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Does pasteurization inactivate bird flu virus in milk?
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ABSTRACT

Recently, an outbreak of highly pathogenic avian influenza A (H5N1), which carries the clade 2.3.4.4b hemagglutinin (HA)
gene and has been prevalent among North American bird populations since the winter of 2021, was reported in dairy
cows in the United States. As of 24 May 2024, the virus has affected 63 dairy herds across nine states and has resulted in
two human infections. The virus causes unusual symptoms in dairy cows, including an unexpected drop in milk
production, and thick colostrum-like milk. Notably, The US Food and Drug Administration reported that around 20%
of tested retail milk samples contained H5N1 viruses, with a higher percentage of positive results from regions with
infected cattle herds. Data are scant regarding how effectively pasteurization inactivates the H5N1 virus in milk.
Therefore, in this study, we evaluated the thermal stability of the H5 clade 2.3.4.4b viruses, along with one human
H3N2 virus and other influenza subtype viruses, including H1, H3, H7, H9, and H10 subtype viruses. We also assessed
the effectiveness of pasteurization in inactivating these viruses. We found that the avian H3 virus exhibits the highest
thermal stability, whereas the H5N1 viruses that belong to clade 2.3.4.4b display moderate thermal stability.
Importantly, our data provide direct evidence that the standard pasteurization methods used by dairy companies are
effective in inactivating all tested subtypes of influenza viruses in raw milk. Our findings indicate that thermally

pasteurized milk products do not pose a safety risk to consumers.
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Most recently, in the United States, the list of species
susceptible to H5N1 viruses has expanded to include
goats and cattle, particularly dairy cattle, which were
previously considered resistant to influenza A virus.
The H5N1 outbreak in dairy cattle has now spread to
63 herds in nine states, resulting in two human infec-
tions [1,2]. This expansion of susceptible mammalian
species highlights the pandemic potential of the clade
2.3.44b virus. Notably, researchers from the U.S.
Department of Agriculture (USDA) have detected
very high virus concentrations in milk [3]. Moreover,
the US Food and Drug Administration (FDA) reported
that about 20% of retail milk samples tested were posi-
tive for H5N1, with a higher rate of positive results
from areas with infected cattle herds, further suggesting
the possibility of transmission from cow to cow or poss-
ibly from cows to humans via milk. While the USDA
and FDA have both stated that pasteurization effec-
tively inactivates viruses and that the commercial
milk supply is safe, limited data are available regarding
the efficacy of pasteurization against H5N1 virus in raw
milk. Therefore, here, we examined the effectiveness of
pasteurization against influenza A viruses.

In our study, we initially tested the thermal stability
of three H5 clade 2.3.4.4b viruses bearing the N1, N6,
or N8 gene, along with one human H3N2 virus and
other influenza subtype viruses with human-infecting
potential, including HIN1, H3N8, H7N9, HIN2, and
H10N8 viruses [4-6]. Based on the data from three
independent experiments (Figure 1A), the influenza
viruses were categorized into three groups: Group 1
contained four viruses with the highest thermal stab-
ility (one avian H3NS8, one avian HIONS, one avian
HO9N2, and one swine H3N2 virus); Group 2 com-
prised four viruses with moderate thermal stability
(three H5 clade 2.3.4.4b viruses bearing the N1, N6,
or N8 gene, and one human H7N9 virus); and
Group 3 contained two viruses with the lowest thermal
stability (one swine HIN1 and one human seasonal
H3N2 virus). Our data thus demonstrate that
influenza viruses exhibit different thermal stability,
with H5 clade 2.3.4.4b viruses showing moderate
thermal stability.

In the dairy industry, the original method of pas-
teurization is vat pasteurization, which heats milk in
a large tank to 63 °C for at least 30 min. Today, the
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Figure 1. Effectiveness of heat treatment on different influenza A viruses. (A) Thermal stability of various subtypes of influenza A
virus. For the thermal stability analysis, 50 pl of test virus was diluted with phosphate buffered saline to contain 6 log, HA units of
virus, which was measured using 0.5% chicken red blood cells (cRBC). Virus aliquots in PCR tubes were then treated in a PCR
machine preheated to 63 °C, and the samples were incubated at the indicated temperature for 10 min. The HA titers of the
samples were measured using 0.5% (cRBC) after heat treatment. Data are presented as means and are representative of three
independent experiments. Pasteurization analysis of different subtypes of influenza A virus at 63 °C for 30 min (B) or 72°C for
15 s (C). Briefly, 2.5 pl of fresh virus allantoic fluid was added to 47.5 pl of raw milk collected from health diary cows and then
aliquoted into five PCR tubes. After heat treatments in a PCR machine preheated to either 63°C or 72°C, the five aliquots were
combined into one sample and the inactivation efficacy was analyzed by inoculating the sample into 9-day-old embryonated
eggs to detect live viruses. Control samples were prepared in the same manner as treated samples but underwent no heat treat-
ment. Data are shown as means + SD (n = 3) and are representative of three independent experiments. The dashed lines in these
panels indicate the lower limit of detection. A/swine/Hebei/165/2017 (H1N1), Swine HIN1; A/swine/Gansu/234/2011 (H3N2),
Swine H3N2, A/Kansas/14/2017 (H3N2), Human H3N2; A/chicken/Hunan/52076/2022 (H3N8), Avian H3N8; A/goose/Xinjiang/
S4159/2023 (H5N1), Avian H5N1; A/duck/Guizhou/S4702/2021 (H5N6), Avian H5N6; A/duck/Hebei/S1070/2021 (H5N8), Avian
H5N8; A/Anhui/01/2013 (H7N9), Human H7N9; A/chicken/Guangxi/S11583/2019 (H9N2), Avian HIN2; and A/duck/Zhejiang/
$1159/2017 (H10N8), Avian H10N8.



most common method is high-temperature short-time
(HTST) pasteurization, which subjects milk to at least
72 °C for no less than 15 s, followed by rapid cooling
[7]. We tested the effectiveness of both vat pasteuriza-
tion and HTST in inactivating influenza A viruses
mixed in raw milk collected from health diary cattles.
All H1, H3, H5, H7, H9, and H10 subtype influenza
viruses tested were completely inactivated at 63 °C
for 30 min or at 72 °C for only 15 s (Figure 1B,C).
Our data show that heat treatment can effectively inac-
tivate as much as 10”7 EIDsy/ml of H5 virus in raw
milk. These data provide direct evidence that pasteur-
ization effectively inactivates all influenza viruses in
raw milk, confirming the safety of commercial milk
for consumption.

Discussion

USDA scientists have reported that their analysis
suggests the viruses in different cows likely originated
from a single source, suggesting inter-cow trans-
mission [3]. Potential transmission routes include
milking practices and herd transport. A spokesperson
for the Idaho State Department of Agriculture said
that the virus likely emerged after importing cows
from Texas [8]. The detection of the virus in raw
milk also implies possible transmission to other cows
or even humans via milk droplets. While USDA and
FDA officials have emphasized that contamination of
commercial milk by cattle H5N1 virus is not a con-
cern, the question of whether pasteurization can inac-
tivate bird flu has caused apprehension among
consumers. On reviewing the scientific literature, we
confirmed that both highly pathogenic and low patho-
genic influenza viruses can be inactivated by pasteur-
ization in various substrates, such as fat-free egg
products, allantoic fluid, or blood plasma [9]. The
efficacy of pasteurization in inactivating various
viruses, including Adenovirus, Murine norovirus,
MERS-CoV, Herpes simplex virus, Foot and mouth
disease virus, Hepatitis A virus, Poliovirus, and Bovine
immunodeficiency virus, has been documented [9].
However, limited studies have reported on the inacti-
vation efficacy of influenza viruses in milk by pasteur-
ization. In this study, we provide direct evidence that
pasteurization is sufficient to inactivate all tested
influenza A viruses in raw milk collected from healthy
dairy cattles, addressing a common concern among
milk consumers and those with food safety concerns.
However, whether the pasteurization processes used
in industry can completely inactivate influenza A
viruses in raw milk collected from sick cattle, which
is colostrum-like and too thick, remains to be
investigated.

When an outbreak of HPAI occurs in poultry, the
usual response is to cull the entire flock, which has
led to over 90 million birds being destroyed since
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February 8, 2022, due to the H5NI1 clade 2.3.4.4b
virus [10]. Culling drastically reduces the poultry
supply and, along with consumer concerns about egg
product safety, severely impacts the poultry industry.
Similarly, the dairy industry faces challenges with
the H5N1 virus infecting about 10% of cows in each
affected herd, causing symptoms such as decreased
milk production and thicker milk [11], which are
more severe in older or lactating cows. The Texas Ani-
mal Health Commission reports that up to 40% of
milk production losses occur in infected herds. Since
the H5N1 virus is causing illness in cows, and with
herds affected in multiple states, new federal restric-
tions on the movement of dairy cows between states
are putting economic pressure on farmers. While the
situation is concerning for the dairy industry, no effec-
tive control strategies, such as vaccination, could be
implemented. Furthermore, there is ongoing concern
that this problem could escalate and potentially impact
milk production. Currently, the milk supply is stable,
but it is strongly recommended that only pasteurized
milk and dairy products be consumed.
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