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Abstract

Background: Hereditary-alpha tryptasemia (HαT) is the most common etiology for elevated 

basal serum tryptase (BST). However, the utility of tryptase genotyping of individuals with 

elevated BST in general clinical practice remains undefined. Moreover, studies showing 

associations between elevated BST and chronic kidney disease (CKD), myelodysplastic syndrome 

(MDS), rheumatoid arthritis (RA), or eosinophilic esophagitis (EoE) did not include tryptase 

genotyping.

Objective: To determine the utility of tryptase genotyping among individuals with moderate 

elevations in BST at a regional health system.

Methods: Clinical and laboratory data from 109 subjects with basal tryptase values ≥ 7.5 ng/mL 

who were tested for HαT or had a disorder previously linked to elevated BST were collected 

retrospectively by chart review.

Results: 58 subjects had elevated BST defined as ≥11.5 ng/mL. 63.8% (n=37/58) had HαT, 

12.1% (n=7/58) had CKD, and 20.7% (n=12/58) had clonal myeloid disorders. 6.9% (n=4/58) 

of subjects with elevated BST had negative testing for HαT, CKD, and myeloid neoplasms. 2 
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subjects with CKD, 1 subject with MDS, and 1 with myeloid hypereosinophilic syndrome (HES) 

had negative testing for HαT. Among subjects with elevated BST and more than one tryptase 

measurement, 41.5% (n=22/53) had BST variability that exceeded the 20% plus 2 formula. 

Increased BST variability was found in subjects with HαT, all forms of mastocytosis, CKD, MDS, 

and those with no associated diagnosis.

Conclusions: HαT, CKD, and clonal myeloid disorders or a combination of the three constitute 

approximately 90% of individuals with elevated BST in clinical practice. Myeloid neoplasms 

were over-represented in this cohort relative to population prevalence data suggesting tryptase 

measurement selection bias by clinicians or higher prevalence. Elevated BST is associated with 

increased tryptase variability, regardless of etiology.
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INTRODUCTION

Elevated basal serum tryptase (BST) is the hallmark of the genetic trait hereditary-alpha 

tryptasemia (HαT) (1). In addition to HαT, BST elevation - currently defined clinically as 

≥ 11.5 ng/mL - has been reported in a variety of other disorders including mastocytosis 

(2), hypereosinophilic syndrome (HES) (3), other myeloid neoplasms (4–6), chronic kidney 

disease (CKD) (7), eosinophilic esophagitis (EoE) (8), and RA (9) - though in particular 

among RA patients, heterophile antibodies have not been ruled out as culprit (10,11). A 

small number of those with chronic spontaneous urticaria (CSU) have also been reported 

to have modestly elevated BST levels (12,13). HαT is the most common cause for elevated 

BST in the general population, but most association studies did not evaluate for its presence. 

Additionally, HαT has been shown to be over-represented in mastocytosis cohorts (14–16). 

Thus, while evidence of an independent association between elevated BST and several of 

these diseases is lacking, more than one cause for elevated BST may also be present. Within-

person BST variability in those with elevated BST has only been reported for indolent SM 

(ISM) and HαT (17,18).

Several studies have assessed tryptase values in the general population (19,20). Yet there 

is no prior study showing the distribution of disease associations among individuals with 

elevated BST levels obtained during routine clinical evaluation. The aims of this study 

were to determine the relative distribution of disorders associated with elevated BST (≥11.5 

ng/mL) and high-normal BST (≥7.5 to <11.5 ng/mL) in a regional health system and 

characterize BST variability among individuals with elevated BST.

METHODS

Study Design

A query for serum tryptase reports was performed using a clinical pathology database 

called the Laboratory Information System (LIS) portion of the DoD Composite Health Care 

System (CHCS). The LIS processes, stores, and manages patient data related to laboratory 

functions and testing, and it is used solely by the laboratory. The query identified all tryptase 
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values from the military health system National Capital Region Market which includes a 

number of hospitals and clinics (see ref (21) for a full list) from January 1, 2018 to March 

30, 2021. We identified individuals with at least one tryptase result ≥ 7.5 ng/mL during 

this timeframe since the vast majority of those with HαT have values ≥ 8 ng/mL with few 

notable exceptions (22,23).

A retrospective chart review of the Department of Defense unified global electronic health 

record system known as the Armed Forces Health Longitudinal Technology Application, or 

AHLTA, was performed to determine final eligibility. Subjects were included in the study 

after comprehensive AHLTA chart review if they: a) had been tested (whether positive or 

negative) for HαT or b) met diagnostic criteria for HES, cutaneous mastocytosis (CM), 

systemic mastocytosis (SM), monoclonal mast cell activation syndrome (MMAS), other 

myeloid neoplasms, CKD, EoE, or RA. ICD codes were not used to determine if a subject 

met diagnostic criteria for any of these disorders. Subjects were excluded if they: i) had not 

been tested for HαT and ii) did not have a diagnosis associated with elevated BST listed in 

(b) or iii) the tryptase value did not represent their baseline value. A BST value was defined 

as a value measured at least 24 hours before or after an episode of anaphylaxis. De-identified 

data were collected by review of subject charts and recorded into a database.

Data Collected

Demographic variables were collected including age, sex, race, and body mass index. 

Individual charts were comprehensively reviewed to determine whether each subject could 

be assigned one or more of the following diagnoses: any variant of HES, mastocytosis (CM, 

SM, MMAS), other myeloid neoplasms, CKD, EoE, RA, and HαT. Tryptase genotypes were 

recorded from Gene by Gene (Houston, TX) TPSAB1 copy number variation reports. See 

online repository methods for full description on tryptase genotyping. Myeloid, lymphoid, 

overlap, and idiopathic variants of HES were identified as previously described (2,24,25). 

CM, SM subtypes, and MMAS were identified based on prior guidelines (26,27). Other 

myeloid neoplasms were identified by their respective WHO criteria (2). Cases of EoE 

were identified according to consensus criteria (28). CKD was defined as a persistent 

decrease in GFR < 60 mL/min/1.73 m2 with or without evidence of nephropathy via urine 

albumin, urine sediment, radiographs, or pathologic findings. CSU and RA were identified 

according to guidelines (29,30). Laboratory data were recorded including basal tryptase 

values, absolute eosinophil counts, tryptase genotyping, 24-hour urinary N-methylhistamine 

(N-MH), KIT p.D816V allele-specific polymerase chain reaction (PCR), JAK2 p.V617F 

allele-specific PCR, FIP1L1-PDGFRa fusion, bone marrow and gastrointestinal biopsy 

pathology reports, basophil histamine release assay (Viracor Eurofins, CU Index®), and 

GFR.

BST values for each subject were recorded along with the date of collection. Tryptase values 

were excluded if they were measured within 24 hours of an episode of anaphylaxis or any 

acute changes in health. Concurrent use of medications known to alter tryptase values were 

noted for each tryptase result. These included systemic corticosteroids (31), cytoreductive 

agents like hydroxyurea, and tyrosine kinase inhibitors (3,32,33). Stop and start dates of 

medications known to alter leukocyte counts and tryptase values were recorded if they were 
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taken within 2 weeks of a tryptase measurement. The number of tryptase values measured 

for each subject, specialty of the clinician ordering the initial tryptase, and indication for the 

initial tryptase measurement were recorded.

Statistical Analysis

The minimum and maximum tryptase levels were determined for each subject with two or 

more serial tryptase measurements; the difference between that minimum and maximum 

(tryptase range) was also established. The mean tryptase range for subjects with 2, 3, 4, 

5, or >5 serial tryptase levels was calculated and compared using a Kruskal-Wallis test 

for the global difference between groups. Pairwise Wilcoxon rank-sum tests were done to 

compare the distribution shifts of tryptase ranges for each group, controlling for Type 1 error 

by adjusting for multiple comparisons using Holm’s method (10 comparisons total). The 

threshold for high tryptase was calculated by taking each subject’s minimum tryptase level, 

multiplying it by 1.2, and then adding 2 (20+2 rule). Tryptase measurements taken while 

a subject was on interfering medication were not included when calculating the threshold 

or tryptase range. The minimum time required for a subject to break the threshold limits 

was determined by taking all possible pairs of tryptase measurements for each subject, 

determining if the maximum of the 2 tryptase values exceeded 20+2, calculating the time 

between the measurements, and considering, for each subject, the minimum time between 

measurements when the threshold was exceeded.

RESULTS

Indications for serum tryptase testing of individuals with elevated BST in clinical practice

1591 tryptase records from the National Capital Region of the Military Health System were 

identified from January 1, 2018 to March 31, 2021. 350 tryptase records with values ≥ 

7.5 ng/mL were identified. 170 unique individuals were found in this group. 61 individuals 

were excluded. 13/61 individuals excluded from the study had tryptase values obtained 

during episodes of anaphylaxis. Of these, 5 subjects did not have BST values and 8 subjects 

had follow-up values that were < 7.5 ng/mL. The remaining 48 excluded individuals had 

no record of testing for HαT and did not have a diagnosis previously associated with 

elevated basal tryptase. The 109 individuals included in the study a) had HαT testing 

performed (whether positive or negative) or b) had another diagnosis associated with 

elevated BST including HES, mastocytosis (CM, SM, MMAS), EoE, CKD, RA, or other 

myeloid neoplasms (Figure E1 online repository).

Demographics of all 109 subjects are shown in Table I. There was a slight male 

predominance. 16% of subjects were black and 70% were white. With regards to medical 

work up, 51.4% of subjects had basophil histamine release results, 60.5% had 24-hour 

urinary N-MH results, 72.5% had a blood test for KIT p.D816V, and 84.4% were tested 

for HαT. Slightly less than one third had bone marrow biopsies performed. The most 

frequent indications for initial tryptase measurements were urticaria and/or angioedema 

(27%), history of anaphylaxis (26%), and eosinophilia (19%) (Figure 1a). Pruritis and/or 

flushing, mastocytosis, and syncope or presyncope were the next most common indications 

comprising approximately 5–10% of subjects each. Allergy/Immunology clinicians ordered 
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60% of initial tryptase tests followed by Hematology/Oncology and Internal Medicine 

clinicians who each ordered approximately 10% of initial tryptase tests (Figure 1b).

Diagnosis distribution and associations with elevated BST

58/109 subjects had at least one elevated BST value defined as ≥ 11.5 ng/mL. A subset of 

subjects had undergone testing for HαT, KIT p.D816V of blood, N-MH, and bone marrow 

biopsies (Table E1). The distribution of diagnoses in those with elevated BST includes 

37 (63.8%) with HαT, 9 (15.5%) with mastocytosis, 7 (12.1%) with CKD, 5 (8.6%) with 

non-myeloid HES, 4 (6.9%) with no associated diagnosis, 3 (5.2%) with other myeloid 

neoplasms, 1 (1.7%) with RA, and 0 with EoE (Figure 2). 12/58 (20.7%) had confirmed 

clonal disorders including 9 mastocytosis, 1 MDS, 1 SM with polycythemia vera (PV), and 

1 FIP1L1-PDGFRa-associated chronic eosinophilic leukemia (CEL). 6/58 subjects were not 

tested for HαT including: 2 subjects with CM, 1 subject with SM-PV, 1 with idiopathic 

HES and end stage renal disease (ESRD); and 2 with non-myeloid HES. No subject with 

RA or non-myeloid HES who was tested for renal impairment and tryptase genotyping 

had elevated BST in the absence of CKD or HαT. Overall, 52/58 (89.7%) subjects were 

diagnosed with HαT, myeloid neoplasms, CKD, or a combination of these.

Subjects with elevated BST and 1 associated diagnosis—A single diagnosis was 

identified in 46/58 subjects with BST ≥ 11.5 ng/mL. 32 subjects had HαT with genotypes: 

14 (2 alpha 3 beta), 11 (3 alpha 2 beta), 4 (4 alpha 2 beta), and 3 (4 alpha 1 beta). Nine had a 

single diagnosis of a mast cell-associated neoplasms including: 1 mast cell leukemia (MCL), 

1 aggressive SM (ASM), 3 ISM, 1 MMAS, 2 CM, and 1 SM-JAK2 p.V617F-associated PV. 

Of those with mast cell-associated neoplasms, 3/9 (2 with CM, and 1 with SM-PV) were not 

tested for HαT and the remaining 6/9 tested negative for HαT.

Three subjects with elevated BST (≥ 11.5 ng/mL) had HES only. One subject had FIP1L1-
PDGFRa-associated CEL with a pre-treatment tryptase of 43 ng/mL, tested negative for 

HαT and KIT p.D816V allele-specific PCR, and had no evidence of mastocytosis on bone 

marrow. The other 2 subjects had HES with incomplete evaluations at the time of this study - 

both lacking HαT testing, bone marrow biopsies, FIP1L1-PDGFRa by reverse transcriptase 

PCR (RT-PCR), and KIT p.D816V allele-specific PCR.

Two subjects with elevated BST (≥ 11.5 ng/mL) had CKD. The first had CKD Stage 4, 

BST range 17.9 – 25 ng/mL, and tested negative for HαT, N-MH, KIT p.D816V, and had 

no abnormality on bone marrow. The second subject with CKD Stage 3b and BST range 

9.5–13.7 ng/mL, tested negative for HαT, N-MH, and KIT p.D816V.

Subjects with elevated BST and 2 associated diagnoses—Of those with elevated 

BST, 8/58 subjects (13.8%) had more than one associated diagnosis. One subject with HαT 

(2 alpha 3 beta) and CKD Stage 3b (GFR of 30 mL/min/1.73 m2), had a BST range 36.2–43 

ng/mL, tested negative for N-MH and KIT p.D816V of blood, and had no abnormality on 

bone marrow examination. A second subject had HαT (3 alpha 2 beta) and CKD Stage 3a 

(GFR of 56.2 mL/min/1.73 m2), had a BST range 9.8–15.8 ng/mL, and tested negative for 

KIT p.D816V of blood. The third subject had MDS with del(5q) diagnosed by bone marrow 

evaluation and CKD Stage 3a (GFR of 56.2 mL/min/1.73 m2), had a BST range 6.4–104 
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ng/mL, and tested negative for HαT, N-MH, and KIT p.D816V of blood. The fourth subject 

had ISM and CKD Stage 3a (GFR of 44 mL/min/1.73 m2), had a BST range 17.3–19.5 

ng/mL and tested negative for HαT. The fifth subject had HαT (2 alpha 3 beta) and RA 

with a BST range 10–35 ng/mL and tested negative N-MH and KIT p.D816V of blood. The 

sixth subject had idiopathic HES and ESRD on intermittent hemodialysis and a single basal 

tryptase measurement of 24.3 ng/mL without any additional testing. The seventh subject 

had HαT (2 alpha 3 beta) and HES-DRESS overlap with a BST range 12.9–15.1 ng/mL. 

The eighth subject had HαT (3 alpha 2 beta) and idiopathic HES with BST range 9.6–16.2 

ng/mL, with negative blood testing for KIT p.D816V of blood, FIP1L1-PDGFRa RT-PCR, 

and JAK2 p.V617F. These data show an independent association of elevated BST with CKD, 

MDS, and FIP1L1-PDGFRa associated CEL, and demonstrate the possibility of an additive 

effect of CKD with HαT (see reference ranges reported for HαT genotypes in reference 

(34)) in one individual but not in another. The data also show that BST elevations identified 

in those with non-myeloid HES are likely due to HαT or CKD.

Subjects with elevated BST and no associated diagnosis—The remaining 4 

subjects with elevated BST did not have an identifiable cause for elevated BST (≥ 11.5 

ng/mL); they all tested negative for HαT, had N-MH within normal limits, negative KIT 
p.D816V in blood, and GFR > 60 mL/min/1.73 m2. One subject had CSU, with BST 

range 9.6–15.9 ng/mL and no abnormality on bone marrow biopsy. The second subject 

was diagnosed with Sjögren’s syndrome and had a BST range 10.4–15.9 ng/mL and no 

abnormality on bone marrow biopsy. The third subject had chronic idiopathic pruritis and 

BST range 9.1–11.8 ng/mL with no abnormality on bone marrow biopsy. The fourth subject 

had idiopathic anaphylaxis with BST range 9.2–11.5 ng/mL and bone marrow was not 

assessed. Mature tryptase levels were not obtainable to determine whether serum elevations 

were a result from mast cell degranulation.

Diagnosis distribution and associations with high-normal BST

51 individuals had at least one BST ≥ 7.5 but all values < 11.5 ng/mL. A subset of subjects 

had undergone testing for HαT, KIT p.D816V of blood, N-MH, and bone marrow biopsies 

(Table E2). The distribution of diagnoses in those with high-normal BST includes 6 (11.8%) 

with HαT, 5 (10.0%) with mastocytosis, 9 (17.6%) with CKD, 13 (25.5%) with non-myeloid 

HES, 14 (27.5%) with no associated diagnosis, 3 (5.9%) with other myeloid neoplasms, 1 

(2.0%) with RA, and 5 with EoE (9.8%) (Figure E2).

Subjects with high-normal BST and 1 associated diagnosis—6 subjects were 

identified with HαT, 5 with mastocytosis (3 CM, 2 ISM), 9 with HES (1 lymphoid-variant, 

6 idiopathic, 2 HES-EGPA), 3 with EoE, 6 with CKD (2 stage 3a, 1 stage 3b, 1 stage 

4, 2 on hemodialysis), 2 with other myeloid neoplasms (1 JAK2-associated neoplasm, 1 

MDS-EB-1), 1 with RA.

Subjects with high-normal BST and 2 or no associated diagnoses—5/51 (9.8%) 

had two associated diagnoses including: 2 patients with HES-EoE-overlap; 1 patient with 

idiopathic HES and ESRD on hemodialysis; 1 patient with HES-EGPA overlap and CKD 
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Stage 3b; and 1 patient with MDS-EB-1 and CKD Stage 3a. 14/51 subjects with BST range 

7.5–11.4 ng/mL had no identifiable associated diagnoses.

Performance of laboratory and genetic studies

Of patients with BST ≥ 7.5, 66/109 subjects were tested for N-MH (reference range for age 

> 16 years is 30–200 mg/g) and 5 adult subjects had elevated N-MH values including: 1 

subject with ASM (561 and 622.4 mg/g); 1 subject with MCL (552 mg/g); 1 subject with 

ISM (227 mg/g); 1 subject with MMAS (228 mg/g); and 1 subject with EoE (218 and 209 

mg/g). The subject with EoE did not have a bone marrow biopsy. Importantly, the subjects 

with elevated N-MH diagnosed with MCL and MMAS did not have the KIT p.D816V 

mutation detected in blood or bone marrow. Overall, 4/7 subjects with SM or MMAS who 

were tested had elevated N-MH.

KIT p.D816V testing of blood was performed in 78/109 of subjects using allele-specific 

PCR. Five subjects were identified with the somatic variant, and all 5 subjects had SM. 

Two subjects diagnosed with ISM had negative testing for both N-MH and KIT p.D816V of 

blood. Their BST ranges were 7.1–8.2 and 11–13.3 ng/mL.

Basophil histamine release was assayed in 56/109 subjects and 8 had elevated values. Six of 

these subjects had HαT, one having concomitant HES, and two had no identified diagnoses. 

All 8 subjects had elevated BST. 6/25 (24%) subjects with HαT who were tested for 

basophil histamine release had increased basophil histamine release.

Baseline Tryptase Variability

The median number of BST tests resulted per patient was 3 (range 1–19). 12.8% of subjects 

had only a single tryptase value, 67.9% of subjects had 2–5 tryptase values, 12.8% of 

subjects had 6–10 tryptase values, and 6.4% of subjects had greater than 10 tryptase values 

(Figure 3a). The 53/58 subjects with elevated BST and more than one tryptase recorded, 

excluding those taken while on medication, were binned (Figure 3b) based on their number 

of tryptase values: 2 (n=8), 3 (n=13), 4 (n=11), 5 (n=8), and greater than 5 (n=13). The 

mean tryptase ranges and standard deviations (SD) for each bin were 1.96 (SD 1.72), 3.00 

(SD 1.70), 3.75 (SD 2.07), 6.96 (SD 6.96), and 14.35 (SD 14.35) ng/mL for subjects with 

2,3,4,5, and > 5 BST values recorded, respectively. The tryptase range distribution was 

significantly different across groups (p =0.001). There were significant differences in the 

tryptase range distribution between those with 2 and those with 5 tryptase values checked 

(p = 0.02). There was also a significant difference between those with 3 tryptase values and 

those with 5 tryptase values checked (p=0.03). Of the 53 subjects with at least one tryptase 

value ≥ 11.5 and at least 2 tryptase values checked, 11 had confirmed myeloid neoplasms. 

Of these 11 subjects, 1 subject had 2 tryptase values checked; 2 subjects had 3 tryptase 

values checked; 3 subjects had 4 tryptase values checked; 2 subjects had 5 tryptase values 

checked; and 3 subjects had > 5 tryptase values checked. The mean tryptase ranges and 

SDs for each bin were 5.50, 3.95 (SD 0.78), 2.90 (SD 1.13), 11.45 (SD 0.78), and 40.13 

(SD 50.14) ng/mL for subjects with 2,3,4,5, and > 5 BST values recorded, respectively. The 

tryptase distribution range was not significantly different between groups. 42 of the subjects 

did not have myeloid neoplasms including those with HαT, CKD, and non-myeloid HES. Of 
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those subjects, 7 subjects had 2 tryptase values checked, 11 subjects had 3 tryptase values 

checked, 8 subjects had 4 tryptase values checked, 6 subjects had 5 tryptase values checked, 

and 10 subjects had >5 tryptase values checked. The mean tryptase ranges and SDs for each 

bin were 1.46 (SD 1.04), 2.83 (SD 1.79), 4.06 (SD 2.30), 5.47 (SD 1.62), and 6.62 (SD 7.08) 

ng/mL for subjects with 2,3,4,5, and > 5 BST values recorded, respectively. The tryptase 

range distribution was significantly different across groups (p=0.005). There were significant 

differences in the tryptase range distribution between those with 2 and those with 5 tryptase 

values (p=0.03) and those with >5 tryptase values (p=0.04).

BST ranges were graphed in the 93 subjects with more than one tryptase value when 

not taking prednisone or imatinib (Figure 4). BST ranges of 22 subjects that exceeded 

20+2 were then graphed (Figure 5 and Figure E3 online repository); three had concurrent 

use of imatinib, prednisone, or hydroxyurea, but each subject had variability outside these 

timepoints that was greater than 20+2. This is 41.5% of the 53 subjects with elevated 

BST and multiple tryptase measurements recorded, off medications. Subjects with HαT, 

mastocytosis, CKD, multiple diagnoses, and no associated diagnosis each demonstrated 

variability that exceeded 20+2, and all had at least one tryptase value ≥ 11.5 ng/mL. By 

contrast, only 4/53 (7.5%) subjects, 3 with HαT as well as one with MDS and CKD Stage 

3a, exceeded a recently proposed 1.685 threshold ratio (when comparing acute/BST levels) 

(18) when using their lowest recorded tryptase value. Over one-third of subjects reached 

the 20+2 within 3 months, and many of those reached the threshold within a shorter time 

frame (Figure 6a). 3/22 subjects with values exceeding 20+2 were found to have had serial 

daily tryptase values assessed over a 7–10 day period of time. Tryptase values checked daily 

showed variation within this short interval (Figure 6b).

DISCUSSION

Prior studies have assessed the distribution of BST values in the general population 

(19,20,35) as well as in cohorts with CKD, RA, EoE, myeloid HES, and MDS (4–9). These 

studies generally did not consider HαT, which is known to be present in approximately 

5% of populations with European background. Our data demonstrate that in a general 

healthcare setting, HαT (63.8%); myeloid neoplasms (20.7%) including mastocytosis, 

FIP1L1-PDGFRa associated CEL, and MDS; and CKD (12.1%) account for approximately 

90% of subjects with elevated BST among patients with a clinical indication to check 

serum tryptase. Myeloid neoplasms were over-represented relative to HαT and CKD in 

our study based on reported population prevalence data (22,36,37). The disease distribution 

we present is likely influenced by selection bias from clinicians who order tryptase since 

testing is ordered for only a small fraction of patients in a healthcare system. For example, 

clinical guidelines recommend against checking labs routinely in those with urticaria and 

angioedema, two phenotypes reported in association with HαT, and frequently absent in 

those with clonal myeloid neoplasms (38,39). Tryptase measurement is also not part of 

the standard clinical evaluation of CKD, even when significant pruritus is present (40). 

Alternatively, myeloid neoplasms may be more common than previously thought given a 

recent study showing a high frequency of mastocytosis with normal tryptase values among 

patients with severe venom anaphylaxis (41).
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We investigated laboratory markers in those with moderate elevations in serum tryptase. 

One subject with ISM with BST range of 7.1–8.2 ng/mL and another subject with ISM 

and BST of 11.0–13.3 ng/mL, had KIT p.D816V detected in marrow but not blood using 

allele-specific PCR and both had 24-hour urinary N-MH within the reference range. Both 

subjects had spindled mast cells that expressed CD25 and met 3 minor criteria for SM. 24-

hour urinary N-MH was a useful screening test for one person with MCL and another with 

MMAS who both had negative KIT p.D816V allele-specific PCR of blood and bone marrow. 

Basophil histamine release (42) after incubation of donor basophils with autologous serum 

was assessed in 56 subjects and found to be increased in 6 subjects with HαT and 2 with 

no associated diagnosis. This is notable since a prior study found reduced ex vivo basophil 

surface CD203c expression in subjects with HαT after stimulation with anti-IgE or N-

formyl-methionyl-leucyl-phenylalanine (43) - an affect that has been attributed to histamine 

exposure in other in vitro studies (44). Interestingly, tryptase has recently been shown 

to induce histamine release from mast cells and a neutralizing anti-tryptase monoclonal 

antibody has been shown to both limit IgE-mediated anaphylaxis in a humanized mouse 

model, and reduce urine histamine metabolites in a nonhuman primate model (45). Further 

investigation is needed to determine whether increased tryptase production might augment 

histamine release in HαT. However, N-MH levels were not increased among individuals 

with HαT in this or another previous study (14), suggesting that at baseline this does not 

appear to be occurring.

Our data show that the association of advanced CKD, FIP1L1-PDGFRa-associated CEL, 

and MDS with elevated BST is independent of HαT (3,4,6,7). In contrast to previous 

studies, we did not find a link between elevated BST and EoE (8) or RA (9) independent of 

HαT or CKD. We should note the small sample sizes for subjects with EoE (5 subjects) and 

RA (2 subjects) and a future study with larger samples is needed to confirm these results. 

It is possible that prior associations were confounded by the presence of either of HαT 

or CKD. It is also possible that clonal myeloid disease (3,46,47), or heterophile antibody 

interference with previously employed methods of tryptase measurement (10,11), may have 

contributed to previously identified associations with EoE and RA, respectively.

Based upon these results, an algorithmic clinical approach (Figure 7) in patients with BST 

≥ 11.5 ng/mL could include routine tryptase genotyping, creatinine and GFR calculation, 

complete blood count with differential, KIT p.D816V allele-specific PCR of blood, and 

24-hour urinary N-MH. Bone marrow biopsy should be considered based upon the clinical 

presentation and results of these tests. Importantly, the presence of HαT or CKD, or negative 

24-hour urinary N-MH and KIT p.D816V in blood does not obviate the need for bone 

marrow evaluation (48).

The 20+2 formula has been used to define a tryptase threshold to aid in confirmation 

of the diagnoses of anaphylaxis and mast cell activation syndrome (27,49,50). Notably, 

BST variability has recently been reported to negatively impact the specificity of this 

algorithm, in particular among individuals with elevated BST caused by HαT and ISM 

(18). Our data demonstrate that elevated BST resulting from CKD, MDS, MCL, ASM, 

and other unidentified etiologies negatively impacts the specificity of 20+2 as well. Our 

data support the use of the recently reported 1.685 threshold ratio (18) rather than 20+2 in 
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order to minimize false-positives when assessing for acute elevations in BST in anaphylaxis. 

Moreover, a small number of subjects with elevated BST had tryptase ranges that exceeded 

the optimized threshold of 1.685 if the lowest tryptase value were used, supporting 

the authors recommendation of employing high sensitivity or high specificity thresholds 

depending upon clinical judgement.

We found that tryptase variability in people with elevated BST may exceed 20+2 within 

two weeks and in some with daily measurements over two sequential days. Thus, our 

data suggest that when clinicians are using this biomarker to aid in clinical decision 

making, obtaining serial tryptase values over a short period of time may help to better 

define an individual’s baseline. Why such BST variability occurs remains unknown. 

Several possibilities exist including cycling proliferation of mast cells in the bone marrow, 

alterations in pro-tryptase production by mast cells, or factors affecting tryptase degradation.

There were several limitations to this study. First, this was a retrospective study with 

a lack of standardization of tryptase measurements over time and potentially differing 

methodologies that may impact the variability that we describe. Second, we did not adjust 

for age and body mass index which are both associated with relatively small changes in 

BST (19,20,51). However, the effect of age on BST variability was recently shown to be 

clinically inconsequential (18). Third, among the 58 individuals with BST ≥ 11.5 ng/mL, 6 

individuals did not have tryptase genotyping. Despite this, approximately 90% of individuals 

with elevated BST were accounted for by HαT, CKD, and myeloid neoplasms.

Results from this study suggest an algorithmic approach would benefit patients with elevated 

BST to identify the disorder(s) leading to tryptase elevation. Future studies are needed to 

determine whether those identified in this study without an apparent cause for elevated BST 

are due to another diagnosis or occult clonal myeloid neoplasia. Studies should also address 

why some people with HαT, advanced CKD, and myeloid neoplasms have tryptase values < 

11.5 ng/mL.
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Abbreviations

20+2 20% of baseline tryptase plus 2 ng/mL

AEC Absolute eosinophil count

ASM Aggressive systemic mastocytosis
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BST Basal serum tryptase

CEL Chronic eosinophilic leukemia

CKD Chronic kidney disease

CM Cutaneous mastocytosis

CSU Chronic spontaneous urticaria

EGPA Eosinophilic granulomatosis with polyangiitis

EoE Eosinophilic esophagitis

GFR Glomerular filtration rate

HαT Hereditary-alpha tryptasemia

HES Hypereosinophilic syndrome

ISM Indolent systemic mastocytosis

MCAS Mast cell activation syndrome

MCL Mast cell leukemia

MDS Myelodysplastic syndrome

MMAS Monoclonal mast cell activation syndrome

N-MH 24-hour urinary N-methylhistamine

PCR Polymerase chain reaction

PV Polycythemia vera

RA Rheumatoid arthritis

SM Systemic mastocytosis
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Highlights Box

What is already known about this topic?

Tryptase is a biomarker linked to mast cell number and degranulation. Several disorders 

have been associated with elevated basal tryptase and a transient increase in tryptase is 

associated with anaphylaxis.

What does this article add to our knowledge?

HαT is the most common cause for elevated BST in a regional health system, while 

myeloid neoplasms and CKD are the common acquired causes. BST variability exceeded 

the 20% plus 2 formula in 41.5% of subjects with elevated BST, suggesting that this 

algorithm lacks specificity among these individuals.

How does this study impact current management guidelines?

An algorithm starting with tryptase genotyping, kidney function, complete blood count 

with differential, KIT p.D816V of blood, and 24-hour urinary N-methylhistamine helps 

guide the differential diagnosis when evaluating individuals with elevated BST.
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Figure 1. 
A, The percent of subjects with various indications for initial tryptase measurements. 

“Other” category includes neuropathy (1 subject), Ehlers Danlos syndrome (2 subjects), 

gastrointestinal symptoms (4 subjects), and macrocytic anemia (1 subject). B, Specialty of 

clinicians ordering initial tryptase tests.
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Figure 2. 
Diagnosis distribution associated with BST ≥ 11.5 ng/mL. Mastocytosis includes subjects 

with MCL, ISM, ASM, MMAS, and CM. Other myeloid neoplasms include 1 subject 

each with FIP1L1-PDGFRa associated CEL, MDS, and SM-PV. Eight subjects had two 

associated diagnoses (see text for full description of subjects).
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Figure 3. 
A, Frequency histogram showing subjects with different counts of tryptase values checked. 

All 109 subjects were included. B, BST range (minimum subtracted from maximum) 

distribution by total number of tryptase values checked. Boxplots are shown. Left panel: 53 

subjects with at least one elevated BST value and at least 2 tryptase values checked. Middle 
panel: 11/53 subjects with confirmed myeloid neoplasms (middle panel). Right panel: 42/53 

subjects with CKD, HαT, non-myeloid HES, and no associated diagnosis.
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Figure 4. 
The extremes (minimum to maximum value per subject) of BST variability are shown for 

the 93 subjects with more than one tryptase value. Subjects are organized by diagnoses and 

extremes of variability. The horizontal dashed line highlights tryptase ranges that include 

or rise above 11.5 ng/mL. Only subjects with at least one BST value ≥ 11.5 ng/mL had 

variability exceeding 20+2. An asterisk above the graph corresponds to subjects with BST 

variability exceeding 20+2.
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Figure 5. 
Subjects with variability that exceeded 20+2 had basal tryptase values graphed ordinally. 

Horizontal dashed lines represent the threshold of the formula using the lowest tryptase 

value. Shaded regions corresponded to concurrent use of imatinib, prednisone, or 

hydroxyurea. (a) HαT (b) no associated diagnosis (c) SM-PV (d) mastocytosis (e) multiple 

diagnoses (f) CKD.
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Figure 6. 
A, Subjects were binned on the X-axis based on the minimum time required to exceed 

the threshold between any two tryptase values. The Y-axis corresponds to the number of 

subjects in each bin. B, Three subjects who had a period of daily tryptase values checked 

are shown: 1 subject with HαT (left panel), 1 subject with no associated diagnosis (middle 

panel), and 1 subject with ASM (right panel). Previous minimum and maximum values are 

shown if they did not occur within the period of daily tryptase checks.
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Figure 7. 
Algorithm for evaluation of patients with elevated BST. Note: Clinical findings such as 

idiopathic anaphylaxis may prompt bone marrow biopsy independently of basal serum 

tryptase evaluation * See citations (7) and (34) for reference of BST ranges based on GFR 

and tryptase genotypes
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TABLE I

Demographics

Characteristic n (%)

Gender

 Male 59 (54.1)

 Female 50 (45.9)

Median age at initial tryptase (y) (range) 47 (1–92)

Median BMI (range) 27.0 (15.3–43.1)

Ethnicity

 White/Caucasian 77 (70.6)

 Black/African American 18 (16.5)

 American Indian/Alaskan Native 1 (0.9)

 Hispanic 6 (5.5)

 Asian 2 (1.8)

 Unknown 5 (4.5)

Lab Markers Evaluated

 KIT p.D816V allele-specific PCR blood - positive/total (%) 5/79 (6.3%)

 N-MH - positive/total (%) 5/66 (7.6%)

 Basophil histamine release assay - positive/total (%) 8/56 (14.3%)

Bone marrow biopsies - positive/total (%) 14/33 (42%)

HαT tested - positive/total (%) 43/92 (47%)

Genotypes of subjects with HαT – n/total (%)

 2 alpha 3 beta 19/43 (44.2%)

 3 alpha 2 beta 17/43 (39.5%)

 4 alpha 2 beta 4/43 (9.3%)

 4 alpha 1 beta 3/43 (7.0%)

BMI, body mass index
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