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Summary
Anaphylaxis is the most severe systemic hypersensitivity reaction, it can be caused
by a number of well identified triggers such as foods, drugs, stinging insects and
facilitated by predisposing clinical conditions. However, sometimes anaphylaxis
shows up with uncommon or peculiar characteristics which could delay diagnosis
and therapeutic treatment. In this report we aimed to describe less accounted/difficult-to-approach shapes of anaphylaxis to facilitate clinicians to suspect these severe
reactions even in uncommon conditions. We choose to present data on anaphylaxis
regarding simulation, mode of exposure to sensitizing agents, pregnancy, exposure
to animals, intimate behaviour, psychological stress, and other situations.
Impact statement

Sometimes anaphylaxis can occur with uncommon or
peculiar characteristics which could delay diagnosis
and therapeutic treatment. We aimed to describe less
accounted/difficult-to-approach shapes of anaphylaxis
to facilitate clinicians to suspect these severe reactions
even in uncommon conditions.
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Introduction
Anaphylaxis is the most severe systemic hypersensitivity reaction, it involves multiple organ systems and can be deadly (1,
2). Anaphylaxis can be caused by a number of well identified
triggers such as foods, drugs, stinging insects and clinical conditions (1, 2). However, sometimes anaphylaxis shows up with
uncommon or peculiar characteristics which could delay diagnosis and therapeutic treatment. In this brief report we aimed
to introduce less accounted/difficult-to-approach shapes of anaphylaxis to facilitate clinicians to suspect these severe reactions
even in uncommon conditions.
Simulated anaphylaxis
In rare occasions, it has been reported that anaphylaxis can be
mimicked by other clinic conditions (3) such as a diverticular
perforation associated with colo-urachal fistula (4) and a massive subcutaneous emphysema presenting as anaphylaxis (5).
We have recently shown that in obstetric surgery oxytocin/vasopressin can induce some side effects (negative inotropic and
chronotropic effects, low blood pressure, vasodilatation) which
can simulate a cardiac anaphylaxis and consequent intraoperative diagnostic problems and risks for the patient (6).
Anaphylaxis and mode of exposure
Inhalation mode
Inhalation of the offending allergens is an uncommon cause of
anaphylaxis. Inhalant allergens such as those of some animals
(guinea pig, horse, deer and rabbit) (7, 8) and grass pollens (9)
can induce anaphylaxis. Food allergens, particularly from milk,
in aerosolized form has been associated to anaphylaxis in a dairy
worker (10) or in children as component of a medication aerosol (11). Anaphylaxis after occupational inhalation of Cefuroxime in a nurse has been also described (12).
Contact mode
It has been published only five cases of anaphylaxis induced by
skin contact with milk or milk-derived foods; some indications
on the risk factors to identify susceptible individuals are shown
in table I (13). Recently a fatal reaction has been registered in
a child at school (14) and another recent case report showed a
generalized reaction induced by a cutaneous exposure to milk
proteins in a colostrum-based cream (15).
Skin prick test (SPT)-related anaphylactic reactions can also be
ascribed to the contact mode of exposure, those induced by the
use of foods or drugs being the most frequent in clinical practice
(16). On the contrary anaphylaxis produced by SPT with standard aero-allergens is extremely uncommon. We described a rare
case of systemic life-threatening reaction after a routine SPT in
a patient with high allergic sensitization to parietaria and grasses

Table I - Possible predictive risk factors to identify patients with
hazard for severe food allergic reactions through noningestant routes
of exposure.
High serum total IgE level
Strong family history of atopy
Early age of onset of symptoms despite having been breast-fed
Strong reactivity to skin-prick-tests or serum specific IgE evaluation
Clinical history
A disrupted skin barrier (e.g., from atopic dermatitis, injury)
Modified from Liccardi G, De Falco F, Gilder JA, D’Amato M, D’Amato G.
Severe systemic allergic reaction induced by accidental skin contact with cow
milk in a 16-year-old boy. A case report. J Investig Allergol Clin Immunol.
2004;14(2):168-71.

(17). In the same article we reported a multicentric evaluation
of the frequency of SPT-related anaphylaxis in Italy: our case
was the only one among 55.105 patients and 684.306 allergens
tested (17). Possible risk factors for SPT-related anaphylaxis are
similar to those described in table I. Moreover, in children we
suggest to avoid the contemporary use of inhalant and food allergens, and the use of intradermal skin testing, to minimize the
number of allergens to be tested during the SPT procedure, and
to check the subjects for at least 20 min after the end of SPT. In
some cases, it should be useful to consider the possibility of diluting allergenic extracts before their use (18, 19). It is important
to underline that the need to carry out in vivo tests (e.g., SPTs,
prick by prick) for the diagnosis of food allergy in highly sensitized individuals has been reduced by the growing use and utility
of modern laboratory procedures such as Component Resolved
Diagnostics (20, 21).
Anaphylaxis and pregnancy
Anaphylaxis is considered uncommon during pregnancy. However, among potential risk factors such as age and history of allergy, caesarean delivery could be recognized as the main culprit
condition because the necessity of using anaesthesia, surgical
procedures and drugs (22). An amoxicillin-induced anaphylaxis
at the end of pregnancy determined newborn death by hypoxic-ischaemic cerebral injuries (23).
As previously reported, delivery, especially when carried out by
caesarean section, can determine dangerous systemic reactions.
Oxytocin constitute a complex cause of systemic/bronchial reactions as well as equivocal side effects-related- symptoms (negative
inotropic and chronotropic effects, low blood pressure, vasodilatation) that mimic cardiac anaphylaxis (6, 24). Another insidious effect derived by a demonstrated homology in the protein sequence
of oxytocin and latex allergens Hev b 7.01 and Hev b 7.02 (25).
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We have previously described two life-threatening anaphylactic reactions with onset a few minutes after the infusion of oxytocin in
two women sensitized to latex allergens during caesarean section
under spinal anaesthesia in the delivery room (26). Moreover, it
has been also demonstrated that oxytocin, under pro-inflammatory
cytokines stimulation, may induce contraction of smooth muscle
and airway narrowing suggesting that oxytocin serves as a bronchoconstrictor (27). These data suggest that inflammatory conditions of airways such as those found in asthmatic women (especially those with severe asthma) might constitute an independent
(from anaphylaxis) risk factor for airway obstruction after infusion
of oxytocin during delivery. The role of oxytocin receptors could
also explain the well-known worsening of asthma control in about
one-third of pregnant women suffering from asthma. These findings suggest a particular attention in managing delivering women
suffering from latex allergy and bronchial asthma. An accurate anamnestic, clinical and diagnostic evaluation, a latex-free setting, the
use of oxytocin-alternative agents and, in case of asthma, a drug
premedication are likely to reduce the risk of anaphylactic or airway-obstructive reactions in these women (24) (figure 1).
Another extremely uncommon condition for anaphylaxis is lactation (28). It is not clear the pathogenesis, a possible role of

hormones has been suggested (the withdrawal of the stabilising
effect of progesterone on mast cells) but also the influence of
others (prolactin, oxytocin, adrenocorticotropic hormone and
corticotropin-releasing hormone) (29).
Finally, some case reports have shown that bovine serum albumin may be a causative agent in severe anaphylaxis after standard intrauterine insemination or in vitro fertilization if added
to the culture medium of spermatozoids (30).
Anaphylaxis and animal exposure
Although respiratory allergy is a common consequence of animal
allergens inhalation, in rare occasions a clear clinical picture of
anaphylaxis developed after inhalation of guinea pig, horse, rabbit and deer epithelia (7, 8). Another possible modality of inducing anaphylaxis after exposure to animals is their bite. In some
rare cases the bites were inflicted by domestic or wild animals
such as horse, gerbil, mouse (31-33). However, the risk of anaphylaxis from animal bites is relatively more common in individuals working with laboratory animals, particularly rodents (34).
Another topic related to animals regards some food-derived animal
substances that can be used in medications at various stages of the

Figure 1 - Possible correlation between latex, oxytocin sensitization and airway inflammatory conditions including suggested pre-operative
diagnostic/therapeutic interventions.

ASSOCIATED CONDITIONS

Sensitization to Latex

Sensitization to Oxytocin

Anaphylaxis

- Accurate pre-delivery allergy evaluation
(e.g., latex, latex cross-reacting fruits, etc.)
- Use of latex-free surgical materials
- Use of Oxytocin-alternative agents
- Premedication in high risk allergic subjects?

Airway inflammation (asthma)

Bronchospasm

- Pre-delivery evaluation of asthma control and,
if necessary, integration with usual antiasthma drugs
- In the case of poor or non- controlled asthma,
a drug supplementation just before delivery
could be necessary

Possible pre-operative diagnostic/therapeutic interventions
Modified from Liccardi G, Bilò MB, Mauro C, Salzillo A, Piccolo A, D’Amato M, Liccardi A, D’Amato G. Oxytocin: an unexpected risk for cardiologic and broncho-obstructive effects, and allergic reactions in susceptible delivering women. Multidiscip Respir Med 2013;8(1):67.
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manufacturing process. Caglayan-Sozmen et al. (35) review the
possible roles of medications which may contain egg, red meat,
gelatin, and fish allergens in allergic reactions in children with food
allergy. The risk of reactions to hidden milk allergens in drugs is
particularly important. In fact, dry-powder inhalers may contain
lactose as excipient, this product can be rarely contaminated with
milk proteins and, consequently, it may induce allergic reactions
in patients with cow’s milk allergy (36, 37). Reports have described
immediate hypersensitivity reactions to methylprednisolone sodium succinate 40 mg injection, a formulation that contains lactose as excipient (38). Some cases of anaphylaxis after receiving
diphteria-tetanus-pertussis vaccine injection (39) or some probiotics (40) in children allergic to milk have been reported. Among
food-derived animal substances, also gelatin can induce systemic reactions being contained in medications like plasma volume
expanders, erythropoietin, hemostatic products (41), as well as
in some vaccines (42, 43). Although dogs can induce respiratory allergy, we would like to cite the potential role of service dogs
in certain clinical conditions at high risk of anaphylaxis such as
surgical interventions in subjects with high allergic risk. Tew and
Taicher documented the first report of a service dog used to detect
mast cell mediator release in patients with mastocytosis (44). This
service dog was used not only in a family-centered care model, but
also as an additional perioperative monitor to predict the eventual
occurrence of perioperative mediator release (44).
Anaphylaxis and intimate behaviour
Although rare, the contact with allergens can also be due to a
direct contact between two individuals, one of whom carries on
his/her body the allergen potentially dangerous for the other
individual (or can carry traces of food or drugs in biological
fluids) (figure 2). This can easily happen during intimate behaviours, such as kisses or sexual intercourses. This topic may be
underestimated and under-reported, due to its delicate nature,
involving a very intimate aspect of the life (45).
The mechanism by which kissing may induce local or, in some
cases, generalized reactions in sensitized individuals is the passive transport of allergenic molecules through saliva, skin or oral
mucosa, and the consequent contact of these allergens with the
skin or mucosae of the sensitized subjects. The severity of allergic symptoms likely depends on the type of kissing, as the contact with the ‘unprotected’ oral mucosa may account for a greater penetration of allergens in comparison to intact skin (45).
Foods are the most frequent cause of allergic reactions following
a kiss from an individual who have eaten an allergenic food to a
patient sensitized to the same allergen (46). Peanuts, walnuts and
other tree nuts are the most common foods involved, followed
by fruits or vegetables such as apple, carrot, kiwi, fish, shellfish,
and milk (47, 48). There are only few reports of oral allergy syndrome and consequent generalized urticaria in drug-sensitized
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individuals, a few minutes after passionate kisses given by their
partners who had previously used the drug particularly beta lactams (49, 50). Foods (such as Brazil nut) can also penetrate into
seminal fluid and induce after vaginal intercourse (51); seminal
fluid can also carry antibiotics (such as amoxicillin) and trigger
anaphylaxis in an amoxicillin-sensitized woman after oral sex
(52). Anaphylaxis after anal intercourse but tolerance after vaginal intercourse has been also described (53).
Seminal plasma hypersensitivity (SPH) is characterized by immediate
local or systemic postcoital symptoms following mucosal exposure to
seminal fluid. Systemic SPH is a type I, immediate, IgE-mediated
hypersensitivity reaction with the well-known symptoms (54).
The prostate-specific antigen (PSA), a 33-34 kDa glycoprotein,
better known for its use in monitoring prostate cancer in men,
was in fact identified as a major allergen in human seminal fluids. It was found that PSA carries high homology to the canine
prostatic kallikrein, which was identified as Can f 5. The clinical
relevance of this cross-reactivity was confirmed in a few cases,
and investigators have hypothesized that patients who experienced SPH after their first unprotected intercourse could have
been sensitized by previous exposure to dogs (54).
We have recently shown the increasing relevance of allergic sensitization to Can f 5 in North East Italy considering both the
number of sensitized individuals (69.02% among 268 dog-sensitized ones, and 57.92% as exclusive sensitization) and the level
of sensitization (77.6% of individuals showed medium or high
values of specific IgE according to manufacturer’s specifications)
(55). Moreover, our Italian multicenter study has shown that a
prevalent exposure to a male dog represents a risk factor for the
presence of Can f 5 monosensitization (56). The results of this
study emphasize the need of an adequate diagnosis and management of patients suffering from dog allergy, especially those with
relevant clinical symptoms following dog exposure in order to
prevent systemic SPH (57).
Anaphylaxis and psychological stress
The relationship between anaphylaxis and psychological stress
(PS) is an intriguing puzzle, the question being: can the former
be the cause or only consequence of the latter or both?
It is well documented that (PS) may enhance allergic diseases such
as asthma, allergic rhinitis, and atopic dermatitis through several
complex mechanisms like mast cell activation and mediator release,
inflammation and imbalance of the autonomic system (58-60).
Stress can activate the hypothalamic-pituitary-adrenal axis through
the release of corticotropin-releasing hormone (CRH). Theoharides et al. have shown that CRH secreted under stress stimulates
mast cell degranulation through activation of CRH receptor-1
(CRHR-1) (61). This effect is augmented by other neuropeptides
also released by stress, such as substance P (SP) and neurotensin
(NT). In fact, both NT and SP induce the expression of functional
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Figure 2 - Possible modalities of inducing allergic sensitization through intimate behaviour.

Possible modalities of inducing allergic sensitization through intimate behaviour
Transport of allergens in sensitized individuals

Kissing

Semen or other agents
during sexual intercourse

Hypersensitivity reactions to human seminal fluid

Components of
seminal fluid

Prostate Specific
Antigen (PSA)

Likely predisposing factor:
concomitant allergic
sensitization to Can f 5

Allergic symptoms

Modified from Liccardi G, Caminati M, Senna G, Calzetta L, Rogliani P. Anaphylaxis and intimate behaviour. Curr Opin Allergy Clin Immunol 2017;17(5):350-5.

CRHR-1 (61). Moreover, the same authors have shown that CRH
induces the expression of high-affinity IgE receptor (FcεRI) and
augments allergic stimulation of human mast cells (62).
To the best of our knowledge, only two case reports have clearly
suggested a relationship between a PS situation and the onset
of anaphylaxis (63, 64). The diagnosis of such anaphylaxis has
been made essentially through anamnestic criteria and exclusion
of other most common triggering agents/situations. We believe
that PS alone or as relevant co-factor could induce anaphylaxis more frequently than expected if we consider the aforementioned mechanisms and the high presence of PS in the general
population. On the contrary, the role/onset of PS in patients
surviving anaphylaxis episodes has been better explored. Baiardini et al. (65) studied quality of life and well-being in patients
with drug-induced anaphylaxis. Two validated tools were used:
The Drug Hypersensitivity Quality-of-Life Questionnaire
(DrHy-Q) and the Psychological General Well-Being Index
(PGWBI). Compared with the Italian reference population,
patients had a significantly reduced PGWBI total and domain
score. The authors highlighted for the first time impaired Health
Related Quality of Life (HRQoL) and distress commonly feature in survivors to anaphylactic reactions to drug.
Recently Lee et al. (66) have evaluated Posttraumatic Stress
Disorder (PTSD) arising after anaphylaxis in adults, by investigating the psychosocial burden of recent anaphylaxis in Korean
adults. The results of this study indicated that patients who experienced anaphylaxis were likely to develop psychiatric disor-

ders, such as PTSD, anxiety, and depression. The development
of PTSD did not appear to depend on the severity of anaphylaxis, although patients with higher Impact of Event Scale-Revised-Korean version (IES-R-K) scores had more severe anxiety
and depression. These and previous considerations suggest that
the general management (diagnosis/treatment) of anaphylaxis
should include a psychological/psychiatric evaluation.
Others
Anaphylaxis after the use of polyethylene glycol (PEG), a water-soluble, organic compound included in a wide variety of
products has been described. In the healthcare setting, it is a
common ingredient in medications and procedural agents (e.g.,
for performing ultrasound scans) (67). Anaphylaxis to chlorhexidine (a synthetic bisbiguanide antiseptic agent) has been reported particularly in the perioperative and medical procedural
settings (68).
Rare cases of anaphylaxis have been reported also with the use of
anti-anaphylaxis agents such as cetirizine and chlorpheniramine
(69, 70). Another controversial topic is the possible induction of
anaphylaxis by vaccines used to prevent contagious infections,
many patients refusing vaccinations for this fear. Mc Neil et al.
(71) reported only 33 vaccine-triggered anaphylaxis cases that
occurred after 25,173,965 vaccine doses (against different infectious agents), the rate of anaphylaxis being 1.31 (95% CI,
0.90-1.84) per million vaccine doses.
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Interest in this issue has increased significantly with the recent
start of mass vaccination against the Sars-CoV-2 virus. Preliminary reports have been published on anaphylactic events occurring after the administration of the first Sars-CoV-2 available
vaccines. Twenty-one cases were determined to be anaphylaxis
(a rate of 11.1 per million doses administered) after the use of
Pfizer-BioNTech COVID-19 Vaccine (72), while 10 cases were
determined to be anaphylaxis (a rate of 2.5 anaphylaxis cases per
million Moderna COVID-19 vaccine doses administered) (73).
The aforementioned polyethylene glycol (PEG) has been indicated as potential agent of anaphylaxis in these vaccines being
an excipient (74-76).
Conclusions
Data reported from our previous studies and from a review of
the Literature show that sometimes anaphylaxis can occur with
uncommon or peculiar characteristics which could delay diagnosis and therapeutic treatment. We hope that the description
of less accounted/difficult-to-approach shapes of anaphylaxis
could facilitate clinicians to suspect these severe reactions even
in less common clinic presentations.
Previous presentations
Data presented at AAIITO 2020. Online “Il Mese dell’Allergologia AAIITO” 9-26 October 2020.
Acknowledgements
We thank the biologist Dr. Paola Berra and miss Lucia Franzese
for technical assistance in the preparation of this manuscript.
Conflict of interests
The authors declare that they have no conflict of interests.
References
1. Bilò MB, Martini M, Tontini C, Corsi A, Antonicelli L. Anaphylaxis. Eur Ann Allergy Clin Immunol. 2021;53(1):4-17. doi:
10.23822/EurAnnACI.1764-1489.158.
2. Muraro A, Roberts G, Worm M, Bilò MB, Brockow K, Fernández
Rivas M, et al; EAACI Food Allergy and Anaphylaxis Guidelines
Group. Anaphylaxis: guidelines from the European Academy of
Allergy and Clinical Immunology. Allergy. 2014;69(8):1026-45.
doi: 10.1111/all.12437.
3. Yuson C, Kette F, Hissaria P, Smith W. Rare mimic of recurrent
anaphylaxis. BMJ Case Rep. 2019;12(2):e228173. doi: 10.1136/
bcr-2018-228173.

G. Liccardi, M. Milanese, M. B. Bilò, et al.

4. Yang D, Pearson D, Smith D. A rare case of a diverticular perforation associated with colo-urachal fistula presenting as anaphylaxis. Ann R Coll Surg Engl. 2020;102(3):e51-e53. doi: 10.1308/
rcsann.2019.0143.
5. Earley A, Watkins T, Forde N. Massive subcutaneous emphysema
mimicking anaphylaxis - pathological and radiological correlations. Forensic Sci Med Pathol. 2019;15(4):603-6. doi: 10.1007/
s12024-019-00139-w.
6. Liccardi G, Calzetta L, Salzillo A, Puxeddu E, Rogliani P. Relationship between oxytocin/vasopressin and latex in obstetric surgery: how to recognize (and prevent) allergic reactions and differentiate them from side effects? J Allergy Clin Immunol Pract.
2017;5(3):873. doi: 10.1016/j.jaip.2016.10.023.
7. Cavkaytar Ö, Soyer Ö, Şekerel BE. A rare cause of aeroallergen-induced anaphylaxis: horse allergy. Turk J Pediatr. 2014;56(4):437-9.
Available at: https://pubmed.ncbi.nlm.nih.gov/25818967/.
8. Tang R, Li H. Anaphylaxis induced by inhaling guinea pig allergen. Chin Med J (Engl). 2020;134(2):239-40. doi: 10.1097/
CM9.0000000000000971.
9. Haluk Akar H, Akif Goktas M, Tahan F. Grass pollen triggered anaphylaxis in an adolescent boy. Eur Ann Allergy Clin Immunol. 2015;47(1):201. Available at: https://pubmed.ncbi.nlm.nih.gov/25599555/.
10. Quirantes Sierra B, Lara Jiménez A, Skodova M. Sensitization to cow’s
milk protein in a dairy worker. Occup Med (Lond). 2017;67(7):57980. doi: 10.1093/occmed/kqx101.
11. Santoro A, Andreozzi L, Ricci G, Mastrorilli C, Caffarelli C. Allergic reactions to cow’s milk proteins in medications in childhood. Acta Biomed. 2019;90(3-S):91-3. doi: 10.23750/abm.
v90i3-S.8169.
12. Merget R, Sander I, Fartasch M, van Kampen V, Röseler S, Merk H,
et al. Occupational generalized urticaria and anaphylaxis after inhalation of cefuroxime in a nurse. Am J Ind Med. 2018;61(3):2616. doi: 10.1002/ajim.22788.
13. Liccardi G, De Falco F, Gilder JA, D’Amato M, D’Amato G. Severe systemic allergic reaction induced by accidental skin contact
with cow milk in a 16-year-old boy. A case report. J Investig Allergol Clin Immunol. 2004;14(2):168-71. Available at: https://
pubmed.ncbi.nlm.nih.gov/15301310/.
14. Foong RX, Turner PJ, Fox AT. Fatal anaphylaxis due to transcutaneous allergen exposure: An exceptional case. J Allergy Clin Immunol Pract. 2020;8(1):332-3. doi: 10.1016/j.jaip.2019.09.023.
15. Porcaro F, Caminiti L, Crisafulli G, Guglielmo F, Pajno GB. Anaphylaxis to cutaneous exposure to bovine colostrum based cream.
Asian Pac J Allergy Immunol. 2019;37(1):9-11. doi: 10.12932/
AP-230717-0120.
16. Liccardi G, D’Amato G, Canonica GW, Salzillo A, Piccolo A, Passalacqua G. Systemic reactions from skin testing: literature review.
J Investig Allergol Clin Immunol. 2006;16(2):75-8. Available at:
https://pubmed.ncbi.nlm.nih.gov/16689179/.
17. Liccardi G, Salzillo A, Spadaro G, Senna G, Canonica WG, D’amato G, et al. Anaphylaxis caused by skin prick testing with aeroallergens: Case report and evaluation of the risk in Italian allergy services. J Allergy Clin Immunol. 2003;111(6):1410-2. doi: 10.1067/
mai.2003.1521.
18. Liccardi G, Salzillo A, D’Amato G. The risk of generalized allergic
reactions to skin prick testing may be higher in poly-sensitized individuals and in those who underwent SPT with fresh foods. Pediatr
Allergy Immunol. 2010;21(4 Pt 1):656-7. doi: 10.1111/j.13993038.2009.00984.x.

Rare anaphylaxis

19. Liccardi G, Calzetta L, Milanese M, Apicella G, Rogliani P. The possible
concomitant use of aeroallergen and food panels for skin prick testing
might enhance the risk of generalized allergic reactions in children. Turk
J Pediatr. 2019;61(5):815-6. doi: 10.24953/turkjped.2019.05.027.
20. Matricardi PM, Kleine-Tebbe J, Hoffmann HJ, Valenta R, Hilger
C, Hofmaier S, et al. EAACI Molecular Allergology User’s Guide.
Pediatr Allergy Immunol. 2016 May;27 Suppl 23:1-250. doi:
10.1111/pai.12563.
21. Huang HJ, Campana R, Akinfenwa O, Curin M, Sarzsinszky
E, Karsonova A, et al. Microarray-Based Allergy Diagnosis: Quo
Vadis? Front Immunol. 2021;11:594978. doi: 10.3389/fimmu.2020.594978.
22. McCall SJ, Kurinczuk JJ, Knight M. Anaphylaxis in Pregnancy in
the United States: Risk Factors and Temporal Trends Using National Routinely Collected Data. J Allergy Clin Immunol Pract.
2019;7(8):2606-2612.e3. doi: 10.1016/j.jaip.2019.04.047.
23. Berenguer A, Couto A, Brites V, Fernandes R. Anaphylaxis in
pregnancy: a rare cause of neonatal mortality. BMJ Case Rep.
2013;2013:bcr2012007055. doi: 10.1136/bcr-2012-007055.
24. Liccardi G, Bilò M, Mauro C, Salzillo A, Piccolo A, D’Amato M, et al. Oxytocin: an unexpected risk for cardiologic and
broncho-obstructive effects, and allergic reactions in susceptible
delivering women. Multidiscip Respir Med. 2013;8(1):67. doi:
10.1186/2049-6958-8-67.
25. Ogata J, Minami K. Synthetic oxytocin and latex allergy. Br J Anaesth. 2007;98(6):845-6. doi: 10.1093/bja/aem113.
26. Liccardi G, Bilò MB, Mauro C, Salzillo A, Piccolo A, D’Amato M,
et al. Oxytocin: a likely underestimated risk for anaphylactic reactions in delivering women sensitized to latex. Ann Allergy Asthma
Immunol. 2013;110(6):465-6. doi: 10.1016/j.anai.2013.03.014.
27. Amrani Y, Syed F, Huang C, Li K, Liu V, Jain D, et al. Expression and activation of the oxytocin receptor in airway smooth
muscle cells: Regulation by TNFalpha and IL-13. Respir Res.
2010;11(1):104. doi: 10.1186/1465-9921-11-104.
28. Villalta D, Martelli P. A case of breastfeeding anaphylaxis. Eur Ann
Allergy Clin Immunol. 2007;39(1):26-7. Available at: https://
pubmed.ncbi.nlm.nih.gov/17375739/.
29. Shawkat E, Hussain N, Myers JE, Gillham J, Helbert M. Breast
milk: friend or foe? BMJ Case Rep. 2011;2011:bcr0120113766.
doi: 10.1136/bcr.01.2011.3766.
30. Pagán JA, Postigo I, Rodríguez-Pacheco JR, Peña M, Guisantes JA,
Martínez J. Bovine serum albumin contained in culture medium
used in artificial insemination is an important anaphylaxis risk
factor. Fertil Steril. 2008;90(5):2013.e17-9. doi: 10.1016/j.fertnstert.2008.05.055.
31. Guida G, Nebiolo F, Heffler E, Bergia R, Rolla G. Anaphylaxis after a horse bite. Allergy. 2005;60(8):1088-9. doi: 10.1111/j.13989995.2005.00837.x.
32. Watson J, Schobitz E, Davis J. Gerbil bite anaphylaxis. Am
J Emerg Med. 2018;36(1):171.e5-171.e6. doi: 10.1016/j.
ajem.2017.10.040.
33. Thewes M, Rakoski J, Ring J. Anaphylactic reaction after a mouse
bite in a 9-year-old girl. Br J Dermatol. 1999;141(1):179. doi:
10.1046/j.1365-2133.1999.02949.x.
34. Stave GM, Lee EH, Darcey DJ. Laboratory Animal Bite Anaphylaxis: A National Survey: Part 1: Case Series and Review of the
Literature. J Occup Environ Med. 2017 Aug;59(8):728-738. doi:
10.1097/JOM.0000000000001005.

105

35. Caglayan-Sozmen S, Santoro A, Cipriani F, Mastrorilli C, Ricci G,
Caffarelli C. Hazardous Medications in Children with Egg, Red
Meat, Gelatin, Fish, and Cow’s Milk Allergy. Medicina (Kaunas).
2019;55(8):501. doi: 10.3390/medicina55080501.
36. Robles J, Motheral L. Hypersensitivity reaction after inhalation of
a lactose-containing dry powder inhaler. J Pediatr Pharmacol Ther.
2014;19(3):206-11. doi: 10.5863/1551-6776-19.3.206.
37. Nowak-Wegrzyn A, Shapiro GG, Beyer K, Bardina L, Sampson HA. Contamination of dry powder inhalers for asthma
with milk proteins containing lactose. J Allergy Clin Immunol.
2004;113(3):558-60. doi: 10.1016/j.jaci.2003.11.015.
38. Porcaro F, Paglietti MG, Diamanti A, Petreschi F, Schiavino A, Negro
V, et al. Anaphylactic shock with methylprednisolone sodium succinate in a child with short bowel syndrome and cow’s milk allergy. Ital
J Pediatr. 2017;43(1):104. doi: 10.1186/s13052-017-0422-4.
39. Kattan JD, Konstantinou GN, Cox AL, Nowak-Węgrzyn A,
Gimenez G, Sampson HA, et al. Anaphylaxis to diphtheria, tetanus, and pertussis vaccines among children with cow’s milk allergy. J Allergy Clin Immunol. 2011;128(1):215-8. doi: 10.1016/j.
jaci.2011.04.046.
40. Martín-Muñoz MF, Fortuni M, Caminoa M, Belver T, Quirce S,
Caballero T. Anaphylactic reaction to probiotics. Cow’s milk and
hen’s egg allergens in probiotic compounds. Pediatr Allergy Immunol. 2012;23(8):778-84. doi: 10.1111/j.1399-3038.2012.01338.x.
41. Lied GA, Lund KB, Storaas T. Intraoperative anaphylaxis to gelatin-based hemostatic agents: a case report. J Asthma Allergy.
2019;12:163-167. doi: 10.2147/JAA.S202784.
42. Miller CK, Mendoza JC, Coop CA. Anaphylaxis to MMR
Vaccine Mediated by IgE Sensitivity to Gelatin. Mil Med.
2020;185(9-10):e1869-e1871. doi: 10.1093/milmed/usaa058.
43. Lin SF, Jiang PL, Tsai JS, Huang YY, Lin SY, Lin JH, et al. Surface assembly of poly(I:C) on polyethyleneimine-modified gelatin
nanoparticles as immunostimulatory carriers for mucosal antigen
delivery. J Biomed Mater Res B Appl Biomater. 2019;107(4):122837. doi: 10.1002/jbm.b.34215.
44. Tew S, Taicher BM. A Dog Is a Doctor’s Best Friend: The Use
of a Service Dog as a Perioperative Assistant. Case Rep Pediatr.
2016;2016:9013520. doi: 10.1155/2016/9013520.
45. Liccardi G, Caminati M, Senna G, Calzetta L, Rogliani P. Anaphylaxis and intimate behaviour. Curr Opin Allergy Clin Immunol.
2017;17(5):350-355. doi: 10.1097/ACI.0000000000000386.
46. Eriksson NE, Möller C, Werner S, Magnusson J, Bengtsson U.
The hazards of kissing when you are food allergic. A survey on the
occurrence of kiss-induced allergic reactions among 1139 patients
with self-reported food hypersensitivity. J Investig Allergol Clin
Immunol. 2003;13(3):149-54. Available at: https://pubmed.ncbi.
nlm.nih.gov/14635463/.
47. Wüthrich B. Oral allergy syndrome to apple after a lover’s kiss.
Allergy. 1997;52(2):235-6. doi: 10.1111/j.1398-9995.1997.
tb00986.x.
48. Mancuso G, Berdondini RM. Oral allergy syndrome from kiwi
fruit after a lover’s kiss. Contact Dermatitis. 2001;45(1):41. doi:
10.1034/j.1600-0536.2001.045001041.x.
49. Liccardi G, D’Amato G. Drugs may also induce allergic reactions
in sensitized individuals through passionate kissing. J Allergy Clin
Immunol. 2007;119(3):756; author reply 756-7. doi: 10.1016/j.
jaci.2006.12.652.

106

50. Liccardi G, Gilder J, D’Amato M, D’Amato G. Drug allergy transmitted by passionate kissing. Lancet. 2002;359(9318):1700. doi:
10.1016/s0140-6736(02)08580-x.
51. Bansal AS, Chee R, Nagendran V, Warner A, Hayman G. Dangerous liaison: sexually transmitted allergic reaction to Brazil nuts. J
Investig Allergol Clin Immunol. 2007;17(3):189-91. Available at:
https://pubmed.ncbi.nlm.nih.gov/17583107/.
52. Gómez Caballero N, Almenara S, Tévar Terol A, Horga de la Parte JF.
Anaphylaxis probably induced by transfer of amoxicillin via oral sex.
BMJ Case Rep. 2019;12(3):e227398. doi: 10.1136/bcr-2018-227398.
53. Martí-Garrido J, López-Salgueiro R, Bartolomé-Zavala B, Perales-Chordá C, de Rojas DH. Anaphylaxis after anal intercourse
with tolerance by vaginal route. Ann Allergy Asthma Immunol.
2019;122(3):346-7. doi: 10.1016/j.anai.2018.10.006.
54. Ghosh D, Bernstein JA. Systemic and localized seminal plasma
hypersensitivity patients exhibit divergent immunologic characteristics. J Allergy Clin Immunol. 2014;134(4):969-2.e3. doi:
10.1016/j.jaci.2014.05.016.
55. Villalta D, Milanese M, Da Re M, Sabatino G, Sforza M, Calzetta
L, et al. Frequency of allergic sensitization to Can f 5 in North East
Italy. An analysis of 1403 ISACs 112 (Component Resolved Diagnosis) collected retrospectively. Eur Ann Allergy Clin Immunol.
2019;51(4):186-9. doi: 10.23822/EurAnnACI.1764-1489.89.
56. Liccardi G, Calzetta L, Bilò MB, Brusca I, Cecchi L, Costantino
MT, Da Re M, et al. A prevalent exposure to male dog is a risk
factor for exclusive allergic sensitization to Can f 5: An Italian multicenter study. J Allergy Clin Immunol Pract 2020;8(7):2399-401.
doi: 10.1016/j.jaip.2020.02.041
57. Liccardi G, Calzetta L, Salzillo A, Apicella G, Piccolo A, Di Maro
E, Rogliani P. Dog allergy: can a prevalent or exclusive sensitization
to Can f 5 be considered a lucky or negative event in real life? Eur
Ann Allergy Clin Immunol. 2018;50(6):283-5. doi: 10.23822/EurAnnACI.1764-1489.41.
58. Heffner KL, Kiecolt-Glaser JK, Glaser R, Malarkey WB, Marshall
GD. Stress and anxiety effects on positive skin test responses in
young adults with allergic rhinitis. Ann Allergy Asthma Immunol.
2014;113(1):13-8. doi: 10.1016/j.anai.2014.03.008.
59. Lu Y, Ho R, Lim TK, Kuan WS, Goh DYT, Mahadevan M, et
al. Neuropeptide Y may mediate psychological stress and enhance
TH2 inflammatory response in asthma. J Allergy Clin Immunol.
2015;135(4):1061-1063.e4. doi: 10.1016/j.jaci.2014.10.036.
60. Gupta K, Harvima IT. Mast cell-neural interactions contribute to pain
and itch. Immunol Rev. 2018;282(1):168-187. doi: 10.1111/imr.12622.
61. Theoharides TC, Singh LK, Boucher W, Pang X, Letourneau R,
Webster E, et al. Corticotropin-releasing hormone induces skin
mast cell degranulation and increased vascular permeability, a possible explanation for its proinflammatory effects. Endocrinology.
1998;139(1):403-13. doi: 10.1210/endo.139.1.5660.
62. Asadi S, Theoharides TC. Corticotropin-releasing hormone and extracellular mitochondria augment IgE-stimulated human mast-cell vascular endothelial growth factor release, which is inhibited by luteolin.
J Neuroinflammation. 2012;9:85. doi: 10.1186/1742-2094-9-85.

G. Liccardi, M. Milanese, M. B. Bilò, et al.

63. Alevizos M, Karagkouni A, Kontou-Fili K, Theoharides TC.
A probable case report of stress-induced anaphylaxis. Ann Allergy Asthma Immunol. 2014;112(4):383-4. doi: 10.1016/j.
anai.2013.07.018.
64. Larenas-Linnemann DE, Costa-Domínguez MDC, Creticos
PS. Acute emotional stress proposed as a risk factor for anaphylaxis in patients receiving allergen immunotherapy. Ann Allergy Asthma Immunol. 2020;124(4):314-317. doi: 10.1016/j.
anai.2020.01.006.
65. Baiardini I, Gaeta F, Molinengo G, Braido F, Canonica GW, Romano A. Quality-of-life issues in survivors to anaphylactic reactions to drugs. Allergy. 2015;70(7):877-9. doi: 10.1111/all.12610.
66. Lee Y, Chang HY, Kim SH, Yang MS, Koh YI, Kang HR, et al. A
Prospective Observation of Psychological Distress in Patients With
Anaphylaxis. Allergy Asthma Immunol Res. 2020;12(3):496-506.
doi: 10.4168/aair.2020.12.3.496.
67. Jakubovic BD, Saperia C, Sussman GL. Anaphylaxis following a transvaginal ultrasound. Allergy Asthma Clin Immunol.
2016;12:3. doi: 10.1186/s13223-015-0106-9.
68. Chiewchalermsri C, Sompornrattanaphan M, Wongsa C, Thongngarm
T. Chlorhexidine Allergy: Current Challenges and Future Prospects. J
Asthma Allergy. 2020;13:127-133. doi: 10.2147/JAA.S207980.
69. Afonso N, Shetgaonkar P, Dang A, Rataboli PV. Cetirizine-induced anaphylaxis: a rare adverse drug reaction. Br J Clin Pharmacol. 2009;67(5):577-8. doi: 10.1111/j.1365-2125.2009.03394.x.
70. Lee SH, Lee Y, Woo SD, Doo KE, Ha CY, Lee YH, et al. Chlorpheniramine-induced anaphylaxis: Two case reports and a retrospective review of pharmacovigilance database. Medicine (Baltimore).
2019;98(50):e18369. doi: 10.1097/MD.0000000000018369.
71. McNeil MM, Weintraub ES, Duffy J, Sukumaran L, Jacobsen SJ,
Klein NP, et al. Risk of anaphylaxis after vaccination in children
and adults. J Allergy Clin Immunol. 2016;137(3):868-78. doi:
10.1016/j.jaci.2015.07.048.
72. CDC COVID-19 Response Team; Food and Drug Administration. Allergic Reactions Including Anaphylaxis After Receipt of
the First Dose of Pfizer-BioNTech COVID-19 Vaccine - United
States, December 14-23, 2020. MMWR Morb Mortal Wkly Rep.
2021;70(2):46-51. doi: 10.15585/mmwr.mm7002e1.
73. CDC COVID-19 Response Team; Food and Drug Administration. Allergic Reactions Including Anaphylaxis After Receipt of the
First Dose of Moderna COVID-19 Vaccine - United States, December 21, 2020-January 10, 2021. MMWR Morb Mortal Wkly
Rep. 2021;70(4):125-9. doi: 10.15585/mmwr.mm7004e1.
74. Garvey LH, Nasser S. Anaphylaxis to the first COVID-19 vaccine: is polyethylene glycol (PEG) the culprit? Br J Anaesth.
2021;126(3):e106-e108. doi: 10.1016/j.bja.2020.12.020.
75. Caballero ML, Quirce S. Excipients as Potential Agents of Anaphylaxis in Vaccines: Analyzing the Formulations of Currently Authorized COVID-19 Vaccines. J Investig Allergol Clin Immunol.
2021;31(1):92-3. doi: 10.18176/jiaci.0667.
76. Sellaturay P, Nasser S, Ewan P. Polyethylene Glycol-Induced Systemic Allergic Reactions (Anaphylaxis). J Allergy Clin Immunol
Pract. 2021 Feb;9(2):670-5. doi: 10.1016/j.jaip.2020.09.029.

