
risks. This study was conducted as part of her training at 
the Virology Department of Saint-Louis Hospital in Paris, 
France, which serves as the national reference center for 
adenoviral infections.
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During March–December 2024, highly pathogenic 
avian influenza (HPAI) A(H5N1) clade 2.3.4.4b 

viruses caused unprecedented outbreaks in dairy cat-
tle and poultry and spilled over into humans in the 
United States (1,2). By December 30, 2024, sixty-six 
cases of human H5N1 were reported (3). However, 
limited data are available on the immune response in 
those cases, including cases with only mild clinical ill-
ness, such as conjunctivitis. 

H5N1 infections have been identified in occupa-
tionally exposed persons in multiple US states, in-
cluding in 2 Michigan dairy farm workers who were 
H5-positive by reverse transcription PCR (RT-PCR); 1 
(MI-A) experienced conjunctivitis and the other (MI-
B) acute respiratory illness (ARI) (4). We assessed an-
tibody response in those 2 patients.

We collected paired serum samples from each 
worker at 2 time points after symptom onset: serum 
sample 1 (S1) during the acute phase (day 9 for MI-A,  
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Since March 2024, highly pathogenic avian influenza 
A(H5N1) viruses have caused outbreaks in dairy cattle 
and poultry in the United States, and they continue to 
spill over into humans. However, data on human im-
mune response to those viruses is limited. We report 
neutralizing antibody responses in 2 dairy farm worker 
H5N1 cases.
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day 11 for MI-B) and serum sample 2 (S2) during  
the convalescent phase (day 31). We analyzed serum 
samples by microneutralization (MN) assay (5,6) and 
hemagglutination inhibition (HI) assay (5,6) against wild 
type 2.3.4.4b A/Texas/37/2024 H5N1 virus in Biosafe-
ty Level 3 enhanced (BSL-3E) laboratories (Appendix, 
https://wwwnc.cdc.gov/EID/article/31/4/24-0007-
App1.pdf). We also analyzed neutralizing antibod-
ies to a recently circulating group 1 seasonal influenza 
A(H1N1)pdm09 virus, A/Victoria/2570/2019. 

To assess antibody response to H5N1 virus in-
fection, paired serum samples are recommended (7); 
acute serum should be collected <7 days after symp-
tom onset and convalescent serum at >21 days, ide-
ally 21–28 days, after symptom onset (7). 

WHO defines seroconversion as a >4-fold rise 
in neutralizing or HI antibody titers (S2/S1) and S2 
>40 (7) and seropositivity as both neutralizing and HI 
antibody titers >40 (7). To confirm that the detected 
antibody response was specific to H5N1 clade 2.3.4.4b 
virus infection and not from cross-reactivity with 
seasonal influenza viruses, we further adsorbed se-
ropositive samples with hemagglutinins (HAs) from 
seasonal influenza A(H1N1)pdm09 and A(H3N2) vi-
ruses (8) (Appendix).

Dairy worker MI-A had conjunctivitis after milk 
splashed into the eye while working at a farm with 
confirmed HPAI H5N1 in dairy cattle (4). A conjunc-
tival specimen was positive for influenza H5 by real-
time RT-PCR (cycle threshold 28); H5N1 virus was iso-
lated from the specimen (A/Michigan/90/2024) and 
sequenced as clade 2.3.4.4b genotype B3.13, as previ-
ously reported (4). The amino acid sequence of the 
HA1 from A/Michigan/90/2024 was 100% identical  

to the HA1 of A/Texas/37/2024 (9) (Appendix Fig-
ure). From day 9 to day 31 after symptom onset, MI-A 
mounted a 2.9-fold rise in neutralizing antibody (MN 
titers 28 to 80) and HI antibody (titers 20 to 57) re-
sponses to H5N1 clade 2.3.4.4b virus; S2 titers were 
>40 for both neutralizing and HI antibodies. For MI-
A, S2 was seropositive to H5N1 clade 2.3.4.4b virus. 
However, serum samples from MI-A did not meet 
seroconversion criteria, likely because of the elevated 
baseline in S1 collected at day 9, which is after the 
optimal acute serum collection period (<7 days); thus, 
antibody response to H5N1 infection had already oc-
curred. MI-A’s neutralizing antibodies to the seasonal 
influenza A(H1N1)pdm09 virus remained seronega-
tive (MN titer 10) at both time points (Figure, panel 
A). Moreover, when we performed serum adsorp-
tion with seasonal influenza A(H1N1)pdm09 and 
A(H3N2) HAs, neutralizing antibody titers to clade 
2.3.4.4b A/Texas/37/2024 H5N1 in S2 remained pos-
itive (MN titer 80), suggesting MI-A mounted anti-
body responses specific to H5N1 clade 2.3.4.4b virus.

Dairy worker MI-B had ARI (4). A nasopharyn-
geal swab specimen was positive for influenza H5 
(cycle threshold 33), but no virus was isolated, and 
only a partial HA sequence was obtained because of 
low viral load in the clinical specimen, as previously 
reported (4). Sequencing also confirmed an H5N1 
clade 2.3.4.4b virus (4); the HA1 of the partial se-
quence was 100% identical to A/Michigan/90/2024 
and A/Texas/37/2024 (Appendix Figure). In MI-
B, we did not detect neutralizing or HI antibodies 
to H5N1 clade 2.3.4.4b virus (titer <10) in samples 
from day 11 (S1) nor 31 (S2) after symptom onset 
(Figure, panel B). MI-B had high and stable levels of  
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Figure. Results of microneutralization and HI assays to assess neutralizing antibody response to HPAI A(H5N1) virus infection in dairy 
farm workers, Michigan, USA. A) Case MI-A; B) case MI-B. We collected paired serum samples (S1 and S2) and tested against wild-
type HPAI H5N1 clade 2.3.4.4b virus. Serum samples were tested at 1:10 predilution, and titer <10 was reported as 5. Dashed lines 
denote seropositive (titer >40) threshold at 40. GMT, geometric mean titer; HI, hemagglutination inhibition; HPAI, highly pathogenic 
avian influenza; S1, serum sample 1 (acute phase); S2, serum sample 2 (convalescent phase).
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preexisting neutralizing antibodies (titer  905) to a 
recent seasonal influenza A(H1N1)pdm09 virus (A/
Victoria/2570/2019) at both time points (Figure, 
panel B), suggesting past vaccination or infection 
with seasonal influenza viruses.

Our results demonstrate that human HPAI H5N1 
clade 2.3.4.4b virus infection, even in patients with clini-
cally mild illness and localized infection, such as con-
junctivitis, can induce neutralizing antibody responses. 
Unlike previously reported cases of H5N1 virus infec-
tion elsewhere that often had severe disease and high 
fatality rates, thus far, most human cases in the United 
States manifested mild clinical symptoms (2). Further-
more, MI-B experienced ARI but had low viral load and 
no virus isolation and did not have a detectable neu-
tralizing antibody response, suggesting that not all RT-
PCR–positive cases have detectable antibody responses. 

In conclusion, understanding immune response 
to HPAI H5N1 viruses in humans is critical. Contin-
ued efforts are needed to assess factors (e.g., viral load) 
that can affect antibody responses in human cases and 
whether preexisting immunity and immune response 
to infection (e.g., neutralizing antibodies and other im-
mune responses such as neuraminidase antibodies) are 
associated with disease severity and clinical outcomes. 
Continued serosurveillance will be crucial for assess-
ing pandemic risk of influenza A(H5) viruses.
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