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Highly pathogenic avian influenza causes substantial
poultry losses and zoonotic concerns globally. Duck
vaccination against highly pathogenic avian influenza
began in France in October 2023. Our assessment pre-
dicted that 314-756 outbreaks were averted in 2023—
2024, representing a 96%—99% reduction in epizootic
size, likely attributable to vaccination.

Highly pathogenic avian influenza (HPAI) H5 vi-
ruses of clade 2.3.4.4b continue to affect diverse
regions and species worldwide. Since 2020, this ongo-
ing panzootic has reached unprecedented scale, caus-
ing the death or culling of >130 million poultry across
67 countries, substantially threatening food security
(1). Mass mortality in wild birds and spillover to >48
mammal species across 26 countries have raised con-
servation and zoonotic concerns (2).

Although most countries rely on poultry depop-
ulation and movement restrictions to control HPAI,
France recently implemented preventive vaccination
(3). Since October 2023, domestic ducks in the pro-
duction stage are vaccinated with the Volvac B.E.S.T.
AI+ND vaccine (Boehringer Ingelheim, https://
www.boehringer-ingelheim.com), administered at
10 and 28 days, and, in high-risk zones and during
winter, a third dose at 56 days (4). In May 2024, the
campaign expanded to include the RESPONS Al H5
vaccine (Ceva Animal Health, https://www.ceva.
us). Vaccinating breeder ducks remains optional. As
of July 1, 2024, >35 million ducks had received 2 doses
and 1.5 million had received 3 doses (4).

In 2023-2024, only 10 HPAI H5 poultry outbreaks
were reported, substantially reduced from 1,374 in
2021-2022 and 396 in 2022-2023 (Figure, panels A, B).
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Those 10 outbreaks (6 in turkeys, 3 in ducks, and 1
in chickens) were attributed to >4 primary introduc-
tions. The infected duck farms shared similar viruses,
supporting lateral transmission: 2 occurred in vacci-
nated flocks with suboptimal immune protection or
early virus exposure, and 1 occurred in an unvacci-
nated breeder flock (5). In contrast, outbreaks contin-
ued in nonvaccinating countries in Europe. Despite
encouraging results, the extent to which vaccination
contributed to this reduction remains unclear.

We compared the reduction in outbreaks to
what would have been expected based on historical
outbreak patterns and external infection pressure
and considered potential explanations. We extract-
ed HPAI H5 clade 2.3.4.4b detection data in Europe
(2016-2024) from the EMPRES Global Animal Dis-
ease Information System (https://empres-i.apps.
fao.org). For each epidemiologic year (September
1-August 31), we retrieved poultry outbreak num-
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bers in France. We defined candidate predictors us-
ing poultry outbreak and wild bird case numbers
from neighboring countries as proxies for external
infection pressure, supported by phylogenetic links
between circulating viruses in those regions (6,7).
Predictors combined time windows (1-3 months be-
fore the first poultry outbreak in France) and regions
(region 1 [Norway, Sweden, Finland]; region 2 [Ger-
many, Denmark, The Netherlands, Belgium]; region
3 [United Kingdom, Ireland]; region 4 [Bulgaria,
Romania, Hungary, Poland, Czech Republic]) (Ap-
pendix Table 1, Figure 1, https://wwwnc.cdc.gov/
EID/article/31/7/24-1445-Appl.pdf). We assumed
consistent surveillance across years, likely valid for
poultry because of standardized programs in Eu-
rope but less certain for wild birds given the oppor-
tunistic nature of passive surveillance. Using quasi-
Poisson univariate regressions, we identified the
predictor most statistically associated with yearly
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Figure. Distribution of and predicted numbers of HPAI H5 cases in study of promising effects of duck vaccination against HPAI, France,
2023-2024. A) Temporal distribution of HPAI H5 clade 2.3.4.4b poultry outbreaks in France. Red vertical line indicates start of duck
vaccination campaign (October 1, 2023). B) Temporal distribution of HPAI H5 clade 2.3.4.4b wild bird cases in France. C) Predicted
number of HPAI H5 poultry farm outbreaks in France as a function of the predictor variable: number of HPAI H5 wild bird cases in region
1 (Norway, Sweden, Finland). Black dots represent observed number of outbreaks in France in 2016-2023. D) Predicted and observed
number of HPAI H5 poultry farm outbreaks in France and in heavily affected, nonvaccinating countries in Europe in 2023-2024. Orange
stars represent observed numbers; error bars represent 95% prediction intervals. HPAI, highly pathogenic avian influenza.
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outbreak numbers in France during the prevaccina-
tion period 2016-2023 (p<0.05, pseudo-R?>0.80). We
then used the 2023-2024 value of that predictor to
predict the expected number of outbreaks in France,
assuming no changes in mitigation strategies. To
validate the method, we applied the same approach
to heavily affected and nonvaccinating countries in
Europe (Appendix Table 2, Figure 2).

The best predictor of the number of poultry
outbreaks in France was the number of wild bird
cases in region 1 a month before the first out-
break. That association does not imply direct cau-
sation but likely reflects infection pressure and
spillover risk. Using this variable, the model pre-
dicted 487 (95% CIl 314-756) outbreaks in France
in 2023-2024 (Figure, panel C), greatly exceeding
the 10 observed (96%-99% reduction). By contrast,
predictions for other countries closely matched
observed numbers, supporting model validity
(Figure, panel D). Outbreak numbers in Germa-
ny were near the lower prediction bound, pos-
sibly reflecting improved biosecurity or changes
in poultry population dynamics, which remain to
be investigated.

Our findings suggest the reduction in France’s
outbreak numbers in 2023-2024 likely resulted from
vaccination, an intervention absent in other coun-
tries in Europe. Although general declines in wild
bird cases might have reduced environmental con-
tamination (1), that alone cannot explain the dis-
crepancy in France, because such a trend would be
expected elsewhere in Europe (Appendix Figure 1).
Moreover, the number of primary virus introduc-
tions in France in 2023-2024 (n = 4) remained within
the same range as in previous waves (8,9). Although
the duck population declined in 2020-2022 because
of previous outbreaks, it increased in 2023 (5), rul-
ing out reduced duck population as an explanation.
Assuming farm biosecurity and other measures
(e.g., movement restrictions and indoor confine-
ment) remained unchanged, vaccination appears
the most likely driver of the reduction. Whether
duck vaccination might have indirectly protected
unvaccinated poultry or other factors (e.g., changes
in virus virulence) contributed remain to be inves-
tigated (5). Given differences in poultry sectors be-
tween countries, the vaccination strategy used in
France, if applied elsewhere, might not yield simi-
lar outcomes. Further modeling of vaccination cov-
erage is needed to better quantify its direct effects.
However, the potential of vaccination to reduce
HPAI incidence and protect both animal and public
health warrants consideration.
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Data used in this study are available from the Food and
Agricultural Organization’s global animal health database
(https:/ /empres-i.apps.fao.org).
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Norovirus GIl.17 outbreaks in the United States in-
creased from <10% during the 2022—-23 season to 75%
during the 2024-25 season, surpassing the number of
Gll.4 outbreaks. The norovirus season also started ear-
lier in 202425 than in previous seasons. Continued
norovirus surveillance is needed to detect and monitor
emerging strains.

orovirus is the leading cause of acute gastroen-

teritis outbreaks in the United States (1). Genet-
ically, noroviruses are classified into 10 genogroups
(GI-GX) and further into 48 genotypes and 60 P-
types (2). Most outbreaks are caused by genogroup
GI and GII viruses. During 2011-2024, GII.4 viruses
have caused >50% of US outbreaks each season (de-
fined as September 1 of one year through August 31
of the next) (3).
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Laboratory surveillance of norovirus in the Unit-
ed States is conducted through CaliciNet, a network
of public health laboratories from local, state, and
federal agencies (4). As previously reported (5), sev-
eral countries, including the United States, observed
an increase in GII.17 cases and outbreaks during the
2023-24 season. Initially, GI1.17 outbreaks in the Unit-
ed States remained below GII.4 outbreak numbers.
We present an updated analysis on the increase of
GIIL.17 outbreaks since September 2022.

We analyzed the genotype distribution of out-
breaks uploaded to CaliciNet during September
2022-April 2025. We grouped genotypes into 3 cat-
egories: GII.17, GIL4 (including GII.4 Sydney, GIL.4
San Francisco, and GIL.4 Wichita), and other geno-
types (all other GI and GII genotypes). Complete
GIL17 genome sequences for 2022-2024 have been
reported previously (5), and strains representing the
2024-25 season are available from GenBank (acces-
sion nos. PV588655-8 and PV588796-7).

During the 2022-23 season, GII.17 accounted for
7.5% and GII.4 for 48.9% of all outbreaks (Figure 1).
The next season (2023-24), the percentage of GII.17
outbreaks increased to 34.3%, whereas GII.4 out-
breaks declined to 27.7% (Figure 1). By the 2024-25
season, GII.17 outbreaks had increased markedly to
75.4%, whereas GII.4 outbreaks further decreased
to 10.7% (Figure 1). In addition, during 2022-23 and
2023-24, seasonality was primarily driven by GIL4
viruses, showing peak activity in February 2023 and
March 2024, whereas during the 2024-25 season, nor-
ovirus peaked in January 2025 (Figure 2).

In April 2024, the percentage of GIL17 out-
breaks increased to 47.4%, overtaking GIL4 out-
breaks (23.7%), and from May 2024 through March
2025, GII1.17 accounted for >50% of all outbreaks each
month (Figure 2). During September-December of
the 2024-25 season, GII.17 accounted for 46.3% of
all outbreaks, compared with 13.4% in 2022-23 and
17.1% in 2023-24 during the same 4-month period.
We observed no regional differences in distribution
of GII.4 and GII.17 outbreaks.

Our data highlight a substantial shift in genotype
distribution of norovirus outbreaks in the United
States from 2022 to 2025, with GII.17 emerging as the
predominant genotype. That shift coincides with a
notable decline in GII.4, which has traditionally been
the leading cause of US outbreaks. In 2014, several
countries in Asia reported a GII.17 strain that com-
pletely replaced GII.4 Sydney (6). That strain was also
detected in several countries in Europe and the Unit-
ed States (6-8), but in 2016, GII.4 viruses rebounded
across the globe and became predominant again (4,9).
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