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Systemic lupus erythematosus (SLE) is a multisystem autoimmune disease caused by a combination of genetic, 
 epigenetic, and environmental factors. Recent advances in genetic analysis coupled with better understanding of 
differentimmuneregulatoryandsignalingpathwayshaverevealedthecomplexrelationshipbetweenautoimmunity,
including SLE, and immunodeficiency. Furthermore, the expanding therapeutic armamentarium has led to the
increasingawarenessof secondary immunodeficiency in thesepatients. This article serves toupdate the current
understandingofSLEandimmunodeficiencybydiscussingthesharedgeneticfactorsandimmunobiology.Wealso
summarizetheeffectsof immunosuppressivetherapieswithafocusonsecondaryantibodydeficiency(SAD)after
B-cell targeted therapies.
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Introduction

Systemic lupus erythematosus (SLE) is a complex systemic 
autoimmune disease characterized by immune dysregula-
tion and loss of immune tolerance to autoantigens, leading 
to autoantibody production, immune complex deposition, 
andsecondary inflammatorydamage.Advances ingenetics
and molecular biology have led to a better understanding of 
different diseases, including immunodeficiency and autoim-
muneconditions.Autoimmunityand immunodeficiencywere
previouslyconsideredtobedistinctentities.Theconcepthas
evolvedovertime,however,andautoimmunityandimmuno-
deficiencyarenowregardedastwosidesofthesamecoin.[1] 
Autoimmunemanifestationsarecommoninpatientswithpri-
maryimmunodeficiency(PID),[2]andpatientswithautoimmune
diseasesarepronetodevelopsevereinfections.Thereiscon-
siderable overlap in the clinical presentations, pathophysiol-
ogy,andgeneticfactorsbetweenthetwoentities.Inthecase
of SLE, causative genes in monogenic lupus and susceptibility 
genesidentifiedbygenome-wideassociationstudies(GWAS)
havebeenshowntooverlapwithgenesresponsibleforPID.

Lupus-likediseases,ratherthandefiniteSLE,mayalsooccur
incertainPIDs.

Another important cause of immunodeficiency in SLE is 
the use of immunosuppressive therapies. The growing
armamentarium of immunosuppressants and biological 
therapies have led to better lupus disease control and 
a great improvement in the prognosis of SLE over the 
years. However, infection remains an important cause
ofmorbidity andmortality. The burden of serious infec-
tion has increased over the past decades and is a major 
causeofmortality.[3, 4] Understanding the mechanisms un-
derpinning the susceptibility to infections and recogniz-
ing immunodeficiency inpatientswithSLEare therefore
important. Clinical awareness, appropriate assessment,
and management are essential to minimize infective 
complications.

Thisarticle serves toupdate thecurrentunderstandingof
SLE and immunodeficiency by discussing the shared ge-
netic factors and immunobiology.We also summarize the
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effects of immunosuppressive therapies with a focus on
secondary antibody deficiency (SAD) after B-cell targeted
therapies.

AutoimmunityandImmunodeficiency:Immune
ToleranceandImmuneRegulation

The development of autoimmunity is characterized by a
breach of immune tolerance, where the body fails to rec-
ognize self-antigens and initiates an inappropriate immune 
response. Different immune mechanisms are involved in
the maintenance of central and peripheral tolerance. In
addition,variousregulatorypathwaysareessentialtoprevent
uncon¬trolledinflammationsecondarytoimmuneactivation.
PID with defects involving major steps responsible for im-
mune tolerance and immune regulation can give rise to auto-
immunemanifestations.

Central tolerance involves the elimination of autoreactive 
lymphocytes during lymphocyte development. T-cell devel-
opmentoccursinthethymus.Theprocessinvolvesseveral
important steps such as T-cell receptor (TCR) rearrange-
ment,thymiceducation,andselection.VDJ(variable,diver-
sity, joining) recombinationallowsdiversityof theTCRrep-
ertoire.AfterTCR rearrangement,MHC-peptide complexes
carryingself-antigensarepresentedtodevelopingTcellsby
medullary thymicepithelialcells (mTEC).Thedegreeofaf-
finitybetweenTCRandself-antigensdeterminesthefateof
the developingT cells. Positive selection occurs to ensure
themajor histocompatibility complex (MHC) restriction ofT
cells, and negative selection occurs to eliminate autoreactive 
T cells.[5] B-cell development differs as the process occurs
in the bonemarrow, but shares some similarities. VDJ re-
combinationalsooccursinthedevelopmentofB-cellrecep-
tor (BCR).AutoreactiveBcellsundergo receptoreditingor
apoptosis.[6]Peripheraltoleranceensuresthatself-reactive
lymphocytes that escape central tolerance do not cause 
autoimmunity.RegulatoryT cells (Tregs) andB cell acti-
vatingfactor(BAFF)homeostasisarekeycomponentsfor
peripheraltolerance.[7]

PIDwithdefectsinpathwaysresponsibleforimmunetolerance
canthereforebeassociatedwithautoimmunity.Autoimmune
polyendocrinopathy candidiasis ectodermal dystrophy 
(APECED)iscausedbymutationintheautoimmuneregula-
tor (AIRE) gene.[8]AIRE is a transcription factor expressed
by mTEC, which are responsible for negative selection in
the thymus. Patients with APECED develop autoimmune
manifestations in their endocrine glands and a proportion 
of patients suffer fromchronicmucocutaneous candidiasis.
Similarly, thymicT-cell development is impaired in patients
withDiGeorgesyndromeandpatientswithpartialDiGeorge
syndrome may manifest autoimmune features due to a lack 
ofdeletionofautoreactivecells.Immunetolerancemayalso
be breached as a consequence of recombination-activating 

gene (RAG) defects. RAG are proteins important for VDJ
recombination.DefectsofRAGproteinsareassociatedwith
restrictedT-andB-cellrepertoire,aberrantthymusarchitec-
ture,reducedAIREexpression,lymphopenia,reducedTreg,
andincreasedlevelofBAFF.[9]RAGdeficiencycausessevere
combined immunodeficiency, whereas hypomorphic RAG
mutations are associated with Omenn syndrome. Patients
withOmennsyndromepresentwithlymphadenopathy,hepa-
tosplenomegaly, eosinophilia, T-cell infiltration in multiple
organs, and severe hypogammaglobinaemia. Immune dys-
regulation, polyendocrinopathy, enteropathy, and X-linked 
(IPEX) syndromearecausedbymutationofForkheadbox
proteinP3(FOXP3),aTregtranscriptionfactor.Patientswith
IPEXsyndromedevelopsystemicautoimmunity,typicallybe-
ginninginthefirstyearoflife.Thesediseasesillustratehow
defectsaffectingkeycomponentsof immune tolerancecan
giverisetobothimmunodeficiencyandautoimmunity.

Furthermore,theimmunesystemistightlyregulatedbymul-
tiplepathwaystolimituncontrolledinflammationandimmune
activation. PIDwith defects in thesemechanisms are also
associatedwithautoimmunity.Forexample,mutationsinthe
T-cellcostimulatorypathwayandintracellularsignalingmay
resultinT-celloveractivation.CytotoxicT-lymphocyteassoci-
atedprotein4(CTLA4)isaco-receptoronTcellsandmedi-
ates peripheral tolerance by inhibiting co-stimulatory signals 
betweenantigen-presentingcellsandTcells. It isconstitu-
tivelyexpressedonTregcellsandupregulatedonactivated
Tcells. LPS-responsivebeige-likeanchor (LRBA)prevents
the degradation of CTLA4. CTLA4 insufficiency and LRBA
deficiency result insimilarmanifestations,withuncontrolled
T-cell activation, autoimmune cytopenia, hypogammaglobi-
naemia,lymphoproliferation,viralinfections,andinfiltrationof
organsbyactivatedTcells.[10]TheknowledgefromPIDalso
leads to a better understanding about different therapeutic
strategies.Abatacept,aCTLA-4-immunoglobulin (Ig) fusion
protein, is licensed for the treatment of rheumatoid arthritis 
and has been explored for the treatment of other rheumato-
logicaldiseases.Abataceptisalsoapotentialtreatmentoption
forpatientswithCTLA/LBRAdeficiency.[11, 12]Incontrast,anti-
CTLA-4 therapies lead toT-cell activationandareusedas
immunotherapiesforthetreatmentofdifferentmalignancies,
andarecommonlyassociatedwithautoimmunesideeffects.

Lymphocyte function is dependent on intracellular signaling 
pathways. Phosphatidylinositol 3’-kinse (PI3K)/protein ki-
naseB(Akt)/mechanistictargetofrapamycinkinase(mTOR)
is an intracellular transduction pathway in response to ex-
tracellular signals. Gain-of-function mutations in the genes
encodingPIK3CDandPIK3R1 lead toactivatedPI3K-delta
syndrome (APDS). APDS is combined immunodeficiency
characterized by constitutiveT-cell activation, a substantial
deficiencyinnaïveTcells,andanover-representationofse-
nescenteffectorTcells.PatientswithAPDSdeveloprecur-
rentbacterialandviralinfections,lymphoproliferation,and/or 
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autoimmunediseases. Increasingunderstandingof theun-
derlyingmechanism ofAPDS enlightens us on the role of
Tcellsinautoimmunity.Italsouncoversatherapeuticpoten-
tial of targeted treatmentwith selectivePI3K-delta inhibitor
andmTORinhibitorbySirolimusinpatientswithAPDSand
rheumaticdiseases.[13, 14]

PIDwithdefects inother immuneregulatorypathwaysmay
alsogive rise to autoimmunemanifestations.This includes
the complement pathways, defective apoptosis, and inter-
feronsignaling.Patientswith theseconditionsmaypresent
withlupus-likemanifestationsandarediscussedindetail in
thefollowingsection.

SLEandImmunodeficiency:SharedGeneticand
Pathogenic Pathways

SLE is characterized by a loss of immune tolerance to nu-
clear self-antigens, resulting in autoantibody production and 
immunecomplexdeposition.Severalimmunedysregulations
arethoughttobecentraltothepathogenesisofSLE.These
include defective apoptosis, impaired immune complex clear-
ance, and increased type I interferon. PID with defects in
thesepathwaysareassociatedwithlupus-likediseasesand
monogeniclupus.

Theimbalancebetweenapoptosisandremovalofapoptotic
debrisisbelievedtobeanimportantpathwayforSLEpatho-
genesis.The increasedexposureofmodifiednuclearauto-
antigens to the immune system results in the generation of 
nucleicacidautoantibody.Thefascellsurfacedeathreceptor
(Fas) isaprotein in thetumornecrosis factor(TNF)recep-
torsuperfamilyandplaysakeyroleinregulatingapoptosis.
DefectiveFas-mediatedapoptosis results in disrupted lym-
phocyte homeostasis and leads to autoimmune lymphopro-
liferativesyndrome(ALPS).ALPSisadiseasecharacterized
by lymphadenopathy, hepatosplenomegaly, increased risk 
of malignancy, and systemic autoimmunity, including SLE.
Lymphoproliferation is the predominant clinical manifestation, 
followedbyautoimmunity.Immune-mediatedcytopeniaisthe
most common autoimmune manifestation, but other organ 
manifestations can also be present such as nephritis, hepa-
titis,pulmonaryfibrosis,colitis,andneurologicalmanifesta-
tions.[15]Themultisystem involvementgivesrise toa lupus-
likepicture.Diagnosis isbasedonacombinationofclinical
features, laboratory findings (increased double-negative T
cells,anddefectiveFas-mediatedapoptosisinvitro),andge-
neticmutations.[16]

The immune system is essential for the clearance of self-
antigens. Complement deficiencies are the first described
form of monogenic lupus characterized by early disease on-
setandrecurrentinfections.Complementisagroupofcircu-
lating proteins (some are membrane-bound) that form a part 
oftheinnateimmunesystem.Inadditiontoitsimportantrole

in host defense, it is essential for the clearance of apoptotic 
cellsandimmunecomplexes.Furthermore,C1qalsoactsas
anegativeregulatoroftypeIinterferon,acytokineimportant
forthepathogenesisofSLE.Asaresult,deficienciesinearly
components of the classical pathway are associated with
SLE.[17]Around90%ofpatientswithC1qdeficiencydevelop
SLE.DeficienciesofC1randC1sarerareandarepresent
predominantlywith recurrentsevere infections.Onlyhalfof
thesepatients develop lupus-like disease.C2deficiency is
themostcommoncomplementdeficiency,butSLEmanifests
onlyin10%ofthesepatientswithdiseasephenotypesimilar
tothegeneralSLEpopulation.[18]TheriskofSLEinpatients
withC4deficienciesisvariableanddependsonthenumber
of C4 gene copies.[19] The importance of the complement
pathwayinSLEpathogenesisextendsbeyondmonogeniclu-
pus.Forexample,anti-C1qautoantibodieswerefoundmore
frequently inpatientswithSLEcomparedwithhealthycon-
trols.[20]Somestudiesalsoshoweditsassociationwithlupus
nephritis(LN)andoveralldiseaseactivity.[21]

Chronic granulomatous disease (CGD) is aPID character-
ized by a defect in nicotinamide adenine dinucleotide phos-
phate(NADPH)oxidasecomplex,whichisresponsibleforthe
production of reactive oxygen species and intracellular killing 
byphagocytes.[22]PatientswithCGDareatincreasedriskof
recurrent infectionsandgranuloma formation. Inflammatory
and autoimmune complications are increasingly important as 
lifeexpectancyimproveswiththeintroductionofantimicrobial
prophylaxis.[23]Registrydatahaveshownthatpatientswith
CGDhaveahigherfrequencyofSLEanddiscoidlupus.[24, 25]  
Abnormal apoptosis and impaired clearance of apoptotic 
cells in patients with CGD have been proposed to ac-
count for the occurrence of lupus-like diseases in these 
patients.[26]

TheabovementionedexamplesofPIDandmonogeniclupus
are not exhaustive, but serve to illustrate the concept that 
autoimmunity and immunodeficiency are intricately linked
withoverlapsingeneticandimmunobiology.Althoughmost
SLE cases are not caused by single-gene defects, the con-
tributionofgeneticsusceptibility iswelldemonstratedand
reinforces the immunobiological predisposition of disease 
development in these patients. From GWAS analyses,
>100 susceptibility loci have been identified in the human 
leukocyte antigen (HLA) and non-HLA regions involv-
ing coding and non-coding variants suggesting disease 
complexity.[27] Pathways related to lymphocyte activation,
immune response regulation, and immune cell prolifera-
tionhavebeenimplicatedfromGWASdata.[28]Othergenetic
studies have demonstrated that mutations in genes implicated 
in monogenic lupus are also found in a proportion of patients 
withSLE,includingthreeprimerepairexonuclease1(TREX1)
and acid phosphatase 5, tartrate resistant (ACP5) genes,
whichareimplicatedintypeIinterferonregulations.[29, 30]Better
knowledge of the genetic and immunobiological bases of
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autoimmune diseases may translate into clinical advances 
inbiomarkersandtherapeuticsdiscoveries.

SLEandInfectionRisk:ClinicalFactorsand
ImmunosuppressiveTherapies

Infectionremainsanimportantcauseofmorbidityandmor-
tality in patients with SLE. Disease activity, nephritis, high
anti-dsDNA (double-stranded DNA) antibody, and leuko-
penia have been found to be risk factors for infections.[31] 
Protein-losing state (such as proteinuria and protein-losing
enteropathy), concomitant infections, or malignancies may 
also contribute to secondary immunodeficiency and confer
infectionrisk.Anotherimportantcontributiontoinfectionrisk
is pharmacological interventions and use of immunosuppres-
siveagents.

Glucocorticoids (GC) are commonly used in patients with
SLE.GC havemultiple anti-inflammatory and immunosup-
pressiveeffects.Theyinhibitmacrophagedifferentiationand
cytokine production and suppress their microbicidal activi-
ties.[32]Theyalsoaffectneutrophilfunctionandadhesion,and
impair dendritic cell maturation and function.[33, 34] GC can
cause lymphopeniaaffectingall lymphocytesubpopulations
andinhibitT-cellactivationbyinhibitingcytokines,including
interleukins 2.[32] GC also inhibit B-cell proliferation and Ig
production.[35]BoththedoseanddurationofGCtherapyare
associatedwith infections in patientswith SLE.One study
showed thatanaveragedailydoseofsteroidequivalent to
prednisolone10mgoraboveisassociatedwitha10-foldin-
creaseintheriskofinfections.Prolongedmedium-tohigh-
doseGC(definedasprednisolone20mgdailyequivalentor
above for >30days)isalsoariskfactorforinfection.Studies
inrheumatoidarthritishaveshownthateven“low-dose”ste-
roidsmayposeanincreasedriskofinfections.[36]Pulsemeth-
ylprednisolone is useful for controlling life-threatening mani-
festationsandreducingcumulativesteroiddose.[37]Low-dose
pulse methylprednisolone has equivalent effectiveness in
controllingdiseaseactivityandisassociatedwithsignificantly
fewerinfectionscomparedwiththehigh-doseregimen.[38]

Cyclophosphamide(CYC)isapowerfulagentintreatingor-
gan-threatening diseases and is a useful rescue therapy in 
refractorycases.[39] CYC is an alkylating agent that exerts its 
actionthroughDNAdamageandthereforeselectivelyaffects
rapidly replicating cells. Infectionsare common inSLEpa-
tientsundergoingCYCtreatment.Leukopeniaandsequen-
tialintravenousandoraltherapyareassociatedwithinfection
risk.[40]Low-doseintravenousCYCisassociatedwithalower
risk of infections comparedwith the high-dose regimen as
shownintheEuro-LupusNephritisTrial,eventhoughthedif-
ferencedidnotreachstatisticalsignificance.[41]

Mycophenolate mofetil (MMF) is a prodrug of myco-
phenolic acid, an inhibitor of inosine-5-monophosphate 

dehydrogenase.ItpreferentiallyinhibitsT-andB-lymphocytes
proliferationandlymphocyterecruitmentintositesofinflam-
mation.[42] Azathioprine (AZA) is a prodrug of 6-mercaptopu-
rinewhichinhibitspurinesynthesisandDNAreplication.MMF
is a useful drug in the management of moderate to severe 
lupus,whereasAZAisuseful formildtomoderatedisease.
[39]ThereisgrowingpreferenceofMMFforinductiontherapy
for proliferative LN due to the its reduced gonadal toxicity
andoncogenicitycomparedwithCYC.However,itshouldbe
notedthatMMFisnotnecessarilylesstoxicthanCYC.The
results frommeta-analysisshowednosignificantdifference
ininfectionriskbetweenpatientsreceivingCYCandMMFfor
LNinductiontherapy.[43, 44]Astudywasconductedtocompare
the cellular changes in a small group of SLE patients on CYC, 
MMF,andnoimmunosuppressants.Thestudyshowedthat
althoughtherateofhypogammaglobinaemiawascomparable
betweenMMFandCYC,MMFusewasassociatedwithamore
enduringreductionofmarkersofB-cellactivation,including
plasmablasts and plasma cells compared with CYC.[45]  
StudiescomparingMMFandAZAasmaintenancetherapyin
patientswithLNshowednosignificantdifferencesininfection
riskbetweenthetwoagents.[46, 47]Inanationwidestudy,itwas
shownthattheriskofinfectiondidnotdifferamongnewusers
ofCYC,MMF,andAZAaftermatchingofother risk factors
usingpropensityscore.[48]

Hydroxychloroquine(HCQ)andchloroquine(CQ)areantima-
larialswidelyusedinpatientswithSLEandassociatedwitha
myriadofbenefits,includingprotectionagainstinfections.[49]  
Severalpathwayshavebeenproposed toaccount for their
immunomodulatory effects and have been summarized by
apreviousreview.[50]Theyinterferewithlysosomalactivities
and inhibitMHCclass II expressionandantigenpresenta-
tion.Productionofvariousofpro-inflammatorycytokines is
also inhibited by these drugs. HCQ andCQ also interfere
toll-likereceptor7(TLR7),TLR9,andcyclicGMP-AMPsyn-
thetase(cGAS)activity.Asidefromtheirimmunomodulatory
effects,bothHCQandHCQhaveantimicrobialeffects,espe-
ciallyantiparasiticactivity.Data from theLupusCrucesco-
hortdemonstratedastrongprotectiveeffectofantimalarials
(OddRatio0.06,P <0.05)inprotectingSLEpatientsagainst
majorinfections.[49]

BiologicTherapiesandSecondary
Immunodeficiency

Over the recentdecades,biologic therapieshaveemerged
as important therapeutic options in the treatment of rheu-
matologicaldiseases, includingSLE.Thesedrugshavethe
advantagesoftargetingspecificcomponentsintheimmune
pathway involved in thepathogenesisofdiseases.Despite
their specificity, biologic therapies are also associatedwith
different sideeffectsandcancausesecondary immunode-
ficiency.Among the different biologics investigated, B-cell-
targetedtherapiesareattheforefrontofSLEtherapies.[51]
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Belimumab is a B-lymphocyte stimulator (BLyS) inhibitor.
BLySisaB-cellsurvivalfactorwithimportantrolesinthedif-
ferentiationof immature tomatureB cells, Ig class switch-
ing, andproduction. It is the first biologic approved for the
treatment of SLE and a recent study also demonstrated its 
efficacyinLN.[39, 52]Belimumabtreatment isassociatedwith
a reducedmedian levelofclusterofdifferentiation (CD)20
BcellswhilepreservingmemoryBcellsandT-cellpopula-
tion.[53]Hypogammaglobinaemia is infrequentandoccurs in
around2%ofpatientsonly.[54]Datafromclinicaltrialsshowed
no significant increase in infection risk associated with
Belimumab.[55]

RituximabisachimericmonoclonalantibodyagainstCD20.
CD20isaB-cell-specificmarkerexpressedonBcellsfrom
pre-B to mature B cells. Rituximab achieves depletion of
peripheral B cells via complement-mediated and antibody-
dependent cell-mediated cytotoxicity. Since autoreactive
B cells are one of the key immune cells implicated in the
pathogenesisofSLE,peripheralBcelldepletionappearsas
anattractivetreatmentstrategyinSLE.Despiteitsnegative
results in randomized controlled trials,[56, 57] subsequent meta-
analysis has demonstrated its usefulness in the management 
ofrefractorylupus.[58]Rituximabiscurrentlyusedoff-labelin
patientswithsevererenalorextrarenaldiseaserefractoryto
otherimmunosuppressants.[39]Sincestemcells,pro-Bcells,
andplasmacellsdonotexpressCD20, theyarespared in
anti-CD20therapiesandplayarole inB-cell recoverysub-
sequenttotreatment.LevelsofperipheralCD20-expressing
B-cellsremainloworundetectablefor2–6monthsbeforere-
turningtopretreatmentlevels,generallywithin12months.[59]  
It is increasingly recognized that hypogammaglobinae-
mia may occur in patients after treatment with Rituximab.
The occurrence of hypogammaglobinaemia is believed to
be caused by the depletion of short-lived plasma cells re-
sulted from prolongedB-cell depletion.[60] A study involving 
243patientswithmultisystemautoimmunediseaseshowed
that 26%patients developed hypogammaglobinaemia (IgG
<5g/L)followingRituximabtreatment.Asubgroupofpatients
had recovery of IgG, but some required Ig replacement.[61]  
Hypogammaglobinaemia continues to occur over time
post-Rituximab with median time to moderate hypogam-
maglobinaemia(IgG<5g/L)being22.5monthsandsevere
hypogammaglobinaemia(IgG<3g/L)being24.5monthsas
showninonestudy.[62] Long-term monitoring after Rituximab 
isthereforeimportant.

The intricate relationship between autoimmunity and im-
munodeficiency was shown by a recent study of patients
with rheumatic diseases with secondary hypogammaglo-
binaemia after immunomodulatory treatments.[63] Using 
 next-generation sequencing, a high frequency of variants in 
genesassociatedwithPIDwerefoundinthosewhodevel-
oped secondary hypogammaglobinaemia. Based on their
data, the authors proposed the concept of a shared genetic 

background between primary and secondary hypogamma-
globinaemia.ItalsohighlightedthefactthatpatientswithPID
canpresentwithapredominantautoimmunephenotype,and
immunodeficiencymaybeunmaskedby theuseof immu-
nosuppressants.ThestudysuggestedthatPIDandautoim-
mune rheumatic diseases are not mutually exclusive, but 
representdifferentmanifestationsofashareddysregulated
immunobiology.

ClinicalApproachtoSecondaryAntibodyDeficiency

Antibodydeficienciesor hypogammaglobinaemiaare char-
acterized by reduced number or function of circulating Ig
resultinginthesusceptibilityto infections.SADcanbedue
tomanydifferentcauses, including infection,malignancies,
protein-losing states, and use of immunosuppressive thera-
pies. With the increasing availability of biologics therapy,
iatrogeniccauseofSADisbecomingmoreimportant,espe-
ciallyafterRituximab treatment.Early identificationofSAD
and personalized management is key to avoiding morbidity 
andmortality.

IntheabsenceofguidelinesonSADinrheumatologicalpa-
tients,ourgrouphaspreviouslyreviewedthistopicandpro-
posed recommendations regarding screening and factors to 
considerwhendecidingforIgreplacements.[64]Ingeneral,we
recommendthatserumIglevelsshouldberoutinelymonitored,
especially insymptomaticandhigh-riskpatients.Screening
for hypogammaglobinaemia before the commencement of 
immunosuppressive therapiesandevery3–6monthsafter-
wardsshouldbeperformed.Hypogammaglobinaemiashould
alsobeconsideredinthepresenceofinfectionswithunusual
severity or frequency or a lack of response to antimicrobial 
therapy. Infections involving characteristic pathogens such
asencapsulatedbacteria(e.g.,Streptococcus pneumoniae, 
Haemophilus influenzae), parasites (e.g., Giardia lamblia, 
Cryptosporidium), or persistent/severe viral infections (e.g.,
chronic norovirus or enteroviruses) should prompt the con-
siderationofantibodydeficiency.Acareful reviewofdrugs,
protein-losing states, and possible concurrent infections or 
malignanciesshouldbeperformed.Furtherworkupincluding
lymphocytesubsets,IgGsubsets,vaccineresponse,andim-
munologistreferralshouldbeconsidered.

The management of SAD includes the identification of
causative factors (and reverse the underlying cause if pos-
sible), prophylactic vaccination, and individualized assess-
mentforantibioticsprophylaxisandIgreplacementtherapy.
Non-live vaccine against influenzaandS. pneumoniae are 
recommended as some helpful protection via T-cell immu-
nity and residual antibody responsemay still be achieved.
ProphylacticantibioticsandIgreplacementtherapyarecon-
sidered based on a combination of factors, including recur-
rent and/or severe infection, hypogammaglobulinemia, and
vaccination responses. The European Medicines Agency
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(EMA) has recommended that intravenous Ig replacement
therapy canbeused inpatientswithSADwhosuffer from
severeorrecurrentinfections,ineffectiveantimicrobialtreat-
ment,andeitherprovenspecificantibody(e.g.,vaccinere-
sponse)or serum IgG levelof<4g/L.Whenadministered,
therecommenddoseofIgreplacementtherapyis0.2–0.4g/
kg/monthfollowedbytitrationbasedonclinicalresponseand
troughIg level.Therouteof Igreplacementshouldalsobe
discussedbasedonlocalresourcesandpatient’spreference.
Ongoingreviewisneeded,includingclinicalresponse,ade-
quacy of replacement, changes in primary disease conditions 
andmedications,andpossiblerecoveryofantibodyfunction.

Conclusion

Autoimmunity and immunodeficiency are interrelated
with overlapping genetic factors and immunobiology. The
knowledge from PID generates a better understanding of
mechanisms underpinning immune tolerance and immune 
regulations, which offer insights into the pathogenesis of
autoimmune diseases. Immunosuppressive therapies are
important causes of secondary immunodeficiency. Clinical
awareness, regularmonitoring,and individualizedmanage-
mentareimportant.
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