followed by flow cytometric assays for disease confirmation
and classification (TABLE 7).

Serum IGs assay
Reduction in serum IGs (IgG, IgA and IgM) is the most char-
acteristic feature of CVID. However, the assay results depend
on age, gender and ethnicity of the population and also the
method used. Endpoint nephelometry is the most popular
method for the assay as it can produce results in no time and
has good sensitivity and specificity. The distribution of serum
IGs is nonparametric; hence, 97.5% percentile is used to define

Table 5. Monogenic defects sharing clinical phenotypes with common variable immunodeficiency.

Deficiency Gene; chromosome Functions Associated clinical and laboratory
features

Ref.

ICOS ICOS; 2q33 Co-stimulatory molecule expressed on
activated T cells and enables them to
interact with B cells, monocytes, DCs

Hypogammaglobulinemia, reduced
memory and switched memory B cells

[115,116]

TACI TACI; 17p11.2 Cell surface receptor, role in B cell
differentiation and function, isotype class
switching

Hypogammaglobulinemia,
autoimmunity, lymphoid hyperplasia

[117,118]

BAFFR TNFRSF 13C;
22q13.1-q13.31

Interacts with BAFF and provides survival
signal for peripheral B cell differentiation

Reduced IgG and IgM [119]

CD19 CD19; 16p11.2 B cell co-receptor, B cell activation ? Renal involvement,
hypogammaglobulinemia, reduced
CD27+ memory B cells

[120,121]

CD20 CD20; 11q12 Regulation of B cell activation and
proliferation

Recurrent pneumonia,
hypogammaglobulinemia, reduced
memory B cells, impaired response to
pneumococcal polysaccharides

[122]

CD21 CR2; 1q32 B cell co-receptor, B cell activation Abnormal and short lived immune
response with the generation of few
memory cells

[123,124]

CD81 CD81; 11p15.5 B cell co-receptor, B cell activation Hypogammaglobulinemia, absent
CD19+ B cells, reduced memory B cells,
impaired specific antibody responses

[125]

LRBA1 LRBA1; 4q31.3 B cell activation, autophagy Autoimmunity,
hypogammaglobulinemia, low
proliferative response

[126]

MSH5 MSH5; 6p22.1-21.3 DNA mismatch repair Increased frequency of
lymphoproliferative disorders

[127]

BAFFR: B cell-activating factor receptor; DC: Dendritic cell; ICOS: Inducible co-stimulator; LRBA1: Lipopolysaccharide responsive beige-like anchor protein 1; MSH5: MutS
Homolog 5; TACI: Transmembrane activator and calcium modulating cyclophilin ligand interactor.

Box 1. European Society for Immunodeficiencies
and Pan-American Group for Immunodeficiency
diagnostic criteria for common variable
immunodeficiency.

Probable diagnosis
Male or female patient who has a marked decrease (at least
2 standard deviations below the mean for age) in serum IgG
and IgA and fulfills all of the following criteria:

• Onset of immunodeficiency at >2 years of age

• Absent isohemagglutinins and/or poor response to vaccines

• Defined causes of hypogammaglobulinemia have been excluded

Possible diagnosis
Male or female patient who has a marked decrease (at least
2 standard deviations below the mean for age) in one of the
major isotypes (IgM, IgG, and IgA) and fulfills all of the follow-
ing criteria:

• Onset of immunodeficiency at >2 years of age

• Absent isohemagglutinins and/or poor response to vaccines

• Defined causes of hypogammaglobulinemia have been
excluded

Data taken from [62].
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IG levels in normal population. For a diagnosis of CVID
serum, IGs must be below the minimum levels found in
healthy population of that age (i.e., less than the levels found
in 2.5% population). Required levels of IGs for CVID are:
IgG <4.5 g/l (reference range 7–18 g/l for adults), absent or
markedly reduced IgA (reference range 0.7–3.5 g/l for adults)
and normal or below normal IgM (reference range 0.4–2.6 g/l
for adults). Rarely, high IgM levels may also be seen if the
patient has in addition a hyper IgM syndrome or switch
defect [63]. The elevated IgM level is important from prognostic
point as polyclonal lymphocytic infiltration and lymphoid
malignancy has been described in such patients [23]. An isolated
deficiency of IgG needs quantitative measurements for IgG
subclasses and further evaluation for IgG subclass deficiency
(reference range for adult IgG1 = 4.8–9.5 g/l; IgG2 = 1.1–6.9 g/l;
IgG3 = 0.3–0.8 g/l; IgG4 = 0.2–1.1 g/l) [64].

Antibody response to vaccines & isoagglutinin titers
Antigen-specific antibody responses should be considered in
patients who have only mild-to-moderate reduction in IGs,

particularly IgG. It can further clarify the degree of immunode-
ficiency and sometimes helps in deciding whether or not the
patient will be benefitted from IG therapy. The test, however,
may not provide appropriate results in patients with markedly
reduced IgG levels (<1.5 g/l) and/or B cells (<2%). Antibody
response to at least two protein vaccine antigens, for example,
tetanus or diphtheria toxoids and hemophilus conjugate should
be assessed. Healthy individuals usually show a fourfold
increase in prevaccination levels 4 weeks after immunization or
at least the patient should show protective titers if less than
threefold increase from baseline to label an acceptable B-cell
response [55]. Vaccination responses to polysaccharide antigens
are difficult to interpret due to poor reaction to different sero-
types and variability of responses in healthy individuals [65].
Conjugation of these polysaccharides to protein carriers, how-
ever, has improved the vaccine efficacy as well as antibody
response against them though results may still be poor in
elderly [66]. Two antipneumococcal vaccines, a 23-valent pneu-
mococcal polysaccharide vaccine (Pneumovax containing 1, 2,
3, 4, 5, 6B, 7F, 8, 9N, 9V, 10A, 11A, 12F, 14, 15B, 17F,
18C, 19F, 19A, 20, 22F, 23F and 33F serotypes) and a 13-val-
ent conjugated vaccine (Prevnar 13 containing 1, 3, 4, 5, 6A,
6B, 7F, 9V, 14, 18C, 19A, 19F and 23F serotypes) are
currently available.

Since the ABO blood group antigens are polysaccharides, an
antipolysaccharide antibody can be assessed by quantitating iso-
agglutinin titers. Isoagglutinins can be measured after 2 years
of age, and low or absent titers in a patient without AB blood
group is indicative of a poor functional IgM response. Isoagglu-
tinin titres, however, may be normal at the time of diagnosis
of CVID.

Box 3. Clinical details to be obtained while
cross-examination of a suspected case of
common variable immunodeficiency.

Age of onset and duration of symptoms
History of similar illness in other family members or siblings
Symptoms related to infections
Recurrent fever, cough with or without expectoration, chest
pain, purulent rhinitis, nasal blockage
Ear discharge or frequent conjunctivitis
Chronic or recurrent diarrhea, dysentery, gastritis, and so on
Eczema or urticaria
Skin, soft tissue or visceral abscesses
Neck rigidity with fever and unconsciousness
Symptoms related to autoimmune complications
Multiple symptoms related to various organ systems
Inflammation of bones and joints
Petechial hemorrhages or bleeding tendencies
Jaundice
Symptoms related to malignancy
Nodular growth or lump in the body
Weight loss, anorexia, fatigue and lethargy
Any drug history (e.g., antiepileptics, gold salts, D-penicill-
amine, steroids, and so on)
Data taken from [29,56,128–131].

Box 2. Proposed modifications in the diagnostic
criteria for common variable immunodeficiency.

A) Major criteria (must meet all criteria)

• Onset of immunodeficiency at the age of 4 years or more

• Serum IgG levels <4.5 g/l for adults or the 2.5th percentile
for age, usually with levels of serum IgA below the lower
limit of normal for age but alternatively serum IgM below
the lower limit of normal for age

• Exclusion of all other known causes of failure of immuno-
globulin production

B) Clinical complications as a result of failure of immune sys-
tem (one or more criteria)

• Recurrent, severe or unusual infections

• Bronchiectasis/chronic sinus disease/autoimmune disorders

• Poor response to antibiotics

• Bacterial infections despite prophylactic antibiotics

• Failure of vaccination and re-infection

C) Laboratory parameters (three or more criteria)

• Presence of B cells but very low numbers of circulating
switched or memory B cells

• IgG3 deficiency (<0.2 g/l)

• Significant lack of antibody responses to protein antigens
following immunization or exposure antigens in at least two
assays

• Absent isoagglutinins (in non-AB blood group)

• Serological assays positive for autoimmunity

D) Specific histological findings (supporting but not required
for diagnosis)

• Lymphoid interstitial pneumonitis

• Granulomatous inflammation

• Nodular regenerative hyperplasia of the gut

• Nodular regenerative hyperplasia of the liver

• Absent plasma cells in duodenal/gut biopsy
Data taken from [15,55,62].
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• Assess	response	in	at	least	2	protein	assays	(more	profound	defect)		-	healthy	individuals	
demonstrate	4	fold	increase	in	titres	

• Conjugated	polysaccharide	vaccines	
	
Isohaemaglutinin	titres	assess	pure	lipopolysaccharide	response	

• Useful	in	patients	who	are	non	AB	blood	group	
• Low	titres	of	Anti-A	or	Anti-B	demonstrate	impaired	IgM	response	

	
C)	Lymphocyte	enumeration	

• Method:	flow	cytometric	(typically	anti	CD3,	CD20,	CD4,	CD8,	CD16/56)	
• Interpretation:	degree	of	B-cell	lymphopenia	may	suggest	alternate	diagnosis	such	as	XLA	or	

very	early	B	cell	defect	
	
D)	CVID	panels/Extended	B	cell	phenotyping	
These	are	a	little	bit	tricky	but	important	thing	to	understand	is	that	these	panels	attempt	to	
describe	B	cell	maturation	(and	arrest)	by	looking	exclusively	at	peripheral	blood.	
This	is	inherently	artificial	as	a	lot	of	B	cell	maturation	occurs	in	the	BM,	LN	and	spleen	(see	fig	2)		
	
The	populations	that	are	seen	in	peripheral	blood	are:	

1) Naïve	B	cells:	CD19+/IgM+/IgD+	
2) Memory	B	cells	

a. Switched	memory:	CD19+/CD27+/IgM-/IgD-	
b. IgM	only	switched	memory	B	cells:	CD19+/CD27+/IGM+	
c. Non	switched	memory	B	cells:	CD19+/CD27+/IgM+/IgD+	

marginal	like	cells	that	are	involved	in	memory	response	to	polysaccharide	Ag	
3) Transitional	cells	

a. T1	(earlier):	CD19/IgM	hi/CD21-/CD23-	
b. T2	(later):	CD19/IgM+/IgD+/CD21+	
c. Transitional	cells	represent	the	transition	between	immature	to	mature	phenotype	
d. Differentiate	into	follicular	and	marginal	zone	B	cells	

4) Plasmablasts	
a. Circulating	short-lived	memory	cells	that	secrete	IgM	
b. CD19/CD38+++/CD27+	

	
Classification	systems	

• Freiberg,	Paris	and	Euroclass	classification	systems	are	based	on	the	above	populations	
• FREIEBERG:	

o Classifies	into	I	and	II	based	on	low	or	normal	proportions	of	switched	memory	B	
cells	

o Subclassified	into	IA	or	IB	based	on	presence	or	absence	of	expanded	population	of	
CD21	lo	transitional	cells	(prone	to	autoimmune,	lymphoproliferative	
manifestations)	

• PARIS:	
o Classifies	into	MB0,	MB1	or	MB2	based	on	absent,	low	or	normal	proportions	of	

memory	B	cells	
• Euroclass:	

o Classifies	according	to	total	B	cells,	switched	memory	B	cells,	normal	or	high	
numbers	of	CD21lo	cells	and	total	transitional	cells	

	
	


