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Genetic and antigenic characteristics of clade 2.3.4.4b A(H5N1) viruses identified in 
dairy cattle in the United States of America 
 
May 2024 
 
During 2020, highly pathogenic avian influenza A(H5N1) viruses of clade 2.3.4.4b emerged and rapidly spread 
across many parts of Africa, Asia and Europe. In late 2021, the 2.3.4.4b A(H5N1) viruses were detected in Canada 
and have since spread across North and South America. In addition to infection of wild and domestic birds, these 
viruses have been detected in a number of mammals, many presumably infected through exposure to infected birds 
or contaminated environments. The most recent example of mammalian infection with clade 2.3.4.4b viruses is 
dairy cattle in the United States. A joint FAO/WHO/WOAH preliminary assessment of recent influenza A(H5N1) 
viruses including those from cattle has been published1.   
 
An integral component of WHO’s influenza pandemic preparedness activities is the development of candidate 
vaccine viruses (CVVs) representing influenza viruses of zoonotic and pandemic risk. The genetic and antigenic 
characteristics of zoonotic influenza A viruses and development of candidate vaccine viruses for pandemic 
preparedness are summarized and published twice a year2. Here we provide an interim assessment of the genetic 
and antigenic characteristics of clade 2.3.4.4b A(H5N1) viruses isolated from dairy cattle and a dairy farm worker 
in the United States (US) compared to clade 2.3.4.4b CVVs. Additional whole genome characterization of viruses 
from dairy cattle and the human case has been described elsewhere3,4. 
 
A dairy farm worker from the US state of Texas was confirmed infected with a clade 2.3.4.4b A(H5N1) virus similar 
to those recently found in cattle4. The hemagglutinin (HA) of the virus isolated from the worker, A/Texas/37/2024, 
was closely related to those of the A/Astrakhan/3212/2020 (IDCDC-RG71A) and the A/American wigeon/South 
Carolina/22-000345-001/2021 (IDCDC-RG78A) CVVs, both of which have been available to vaccine 
manufacturers since 2022 and 2023, respectively. There were four amino acid changes (L104M, L115Q, T195I, 
V210A) between the mature HA1 of A/Texas/37/2024 and the A/Astrakhan/3212/2020 CVV and two changes 
(L115Q, T195I) compared to the A/American wigeon/South Carolina/22-000345-001/2021 CVV (Table 1a and 
1b). The changes were not in major antigenic epitopes. Correspondingly, A/Texas/37/2024 was recognized well by 
post-infection ferret antiserum raised to the A/Astrakhan/3212/2020 and A/American wigeon/South Carolina/22-
000345-001/2021 CVVs. Post-infection ferret antiserum raised to an additional clade 2.3.4.4b CVV under 
development, A/chicken/Ghana/AVL-763_21VIR7050-39/2021-like (IDCDC-RG80A), also recognized well 
A/Texas/37/2024 well (Table 2a). A/chicken/Ghana/AVL-763_21VIR7050-39/2021-like virus was recommended 
for the development of a CVV in September 20225 when some A(H5N1) viruses from Asia, eastern Europe and 
West Africa were less well recognized by antisera raised to the A/Astrakhan/3212/2020 CVV. Viruses isolated from 
infected dairy cattle also reacted well with at least one of the available clade 2.3.4.4b CVVs (Table 2b and 2c). 
Genetic analysis of 225 clade 2.3.4.4b cattle virus sequences made publicly available by the US Department of 
Agriculture identified the same HA changes as those found in the human case from Texas in 100% of cattle viruses. 
An HA amino acid change resulting in a predicted gain of glycosylation (A156T) in antigenic site B was detected 
in a virus isolated from a cow in Texas that was tested by HI (Table 2b). When tested by ferret antisera raised to 
IDCDC-RG71A and IDCDC-RG78A, these antisera had reduced reactivity to this virus likely as a result of the 
glycosylation. In contrast, this virus was inhibited well by ferret antisera raised to IDCDC-RG80A, which also 
contains the HA A156T change. To date, this change has been detected in only 4% of cattle viruses. Additional HA 
changes relative to the clade 2.3.4.4b CVVs were detected, but at low frequency among viruses identified in cattle 

 
1 https://www.who.int/publications/m/item/joint-fao-who-woah-preliminary-assessment-of-recent-influenza-a(h5n1)-viruses  
2 https://www.who.int/teams/global-influenza-programme/vaccines/who-recommendations  
3 https://www.biorxiv.org/content/10.1101/2024.05.01.591751v1  
4 https://www.nejm.org/doi/full/10.1056/NEJMc2405371  
5 https://cdn.who.int/media/docs/default-source/influenza/who-influenza-recommendations/vcm-southern-hemisphere-recommendation-
2023/202209_zoonotic_vaccinvirusupdate.pdf  
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https://www.nejm.org/doi/full/10.1056/NEJMc2405371
https://cdn.who.int/media/docs/default-source/influenza/who-influenza-recommendations/vcm-southern-hemisphere-recommendation-2023/202209_zoonotic_vaccinvirusupdate.pdf
https://cdn.who.int/media/docs/default-source/influenza/who-influenza-recommendations/vcm-southern-hemisphere-recommendation-2023/202209_zoonotic_vaccinvirusupdate.pdf
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and, to date, do not appear to represent changes that have spread among cattle (Table 1a). Nonetheless, continued 
antigenic characterization of viruses will be important to inform future pandemic preparedness and evaluation of 
CVVs.  
 
Based on current genetic, antigenic and epidemiologic data, no new CVVs are proposed. 
 
Selection and development of CVVs are the first steps towards timely vaccine production and do not imply a 
recommendation for initiating manufacture. National authorities may consider the use of one or more of these CVVs 
for pilot lot vaccine production, clinical trials and other pandemic preparedness purposes based on their assessment 
of public health risk and need.  
 
Currently, clinical studies of several vaccines manufactured from A(H5) CVVs are underway to evaluate the 
immune response in humans and to assess cross-reactive antibody titers of sera from these trials when tested with 
viruses associated with outbreaks in cattle. These data will support the decisions of national authorities to license 
and approve A(H5) vaccines for use in humans if necessary.  
 
Table 1a. Hemagglutinin changes detected in U.S. dairy cattle outbreak viruses compared to the candidate 
vaccine virus, IDCDC-RG71A (A/Astrakhan/3212/2020-like) 

Residue 
IDCDC-
RG71A B3.13* Total Count 

Frequency Detected in B3.13 
cattle viruses (%) 

97 D E 1 0.44% 
104 L M 225 100% 
115 L Q 225 100% 
127 T A 21 9.33% 
156 A T 9 4.00% 
195 T I 225 100% 
210 V A 225 100% 
236 D Y 1 0.44% 
272 G S 1 0.44% 
285 I M 1 0.44% 
320 S N 18 8.00% 
321 P L 4 1.78% 
336 I I/K 1 0.44% 
356 H L 1 0.44% 
407 I V 1 0.44% 
452 V A 1 0.44% 
494 E G 4 1.78% 
511 I V 225 100% 
523 A V 1 0.44% 
528 A V 1 0.44% 
531 I S 6 2.67% 

 

* Genotype B3.13 is the nomenclature used to describe the reassortant genotype of viruses identified in dairy cattle and the dairy farm worker6.     

 

 
6 Virology. 2023 Oct:587:109860. https://doi.org/10.1016/j.virol.2023.109860.  
 

https://doi.org/10.1016/j.virol.2023.109860
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Table 1b. Hemagglutinin changes detected in U.S. dairy cattle outbreak viruses compared to the candidate 
vaccine virus, IDCDC-RG78A (A/American wigeon/South Carolina/22-000345-001/2021-like)  

Residue 
IDCDC-
RG78A B3.13 Total Count 

Frequency Detected in B3.13 
cattle viruses (%) 

97 D E 1 0.44% 
115 L Q 225 100% 
127 T A 21 9.33% 
156 A T 9 4.00% 
195 T I 225 100% 
236 D Y 1 0.44% 
272 G S 1 0.44% 
285 I M 1 0.44% 
320 S N 18 8.00% 
321 P L 4 1.78% 
336 I I/K 1 0.44% 
356 H L 1 0.44% 
407 I V 1 0.44% 
452 V A 1 0.44% 
494 E G 4 1.78% 
523 A V 1 0.44% 
528 A V 1 0.44% 
531 I S 6 2.67% 

 
Table 2a. Hemagglutination inhibition assay of HPAI A(H5Nx) viruses  

REFERENCE ANTIGENS7,8 Subtype Clade 
IDCDC-
RG71A 

IDCDC-
RG78A 

IDCDC-
RG80A 

IDCDC-RG71A (A/Astrakhan/3212/2020-like) H5N8 2.3.4.4b 160 80 160 
IDCDC-RG78A (A/American Wigeon/South Carolina/22-000345-001/2021-like) H5N1 2.3.4.4b 80 160 320 
IDCDC-RG80A (A/chicken/Ghana/AVL-763_21VIR7050-39/2021-like) H5N1 2.3.4.4b 40 40 320 
TEST ANTIGENS            
A/Texas/37/2024, conjunctival swab isolate H5N1 2.3.4.4b 80 160 320 
A/Texas/37/2024, nasopharyngeal swab isolate H5N1 2.3.4.4b 40 160 320 

 
Table 2b. Hemagglutination inhibition assay of HPAI A(H5Nx) viruses  

REFERENCE ANTIGENS Subtype Clade 
IDCDC-
RG71A 

IDCDC-
RG78A 

IDCDC-
RG80A 

IDCDC-RG71A (A/Astrakhan/3212/2020-like) H5N8 2.3.4.4b 320 40 2560 
IDCDC-RG78A (A/American Wigeon/South Carolina/22-000345-001/2021-like) H5N1 2.3.4.4b 80 160 2560 
IDCDC-RG80A (A/chicken/Ghana/AVL-763_21VIR7050-39/2021-like) H5N1 2.3.4.4b 40 40 2560       
TEST ANTIGENS            
A/bovine/Texas/75952/2024   H5N1 2.3.4.4b 160 80 2560 
A/bovine/Texas/97794/2024 (HA A156T; gain of glycosylation)  H5N1 2.3.4.4b 80 40 2560 

 
Table 2c. Hemagglutination inhibition assay of HPAI A(H5Nx) viruses 

REFERENCE ANTIGENS Subtype Clade CBER-RG8A 
AmWigeon/ 

2021 
CBER-RG8A (A/Astrakhan/3212/2020-like) H5N8 2.3.4.4b 80 40 
A/American wigeon/South Carolina/22-000345-001/21 H5N1 2.3.4.4b 80 160 
TEST ANTIGENS          
A/bovine/Ohio/B24OSU-432/2024   H5N1 2.3.4.4b 80 40 
A/bovine/Ohio/B24OSU-413/2024   H5N1 2.3.4.4b 80 80 

 
7 https://cdn.who.int/media/docs/default-source/influenza/cvvs/cvv-zoonotic-northern-hemisphere-2024-2025/h5n1_summary_a_h5n1_cvv_20240223.pdf  
8 https://cdn.who.int/media/docs/default-source/influenza/cvvs/cvv-zoonotic-northern-hemipshere-2023-2024/h5-non-h5n1_cvv_-20231003_20240223.pdf  

https://cdn.who.int/media/docs/default-source/influenza/cvvs/cvv-zoonotic-northern-hemisphere-2024-2025/h5n1_summary_a_h5n1_cvv_20240223.pdf
https://cdn.who.int/media/docs/default-source/influenza/cvvs/cvv-zoonotic-northern-hemipshere-2023-2024/h5-non-h5n1_cvv_-20231003_20240223.pdf
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A/feline/USA/24-008764-002-original/2024
A/feline/USA/24-008764-001-original/2024
A/blackbird/Texas/24-008357-001-original/2024
A/common grackle/Texas/24-008356-003-original/2024
A/common grackle/Texas/24-008356-001-original/2024
A/blackbird/Texas/24-008354-001-original/2024
24-009491-007-original
24-009497-011-original
24-009491-002-original
24-009586-002-original
24-010303-002-original

24-009110-009-original
24-010330-003-original

24-010193-006-original
A/Canada goose/Maryland/23-034924-007-original/2023

A/Ross s goose/Kansas/W23-930F/2023
A/turkey/South Dakota/23-034174-002-original/2023

A/Canada goose/Wyoming/24-003692-001-original/2024
A/turkey/South Dakota/23-036898-001-original/2023
A/Texas/37/2024

A/skunk/New Mexico/24-006483-001-original/2024
A/trumpeter swan/Kansas/W23-928/2023
A/peregrine falcon/California/24-005915-001-original/2024

A/tundra swan/Minnesota/23-037501-001-original/2023
A/greater white-fronted goose/Louisiana/W23-857B/2023

A/avian/Guanajuato/CENAPA-18539/2023
A/chicken/Minnesota/23-033671-002-original/2023

A/greater white-fronted goose/Louisiana/W23-857A/2023
A/blue-winged teal/Louisiana/UGAI23-893/2023

A/snow goose/Kansas/W23-930A/2023
A/Ross s goose/Kansas/W23-930G/2023

A/goat/Minnesota/24-007234-003-original/2024
A/goat/Minnesota/24-007234-006-original/2024

A/goat/Minnesota/24-007234-009-original/2024
A/Canada goose/Louisiana/W23-902/2023
A/Ross s goose/Kansas/W23-949A/2023
A/feline/USA/23-037332-001-original/2023

A/Ross s goose/Kansas/W23-930J/2023
A/snow goose/Tennessee/W23-940/2023

A/American crow/Iowa/23-007468-001-original/2023
A/turkey vulture/Utah/23-014335-001-original/2023
A/sanderling/Oregon/23-011964-001-original/2023

A/Ecuador/6563/2023
A/chicken/Ecuador/02/2022

A/red-tailed hawk/Nevada/23-012114-001-original/2023
A/red fox/Alaska/22-019272-001-original/2022
A/skunk/Washington/22-019274-001-original/2022

A/pelican/Honduras/23-000009-001/2022
A/barn owl/Idaho/23-013072-001/2023

A/great horned owl/Colorado/23-015245-001-original/2023
A/peregrine falcon/California/23-011277-001-original/2023

A/chicken/Araucania/241914-1/2023
A/chiloe wigeon/OHiggins/240893-2/2023
A/chicken/Nuble/241681-1/2023

A/whimbrel/Valparaiso/239946/2023
A/black skimmer/Chile/C61962/2022

A/Pelecanus/Peru/VFAR-140/2022
A/peruvian booby/Peru/CAL-INS-008/2023

A/Pelican/Chile/6955-3/2022
A/Gull/Chile/7023-2/2022
A/Gull/Chile/7023-3/2022
A/Pelican/Chile/227023-1/2022

A/Pelican/Chile/6924-1/2022
A/Pelican/Chile/7087-1/2022

A/gray gull/Chile/C61947/2022
A/Pelican/Chile/6958-1/2022

A/avian/Peru/LAM-002/2022
A/avian/Peru/LIM-003/2022

A/sea lion/Peru/TAC-INS-010/2023
A/sea lion/Arica y Parinacota/240270-1/2023
A/sea lion/Tarapaca/240524-2/2023

A/Chile/25945/2023
A/red-tailed hawk/Montana/23-011216-001-original/2023

A/chicken/Alaska/22-037940-001-original/2022
A/turkey/Alaska/22-032677-004-original/2022

A/fox/Iowa/22-014421-001-original/2022
A/fox/Minnesota/22-016487-001-original/2022

A/fox/Minnesota/22-014182-001-original/2022
A/red fox/North Dakota/22-017354-001-original/2022
A/bobcat/Wisconsin/22-016051-001-original/2022

A/red fox/Michigan/22-018712-001-original/2022
A/American blue-winged teal/South Carolina/AH0195150/2021

A/fox/Wisconsin/22-013774-014-original/2022
A/Pelican/Venezuela/Inf9/2022

A/Pelecanus occidentalis/Venezuela/3S4/2022
A/Pelecanus occidentalis/Venezuela/4S4/2022

A/turkey vulture/Utah/23-012749-001-original/2023
A/turkey/South Dakota/22-007534-001-original/2022
A/chicken/Kansas/22-008114-002-original/2022

A/red-shouldered hawk/Minnesota/22-012000-004-original/2022
A/turkey/Indiana/22-005289-001/2022

A/chicken/Wisconsin/22-007545-001-original/2022
A/turkey/Kentucky/22-004546-001/2022

A/raccoon/Washington/22-018406-002-original/2022
A/chicken/Idaho/22-011347-004-original/2022

A/Colorado/18/2022
A/Canada goose/Wyoming/22-011671-001-original/2022

A/turkey/Indiana/22-005696-002/2022
A/turkey/Michigan/22-005440-001/2022
A/turkey/Iowa/22-006795-001/2022
A/fox/Wisconsin/22-013774-002/2022

A/turkey/Iowa/22-012098-001-original/2022
A/fox/Minnesota/22-014660-001-original/2022

A/turkey/Indiana/22-005328-001/2022
A/black vulture/Florida/22-012331-001-original/2022

A/Bald Eagle/Florida/22-006544-004/2022
A/black vulture/Florida/22-010358-001-original/2022

A/dolphin/Florida/22-025319-002-original/2022
A/Virginia opossum/Iowa/22-016780-001-original/2022

A/bald eagle/Virginia/23-009210-001/2023
A/fox/Michigan/22-014536-004-original/2022
A/chicken/Michigan/22-013961-001-original/2022

A/black vulture/Pennsylvania/23-015072-001-original/2023
A/black vulture/Maryland/22-012407-001-original/2022
A/black vulture/Georgia/W23-823/2022

A/muscovy duck/Georgia/W23-823A/2022
A/chicken/Virginia/22-004415-001/2022

A/fox/Minnesota/22-014660-002-original/2022
A/Cooper s hawk/Minnesota/22-012931-001-original/2022

A/glaucous-winged gull/BC/AIVPHL-356/2023
A/American Black Bear/Alaska/1/2022

A/bald eagle/BC/AIVPHL-273/2022
A/chicken/Alaska/22-013107-001-original/2022

A/bald eagle/Wyoming/22-013015-001-original/2022
A/chicken/Alaska/22-013107-002-original/2022

A/chicken/Maryland/22-006578-001/2022
A/chicken/Delaware/22-005260-001/2022
A/poultry/Kansas/22-007391-001-original/2022

A/chicken/Iowa/22-007376-001-original/2022
A/chicken/Missouri/22-006639-001/2022

A/chicken/Missouri/22-006569-001/2022
A/American Wigeon/South Carolina/22-000345-001/2021

A/chicken/Pennsylvania/22-012092-006-original/2022
A/turkey/South Dakota/22-006792-001/2022

A/turkey/New Hampshire/22-007886-001-original/2022
A/pheasant/New York/22-005647-001/2022

A/chicken/Maine/22-007582-001-original/2022
A/chicken/Maine/22-005158-001/2022

A/fox/Wisconsin/22-014746-008/2022
A/northern pintail/North Carolina/AH0182892/2022

A/Great Black-Backed Gull/Massachusetts/23-004612-005/2023
A/chicken/Ghana/AVL-763 21VIR7050-39/2021

A/Astrakhan/3212/2020 H5N8

24-009491-005-original
A/feline/USA/24-009116-002-original/2024

24-007264-001-original
24-007264-003-original
24-010354-005-original
24-010354-001-original
24-010354-015-original-300
24-009586-009-original
A/dairy cattle/Texas/24-008749-001-original/2024
A/dairy cattle/Texas/24-008749-003-original/2024
A/dairy cattle/Texas/24-008749-004-original/2024
A/dairy cattle/Texas/24-008749-005-original/2024
A/dairy cattle/Texas/24-008749-007-original/2024
24-008749-008-original
24-008660-001-original
A/dairy cattle/Texas/24-008749-002-v/2024

A/dairy cattle/Texas/24-008749-006-original/2024
24-008660-002-original

61

62

65

62

62

60

60

72

73

77
88

76

58

97

96

74

59

68

85

74

67
82

93

62
60

63

62

64

50

85

89
53

51

92
88

80

91
73

63

65

0.0010

24-008766-001-original

Figure 1. Phylogenetic relationships of influenza A(H5) HA genes of clade 2.3.4.4b. CVVs that are 
available or in preparation are in red. Human case is in green. 


