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Abstract

At present, a national consensus or guideline for diagnosing and managing patients suspected of having
predominantly antibody deficiencies (PADs) is lacking. This consensus is written based on a combination
of scientific literature and comments from the expert panel of Iranian immunologists. A group of clinical
immunologists reviewed the current consensus, presented their comments at a meeting titled 'First Meeting
on the Diagnosis of Inborn Errors of Immunity (IEI) by IEI Experts,' and agreed on this consensus. This
consensus guideline provides recommendations on the diagnosis, antimicrobial prophylaxis, management
of clinical manifestations, and immunoglobulin replacement therapy (IgRT) for patients with PAD.

Keywords: Diagnosis; Inborn Errors of Immunity; Immunoglobulin Replacement Therapy; Manage-
ment;National Consensus; Predominantly Antibody Deficiencies

*Corresponding Author: Nima Rezaei, MD, PhD.

Children’s Medical Center Hospital, 62 Qarib St., Keshavarz Blvd., Tehran 14194, Iran

E-mail: rezaei_nima@yahoo.com

How to cite this article

Yazdani R, Abodolahzade S, Ashournia P, Askarisarvestani A, Bahrami S, Behfar M, et al. National Consensus
Guideline on Diagnosis and Management of Predominantly Antibody Deficiencies. Inmunology and Genetics
Journal, 2024; 7(2): 47-59. DOI: https://doi.org/10.18502/igj.v7i2.17850

Introduction

Predominantly Antibody Deficiencies (PADs) are
a group of diseases affecting humoral immunity,
resulting in decreased antibody levels. Patients
with PAD commonly exhibit normal T-cell immu-
nity. Patients with PAD present various complica-
tions, including recurrent infections, pulmonary
complications, autoimmunity, gastrointestinal
problems, malignancy, and PAD-related lymph-
oproliferative diseases (1). Globally, patients with
PAD are the most frequent type of inborn errors
of immunity (IEI) (2). The International Union
of Immunological Societies (IUIS) classification
categorizes PADs into 4 major groups based on B
cell numbers and immunoglobulin levels, includ-
ing absence of B cells (agammaglobolinemia),
hypogammaglobinemia (CVID), class switch-
ing defect (hyper IgM (HIGM)) and B cell nor-
mal but defective in isotype, light chain, or B cell
functional (3).

In the last update of IUIS classification, 39 genes
have been reported as causing PADs (3). The
management approach for PADs is prevention
through antimicrobial prophylaxis and treat-
ment, including management of clinical manifes-
tations and immunoglobulin replacement thera-
py [IgRT]). This national consensus recommends

a guideline for diagnosing and managing PADs
based on a combination of scientific literature and
the comments of the expert panel of Iranian clin-
ical immunologists.

Consensus on diagnosis of PADs
Diagnostic criteria for recognizing IEIs com-
monly rely on clinical phenotypes and laboratory
findings. The most prominent diagnostic criteria
include the European Society for Immunodefi-
ciencies (ESID) (4), the Pan-American Group
for Immunodeficiency (PAGID) (5), and IUIS
(6). ESID and IUIS provide more comprehensive
and frequently updated guidelines. ESID criteria
consider clinical manifestations, laboratory data,
and family history for diagnosing IEIs, with ge-
netic testing utilized for a definitive diagnosis (4).
This guideline is applicable even in regions where
genetic testing is unavailable. On the other hand,
IUIS focuses on genetic findings and clinical fea-
tures for the diagnosis and classification of IEIs,
suggesting a detailed diagnostic approach for re-
search and clinical practice worldwide (6). IUIS
categorized 4 major groups:

1) absent of B cells (agammaglobolinemia),

2) hypogammaglobinemia (CVID),

3) class switching defect (hyper IgM [HIGM])
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4) normal B cells with isotype, light chain, or
function defects.

The diagnostic approach for PADs is described
based on 4 major groups of the IUIS classification
in the following sections.

Agammaglobulinemia

Agammaglobulinemia patients with strongly
decreased antibodies and absent B cells exhib-
it two types of inheritance, including X-linked
agammaglobulinemia (XLA) and Autosomal
Recessive Agammaglobulinemia (ARA). XLA is
recognized by a mutation in the BTK gene. BTK
gene is situated on the X chromosome, as males
will be affected if the mother is a carrier, while
females are typically carriers and asymptomatic.
ARA have mutations in genes related to B cell
development and function, including IGHM,
IGLL1, CD79A, CD79B, BLNK, etc., which can
affect both genders. Although XLA and ARA have
different inheritance, they present similar clini-
cal manifestations and laboratory findings. Both
XLA and ARA present agammaglobulinemia
phenotype with recurrent bacterial infections.
Owing to the lack of B cells mediating the forma-
tion of lymphoid organs, these patients manifest
significantly small or completely missing tonsils
and lymph nodes.

According to ESID criteria, agammaglobulin-
emia patients are diagnosed by absent or severe
reduction of total B cells (less than 2%), while
the number and function of T cells remain nor-
mal. These patients demonstrate either a severely
reduced IgG level or a normal IgG level accom-
panied by significantly decreased levels of IgA
and IgM. A maternal family history confirming
agammaglobulinemia or the occurrence of re-
current infections prior to the age of 5 is two key
points in the diagnosis of these patients (4).

There is no diagnostic approach for distin-
guishing XLA and ARA, except through genetic
analysis of known genes related to agammaglob-
ulinemia (3).

CVID Phenotype

Patients with CVID phenotype exhibit defects
in the molecules responsible for the activation
and differentiation of B cells, thereby resulting in
impaired antibody production (3). Patients with
CVID are at risk for infections and may present

non-infectious complications, including auto-
immunity, lymphoproliferation, and malignancy
(7). Owing to the wide variety of clinical features,
these patients are classified into five different
clinical phenotypes according to Chapel’s criteria:
infection only, enteropathy, autoimmune con-
ditions, polyclonal lymphocytic infiltration, and
lymphoid malignancy (8). Diagnosis of CVID is
made after the age of 4 to exclude transient hy-
pogammaglobinemia of infancy (9).

CVID patients experience a significant decrease
in IgG levels, along with a severe decline in IgA
levels, with or without decreased IgM levels. Re-
sponse to specific antibodies is defective in CVID
patients, resulting in inadequate secretion of spe-
cific antibodies against protein or polysaccharide
antigens.

Patients commonly do not exhibit the presence
of isohemagglutinins. Diagnosis of CVID is de-
fined after excluding the secondary causes of hy-
pogammaglobulinemia. For lymphocyte subsets,
they typically have B cells of more than 2% and a
low percentage of switched memory B cells-below
70% of the age-related normal value-but do not
have severe T-cell deficiency. It has been report-
ed that CVID patients with expanded CD21low
B cell numbers in the peripheral blood are associ-
ated with autoimmunity and hepatosplenomega-
ly (10-12). If CD4+ T cell count is lowerin CVID
patients compared to age-adjusted normal limits,
or if the percentage of naive CD4+ T cells is de-
creased relative to age-adjusted normal limits, or
if the T cell proliferation is notably low, they are
considered to be combined immunodeficiency
(9). Flow cytometric analysis forms a very useful
approach for the diagnosis of CVID as it enables
immunophenotyping of lymphocyte subsets and
assessment of their functions (10).

CSR defects and HIGM syndrome

HIGM syndrome or CSR defects are defined
by significantly decreased or undetectable serum
levels of IgG, IgA and IgE, while IgM levels are
usually within the normal range or increase (11).
Defects in the molecules responsible for the CSR
mechanism, somatic hypermutation, and DNA
repair system contribute to the development of
HIGM syndrome (3). HIGM syndrome is identi-
fied by a mutation in the AICDA (activation-in-
duced cytidine deaminase), UNG (uracil-DNA
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glycosylase), MSH6 (MutS Homolog 6), and
INO80 (INO80 Complex ATPase Subunit) genes
involving in class-switched mechanism (3). These
genes are autosomal recessive. Although mu-
tations in the CD40 ligand (CD40L) and CD40
genes are the most frequent genetic alterations in
individuals with the HIGM phenotype, they are
linked with T cell defects and are considered an
entity of combined immunodeficiency.

Patients with HIGM syndrome typically mani-
fest recurrent bacterial infections, due to the low
level of switched immunoglobulin isotype. Some
HIGM patients may also experience autoimmu-
nity, lymphoproliferation, and malignancies (11).
In the cases with associated T-cell defects (e.g.,
CD40L deficiency and CD40 deficiency), viral
and opportunistic infections, such as Pneumocys-
tis jirovecii pneumonia (PJP) and cryptosporidi-
um diarrhea, can also be observed (12, 13). For
diagnosing HIGM syndrome, it is crucial to ex-
clude other causes of hypogammaglobulinemia,
similar to those with CVID. According to ESID
criteria (https://esid.org/Working-Parties/Regis-
try-Working-Party/Diagnosis-criteria), these pa-
tients lack evidence of severe T cell deficiency, in-
cluding low CD4 numbers/microliter (according
to age-specific normal ranges), low naive CD4+
T cells (according to age-specific normal ranges)
and impaired T cell proliferation (9).

Normal B cells with isotype, light chain, or
function defects

Individuals with typically normal B cell counts
who exhibit deficiencies in isotype, light chain,
and functional aspects demonstrate a range of
humoral immunodeficiency identified by specific
defects in antibody production. These patients are
not commonly associated with significant infec-
tions and may be asymptomatic. Except for pa-
tients with Kappa chain deficiency and CARD11
gain of function (GOF) mutations, other types
did not demonstrate specific mutations associat-
ed with disease development.
Selective deficiency in each of the immunoglobu-
lin isotypes, such as IgG, IgA, or IgM, determines
selective isotype deficiency. These patients may
manifest recurrent infections due to the inabili-
ty to secret adequate antibodies against specific
antigens. Assessment of the immunoglobulin iso-
types and subclasses can identify these patients

(14). Individuals with light chain deficiencies are
characterized by insufficient production of one
of the light chains of immunoglobulin, kappa or
lambda chains, thus producing non-functional
antibodies. Assessment of the amounts of free
light chains in serum using electrophoresis or
quantification of kappa-bearing lymphocytes by
flow cytometry can be helpful (15).

Individuals with normal B cell and antibody lev-
els who present recurrent respiratory bacterial in-
fections should be considered for B cell function.
Response to polysaccharide antigens after vacci-
nation determines specific antibody deficiency
(16). Individuals suspected of having transient
hypogammaglobulinemia in infancy present a
temporary decline in levels of IgG, which may co-
incide with decreased IgM and IgA levels. Tran-
sient hypogammaglobinemia of infancy (THI)
typically resolves spontaneously by 3-4 years of
age (17); therefore hypogammaglobinemia is de-
fined after 4 years.

Overall, in addition to clinical features and fam-
ily history, suspecting PADs requires a compre-
hensive evaluation of immunoglobulin levels and
subclasses, as well as B-cell number and function.
We present the laboratory findings for suspecting
PADs in Table 1. However, for the precise diagno-
sis of PADs, genetic tests, including whole exome
sequencing (WES) and whole genome sequenc-
ing (WGS), combined with flow cytometry, are
essential.

Consensus recommendations and dis-

cussion on antimicrobial prophylaxis
The recurrent infections in PADs lead to the
development of complications, therefore, treat-
ments such as antibiotic prophylaxis and IgRT are
essential. Although IgRT is a life-saving therapy,
PAD patients still experience frequent infections
despite receiving IgRT and achieving protective
trough levels, although these are less severe (18-
20). Hence, the administration of prophylactic
antibiotics is a routine approach for PAD patients
to complement other treatments, such as IgRT.
Recurrent infections (usually exceeding three
per year), low immunoglobulin levels (particular-
ly IgG or IgA), and chronic lung disease such as
bronchiectasis require PAD patients to use anti-
microbial prophylaxis (21). Although some stud-
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Table 1. Summary of Clinical and Laboratory Findings for Suspecting PADs

SIgAD with
Agamma CVID HIGM SAD IgG SD SIgAD gA THI
IgG SD
: Age <4
Age Age above 4 years Age >4 years e
Recurrent Ruling out
Recurrentinfections  sinopulmonary other causes
the A i : ) } Recurrent .
(especially bacterial infections and Infections ) . . . of antibody
occurrence of | . . Infections infections and Infections .
infections) and other  additional (recurrent or deficiencies
o recurrent A o (recurrent or other (recurrent or
Clinic - complications, complications, ~ severe . . and
infections . . ) severe bacterial  complications, severe
. exclusion of other Exclusion of bacterial ) ) i spontaneous
prior to the ; ] f o infecti infections) or bacterial) Juti
age of 5 causes of antibody other causes o infections) asymptomatic resolution
g deficiencies antibody around the
deficiencies age of 4
Absence or Sy
severe Normal serum/plasma
reduction in Low I2G with f::;;l;i ?}asgna Absent of serum Lgtnl?r:;(j’ls(l:ﬁtﬁ LowIgGin
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Serology ORnormal IgG  IgA levels (with or & ‘1er 1 or and subclass £a, and g while serum IgG three years
; ith normal IgM level AND 1gM levels) .
alongside without IgM) Iglevels and IgM levels of life
levels. Reduced levels AND
reduced IgA . are normal
e in one or more Reduced levels
1gG subclasses in one or more
1gG subclass
No response to
. Inadequate antibody ‘p:};nl};isgg;hande Ad:gu;te 1gG Adequate IgG Adequate IgG j;\céequ;i)e g
Vaccine response o vaccines ' antiody antibody antibody AL antihocy
(and/or lack of iso response to response to res toall oa)  TEsponseto
]-espunse . . ponse o al response to al
hemagglutinins); protein specific vaccinations vaccinations all
! vaccines is vaccinations vaccinations
normal
> 2% circulating B
e Normal or low
<2% low-switched circulating B Normal B
Flow circulating B memory B cells cells 8 NormalBand  NormalBandT NormalBandT NormalBandT and T cell
cytometry  cells Elevated CD21v B NoorofoundT 1 cellnumber  cell number cell number cell number b
Normal Tcell  cells 0 Pro ouh famber
No profound T cell FalleiE
deficiency

ies have investigated the efficacy of antimicrobial
prophylaxis on PAD patients, its impact on these
patients has not been thoroughly addressed. The
effectiveness of prophylactic cotrimoxazole or
amoxicillin was evaluated on a group of PAD pa-
tients, comprising 19 individuals diagnosed with
XLA and 20 diagnosed with CVID, who experi-
enced infections more than once each month even
while receiving IgRT (22). They have revealed
that XLA patients receiving prophylaxis experi-
enced lower infections, while no reduction in in-
fection frequency was found in the CVID group.
Furthermore, no significant differences were ob-
served between the different regimens, and infec-
tions caused by resistant organisms did not occur
(22). Another study investigated the impact of
prophylactic antibiotics on respiratory infections
over a period of more than three months in 18
patients with CVID and 8 patients with XLA (23).
A few patients (3 patients) manifested a strong
decrease in their annual infection score, while
others continued to experience severe infections

(22). However, antibiotic prophylaxis alone is ef-
fective in PAD patients with milder phenotypes,
including THI, selective IgA deficiency (SIgAD),
or IgG subclass deficiency (IgG SD), who man-
ifest recurrent upper respiratory infections (24,
25). PAD patients with mild phenotype common-
ly need antibiotic prophylaxis during the winter
months for several years (26).

Evidence-based guidance and consensus on the
administration of antibiotic prophylaxis in PAD
patients are absent. In agammaglobulinemia pa-
tients receiving IgRT, an effective response was
observed in some individuals when sulfame-
thoxazole-trimethoprim (SMX-TMP) was used
as adjunctive antibiotic prophylaxis (25). In case
of chronic lung illnesses like chronic cough or
bronchiectasis, patients are often administered
either SMX-TMP or macrolides for their anti-in-
flammatory properties (27). Azithromycin, cotri-
moxazole, amoxicillin and ciprofloxacin have also
been shown to have positive effects when admin-
istered as prophylactic regimens in patients with
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PAD (28, 29). Other factors such as microbiology
findings, sputum tests, and the assessment of the
sensitivity of the cultured organisms to antibiot-
ics, also assist in determining the antibacterial
prophylaxis in PAD patients (30). PAD patients
with mild phenotypes who suffer recurrent infec-
tions may gain advantages from prophylactic an-
tibiotic management on a continuous or seasonal
intermittent schedule (24, 26). Some prophylactic
antibiotic regimens with optimal doses for PAD
diseases are suggested in Figure 1.

Consensus recommendations and dis-
cussion on the management of clinical

manifestations in PADs

PAD patients experience various clinical com-
plications in various stages of life, from infancy to
late adulthood. The management of major com-
plications is briefly discussed in the following sec-
tions.

Infectious complications

PAD patients are prone to infectious complica-
tions, particularly the respiratory tract and gastro-
intestinal infections. Streptococcus pneumonia
and Haemophilus influenza are the most typical
pathogens in the development of respiratory tract
infections in PAD patients. Sinusitis, otitis me-
dia, pneumonia, and chronic enteroviral are the
major respiratory tract infections in patients with
PAD (31, 32). Giardia lamblia, Cryptosporidium,
and Campylobacter jejuni are the most common
pathogens associated with infectious gastrointes-
tinal complications (33).

In patients with PAD, respiratory tract infec-
tions are the leading cause of mortality, therefore,
managing infection in those is vital (34). IgRT,
in the form of intravenous or subcutaneous ad-
ministration, is the key treatment for preventing
recurring infections in PAD patients (35). As
described above, antibiotic prophylaxis is useful
for the prevention of infection in PAD patients.
Even though culture findings can guide antibiotic
choices, starting treatment shouldn't be delayed
while waiting for them. Regarding gastrointesti-
nal infections, which are the second most prev-
alent type of infection in PADs, treatment often
initiates with antibiotics, along with restoring
nutrients and fluids, based on culture and biop-

sy results (36). Routine examinations every 3-6
months are recommended for identifying infec-
tions in PAD patients who need prompt treat-
ment.

Pulmonary complications

Pulmonary complications may develop at any
age in PAD patients. Monitoring lung function
and promptly diagnosing new complications
represent the cornerstone of treatment in PAD,
since pulmonary complications remarkably play
a role in the morbidity and mortality rate in pa-
tients with IEI, especially in those with PAD (34).
Respiratory infections can result in the onset of
bronchiectasis in most forms of PAD, but espe-
cially in agammaglobulinaemia and CVID pa-
tients (34). It is, therefore, recommended that
HRCT be carried out every 3-5 years to monitor
for pulmonary complications; this should, how-
ever be more frequent, i.e., every 2 years for those
patients with established chronic lung disease
(37). PAD patients should perform pulmonary
function tests (PFT) annually to monitor inter-
stitial lung disease development (38). The best
available treatment thus far to defer the progres-
sion of pulmonary complications is to administer
very high doses of immunoglobulin, 600 mg/kg/
month, along with regular suppressive anti-mi-
crobial therapy (39). Macrolides are commonly
used drugs in the management of chronic lung
diseases, especially for their anti-infective and an-
ti-inflammatory properties (40). In such patients
with PAD, follow-up on lung function by spirom-
etry and sputum and clinical response should be
done after the institution of therapy for follow-up
of the patient's respiratory status.

Autoimmune complications

The causes of autoimmunity in IEIs are still not
fully understood. CVID patients experience more
autoimmune complications compared to those
with SIgAD and HIGM (41).

Among autoimmune complications in PAD
patients, ITP and AIHA are relatively more com-
mon (7, 42, 43). The treatment approach for au-
toimmunity in PAD patients is typically similar
to those used in immunocompetent patients. This
includes administrating increased-dose IgRT and
immunosuppressive medications, such as corti-
costeroids, methotrexate, and azathioprine along
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Antibiotic prophylaxis regimens in PADs

(U

) or HIGM

Azithromycin
Regimen for children: 5-10 mg/kg
weekly or 5 mg/kg every other day
Regimen for adults: 500 mg weekly

Amoxicillin

Regimen for children: 10-20
mg/kg daily or twice daily
Regimen for adults: 500-1,000

-' ' H | -

Azithromycin
Regimen for children: 5-10 mg/kg
weekly or S mg/kg every other day
Regimen for adults: 500 mg weekly or

or 250 mg every other day mg daily or twice daily 250 mg every other day
Cotrimoxazole Cotrimoxazole Amoxicillin
Regimen for children: 5 mg/kg daily Regimen for children: 5 mg/kg Regimen for children: 10-20
or twice daily daily or twice daily mg/kg daily or twice daily
Regimen for adults: 160 mg daily or Regimen for adults: 160 mg Regimen for adults: 500-1,000
twice daily daily or twice daily mg daily or twice daily
Amoxicillin

Regimen for children: 10-20 mg/kg
daily or twice daily

Regimen for adults: 500-1,000 mg
daily or twice daily

*\prophylaxis/'
\ ==

./Dail_v or long-® A)uring high»;% 4/ Weekly Uﬂm\
| seasons (e.g., \\'mter)ﬂ' {

Wil

resolution }
// \ A_»/

— \/7_
|

Figure 1. Prophylactic antibiotic regimens with optimal doses for PADs. Abbreviations: CVID,
common variable immunodeficiency; HIGM, hyper IgM; mg/kg, milligram/kilogram; THI, Tran-
sient hypogammaglobulinemia of infancy. References: (14, 25, 67, 68).

with eliminating the autoantibodies by plasma-
pheresis; although this treatment increases the
risk of infections. IgRT and rituximab have a ben-
eficial impact on decreasing the occurrence of au-
toimmune manifestations, especially in cases of
ITP and ATHA (36, 44). Of note, the administra-
tion of monthly IgRT can affect other immuno-
logic tests, hence, it is recommended to maintain
the serum samples after IgRT is started. Delay
diagnosis and treatment in autoimmunity con-
tribute to poor quality of life, increased medical
needs, and higher mortality rates in PAD patients
(34, 45, 46). Monitoring autoimmunity in PAD
patients at intervals of 3 to 6 months is recom-
mended for assessing hematologic autoimmunity.

Gastrointestinal complications

Gastrointestinal complications are common
among patients with PAD. Most CVID patients
present chronic diarrhea and malabsorption,
while XLA patients experience Crohn’s disease
and ulcerative colitis (7). Gastrointestinal tumors
are observed in HIGM patients accompanied by

CID like CD40L deficiency, while HIGM patients
experience commonly gastrointestinal infections
(11), indicating that patients with HIGM associ-
ated with CID experience more severe forms of
gastrointestinal problems than those with HIGM.
Patients with SIgAD may exhibit gastrointestinal
complications such as celiac disease, inflamma-
tory bowel disease (IBD), nodular lymphoid hy-
perplasia (NLH), and food allergy (47). First-line
treatment for managing gastrointestinal compi-
lations is serving corticosteroids and/or mesal-
azine. However, some patients may need addi-
tional immunosuppressive medications, such as
azathioprine and cyclosporine.

In PAD patients receiving IgRT, an increased
dose provides sufficient serum IgG levels leading
to ameliorating gastrointestinal problems (48).
Although biological treatment, including TNFa
inhibitors (adalimumab, infliximab) and vedol-
izumab or ustekinumab, has been used in PAD
patients, their efficacy was low. Therapeutic strat-
egies for gastrointestinal complications depend
on the severity of manifestations, as low-dose im-
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munomodulators such as azathioprine or 6-mer-
captopurine, in conjunction with TNF-a inhibi-
tors like infliximab or etanercept are appropriate
for managing severe inflammatory enteropathy
(49, 50). Meanwhile, patients with mild IBD are
managed similarly to those immunocompetent
individuals (51). The occurrence of gastrointes-
tinal complications should be monitored during
the progression of the disease in PAD patients.
This monitoring can vary from comprehensive
questioning to surveillance colonoscopy or other
imaging procedures.

Lymphoproliferative diseases and malignancy

Overall, the etiology of most PAD-relat-
ed lymphoproliferative diseases is still unclear,
though some immunological abnormalities, such
as reduced switched memory B cells and CD4+
naive T cells, may be associated with lymphopro-
liferative and granulomatous diseases in patients
with PAD (52). Among PAD diseases, PAD-relat-
ed lymphoproliferative diseases are more prev-
alent in patients with CVID and HIGM (7, 11).
Lymphoproliferative diseases complicate and de-
lay the diagnostic process in patients with PAD.
IgRT does not prevent lymphoproliferative dis-
eases in PAD patients (53), and management of
lymphoproliferation is based on the cause of the
condition. Administration of glucocorticoids
(first dose, 30-60 mg daily for a median of 18
months) is recommended for granulomatous in-
filtration (54), although they are not always use-
ful. Abatacept, which inhibits T cell activity, has
been also suggested for the treatment of granu-
lomatous infiltration such as interstitial lung dis-
ease (ILD) (55).

Granulomatous and lymphocytic interstitial
lung disease (GLILD) is the leading cause of dif-
fuse parenchymal lung disease in CVID patients
and typically does not improve with IgRT alone,
hence further treatment is recommended for pa-
tients experiencing worsening respiratory symp-
toms, declining lung function (such as a 210 per-
cent decrease in forced vital capacity [FVC] or
diffusing capacity for carbon monoxide [DLCO]),
or progression on HRCT even when IgG levels
are normal. The most effective first treatment for
GLILG can be a combination of rituximab and an
antimetabolite drug (56). PAD-related lymphop-
roliferative diseases increase the risk of develop-

ing malignancies (57, 58). Among PAD diseases,
CVID with cancer has the highest number of re-
ported cases (59). Digestive/gastrointestinal can-
cer is the most frequent cancer in patients with
XLA and SIgAD, while hematologic/blood cancer,
including both NHL and Hodgkin lymphomas, is
more prevalent in patients with CVID and HIGM
(59). The therapeutic approach to cancer in PADs
is almost similar to that for patients without PAD.
Although patients with PAD may experience ex-
tensive cancer requiring more intensive cytotoxic
treatment (60). Standard rituximab protocols and
surgical modalities are lifesaving for cancers di-
agnosed at an early stage (36). Allogeneic stem
cell transplantation (ASCT) can be considered
for managing CVID patients with non-Hodgkin
lymphoma, as ASCT can address the complica-
tions associated with CVID (61).

Consensus recommendations and dis-
cussion on immunoglobulin replace-
ment therapy (IgRT) for patients with

PAD

IgRT is utilized for managing patients with
antibody deficiencies. IgRT must be given under
medical supervision in a hospital. Among PAD
patients, those who experience a lack of B cells,
those with low protective immunoglobulin levels
along with defective specific antibody secretion,
or those with normal immunoglobulin but defec-
tive specific antibody secretion may require IgRT.
The following PAD diseases require IgRT:

1. CVID with recurrent infections

2. CVID without recurrent infections but with
significant autoimmunity or inflammatory
disease (eg GLILD)

3. Agammaglobulinemia (XLA/ARA)

4. HIGM

5. Patients with low IgG levels or specific anti-
body responses, experiencing very frequent and/
or severe infections.

The use of IgRT requires careful consideration
in the steps of starting, monitoring, and stopping
(62), which are discussed in detail in the follow-
ing sections.

1. Starting immunoglobulin replacement ther-

apy
Recommendation 1: PAD patients who expe-
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rience their first treatment with IgRT should be
checked for infections such as hepatitis C and B,
renal function, as well as complete blood count
(CBCQ), liver function test, and urinalysis.
Recommendation 2: PAD patients with severe
active infection can receive IgRT as long as they
are receiving appropriate antibiotic treatment.
Recommendation 3: Anti-IgA levels are not usu-
ally indicated before IgRT unless there is a previ-
ous history of allergic reactions.
Recommendation 4: IgG level and severity of in-
fection determine the necessity for starting IgRT
(Table 2).

Recommendation 5: A preliminary dosage of
400-600mg/kg every 3 to 4 weeks should be con-
sidered for PAD patients. Notably, clinical effects
and body weight can adjust the starting dose of
IgRT, but less than 400mg/kg and greater than
800mg/kg should not be recommended.
Recommendation 6: A starting dose of 100-200
mg/kg followed by 160 mg/kg, should be consid-
ered weekly if the administration is subcutaneous.
Recommendation 7: IgG levels should be moni-
tored every 3 months during the first year of treat-
ment. For stable patients, IgG monitoring should
be done at least twice a year.

2. Monitoring immunoglobulin replacement
therapy

Recommendation 9: Previous studies demon-
strated that IgG trough levels between 500 to 800
mg/dl have a protective effect against acute infec-
tions (63-65). IgG trough levels > 800 mg/dl avoid
recurrent infection, particularly in patients with
no endogenous immunoglobulin production. In
some PAD patients, including XLA with end-or-
gan damage/persistent infections, it is recom-
mended to sustain IgG levels > 1000 mg/dl.
Recommendation 10: Immunoglobulin doses
can be increased based on the rate of infections
and progression of organ disease. If the patient
presents mild infection or is free of infection,
immunoglobulin doses should be decreased. In-
creased doses should be considered for patients
who experience two or more severe infections
yearly.

Recommendation 11: IgRT-treated patients with
normal IgG trough levels who present a high in-
fection burden should receive additional med-
ications, including antibiotic prophylaxis and

physical therapy before the elevation of immuno-
globulin doses. Increased immunoglobulin dose
can be maintained for 6 to 12 months.
Recommendation 12: PAD patients receiving
IgRT should be monitored every six months re-
garding their immunoglobulin levels, blood count
cells, liver function, and urine tests.
Recommendation 13: Patients receiving IgRT
with signs suggestive of bacterial infections, IgRT
should be administrated promptly alongside anti-
biotic therapy.

Recommendation 14: Batch numbers for every
immunoglobulin infusion should be recorded
and stored at the center.

Recommendation 15: Immunoglobulin prod-
ucts should not be switched for patients receiving
IgRT except for clinical necessity or availability
constraints. Blood samples should be collected
for storage if a switching product is required.
Recommendation 16: In patients who do not
manifest with hypersensitivity reaction within
the first 30 minutes of infusion, Flow rates may
be elevated stepwise based on manufacturer in-
structions.

Recommendation 17: To avoid adverse reactions
after IgRT, the following precautions should be
implemented (66):

- Knowing the history of adverse reactions after
the previous infusion can prevent complications
for the next infusion.

- For patients who had adverse reactions after
IgRT, it is recommended to use anti-inflammatory
drugs, including corticosteroids, acetaminophen,
antihistamines, and others, before the infusion.

- Rapid infusions should not be given. To avoid
adverse reactions, initial infusions should be
administered at a slow rate, 0.01 mL/kg/min by
an infusion pump. The infusion rate can be in-
creased by 0.02 mL/kg every 30 minutes, up to a
maximum of 0.08 mL/kg.

- The patient should be followed for over 20 min-
utes after the infusion

- Avoid utilizing preparations having a sugar sta-
bilizer in patients with diabetes.

- Carefully measure the risk factors associated
with renal failure, cardiovascular impairment,
thromboembolic risk, and sepsis.

- It is desirable that patients keep themselves hy-
drated; hence, water should be available and read-
ily accessible.
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3. Stopping immunoglobulin replacement ther-
apy

Recommendation 18: Except for patients with
significantly reduced immunoglobulin, includ-
ing those with agammaglobulinemia, CVID, and
HIGM, patients presenting no signs of increased
frequency and severity of infection compared
with the general population should be considered
for IgRT discontinuation.

Recommendation 19: Patients discontinuing

Table 2. IgG Level Cut-offs for Recommending IgRT

their IgRT should be closely monitored, have a
self-medication plan, and be provided with access
to the specialist immunology service.
Recommendation 20: IgG level should be moni-
tored no less than every 12 weeks in patients with
discontinued IgRT until the patient is stable.
Recommendation 21: If a patient experiences a
decreased IgG level than the normal population
after discontinuing IgRT, prophylactic antibiotics
should be administrated for the patient.

IgRT is not routinely ) .
IgG level recommended IgRT is routinely recommended
Low incid f infecti dl . :
IgG level of = 400 mg/dl oW nerdeice 02 Tection and fow Recurrent and/or severe infection

IgG level of < 400 mg/dl

IgG level of < 200 mg/dl

Normal vaccine responses

or normal vaccine responses

Poor vaccine responses (unless the
patient has a low-frequency or
severe infection)

Increased

burden of infection (IgRT may be
started without a trial of
prophylactic antibiotics)

Conclusions

We provide the first national consensus guide-
line on the diagnosis and management of patients
with PAD in IRAN in light of scientific literature
and comments from the expert panel of Iranian
clinical immunologists. We hope this national
consensus guideline can raise the awareness of
clinicians and improve the diagnosis and man-
agement of patients with PAD.
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