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 Executive summary  

1.1 Purpose  

This rapid evidence synthesis reviews the evidence on the potential for transmission of avian influenza 

virus (AIV) to humans associated with handling, preparing, and/or consuming contaminated meat, 

organs, eggs, milk, and other dairy products.  

 

1.2 Research question  

What is the risk to humans associated with handling, preparing and/or consuming foods, including meat, 

organs, eggs, milk, and other dairy products, from animals infected with AIV? 

 

1.3 Approach  
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Study selection and data extraction: After calibration, abstract and full-text reviews were conducted by 

two independent reviewers in duplicate. Data were extracted by single reviewers and checked for 

accuracy by a second reviewer. All disagreements were resolved through discussion and consensus.  

Critical appraisal: Due to the study designs (case studies and laboratory-based studies), no critical 

appraisal was done.  

 

1.4 Summary of findings  

Twenty-five1 studies met the inclusion criteria and were included in the final synthesis. Five studies 

reported on human outcomes after ingestion or exposure to food contaminated with AIV, nine studies 

reported on testing food product samples that were naturally contaminated with AIV, while twelve 

studies reported on outcomes on experimentally contaminated AIV food samples.  

 

1.4.1 Findings  

• There are no studies where index human AIV infection can be conclusively linked to ingestion or 

consumption. In all studies, the index cases that were assumed to have consumed contaminated 

food were also exposed to sick live birds (n=3). The possibility of secondary human-to-human 

transmission of AIV was reported in 3 studies. Two studies reported no cases in close contact 

with the index case. The third study identified other cases that were likely unrelated 

epidemiologically to the index case but noted that limited transmission between humans in 

close quarters without personal protective equipment could not be ruled out. 

 

• AIV was detected in raw poultry meat, eggs, unpasteurized milk, and tissue samples from 

affected cows, indicating that AIV is in raw food sources (n=8). Three studies indicate that 

unpasteurized cow milk (n=2) and raw chicken (n=1) were contaminated with AIV and might 

have potentially transmitted the infection when consumed by other mammals.  

 

• Retail samples of pasteurized milk appear to be safe for consumption, with no infectious virus 

detected in any tested samples (n=1). Further in experimental studies, pasteurization effectively 

 

1 One study reported outcomes on both natural and experimental contamination. 
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inactivated AIV in cow milk (n=6). In addition, cooking to recommended target endpoint 

temperatures effectively inactivated AIV in contaminated ground beef (n=1).   
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 Background and Rationale 

Highly pathogenic avian influenza (HPAI) A(H5N1) is a viral infection that primarily infects birds, affecting 

both wild birds and domestic poultry 4. The virus can lead to severe illness in most birds and spreads 

rapidly among susceptible avian species, often resulting in high mortality rates 4. Although most 

influenza viruses found in birds do not transmit to humans, certain strains such as the currently 

circulating A(H5N1), can infect susceptible mammals, including humans, thereby posing a potentially 

significant public health risk 4. The A(H5N1) clade 2.3.4.4b virus, which emerged in 2020, has spread 

globally, resulting in widespread bird fatalities 4. It was first detected in Canada in December 2021 and 

has since been found in various mammalian species, likely due to contact with infected wild birds 4. 

 

The ongoing global outbreaks of avian influenza, particularly the recent emergence of avian influenza 

A(H5N1) in dairy cattle in the United States, have raised significant public health concerns. With four 

human cases linked to the dairy cattle outbreaks in the United States, and the potential for the virus to 

spread to Canada, there is an urgent need to understand the potential for foodborne transmission of 

avian influenza virus (AIV) to humans.  

 

3.1 Purpose Statement 

This review aims to synthesize the current evidence on the potential for transmission of AIV to humans 

associated with handling, preparing, and/or consuming contaminated meat, organs, eggs, milk, and 

other dairy products.  

 



 

10    
Potential for Transmission of Avian Influenza Virus to Humans Associated with Handling, Preparing, and Consuming 

Contaminated Meat, Organs, Eggs, Milk, and Other Dairy Products from Infected Animals: A Rapid Evidence 
Synthesis.  

 

 Research Question and Objective 

4.1 Primary Question 

i. What is the risk to humans associated with handling, preparing and/or consuming foods, 

including meat, organs, eggs, milk, and other dairy products, from animals infected with avian 

influenza viruses (AIV)? 
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 Methods  

The design and eligibility criteria for the systematic review were based on 
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5.2 Study Selection  

A calibration exercise was conducted by four independent reviewers on samples of 100 retrieved 

abstracts. After >95% agreement was reached among reviewers, three independent reviewers screened 

the remaining abstracts in duplicate. Abstracts proceeded to full-text review if they met the following 

inclusion criteria: reported on AIV contaminated food
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 Results 

Summary of findings 

Twenty-five studies were included in the final dataset. One of the studies reported outcomes on both 

natural and experimental infections. 

Human outcomes (n=5)  

Five studies reported on human outcomes after consuming or exposure to AIV-contaminated foods. 

In two of the studies, no confirmed human infection was reported while confirmed human infections 

were reported in three studies. However, in the studies that reported a confirmed human infection, in 

addition to consuming and/or exposure to poultry meat, the index cases were also exposed to sick 

live birds; the source of the human infection could not be confirmed. Furthermore, in two out of the 

three cases that reported a confirmed infection, no close contacts of the index patients developed 

symptoms or tested positive for AIV. One study, however, reported limited human-to-human 

transmission. The cases were unlikely linked epidemiologically but transmission within family clusters 
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The database and grey literature searches yielded 1,916 unique citations, 1,875 of which were excluded 

after abstract review. Fifty-four studies proceeded to full-text review. After excluding 31 studies at the 

full-text review stage, 25 studies met the inclusion criteria and were included in the final synthesis, 

Figure 1. Six studies that did not meet inclusion criteria were flagged as relevant and are discussed in the 

ongoing studies and other relevant literature sections. 

 

Figure 1: PRISMA Flow Chart of Study Selection  

 

Records after duplicates removed  
n=1,916 

  

Records screened  
n=1,916 

  

Records excluded 
n=1,875 

Records identified from: 
Ovid MEDLINE (n=1,157) 
Web of Science (n=759) 

CAB Abs (n=505) 
EMBASE (n=259) 
CINHAL (n=187) 

 
Total: n=2,867 

  

Full-text studies assessed for 
eligibility 

n= 56 

 

Included studies  

n=25 

 

Records identified through grey literature 
searches: 

  
n=62 

Studies added after bibliographic 
and hand searches 

n= 15 

Full text articles excluded (n=31): 
 
Not AIV contaminated food (n=14) 
No outcomes of interest (n=8) 
Not AIV-contaminated food 
exposure (n=3) 
Not 
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6.2 Studies that report human outcomes 

Five studies reported on human outcomes after consuming or exposure to AIV-contaminated foods, 

Table 2. Three out of the five studies reported on outcomes after ingesting infected poultry 31-33. The 

first study concluded that there was no confirmed human infection after ingesting infected birds 31. The 

other two studies reported on confirmed human infections; however, in the first study, the index case 

visited a live poultry market and observed the slaughtering process before he prepared and ate the 

chicken 32, while in the second study, 
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analyses, and 
conducting 
pathogenicity 
experiments in chickens 
and ducks. 

control, including 
detection and culling of 
infected poultry and meat 
products 

Shibata 39 
2019 
Japan 
Laboratory 

To isolate, identify, 
and characterize a 
new reassortant 
A(H7N3) HPAI from 
contaminated duck 
meat, analyze its 
genetic properties 
and its relationship 
with other AIVs. 

Virus: A(H7N3), 
A/duck/Japan/AQ-
HE30-1/2018 (Dk/HE30-
1) 
Sample: One duck meat 
product 
Investigation:
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premises were fed with 
raw milk from affected 
cows. 

Caserta 43 
2024 
USA 
9 Dairy 
farms/laboratory  

Report spillover of 
HPAI A(H5N1) virus in 
dairy cattle herds 
across several states 
in the US 

Virus: HPAI-A(H5N1)  
Sample: Milk samples 
(n=192) and lung, small 
intestine, 
supramammary lymph 
nodes and mammary 
gland tissues from 
three affected cows. 
Investigation: Cows 
from investigated farms 
showed signs of 
sickness (decreased 
feed intake, decreased 
[( )] T 230.8359 Tf
1 0 7455.15 11(ea)n
BTG
[(thr)-12(ee)T 230.8359 Tf
1 0 7455.15 



 

24    
Potential for Transmission of Avian Influenza Virus to Humans Associated with Handling, Preparing, and Consuming 

Contaminated Meat, Organs, Eggs, Milk, and Other Dairy Products from Infected Animals: A Rapid Evidence 
Synthesis.  

 

processing, will 
inactivate the virus. 
 
 

inactivation in 
artificially 
contaminated raw milk 
samples at 72 °C 
(161°F) for 15 s. 
 

AIV: Avian influenza virus, cDNA: complementary DNA, Ct/Cq values: threshold cycle values, EID50: 50 percent Embryo 
Infectious Dose, HPAI: Highly pathogenic avian influenza, IAV: influenza A virus, LPAI: Low pathogenic avian influenza, PCR: 
polymerase chain reaction, qrRT-PCR: Quantitative real-time reverse-transcription PCR, RNA: ribonucleic acid, RT-PCR: 
Real-time reverse transcriptase-polymerase chain reaction, TCID50: 50% tissue-culture infectious dose 

 

 

6.4 Studies that report on experimental contamination and infections  

Twelve studies reported on experimentally infecting and testing animals or food samples with AIV 29,30,44-

53, Table 4. 

 

Six studies focused on pasteurization of cow milk 29,30,45,46,51,52, one study examined the effectiveness of 

cooking ground beef patties at various temperatures to eliminate AIV 50, two studies tested the survival 

of AIV in raw chicken stored at different temperatures 44,48, two studies tested the detection of AIV in 

chicken tissues and eggs post-infection 47,53, and one study tested the detection of AIV in unpasteurized 

milk on milking equipment 49, Table 4. 

 

All six studies that examined the effectiveness of pasteurization in inactivating AIV in cow milk 

concluded that pasteurization conditions effectively inactivated all tested subtypes of AIV, and that 

pasteurized milk products are safe for consumption 30,45,46,51,52,29. In two of the studies however, the 

authors noted that heat treatment at 63°C for up to 30mins may be more effective in inactivating AIV in 

milk samples compared to 72°C for 15 or 20 seconds30,54. In one of the studies, a sample of 

contaminated milk was fed to mice, the mice showed signs of illness and were subsequently euthanized 

45. AIV was found in mice organs suggesting that unpasteurized contaminated milk may pose a risk to 

mammals 45. 

 

One study found that cooking to recommended target endpoint temperatures inactivated AIV from 

ground beef patties and concluded that the risk of humans becoming infected with AIV from a cooked 

beef patty is negligible 50. 
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point had been reached; 
no viable virus was found 
at later time points. 

detectable 
quantity of 
virus to remain 
infectious in 
milk after 15 
seconds at 
72°C if the 
initial titer is 
sufficiently 
high. 

Schafers 51 
2024 
UK 
Laboratory 

To determine if 
standard 
pasteurization 
processes can 
render milk safe 
for a panel of 
different influenza 
viruses, and in 
particular the high 
pathogenicity 
A(H5N1) avian 
influenza virus 

Virus: A(H5N1) HPAI, strain 
A/chicken/Scotland/054477/2021, 
H5N3, H5N2, H1N1 
Sample: Raw milk and processed 
milk. 
Experiment: Influenza A viruses were 
mixed into milk samples 1:10 and 
subjected to pasteurization 
temperatures (low-temperature long 
time at 62.5°C for at least 30 
minutes; and high-temperature short 
time at 72°C for at least 15 seconds) 
to test how quickly inactivation of 
viruses occurred. 

Pasteurisation 
temperatures (63°C for 30 
minutes or 72°C for 15 
seconds) rapidly 
inactivated the infectivity 
of all tested influenza 
viruses, including A(H5N1) 
HPAI. While the viral 
genetic material (RNA) 
could still be detected after 
pasteurisation, the 
infectivity of the virus was 
lost before the minimum 
times required for 
pasteurisation. In 
unpasteurised milk, 
influenza viruses, including 
A(H5N1) HPAI, remained 
infectious. 
Preventative measures: 
Pasteurisation 

Industry-
standard 
pasteurization 
conditions 
should 
effectively 
inactivate 
A(H5N1) HPAI 
in cows’ milk, 
but 
unpasteurized 
milk could 
carry infectious 
influenza 
viruses. 

Spackman29 
2024 
USA 
Laboratory 
 

To determine the 
potential 
quantities of 
infectious HPAI in 
raw milk in 
affected states 
where 
herds were 
confirmed positive 
by USDA for HPAI, 
and to confirm that 
continuous flow 
pasteurization 
using the FDA 
approved 72 °C for 
15s conditions for 
high−temperature 
short time (HTST) 
processing, will 
inactivate the 
virus. 
 

 

Virus: (HPAI) A(H5N1) clade 2.3.4.4b  
Sample: Raw milk bulk tank samples 
(n=275), artificially contaminated 
raw milk samples 
Experiment: Samples were screened 
for influenza A using qrRT‐PCR and 
infectious virus was quantified using 
embryonated chicken eggs. A pilot 
scale continuous flow pasteurizer 
was used to evaluate HPAI 
inactivation in artificially 
contaminated raw milk samples at 
72 °C (161°F) for 15 s. 
 

Among all replicates at two 
flow rates (n = 5 at 0.5 
L/min; n = 4 at 1 L/min), no 
viable virus was detected. 
A mean reduction of ≥5.8 ± 
0.2 log10 EID50/mL 
occurred during the 
heating phase where the 
milk is brought to 72.5 °C 
before the holding tube. 
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demonstrate 
that the US 
milk supply is 
safe when 
pasteurized. 
 

COOKING 

Luchansky 50 
2024 
USA 
Laboratory 

Determine if 
cooking will 
eliminate AIV from 
inoculated ground 
beef 

Virus: LPAI A(H5N1), clade 2.3.4.4c, 
specifically 
A/rgGyrfalconHAxPR8/2014 A(H5N1) 
(referred to as strain rgGYR/14) 
Sample: Supermarket ground beef 
Experiment: Two batches of ground 
beef were inoculated, cooked to 
target endpoint temperatures of 
48.9°C, 62.8°C, or 71.1°C, and 
sampled; two patties from the same 
batch were used as replicates 

Greater inactivation of AIV 
was observed for the 
higher internal 
temperatures; cooking 
inoculated ground beef 
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not merit to be considered) with low uncertainty. The frequency of occurrence for the UK population of 

acquiring AIV from the handling and consuming of duck and geese is very low (very rare but cannot be 

excluded) with medium uncertainty. The f
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 Conclusions  

There are no studies where human infection can be conclusively linked to ingestion or consumption of 

AIV-contaminated food products. In the very few studies that reported human infection, the index case 

that reported consuming food that may have been contaminated with AIV was also exposed to infected 

and symptomatic live birds.  

 

AIV was detected in raw poultry meat, eggs, unpasteurized milk, and tissue samples from affected cows 

indicating that AIV is in raw food sources. Three 
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32   ((egg or eggs or beef? or food? or meat? or meatpack* or meatprocess* or lamb? or milk or milking 
or pork or sheep or slaughter* or veal) adj3 (employee? or force or forces or handler? or labo?r* or 
people or personnel or person? or staff or worker? or workforce?)).tw,kw,kf. (20737) 
33   (hunter? or trapper?).tw,kw,kf. (22971) 
34   Dietary Exposure/ (4388) 
35   Environmental Exposure/ (213145) 
36   Occupational Exposure/ (154398) 
37   Prenatal Exposure Delayed Effects/ (35185) 
38   (contact* or expos*).tw,kw,kf. (4454738) 
39   or/27-38 [HUMAN EXPOSURE] (49358878) 
40   26 and 39 [AVIAN FLU/VIRUS - FOOD - HUMAN EXPOSURE] (3776) 
41   limit 40 to yr="2014-current" [DATE LIMIT APPLIED] (1859) 
42   limit 41 to english (1821) 
43   limit 41 to french (6) 
44   42 or 43 [LANGUAGE LIMITS APPLIED] (1822) 
45   44 use medall [MEDLINE RECORDS] (1137) 
46   exp avian influenza/ (18801) 
47   exp "influenza A(H5N1)"/ (3281) 
48  
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75   ((agricultur* or dairy* or farm*) adj3 (employee? or force or forces or individual? or labo?r* or 
people or personnel or person? or staff or worker? or workforce?)).tw,kw,kf. (21528) 
76   (dairyfarmer? or dairyworker? or farmer? or farmworker?).tw,kw,kf. (71035) 
77   ((egg or eggs or beef? or food? or meat? or meatpack* or meatprocess* or lamb? or milk or milking 
or pork or sheep or slaughter* or veal) adj3 (employee? or force or forces or handler? or labo?r* or 
people or personnel or person? or staff or worker? or workforce?)).tw,kw,kf. (20737) 
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