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Allergy/Immunology

• Mast Cell + IgE Paradigm

• Asthma

• Urticaria and Angioedema

• Anaphylaxis

• Drug Hypersensitivity

• Food Allergy 

• Mastocytosis and Mast Cell Activation Syndromes

• Primary Immunodeficiency



The Mast Cell + IgE Paradigm

Slide courtesy of Dr. Tse Wen Chang



Asthma

• A syndrome with multiple endotypes

– Th2 high (+ Eosinophils)

• Eosinophilic (e.g., allergic)

• Mixed granulocytic (Eos and PMNs)

– Th2 low (few or no Eos)

• Neutrophilic (high PMNs)

• Pauci-immune (few or no PMNs)



Simpson JL et al. Respirology 2006;11:54-61



Woodruff PG et al. 
Am J Resp Crit Care Med
2009;180:388-395.



GINA 2021 Guidelines



Asthma: Biologic Therapies

• Omalizumab = anti-IgE (for allergic)

• Mepolizumab, Reslizumab = anti-IL-5 (for eosinophilic asthma)

• Benralizumab = anti-IL-5Ra chain (for eosinophilic asthma)

• Dupilumab = anti IL-4/13 receptor alpha chain (AD, asthma, 
CRSwNP, EoE)

• (Lebrikizumab = anti-IL-13 in patients with elevated serum periostin 
concentrations)

• Tezepelumab = anti Thymic Stromal Lymphopoetin (TSLP)



Menzies-Gow et al. NEJM 2021;384:1800-9.



Tezepelumab for severe, 
uncontrolled asthma

Menzies-Gow et al. NEJM 2021;384:1800-9.



Dupilumab for COPD with type 2 
Inflammation

• Patients with COPD and Eos 
> 300 cells/mL

• Bhatt SP et al. NEJM May 
2023

• This appears more 
promising than 
benralizumab in COPD (see 
Criner GJ et al N Engl J Med 
2019;381:1023-34.)



Asthma and Aspirin Sensitivity 
AERD = Aspirin Exacerbated Respiratory Disease (Samter’s triad/tetrad):

• Asthma (often steroid dependent)

• Nasal polyposis (loss of smell)

• Aspirin and NSAIDS intolerance (decreased FEV1>12% upon exposure)

• Chronic rhino-sinusitis

Pathobiology: NOT IgE mediated, rather insufficient concentrations of PGE2

• LT overproduction because PGE2 inhibition of 5-LO pathway (and thus LT 
production) is insufficient; COX-1 inhibition further decreases PGE2 generation. LT’s 
such as LTC4 produced by mast cells and eos; 

• In some patients, eos overexpress LTC4 synthase

• Platelets aggregate with eos, pmns, monos;

Management:

-  Leukotriene blockade (5-LO, LTR antagonists) 

- Surgery (polyps, sinuses)

- Aspirin desensitization

• Anti-IL-4/13 receptor alpha-chain (Dupilumab)



Allergic Bronchopulmonary Aspergillosis 

Criteria:
Asthma
Pulmonary infiltrates/central bronchiectasis
Elevated total serum IgE >1000 ng/ml (note units!)
Peripheral eosinophilia 
Positive skin test and RAST (IgE) to Aspergillus  
Precipitins against Aspergillus  

Treatment: Oral steroids, consider anti-fungals 
(itraconazole, voriconazole), and biologics = 
omalizumab, mepolizumab, benralizumab, and 
dupilumab

Associations: cystic fibrosis and HLA DR2  



Urticaria and Angioedema

• Urticaria 
  Acute < 6 weeks , Chronic > 6 weeks

• Urticaria :
  pruritic geographic macular lesions with central 

clearing  of short duration (<24h) and variable size 
• Angioedema : 
   swelling ± pain, associated with urticaria in 40-50% of 

cases



Acute Urticaria

A cause is found in 20% of cases:

•Drugs: aspirin and NSAIDS, Abx

• Foods: egg, milk, peanut and nuts, fish, shellfish, 
sesame

• Infections (viral/bacterial: HBV and HCV)

• Contact Allergies (animal dander and saliva; pollen 
from trees, grass, weeds)



Chronic Urticaria

(a cause is found in < 10% of cases)

Physical Urticarias  
•Symptomatic Dermatographia
•Pressure (delayed)
•Exercise Induced
•Cold, solar, aquagenic, vibratory

Autoimmune :
IgG Anti-IgE Receptor (35-40%) or Anti-IgE (5-10%) 
Autologous serum skin test positive or CU index

   

Hashimoto’s Thyroiditis 
elevated anti-peroxidase (TPO) and anti-microsomal antibodies, Graves 
disease
  

Connective tissue disorders, Malignancy
SLE, leukocytoclastic vasculitis, multiple myeloma, plasmocytoma, 
cryoglobulinemias



Urticaria: Treatment

• H1 antagonists   nonsedating→sedating
• H2 antagonists famotidine, cimetidine
• [Doxepin (combined H1 and H2 antagonist)]
• Leukotriene antagonists  Montelukast
• Corticosteroids (alternate day ≤ 20mg)
• Others: Colchicine, Dapsone, 

Hydroxychloroquine, Sulfasalazine, Cyclosporine, 
Plasmapheresis, IVIG, Levothyroxine

Omalizumab Anti-IgE (Chronic idiopathic urticaria/Cold-
induced urticaria; Omalizumab Boyce 2007 JACI, Kaplan 
2009, Maurer 2013 NEJM), and Ligelizumab (on the way) 
(Maurer 2019 NEJM)



Maurer et al. 
NEJM 2013

Less itch 

Less hives 

Omalizumab in CIU: 
150 mg to 300 mg every 4 weeks 



Ligelizumab vs Omalizumab for CU

N Engl J Med 2019;381:1321-32.



Ligelizumab vs Omalizumab for CU

N Engl J Med 2019;381:1321-32.



Ligelizumab vs Omalizumab for CU

N Engl J Med 2019;381:1321-32.

On the way:
Lirentelimab 
anti SIGLEC-8 
for CU. 
J Allergy 
Clin Immunol
2022;
149:1683-90.



Angioedema (non mast cell mediated)

Hereditary
• C1inh deficiency : Type I
  decreased level due to point/frame shift  mutations of the SERPIN gene
• C1inh dysfunction: Type II
  normal serum concentration but non-functional protein
  C1Inh/C1Q Normal
Type III: 
   Factor XII and other mutations
   Females, familial, menstrual periods (estrogen/progesterone)

Acquired
• Inhibitor(s) of C1inh : auto-Abs 
         B cell lymphomas
 Excessive consumption (malignancies, connective
         tissue diseases SLE, HIV )



Hereditary and Acquired Angioedema

• Symptoms: 
• episodic swelling of the head, face, neck, extremities and 

GI (abdominal pain, nausea and vomiting responsive to 
fluids and narcotics)

• Diagnosis:  
  C4     C1INH   C1q      C2
Hereditary ↓        nl/↓      nl        +/- 
Acquired ↓        nl/↓     ↓        +/- 



Therapy: Mast Cell Independent 
Angioedema

• Consider referral to an allergist immunologist with expertise in Hereditary 
Angioedema (HAE).

• Attenuated androgens (Stanozolol, Danazol) for prophylaxis

• Purified C1INH (plasma derived = Cinryze, Berinert, Haegarda; 
recombinant = Ruconest) for prophylaxis or acute attacks

• Icatibant = Bradykinin B2 receptor antagonist for acute attacks

• Ecallantide = Kallikrein inhibitor for acute attacks

• Lanadelumab-flyo = mAb Kallikrein inhibitor for prophylaxis

• Donidalorsen = antisense oligonucleotide inhibits kallikrein production by 
inducing degradation of kallikrein mRNA and prevented attacks (NEJM 
2022:386:1026-33)



Anaphylaxis Definition and 
Clinical Manifestations

1. Acute onset of an illness (min to hrs) with involvement of the skin and/or 
mucosae (hives, pruritus, flushing) and at least one of the following

1. Respiratory compromise (dyspnea, wheeze, bronchospasm, stridor, reduced 
PEF, hypoxemia)

2. Reduced BP or symptoms (syncope)

2. Two or more of the following that occur rapidly after exposure to a likely 
allergen for that patient (min to hrs)

1. Skin and/or mucosae

2. Respiratory compromise

3. Reduced BP

4. GI symptoms (colic, diarrhea)

3. Reduced BP after exposure to a known allergen for that patient (min to hrs)

Table I from Sampson et al 

JACI 2006 117:391-397.



Frequency of Manifestations

• Cutaneous     90%
– Urticaria and Angioedema   85-90%

– Flushing     45-55%

– Pruritus     2-5%

• Respiratory     40-60%
– Dyspnea and Wheeze   45-50%

– Laryngeal Angioedema   50-60%

– Rhinitis     25-20%

• Dizziness, syncope, hypotension  30-35%

• Abdominal (n, v, colic, diarrhea)  25-30%

• Misc (HA 5-8%, SSCP 4-6%, Sz 1-2%)

Liberman P et al JACI 2005;115(3):S483-S523



Anaphylaxis: Triggers and Diagnosis
Foods: Peanuts, Tree Nuts, Seafood, 

Eggs, Milk, Sesame

Allergen Extracts, Vaccines, antisera

Hymenoptera Venom: Bees, Wasps, 

Yellow Jackets, Hornets, Fire Ants

Hormones (Progesterone Autoimmune 

Dermatitis), Enzymes

Monoclonal Abs :anti-TNFa, anti-CD20 

Chemotherapy: platins, taxanes

Beta lactams, ASA and other NSAIDS 

(COX1>COX2), vancomycin (red person 

syndrome), Radio Contrast Media, 

opiates (direct mast cell activators) 

Anesthetics: Curare Derivatives

Dialysis membranes

Acute : 

Tryptase : total >11ng/ml,  mature > 

1 ng/ml 

N-Methyl Histamine in 24 hour 

urine collection

Prostaglandin D2 metabolites (PG 

11-b-F2-a) in 24 hour urine

Retrospective :

Antigen-Specific IgE

 Specific IgE in serum (in vitro)

 Skin Testing (in vivo)

Basophil activation FACS: 

CD69/CD203



Management of Anaphylaxis
Epinephrine IM (not SC!) 0.3-0.5cc 

recumbent position, quadriceps

Observation for a minimum of 6 Hours

Obtain a serum Tryptase

Oxygen 

Anti-histamines H1 and H2, 

Delayed, protracted anaphylaxis  may occur 6 to 24 hours; late phase or 
secondary reaction requires repeat Epi in 16-36% of patients. 

Steroids: single dose (IV or oral) do they decrease the risk of a late phase 
reaction? (Not so much = JACI In Pract. 2017, 5(5), pg 1194-1205) 

If ß Blockade: Glucagon 5 - 15 mg/min IV (after trying epi)

ACE inhibitors are implicated in severe/refractory 

Education 

Allergy evaluation

Auto injectable epinephrine



Drug Hypersensitivity

Common Drugs:

     PCN and related Abx:  IgE-mediated

- Cross reactivity with cephalosporins (10 % first generation, 1-2% 3rd -4th 
generation)

   aztreonam is non- cross-reactive (except ceftazidime)

    ASA and NSAID’s: COX-1/COX-2 blockade, universal cross-reactivity  

    ACE-I (Kininase II): Bradykinin Mediated angioedema

    Sulfonamides: no cross-reactivity with non-antibiotic  

          medications such as furosemide (NEJM 2007)  

Diagnosis:

• Skin test (E.g., PCN)

• Challenge (E.g., ASA, NSAIDs)

Management

Avoidance, MediAlert Bracelets

Desensitization (to Antibiotics, Aspirin, Chemotherapeutics, Monoclonal 
Antibodies)



Drug Allergy Practice Parameter 2022

• History is the essential 
dataset

– morbilliform drug eruption 
(MDE)

– urticaria-angioedema, 
anaphylaxis (classic mast 
cell, IgE or MRGPRX2 or 
other(?))

– Severe Cutaneous Adverse 
Reaction (SCAR)

– Atypical (e.g., headache, 
nausea, vomiting, diarrhea)

• Patient anxiety is non-
negligible and is 
sometimes taken into 
account in the workup 
(e.g., whether to skin test 
before challenge)

• In general

– Attempt to delabel

– de-emphasis on skin test 
and preference for drug 
challenge

J Allergy Clin Immunol Pract 2023;11:356-68



b-lactam antibiotics

J Allergy Clin Immunol Pract 2023;11:356-68

• 10% of the population 
reports penicillin allergy

• But >95% of them 
tolerate penicillin when 
challenged

• The penicillin allergy label 
leads to use of less 
effective, more toxic, and 
more expensive 
antibiotics. 



b-lactam antibiotics

J Allergy Clin Immunol Pract 2023;11:356-68

• Cross reactivity between 
penicillin and cephalosporins due 
to sensitivity to the shared b-
lactam ring only in 2% of patients. 

• Shared R1-group side chain is the 
more common mechanism, but 
cross reactivity is still lower than 
we previously thought

• Likewise, cross reactivity between 
carbapenems and other b-
lactams is lower than we 
previously thought. 

• Aztreonam does not cross react 
with any known b-lactam expect 
ceftazidime. 



b-lactam antibiotic HSR algorithms

J Allergy Clin Immunol Pract 2023;11:356-68



Non-b-lactam antibiotics

• Sulfonamides
– Challenge is now preferred 

in most situations over 
induction of tolerance or 
desensitization, ± HIV if the 
reaction was MDE or 
urticaria > 5 years ago

– But beware of SCARs, for 
which sulfonamides are 
among the most frequent 
culprit drugs!

• Fluoroquinolones
– Cause benign delayed 

onset MDE in 2-3% of 
patients…

– But only 5% of them react 
when rechallenged

• Macrolides
– 1% of patients develop a 

benign delayed cutaneous 
reaction.

– True IgE mediated 
reactions and anaphylaxis 
are very rare

J Allergy Clin Immunol Pract 2023;11:356-68



Drug HSR: Onset and Kinetics

J Allergy Clin Immunol Pract 2023;11:356-68



Drug HSR: Challenge Protocols

J Allergy Clin Immunol Pract 2023;11:356-68



Rapid Drug Desensitization
Medication: Tocilizumab

Target Dose (mg) 570.0

Standard bag volume (ml) 250

Final infusion rate (ml/hr) 80

Final concentration (mg/ml) 2.280

Standard infusion time (min) 187.5

Solution Volume (mL) Conc. (mg/mL) Total mg/bag Total vol used (mL)

Solution 1 250 0.023 5.700 9.25

Solution 2 250 0.228 57.000 18.75

Solution 3 250 2.262 565.514 250.00

Step Solution Rate (ml/hr) Time (min)

Volume infused 

per step (ml)

Dose administered 

with this step (mg)

Cumulative dose 

(mg)

1 1 2.0 15 0.50 0.0114 0.0114

2 1 5.0 15 1.25 0.0285 0.0399

3 1 10.0 15 2.50 0.0570 0.0969

4 1 20.0 15 5.00 0.1140 0.2109

5 2 5.0 15 1.25 0.2850 0.4959

6 2 10.0 15 2.50 0.5700 1.0659

7 2 20.0 15 5.00 1.1400 2.2059

8 2 40.0 15 10.00 2.2800 4.4859

9 3 10.0 15 2.50 5.6551 10.1410

10 3 20.0 15 5.00 11.3103 21.4513

11 3 40.0 15 10.00 22.6206 44.0719

12 3 80.0 174.375 232.50 525.9281 570.0000

-----------------------------

Total time: 339.375 min

= 5.66 hours



Non-IgE Hypersensitivity Drug 
Reactions: SCARs

• SCAR = Severe Cutaneous Adverse (drug) Reaction

• DRESS syndrome: eosinophilia, rash, systemic symptoms such 
as fever, LAN, LFT elevations

   anti-convulsants: cross-reactivity is high (HLA-B* 1502)

              phenytoin, phenobarbital, carbamazepine

              role of HHV6 or HHV-7 (or both) reactivation 
• Erythema Multiforme (EM) → Steven’s Johnson Syndrome (SJS) → Toxic 

Epidermal Necrolysis  (TEN)

sulfonamides, beta-lactams 

Abacavir: fever, rash, systemic involvement (HLA-B*5701) 

Quinolones: universal cross-reactivity 

• Acute Generalize Exanthematous Pustulosis (AGEP)



Duong TA et al. Lancet 2017;
390(10106):1996-2011

EM → SJS → TEN

AGEP:

T cell mediated
Can NOT challenge or
desensitize to these



Food Allergy: Statistics

• In adults most allergic food reactions are 
caused by peanut, tree nuts, fish, and 
shellfish; other common culprit foods 
include milk, egg, wheat, soy, and sesame. 

• Responsible annually in US for 
approximately:
– 30,000 anaphylactic reactions
– 2,000 hospitalizations
– 150-200 deaths

Modified from: Sampson, HA. J Allergy Clin Immunol 2003;111:S540 and Wood, RA. UpToDate



Severity of Food Reactions
• Severity of allergic reactions to foods is multifactorial and 

variable

• Severity CANNOT be predicted by:
– Degree of severity of past reactions

– Level of sIgE or size of SPT wheal

• Most common cofactor for severe rxns: Asthma

• Other factors affecting severity include:
– Amount ingested 

– Food form (cooked, raw, processed)

– Co-ingestion of other foods/empty stomach

– Concomitant intake of alcohol (increases absorption)

Boyce et al. Guidelines for the Diagnosis and Management of Food Allergy in the United States.  J Allergy 
Clinical Immunol 2010;126



Food Allergy: Diagnosis
• Food skin tests detect food-specific mast cell reactivity, 

presumed to be IgE dependent
• Positive food skin test indicates a possibility the patient has 

symptomatic reactivity to a specific food
– 50%  positive predictive accuracy
– Positive FST are only suggestive of the presence of clinical food allergy; 

food specific serum IgE only indicates immune sensitization, not proof 
of clinically meaningful reaction. 

– Neither the size of a skin prick test wheal nor a serum food specific IgE 
level predicts the severity of a clinical reaction

– Skin tests/sIgE results MUST be interpreted in the context of the 
clinical history of an individual patient (pretest probability)

– IgE food antigen component testing may help with risk assessment.

• Negative food skin test essentially confirms the absence of 
IgE-mediated food reaction
– >95% negative predictive accuracy

Modified from: Sampson, HA. J Allergy Clin Immunol 2003;111:S540



Example: Peanut Component Tests



Food Allergy: Management

• Once the diagnosis of food allergy has been 
established the only proven therapy is STRICT 
elimination of the offending allergen

• Educate patients/families to avoid accidental 
ingestion (ALWAYS READ LABELS)

• Document prescription for and training in the 
proper use and indication of Epipen (Jr)

• Support and Education:  Food Allergy and 
Anaphylaxis Network  (www.foodallergy.org)

Modified from: Sampson, HA. J Allergy Clin Immunol 2003;111:S540

http://www.foodallergy.org/


Food Allergy Treatment: Desensitization
• Mostly Oral Immunotherapy (OIT), but some Sublingual Immunotherapy 

(SLIT) and Epicutaneous Immunotherapy (EPIT) trials

• Patients are mostly children and teens

• Foods: peanut, milk, egg, wheat, walnut, hazelnut, and multiple

• Appears less successful with increasing age, severity of sensitization, or 
clinical reaction

• Must be continued indefinitely to maintain desensitized state (≠ tolerance)

• Increased risk of anaphylaxis and other allergic reactions during buildup 
and maintenance

• Increased incidence of eosinophilic esophagitis with longer term ingestion

• Omalizumab (anti-IgE) helpful in decreasing reactions.



Omalizumab for the Treatment of 
Multiple Food Allergies: OUtMATCH

48OUtMATCH, NEJM 25-28 February 2024



49
OUtMATCH, NEJM 25-28 February 2024



50

OUtMATCH, 
NEJM 25-28 
February 2024



51OUtMATCH, NEJM 25-28 February 2024



Omalizumab Dosing Nomogram: food allergy vs asthma

Food Allergy Asthma

52

OUtMATCH, 
NEJM 25-28 February 2024



Peanut OIT: Anaphylaxis

Chu et al. Lancet 2019; 393:2222-32



Chu et al. Lancet 2019;
393:2222-32

Peanut OIT: Other Allergic Reactions



Du Toit G et al. 
NEJM 2015;372(9): 803-13

On the way:
Epicutaneous Immunotherapy
For Todlers with Peanut 
Allergy
N Engl J Med 2023;
388:1755-66.



Aguilera-Lizarraga J et al. Nature 4 Feb 2021, Vol 590, pg. 151

Rothenberg ME, NEJM 3 June 2021.

Food Allergy: Mast cells in IBS?!



Dupilumab for Eosinophilic Esophagitis

N Engl J Med 2022;387:2317-30.



Dupilumab for Eosinophilic Esophagitis

N Engl J Med 2022;387:2317-30.



Dupilumab for Eosinophilic Esophagitis

N Engl J Med 2022;387:2317-30.



Systemic Mastocytosis: Diagnostic Criteria

Major Criteria :
  multifocal infiltrates of 

15 or more mast cells in 
bone marrow and/or 
extracutaneous organs

   Minor Criteria:
1. > 25% spindle shaped 

mast cells
2. c-kit mutations 

(codon D816V)
3. aberrant expression 

of CD2 and CD25  
4. Tryptase >20 ng/ml 

• Classification of Disease 
associated with Mast Cell 
Activation (Akin, Metcalf, Valent 
et al. J All Clin Immun 2010)

• Non-Clonal Mast Cell Activation 
Syndrome (MCAS: Hamilton et al 
JACI 2011)



• ISM is the most common subtype of systemic 
mastocytosis

• ISM is primarily driven by KIT D816V mutation

• Apritinib = an oral, highly selective, potent 
inhibitor of the c-kit D816V mutated tyrosine 
kinase.



Avapritinib for ISM



Avapritinib for ISM



Avapritinib for ISM



Common Variable Immunodeficiency

• Sinusitis (>2) , Pneumonia (>2), UTI (>3-4), Deep seated 
infections 

• Low IgG, IgA, IgM (– 2 SD)

• Poor response to vaccines : Pneumovax, H.Influenza, 
Hepatitis, Strep pneumo (Prevnar-13 or Prevnar-20)

• Gammaglobulin replacement: 

  IVIG or SQ 400mg/kg q 3-4 weeks 

 (TACI defect, association with autoimmune diseases and 
lymphoma)



Idiopathic CD4 Lymphopenia 
Natural History 

• CD4+ T cell concentration of <300 cells/mcL on at 
least two occasions at least 6 weeks apart.

• No other explanation such as HIV or medication or 
an already characterized inborn error of immunity 
(e.g., NFKB1, PI3KCD, DOCK8, CD4)

• Typically, normal NK, B cell, IgG, IgM, and IgA 
concentrations. 

• Patients have opportunistic infections with HPV, 
Cryptococcus, VZV, Non-TB mycobacteria. 

N Engl J Med 2023;388:1680-91.



Idiopathic CD4 Lymphopenia

N Engl J Med 2023;388:1680-91.



Board Question 1

An 18 yo patient presents with an episode of 
angiodema of his face and abdominal pain. He has no 
itching or associated hives. Which test would be most 
appropriate?

a) Serum tryptase

b) Serum C4

c) CT abdomen

d) CBC

Explanation: Correct answer = B. The clinical presentation of 
angioedema without associated pruritus, in conjunction with this 
family history, suggests hereditary angioedema (HAE). The best 
single test for HAE is the serum C4 concentration.



Board Question 2
A 50 yo male with CAD presents to the ER with 
hypotension , tachycardia, SOB and generalized 
hives after a wasp sting. The most important 
action in the acute setting is:

a) Perform skin test to Hymenoptera venom

b) Obtain a serum tryptase

c) Administer epinephrine

d) Administer venom immunotherapy 
Explanation: Correct answer = C. While all these measures are 
appropriate, the most pressing issue acutely is patient safety. Timely 
administration of epinephrine is life saving, while a delay in 
administration is the most important risk factor for death from 
anaphylaxis.



Allergy/Immunology: Reflections

• Asthma: 

• there are multiple endotypes and highly specific biologic therapies are starting to 
address them

• Urticaria and Angioedema

• Start with high dose H1 and H2 antagonists; if this fails, anti-IgE is often highly effective. 

• Anaphylaxis

• Giving Epinephrine is the most important thing. Obtain a serum tryptase!

• Drug Hypersensitivity

• Know a SCAR when you see one and don’t try to desensitize or challenge to this. Most 
patients with a history of antibiotic allergies are not allergic. 

• Food Allergy 
• Omalizumab is now FDA approved for true IgE mediated food allergies. Some patients with IBS-like 

symptoms appear to have mast cell involvement. Whether mast cell directed therapies will be 
effective for them remains to be seen 

• Mastocytosis and Mast Cell Activation Syndromes
• Avapritinib is effective for indolent systemic mastocytosis

• Primary Immunodeficiency
• If you think a patient has more than a reasonable number of infections, check IgA, IgG, and IgM
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