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Abstract
Vaccinees experience no adverse events, mild adverse events, multiple adverse events, or serious adverse
events post vaccination. Many of these vaccine adverse events occur with different vaccines with
different occurrence frequencies. Many of these adverse events are generally considered as associated
with immune responses to the active vaccine components (antigens) and/or to possibly one or more of
the vaccine excipients. Most of these vaccine adverse events are self-limiting and resolve within days.
Many of these adverse events symptoms overlap symptoms associated with elevated histamine levels.
Based on these observations, the hypothesis that the majority of vaccine associated reactogenicity
adverse events are caused by temporal histamine intolerance in vaccinees is proposed. This hypothesis
is based on a model of innate immune responses releasing a surge of inflammatory molecules including
histamine; this surge is hypothesized to exceed the normal histamine tolerance level for vaccinees with
reactogenicity adverse events. Further, these symptoms resolve as histamine levels fall below the
vaccinee’s tolerance threshold. This model can be evaluated by the detection of elevated histamine levels
in vaccinees corresponding to timing of symptoms onset. If confirmed, a direct consequence of this
model predicts that some antihistamine treatments, mast cell stabilizers, and possibly diamine oxidase
enzyme may reduce the incidence or severity of adverse events experienced by vaccinees post
vaccinations for most or all high reactogenicity vaccines including coronavirus disease 2019 (COVID-19)
Spike vaccines.

Introduction
Vaccinations protect vaccinees against multiple viral and bacterial infectious diseases.  Post-vaccination,
vaccinees experience no, mild adverse events, multiple adverse events, or serious adverse events.  Some
of these adverse events have been associated with allergic reactions to vaccine excipients including
adjuvants [1] (e.g., polyethylene glycol [2]), or manufacturing contaminants (e.g., egg proteins [3]).  
Adverse events can occur immediately (e.g., anaphylaxis) or within hours or days post vaccination.
 Vaccine reactogenicity refers to the subset of adverse events that occur soon after vaccination and are
physical manifestations of the inflammatory response to vaccination [4].   The intensity of these adverse
event symptoms ranges from mild to severe.  Many of these vaccinees are negatively impacted by these
adverse event symptoms until they resolve.  Reducing the incidence rates and duration of symptoms will
positively impact vaccinees.   Table S1 summarizes the most common adverse events for vaccines with
the highest reactogenicity levels.  Adverse events associated with vaccinations are typically rare [4].  
Adverse events temporally associated with vaccines that consist primarily of the COVID-19 spike vaccine
overlap with adverse events temporally associated with non-COVID-19 vaccines, see Figure 1.  Adverse
events temporally associated with vaccines are generally associated with immune responses, including
antibody responses, to one or more of the vaccine components.

The overlap of vaccine associated adverse events across different vaccines suggests sharing of common
cellular responses to vaccines.  These symptoms also have considerable overlap with symptoms
associated with histamine intolerance (HIT), see Table S2.  Histamine intolerance, also referred to as
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enteral histaminosis or sensitivity to dietary histamine, results from a disequilibrium of accumulated
histamine and the capacity for histamine degradation [5–7]. 

The Hypothesis

Innate immune responses to vaccines include activation of mast cells to release histamine [8,9].  Based
on symptoms associated with elevated histamine levels, the hypothesis is proposed that innate immune
response to vaccination release elevated histamine levels that are causative for the majority of vaccine
reactogenicity adverse events.  Multiple vaccine reactogenicity adverse events parallel those of histamine
intolerance syndrome, see Table S2.  A rapid spike in histamine release from innate immune responses to
vaccination may exceed the histamine tolerance level for many vaccinees with normal histamine
tolerance.  The number of vaccinees with adverse reactions is anticipated to increase corresponding to
the reactogenicity level of the vaccine.  Coadministration of two or more vaccines may increase the
likelihood of exceeding the vaccinee’s normal histamine tolerance level.  When the normal histamine
tolerance level is not exceeded for some vaccinees, no adverse events are expected.  Resolution of
adverse event symptoms is predicted as histamine levels fall below the tolerance level.  For most
vaccinees, their vaccine adverse events resolve within a few days post vaccination.  

Methods
The Vaccine Adverse Event Reporting System (VAERS) database [10] was utilized for vaccine adverse
events data by vaccine manufacturers and onset post vaccination. The downloaded data includes all
VAERS reports from 1990 until Nov. 12, 2021. A Ruby program named vaers_slice.rb was developed to
tally reported vaccine adverse events by vaccine. Microsoft Excel was used to rank order vaccine
symptoms for vaccines with the most reported adverse events, see Table S3. All vaccine adverse events
by vaccine are summarized in Table S4.

Results
The most commonly reported vaccine reactogenicity adverse events are shown ranked by number of
reported adverse events for the eight vaccines with the most reported adverse in Table S3; the number of
reported adverse events associated with Table S3 are shown in Table S1. The most common adverse
event, pyrexia, is illustrated in Fig. 2 for the top eight vaccines with the most reported adverse events.
Graphs of the most frequently reported adverse events for the top eight vaccines with reported adverse
events are shown in Fig. 1. Adverse events temporally associated with COVID-19 spike vaccines occur at
higher frequency levels than adverse events associated with non-COVID-19 vaccines (Table S1).

Discussion
Examples of common COVID-19 spike vaccine temporally associated adverse events include flushing or
erythema (28%), dizziness or lightheadedness (26%), tingling (24%), throat tightness (22%), hives (21%),
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and wheezing or shortness of breath (21%) [11]; they note that 32 (20%) reported immediate and
potentially allergic symptoms that were associated with the second COVID-19 vaccine dose were self-
limited, mild, and/or resolved with antihistamines alone [11].

The top ranked ordered adverse events temporally associated with vaccinations illustrated in Tables 2
and 3 illustrate overlap between unrelated diverse vaccines including COVID-19, influenza (FLU3),
Shingles - attenuated live varicella-zoster virus (VARZOS), Measles, Mumps, and Rubella (MMR),
Pneumococcal polysaccharide (PPV), Hepatitis (HEP), Chickenpox varicella (VARCEL), and Tetanus,
Diphtheria, and Pertussis (TDAP). Some adverse events are anticipated to be specific to injection sites
without overlaps with oral vaccines. Two dominant patterns emerge in Fig. 2 with respect to onset of
adverse events in vaccinees. The highest frequency of reported adverse events post vaccinations have
immediate temporal onsets within the first day with rapidly declining frequencies for subsequent days.
This immediate onset of symptoms is consistent with immediate innate immune system response to all
vaccines. Granulocytes including mast cells release molecules including histamine as part of normal
innate immune responses. The hypothesis proposes that for a subset of vaccinees, the level of released
histamine exceeds their individual tolerance threshold inducing temporary histamine intolerance
associated symptoms. For most vaccinees, these histamine intolerance symptoms abate within a few
days, predicted to decline as histamine levels decrease. The majority of the top 100 + ordered most
frequently reported adverse events (Table S2) have significant overlaps with symptoms associated with
histamine intolerance syndrome. For some vaccinees, a second pattern is noted for some symptoms
consistent with the timing of humoral response to the vaccination days 7 to 10 post vaccination, see
Fig. 2 Pyrexia for MMR, VARCEL, and HPV4 vaccines.

Elevated histamine levels are consistent with many of the adverse events temporally associated with
vaccinations (Table S1 and S2). Histamine involved in contraction of smooth muscles, secretion of
gastric acid in the stomach, vasodilation, modulation of heart rate and contractility [12], body temperature
[13]. Many histamine intolerance symptoms occur in combinations [14]. Some conditions can predispose
individuals to vaccine associated adverse events. Histamine is metabolized by the diamine oxidase
(DAO) enzyme. Genetic variants and medications can affect the histamine tolerance threshold for
vaccinees. Patients with migraines have been identified with low serum DAO activity levels [15]; perhaps
exhibiting histamine intolerance. Patients with allergies have higher frequencies of vaccine adverse
events [16]. Other patients have experienced increased histamine sensitivity post vaccination [17].

Testing The Hypothesis
The model predicts elevated histamine levels peaking immediately prior to onset of vaccine adverse
events; for most vaccinees, the start of symptoms onset is within one to two days following vaccination.
This model can be evaluated by correlating histamine levels with onset and resolution of adverse event
symptoms. It may be possible to confirm elevated histamine by elevated levels in urine or blood with the
standard histamine laboratory test, its metabolite methylimidazole acetic acid in urine, plasma histamine,
or serum tryptase (acute serum tryptase measurements > 20 ng/mL) [18] in vaccinees with adverse
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response symptoms. An institutional review board (IRB) approved study could evaluate and compare
histamine levels in volunteers (unvaccinated controls, vaccinees who experience no adverse reactions,
and vaccinees with adverse reactions). Histamine baseline levels for volunteers could be measured prior
to vaccination. Including the standard laboratory serum DAO test may provide additional supportive
evidence.

Histamine levels are predicted by the model to peak prior to the onset of symptoms. Histamine levels are
predicted to be returning towards baseline levels consistent with resolution of symptoms. One approach
to evaluating this model would be to sample histamine levels prior to vaccination, at onset of symptoms,
and at the resolution of symptoms. The model predicts that the histamine levels should be observed to be
highest at the onset of symptoms; if observed, this would establish correlation. An alternative sampling
approach collect samples at prior to vaccination and at defined time intervals (e.g., every 12 or 24 hours)
for several days post vaccination. This second sampling strategy would include data from unvaccinated
control volunteers and also vaccinated volunteers who develop no adverse event symptoms. The model
predicts that histamine levels will be observed to increase in all vaccinees (with and without adverse
event symptoms) but not in unvaccinated controls. Either of these sampling approaches should be able
to establish or reject correlation of increased histamine levels corresponding with vaccine adverse event
symptoms.

The model predicts that increased histamine levels is causative for the majority of vaccine reactogenicity
adverse events. Hence, combination of prophylactic and therapeutic treatments may enable reductions in
incidence rates and symptoms duration for some vaccinees. Treatments targeting granulocytes/mast
cells, antihistamines, and supplemental DAO enzyme for histamine metabolism may provide some
efficacy to vaccinees. IRB approved case-control studies could compare incidence rates, severity, and
duration lengths of symptoms between control volunteers and volunteers treated prophylactically and
therapeutically with these candidate treatments (overviewed in the next section). Positive efficacy results
from these studies would further support the proposed model.

Treatments
Treatments for reactogenicity adverse events include pain mitigation, antipyretics (prevent or reduce
fever), etc. include local application of ice, paracetamol (acetaminophen), aspirin, or anti-inflammatories
(e.g., ibuprofen) [4]. The model that most reactogenicity adverse events represent histamine intolerance
symptoms suggests possible prophylactic and/or therapeutic treatments for evaluation in vaccinees.
Antihistamine treatments exhibiting efficacy in treating COVID-19 patients are predicted to also target
granulocytes and mast cells associated with vaccine responses. These candidate treatments for further
evaluation include high dose famotidine [19–22], cetirizine [23,24], and dexchlorpheniramine [23]. Oral
treatment with diamine oxidase may also minimize, reduce severity, or eliminate vaccine reactogenicity
adverse event symptoms in some vaccinees. Evaluation of these treatments and treatment combinations
on vaccinees in case reports, case series, etc. can inform subsequent randomized controlled clinical trials
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for reducing vaccine reactogenicity adverse events. This model and candidate treatments should be
applicable to all vaccines.

Summary
The hypothesis that most vaccine reactogenicity adverse events are caused by temporal excess of
histamine level is presented. The pattern of reactogenicity adverse events share overlaps between most
or all vaccines including high incidence reports for COVID-19 spike vaccines. Evaluating histamine,
histamine metabolite, and DAO serum levels in affected vaccinees can support or refute this model. The
proposed etiology suggests possible prophylactic and therapeutic treatments for reducing vaccine
reactogenicity symptoms, including antihistamines, mast cell stabilizers, and DAO enzyme supplements.
Antihistamines are already occasionally used as therapeutic treatments for selected vaccine
reactogenicity symptoms like rashes.

Declarations
Declaration of Competing Interest

The author declares that they have no known competing financial interests or personal relationships that
could have appeared to influence the work reported in this paper.

Consent statement/Ethical approval

Not required.

Funding

None

References
1. Forsyth, JR (1967) An assessment of oil adjuvant and aqueous influenza vaccines. I. Reactions to the
vaccines. The Journal of hygiene. 65(4): 485–495. DOI: 10.1017/s0022172400046027

2. Bruusgaard-Mouritsen, MA, Johansen, JD, and Garvey, LH (2021) Clinical manifestations and impact
on daily life of allergy to polyethylene glycol (PEG) in ten patients. Clinical & Experimental Allergy. 51(3):
463–470. DOI: https://doi.org/10.1111/cea.13822

3. Rubing, SS (1946) An allergic reaction following typhus-fever vaccine and yellow-fever vaccine due to
egg yolk sensitivity. Journal of Allergy. 17(1): 21–23. DOI: https://doi.org/10.1016/0021-8707(46)90017-
2



Page 7/10

4. Hervé, C, Laupèze, B, Del Giudice, G, Didierlaurent, AM, and Tavares Da Silva, F (2019) The how’s and
what’s of vaccine reactogenicity. npj Vaccines. 4(1): 39. DOI: 10.1038/s41541-019-0132-6

5. Maintz, L and Novak, N (2007) Histamine and histamine intolerance. The American Journal of Clinical
Nutrition. 85(5): 1185–1196. DOI: 10.1093/ajcn/85.5.1185

6. Hrubisko, M, Danis, R, Huorka, M, and Wawruch, M (2021) Histamine Intolerance-The More We Know
the Less We Know. A Review. Nutrients. 13(7): 2228. DOI: 10.3390/nu13072228

7. Comas-Basté, O, Sánchez-Pérez, S, Veciana-Nogués, MT, Latorre-Moratalla, M, and Vidal-Carou, MDC
(2020) Histamine Intolerance: The Current State of the Art. Biomolecules. 10(8): 1181. DOI:
10.3390/biom10081181

8. Riley, JF (1963) Functional Significance of Histamine and Heparin in Tissue Mast Cells. Annals of the
New York Academy of Sciences. 103(1): 151–163. DOI: https://doi.org/10.1111/j.1749-
6632.1963.tb53695.x

9. Graham, HT, Lowry, OH, Wahl, N, and Priebat, MK (1955) Mast cells as sources of tissue histamine. The
Journal of experimental medicine. 102(3): 307–318. DOI: 10.1084/jem.102.3.307

10. Vaccine Adverse Event Reporting System. 2021; Available from: https://vaers.hhs.gov/data.html.

11. Krantz, MS, Kwah, JH, Stone, CA, Jr., Phillips, EJ, Ortega, G, et al. (2021) Safety Evaluation of the
Second Dose of Messenger RNA COVID-19 Vaccines in Patients With Immediate Reactions to the First
Dose. JAMA Internal Medicine. DOI: 10.1001/jamainternmed.2021.3779

12. Parsons, ME and Ganellin, CR (2006) Histamine and its receptors. British journal of pharmacology.
147 Suppl 1(Suppl 1): S127-S135. DOI: 10.1038/sj.bjp.0706440

13. Lundius, EG, Sanchez-Alavez, M, Ghochani, Y, Klaus, J, and Tabarean, IV (2010) Histamine influences
body temperature by acting at H1 and H3 receptors on distinct populations of preoptic neurons. The
Journal of neuroscience : the official journal of the Society for Neuroscience. 30(12): 4369–4381. DOI:
10.1523/JNEUROSCI.0378-10.2010

14. Schnedl, WJ, Lackner, S, Enko, D, Schenk, M, Holasek, SJ, et al. (2019) Evaluation of symptoms and
symptom combinations in histamine intolerance. Intestinal research. 17(3): 427–433. DOI:
10.5217/ir.2018.00152

15. Izquierdo-Casas, J, Comas-Basté, O, Latorre-Moratalla, ML, Lorente-Gascón, M, Duelo, A, et al. (2018)
Low serum diamine oxidase (DAO) activity levels in patients with migraine. Journal of Physiology and
Biochemistry. 74(1): 93–99. DOI: 10.1007/s13105-017-0571-3

16. Shavit, R, Maoz-Segal, R, Iancovici-Kidon, M, Offengenden, I, Haj Yahia, S, et al. (2021) Prevalence of
Allergic Reactions After Pfizer-BioNTech COVID-19 Vaccination Among Adults With High Allergy Risk.



Page 8/10

JAMA Network Open. 4(8): e2122255-e2122255. DOI: 10.1001/jamanetworkopen.2021.22255

17. Sen, DK, Arora, S, Gupta, S, and Sanyal, RK (1974) J Allergy Clin Immunol. 54(1): 25–31.

18. Bilò, MB, Martini, M, Tontini, C, Mohamed, OE, and Krishna, MT (2019) Idiopathic anaphylaxis. Clinical
& Experimental Allergy. 49(7): 942–952. DOI: https://doi.org/10.1111/cea.13402

19. Malone, RW, Tisdall, P, Fremont-Smith, P, Liu, Y, Huang, X-P, et al. (2021) COVID-19: Famotidine,
Histamine, Mast Cells, and Mechanisms. Front Pharmacol. 12: 216.

20. Tomera, KM, Malone, RW, and Kittah, J (2020) Brief Report: Rapid Clinical Recovery from Severe
COVID-19 with High Dose Famotidine and High Dose Celecoxib Adjuvant Therapy. Enliven: Pharmacovigil
Drug Safety.

21. Mather, JF, Seip, RL, and McKay, RG (2020) Impact of Famotidine Use on Clinical Outcomes of
Hospitalized Patients With COVID-19. The American journal of gastroenterology. 115(10): 1617–1623.
DOI: 10.14309/ajg.0000000000000832

22. Sethia, R, Prasad, M, Mahapatra, SJ, Nischal, N, Soneja, M, et al. (2020) Efficacy of Famotidine for
COVID-19: A Systematic Review and Meta-analysis. medRxiv: 2020.09.28.20203463. DOI:
10.1101/2020.09.28.20203463

23. Blanco, JIM, Bonilla, JAA, Homma, S, Suzuki, K, Fremont-Smith, P, et al. (2021) Antihistamines and
Azithromycin as a Treatment for COVID-19 on Primary Health Care - A Retrospective Observational Study
in Elderly Patients. Pulm Pharmacol Ther. DOI: https://doi.org/10.1016/j.pupt.2021.101989

24. Hogan Ii, RB, Hogan Iii, RB, Cannon, T, Rappai, M, Studdard, J, et al. (2020) Dual-histamine receptor
blockade with cetirizine - famotidine reduces pulmonary symptoms in COVID-19 patients. Pulm
Pharmacol Ther. 63: 101942. DOI: 10.1016/j.pupt.2020.101942

25. Kovacova-Hanuskova, E, Buday, T, Gavliakova, S, and Plevkova, J (2015) Histamine, histamine
intoxication and intolerance. Allergologia et Immunopathologia. 43(5): 498–506. DOI:
https://doi.org/10.1016/j.aller.2015.05.001

26. Sampath, V, Rabinowitz, G, Shah, M, Jain, S, Diamant, Z, et al. (2021) Vaccines and allergic reactions:
The past, the current COVID-19 pandemic, and future perspectives. Allergy. 76(6): 1640–1660. DOI:
https://doi.org/10.1111/all.14840

27. Mali, S and Jambure, R (2012) Anaphyllaxis management: Current concepts. Anesthesia, essays and
researches. 6(2): 115–123. DOI: 10.4103/0259-1162.108284

28. Schnedl, WJ and Queissner, R (2019) Migraines appear more likely to be caused by histamine than
ethanol. European Journal of Neurology. 26(9): e79-e79. DOI: https://doi.org/10.1111/ene.14003



Page 9/10

29. Shim, W-S and Oh, U (2008) Histamine-induced itch and its relationship with pain. Mol Pain. 4: 29–29.
DOI: 10.1186/1744-8069-4-29

Figures

Figure 1

Most frequent vaccine adverse events (headache, pain, pyrexia, nausea, pruritus, vomiting, rash,
erythema, and urticaria) days to onset (0, 1, 2, 3, & 4) reported in VAERS from 1990 until Nov. 12, 2021 for
vaccines with most reported adverse events - COVID-19, influenza (FLU3), Shingles - attenuated live
varicella-zoster virus (VARZOS), Measles, Mumps, and Rubella (MMR), Pneumococcal polysaccharide
(PPV), Hepatitis (HEP), Chickenpox varicella (VARCEL), and Tetanus, Diphtheria, and Pertussis (DTAP).
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Figure 2

Pyrexia adverse events by days to onset reported in VAERS from 1990 until Nov. 12, 2021 for vaccines
with most reported adverse events - COVID-19, influenza (FLU3), Shingles - attenuated live varicella-zoster
virus (VARZOS), Measles, Mumps, and Rubella (MMR), Pneumococcal polysaccharide (PPV), Hepatitis
(HEP), Chickenpox varicella (VARCEL), Tetanus, and Diphtheria, and Pertussis (DTAP).
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