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Abstract: 46 

Background: Global passenger demand for air travel has increased by over 7% annually 47 

since 2006, with a strong recovery following the COVID-19 pandemic. Prior to COVID-19, 48 

individuals with food allergies reported significant concern and anxiety over the risk of 49 

reactions when travelling by air. However, published data of in-flight medical events (IMEs) 50 

due to allergic reactions are limited. 51 

Objective: To undertake a systematic review with meta-analysis to estimate the incidence of 52 

in-flight medical emergencies (IMEs) due to allergic reactions on commercial flights. 53 

Methods: We searched MEDLINE, Embase, PsycINFO, TRANSPORT databases and the 54 

Cochrane Register of Controlled Trials for relevant studies reporting IMEs of allergic 55 

etiology, published since 1980. Data were extracted in duplicate for meta‐analysis, and risk 56 

of bias assessed. Study registration: PROSPERO CRD42022384341. 57 

Results: 17 studies met the inclusion criteria. At meta-analysis, a pooled estimate of 2.2% 58 

(95%CI 1.6%-3.1%) of IMEs are coded as being due to allergic reactions. This may be higher 59 

in children (3.1%, 95%CI 1.5%-6.7%). The incidence of allergic IMEs at meta-analysis was 0.7 60 

events per million passengers (95%CI 0.4 to 1.1). Reassuringly, the rate of allergic IMEs has 61 

been stable over the past 30 years, despite increasing passenger numbers and food allergy 62 

prevalence. 63 

Conclusion: Allergic reactions coded as IMEs during commercial air travel are uncommon, 64 

occurring at an incidence around 10-100 times lower than that reported for accidental 65 

allergic reactions to food occurring in the community. Despite increasing passenger 66 

numbers and food allergy prevalence, the rate of allergic IMEs has not changed over the 67 

past 3 decades. 68 

 69 

Keywords: allergic reaction; anaphylaxis; epinephrine; food; in-flight medical event. 70 

 71 

Abbreviations: 72 

CI Confidence Interval 73 

IME In-flight medical event 74 
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HIGHLIGHTS 76 

1. What is already known about this topic? 77 

Global demand for commercial air travel has increased by over 7% annually since 2006, 78 

along with prevalence of food allergy. However, data relating to the reported rates of in-79 

flight medical events (IMEs) due to allergic reactions are limited.  80 

 81 

2. What does this article add to our knowledge? 82 

We undertook a systematic review and meta-analysis, which found that around 2-3% of 83 

IMEs are due to allergic reactions, equivalent to an incidence of around 0.7 reactions per 84 

million passengers.  85 

 86 

3. How does this study impact current management guidelines? 87 

Allergic reactions coded as IMEs during commercial air travel are uncommon, occurring at 88 

an incidence around 10-100 times lower than that reported for reactions in the community. 89 

This incidence has been stable over the past 30 years, despite a significant increase in 90 

passenger numbers and food allergy prevalence.  91 

  92 
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INTRODUCTION 93 

There is a perception amongst many individuals with food allergies that the risks of 94 

accidental allergic reactions are increased when travelling on commercial aircraft.1-3 A 95 

particular concern is whether there is potential for allergic reactions occurring due to 96 

inhalation of airborne particles of food allergens, particularly with respect to peanut and 97 

tree nut allergy.2-5 A further problem is that airline policies with respect to food-allergic 98 

individuals are not always readily available,6,7 and there can be significant differences in 99 

terms of policy specifics between air carriers, as well as how these policies might be 100 

implemented by cabin crew and ground staff.1-3,8 101 

 102 

Global passenger demand for commercial air travel has increased by over 7% annually since 103 

2006, and is now recovering to pre-COVID levels following the very significant impact of the 104 

COVID-19 pandemic.9 The increase in passenger numbers has been associated with an 105 

increase in the number of in-flight medical events reported by airlines and ground-based 106 

medical services (GBMS).10 However, published data relating to the reported rates of in-107 

flight medical events (IMEs) due to allergic reactions are limited. We therefore undertook a 108 

systematic review and meta-analysis to estimate the incidence of in-flight medical 109 

emergencies (IMEs) due to allergic reactions on commercial flights, and evaluate for any 110 

trends in incidence over time. 111 
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METHODS 113 

This systematic review was registered at inception with PROSPERO (CRD42022384341) and 114 

the study is reported in accordance with PRISMA Statement 2009 and MOOSE 115 

recommendations.11,12 116 

 117 

Search Strategy and Eligibility Criteria 118 

We searched MEDLINE, Embase, PsycINFO, TRANSPORT databases and the Cochrane 119 

Register of Controlled Trials, from 1 January 1980 and 31 December 2022. The search 120 

strategy can be found in the online supplement. We included all primary research reporting 121 

either the proportion of IMEs due to “allergy” or the estimated incidence (events per person 122 

years) of unintended IgE-mediated food-induced allergic reactions while travelling on 123 

commercial aircraft.  We also reviewed reference lists of included studies and review articles 124 

to identify other relevant studies. There were no language restrictions. Abstracts were 125 

independently screened by at least two authors to identify relevant studies. We included 126 

only published, peer-reviewed full papers or research letters, and excluded conference 127 

abstracts. Where repeated reports of the same study were identified, we included the most 128 

up-to-date or detailed report. All studies were assessed for risk of bias by two independent 129 

authors, using the approach of Hoy et al.13 Studies deemed at high risk of bias were 130 

excluded. Data were extracted in duplicate (AB, JM, JL) and any discrepancies identified 131 

were resolved by discussion and consensus with a third reviewer (PJT). Authors were 132 

contacted for clarifications, where needed. 133 

 134 

Data Analysis and Statistical Methods 135 

Meta-analysis was performed using Meta Package, R project, version 4.0.3a (random-effects 136 

model, REML). Study heterogeneity was assessed using the I2 statistic. Tests for small study 137 

effects were performed using Funnel plots to assess asymmetry.  138 
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RESULTS 140 

The PRISMA diagram for this systematic review is shown in Figure 1. 17 studies were eligible 141 

for inclusion (Table 1).10,14-29 All studies were assessed as being at low-moderate risk of bias 142 

(Table E1), and there was no evidence of publication bias (Figure E1). 143 

 144 

At meta-analysis, a pooled estimate of 2.2% (95%CI 1.6%-3.1%) of IMEs were coded as due 145 

to allergic reactions (Figure 2A). Limiting the analysis to those studies reporting data in 146 

children, the rate of IMEs due to allergic reactions was 3.1% (95%CI 1.5%-6.7%) (Figure E2). 147 

Most studies reported IMEs across a range of ages (both children and adults), thus these 148 

data should be interpreted accordingly. Analyzing studies where data relating to the number 149 

of flights taken (revenue passengers) was also available, the rate of IMEs due to allergic 150 

reactions was 0.66 (95%CI 0.38-1.14)) per million passengers (Figure 2B). 151 

 152 

We then assessed whether the rate of IMEs due to allergic reactions had changed over time. 153 

There was no evidence that either the absolute number or proportion of IMEs due to 154 

allergic reactions had increased over the past two decades, despite a documented increase 155 

in passenger numbers (Figure 3). 156 

 157 

Finally, we determined how the incidence of IMEs due to allergic reactions compared to the 158 

estimated incidences of food anaphylaxis incidents in food-allergic people in general, using 159 

data from a previously published systematic review and meta-analysis.30 Incidence of 160 

comparator risks using US data were also included, as previously described.31 In estimating 161 

the annual incidence of IMEs due to food allergy, we made the following assumptions: 162 

i. One flight per day per passenger 163 

ii. A population average of 4.2 flights per person per annum,32 and a rate of 52 flights 164 

per year for “frequent flyers” 165 

iii. Food-allergic passengers fly at the same frequency as those without food allergies. 166 

iv. Food allergy related IMEs are only reported around 50% of the time,3,8 thus the true 167 

incidence of food-induced allergic reactions on board commercial aircraft will be 168 

double that reported in the literature, and thus estimated rates at meta-analysis 169 

must be doubled. 170 
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On this basis, we estimated that the annual incidence of a food-induced allergic reaction is 171 

2.7 (95%CI 1.6-4.8) per 10,000 person-years, equivalent to 1 reaction per 3600 food-allergic 172 

passengers travelling in any one-year period. In food-allergic individuals who fly once per 173 

week, this increases to 34 (95%CI 20-59) per 10,000 person-years (Figure 4). 174 

 175 

DISCUSSION 176 

In this systematic review, we estimated at meta-analysis that the incidence of in-flight 177 

allergic reactions was 0.66 (95%CI 0.38-1.14) events per million passengers. This is similar to 178 

the estimated incidence of 0.64 (95%CI 0-1.74) events per million passengers reported by 179 

Borges do Nascimento et al, who undertook a broader meta-analysis of the incidence of all 180 

IMEs (irrespective of etiology) but included a sub-analysis of 8 studies reporting allergic 181 

IMEs.33 This means that in a food-allergic person flying at a frequency equivalent to the 182 

population average, the incidence of an unintended allergic reaction while on a commercial 183 

flight is around 100 times less than that for self-reported anaphylaxis when “on the ground”, 184 

and 10 times less frequent than that for medically-coded anaphylaxis. Reassuringly, this risk 185 

seems to be stable over the past 30 years, despite an increase in passenger numbers and 186 

increasing prevalence of food allergy. However, this needs to be interpreted in the context 187 

of the vast majority of food-allergic individuals taking a number of significant precautions 188 

when travelling, ranging from avoiding flying in the first place, to wiping down their seat 189 

area and bringing their own food to consume during the flight.3,8 190 

 191 

There has been significant growth in growth in low-cost short haul routes over the past two 192 

decades, where complementary food/snacks are no longer provided. At the same time, 193 

many airlines have stopped serving peanuts as in-flight snacks. It is therefore interesting to 194 

note that despite this, the rate of IMEs due to allergy had not significantly changed over 195 

time, (although we could not assess changes in the frequency at which some passengers 196 

purchase nut-based snacks prior to flying, to consume in-flight). We were also unable to 197 

obtain data relating to whether the allergic IMEs might have occurred as a result of 198 

consumption of a food product provided by the airline or brought along by the passenger 199 

themselves. At least one prospective survey has identified that a significant proportion of in-200 

flight allergic reactions occur due to consumption of food brought along by allergic 201 
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individuals themselves as a “safe” alternative, either purchased in the airport or made at 202 

home.34 This highlights the risk of human error in preparing for travel. 203 

 204 

Ideally, our analysis would have analyzed the rate of IMEs, normalized according to flight 205 

duration (and also whether flights were domestic or international), but most studies 206 

included in this analysis did not provide these data. This may explain the high rate of 207 

heterogeneity as determined by the I2 statistic at meta-analysis. We did perform a 208 

sensitivity analysis which demonstrated a high level of heterogeneity irrespective of the 209 

data source (GBMS database versus airline records). Similarly, the studies did not, in 210 

general, report the assumed cause of the reported IME (trigger allergen, route of exposure) 211 

nor whether epinephrine was used to treat the reaction. In a retrospective analysis of a 212 

GBMS database (2017-2019), Kodoth et al reported an incidence for allergic IMEs of 0.91 213 

cases per million passengers, while the incidence of allergic IMEs for which epinephrine was 214 

recommended by the GBMS was 0.08 (interquartile range 0.02-0.16) cases per million 215 

passengers.29 The authors concluded that IMEs requiring epinephrine treatment are rare, 216 

equivalent to a rate of 1 event per 12.5 million passengers. Thus, it is likely that the rate of 217 

anaphylaxis as an IME is much less common than the reported incidence of allergic IMEs 218 

reported in the current analysis. 219 

 220 

In summary, we found that the rate of in-flight medical events due to food-induced allergic 221 

reactions is low: for a typical food-allergic passenger, the risk of an accidental reaction is 1 222 

reaction per 3600 food-allergic passengers travelling on board an aircraft in any one year 223 

period. This is 10-100 times lower than the equivalent incidence in food-allergic individuals 224 

when not travelling. This needs to be interpreted in the context of the majority of food-225 

allergic passengers taking precautions when travelling on aircraft, which is likely to reduce 226 

the risk of their having an in-flight allergic reaction. 227 

 228 
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TABLES 340 

Study 
Data 

source 
Location 

Study 
period 

No. of 
revenue 

passengers 

Number of IMEs 
Incidence of IMEs 

 due to allergy Risk of 
Bias 

Overall Allergy 
% 

overall 
per million 
passengers 

Donaldson 
199614 

Airline 
records 

Australia 1993 4 million 454 5 1.1% 1.25 Low 

DeJohn 
200015 

Ground-to-
air provider 

USA 
1996-
1997 

N/A 1132 27 2.4% – Low 

Szmajer 
200116 

Ground-to-
air provider 

France 
1989-
1999 

70 million 374 9 2.4% 0.13 Low 

Sirven 
200217 

Ground-to-
air provider 

USA 
1995-
2000 

312.1 million 2,042 71 3.5% 0.23 Moderate 

Delaune 
200318 

Airline 
records 

Unknown 
1999-
2000 

100.8 million 2,279 63 2.8% 0.62 Low 

Moore 
200519 

Ground-to-
air provider 

USA 
1995-
2002 

N/A 165 15 9.1% – Moderate 

Baltsezak 
200820 

Ground-to-
air provider 

China 2006 N/A 191 7 3.7% – Moderate 

Sand 
200921 

Airline 
records 

Europe 
2002-
2007 

N/A 10,189 222 2.2% – Moderate 

Mahony 
201122 

Airline 
records 

Oceania 
1996-
2004 

71.4 million 11,326 257 2.3% 3.60 Low 

Peterson 
201323 

Ground-to-
air provider 

Global 
2008-
2010 

744 million 11,920 265 2.2% 0.36 Low 

Kesapli 
201524 

Airline 
records 

Eurasia 
2011-
2013 

10.1 million 1,312 10 0.76% 0.99 Low 

Kim 
201725 

Airline 
records 

Asia 
2009-
2013 

115 million 2,818 132 4.7% 1.15 Low 

Alves 
201926 

Ground-to-
air provider 

Global 
2009-
2013 

N/A 114,222 1052 0.92% – Low 

Pauline 
202027 

Airline 
records 

Europe 2017 N/A 581 5 0.86% – Moderate 

Rotta 
202028 

Ground-to-
air medical 

Global 
2015-
2016 

N/A 11,719 647 5.5% – Low 

Ceyhan 
202110 

Airline 
records 

Unknown 
2018-
2020 

177.4 million 19,313 138 0.71% 0.78 Low 

Kodoth 
202229 

Ground-to-
air provider 

Global 
2017-
2019 

6313 million 140,579 4230 3.0% 0.67 Low 
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Table 1: Summary of included studies. Full risk of bias evaluation is shown in Table E1.  342 
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FIGURE LEGENDS 343 

 344 

Figure 1: PRISMA Flow Diagram 345 

 346 

 347 

Figure 2: Forest plots for (A) the proportion of IMEs coded as being due to allergic reactions 348 

and (B) and incidence of IMEs due to allergic reaction per million passengers. 349 

 350 

 351 

Figure 3: Time trends for in-flight medical events (IMEs) due to allergic causes over the last 3 352 

decades, by study period. 353 

 354 

 355 

Figure 4: Estimated rates of food-induced allergic reactions in people with known food 356 

allergy during commercial flights, assuming a 2% prevalence of food allergy. Comparison is 357 

made to equivalent rates reported in food-allergic individual when not flying, together with 358 

reference risks (US population, unless otherwise stated). Data are shown as 95% confidence 359 

intervals for risk of food-induced allergic reaction, derived from the systematic review of 360 

Umasunthar et al.30 361 
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Table E1: Risk of bias for included studies describing the incidence of in-flight medical events 
due to allergy, evaluated using the approach of Hoy et al.13 
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AS

 

Donaldson 
199614 

Low Low Low Low Low Unclear Low Low Low Low Low 

DeJohn 
200015 

Low Low Low Low Low Low Low Low Low Low Low 

Szmajer 
200116 

Low Low Low Low Low Unclear Low Low Low Low Low 

Sirven 
200217 

Low Low Low Low Low Unclear Unclear Low Low Low Moderate 

Delaune 
200318 

Low Low Low Low Low Unclear Low Low Low Low Low 

Moore 
200519 

Low low Unclear Low Low Unclear Low Low Low Low Moderate 

Baltsezak 
200820 

Low Low Low Low Low Unclear Unclear Unclear Low Low Moderate 

Sand 
200921 

Low Low Unclear Moderate Low Unclear Unclear Unclear Low Low Moderate 

Mahony 
201122 

Low Low Low Low Low Low Low Unclear Low Low Low 

Peterson 
201323 

Low Low Low Low Low Low Low Low Low Low Low 

Kesapli 
201524 

Low Low Low Low Low Unclear Unclear Low Low Low Low 

Kim 
201725 

Low Low Low Low Low Low Low Low Low Low Low 

Alves 
201926 

Low Low Low Low Low Low Low Low Low Low Low 

Pauline 
202027 

Low Low Low Low Low Unclear Unclear Low Low Low Moderate 

Rotta 
202028 

Low Low Low Low Low Low Low Low Low Low Low 

Ceyhan 
202110 

Low Low Low Unclear Low Low Low Low Low Low Low 

Kodoth 
202229 

Low Low Low Low Low Low Unclear Low Low Low Low 
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n Additional records 

identified through 
other sources

(n = 29)

Records after duplicates removed
(n = 1362)

Records screened
(n = 1362) Records excluded (n = 1281)

Full-text articles assessed 
for eligibility

(n = 141)

Full-text articles excluded (n = 124)
• Conference abstract only (n = 2)
• Duplication of published data (n = 3)
• Not primary research (n=5)
• No relevant data (n = 114)

Studies evaluated 
for risk of bias

(n = 17)

Records identified 
through
Embase 

(n = 1333)

Excluded due to high risk of bias (n = 0)

Studies included
(n = 17)
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