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Highly pathogenic avian influenza A(H5N1) clade 
2.3.4.4b viruses have displayed unprecedented 

global spread among wild birds leading to numerous 
spillover infections in mammalian species. Of note, 
outbreaks in dairy cattle and gallinaceous birds have 
resulted in human infections in the United States 
during 2024–2025 (1). Increased frequency of H5N1 
viruses crossing species barriers has caused concern 
that the avian influenza viruses are adapting to mam-
mals. A critical component of influenza pandemic 
preparedness is early identification of emerging nov-
el influenza viruses that cause disease and transmit 
efficiently in humans. A clade 2.3.4.4b H5N1 virus, 
A/Michigan/90/2024 (MI90), genotype B3.13, was 
isolated from a conjunctival swab specimen collected 
from a human patient in Michigan with conjunctivitis 
after exposure to infected cattle (2,3). In this article, 
we report the pathogenesis, transmission, and air-
borne exhalation of MI90 virus in ferrets, the standard 
animal model for influenza virus risk assessments (4).

We inoculated 18 ferrets with MI90 virus as pre-
viously described (5,6). We euthanized 3 ferrets on 
3 and 5 days postinoculation (dpi) to assess virus 
spread in tissues. We used 6 ferrets to assess transmis-
sion in a cohoused, direct contact setting as a direct 
contact transmission model and through the air in the 
absence of direct or indirect contact as a respiratory 
droplet transmission model. We paired each ferret 
with a naive contact, as previously described (4). We 
observed clinical manifestations daily and collected 
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Influenza A(H5N1) viruses have been detected in US dairy 
cow herds since 2024. We assessed the pathogenesis, 
transmission, and airborne release of A/Michigan/90/2024, 
an H5N1 isolate from a dairy farm worker in Michigan, in 
the ferret model. Results show this virus caused airborne 
transmission with moderate pathogenicity, including limited 
extrapulmonary spread, without lethality.
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nasal wash (NW), conjunctival, and rectal swab sam-
ples every 2 days postinoculation or postcontact. We 
confirmed transmission by testing for seroconversion 
to homologous virus in the contact animals.

Although all MI90-infected ferrets survived the 
21-day study, we noted moderate disease. In inocu-
lated ferrets, the mean maximum weight loss was 
9.8%, fever (1.8°C above baseline) and lethargy were 
transient, and nasal and ocular discharge and sneez-
ing were evident at 4–9 dpi (Table). We detected virus 
3 dpi primarily in respiratory tract tissues; titers were 
highest in ethmoid turbinate samples (7.4 log10 PFU/
mL) and at low levels in brain and gastrointestinal tis-

sues. We observed similar results in tissues collected 
5 dpi.

During the direct contact transmission experi-
ment, inoculated ferrets shed virus in NW that 
peaked at 4.7–5.4 log10 PFU/mL at 1–5 dpi (Figure, 
panel A). Four of 6 cohoused contact animals had 
virus in NW (peak 2.5–4.9 log10 PFU/mL) at 5–7 days 
postcontact, whereas all 6 contact animals had viral 
RNA detected (3.6–7.7 log10 copies/mL) in NW (7) 
and seroconverted to MI90 virus, indicating that 
transmission was 100% (6/6 animals). In the respi-
ratory droplet transmission experiment, NW col-
lected from inoculated animals peaked 2.6–4.8 log10 
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Figure. Transmission and measurement of airborne avian influenza A(H5N1) virus isolated from dairy farm worker, Michigan. A, 
B) For DCT and RDT testing, ferrets (n = 12) were intranasally inoculated with 106 PFU A/Michigan/90/2024 virus, isolated from 
the dairy worker, in 1 mL phosphate-buffered saline and were cohoused with naive ferrets in a DCT model (A) or in adjacent cages 
with perforated sidewalls permitting airborne virus spread but restricting contact in an RDT model (B). Each bar represents a single 
animal. C, D) For aerosol testing, ferrets (n = 3) were inoculated intranasally with 106 PFU of MI90 virus and tested daily (C). Orange 
dots represent viral titers from NW in log10 PFU/mL; limit of detection 10 PFU/mL. Gray bars show average viral M gene RNA load. 
Error bars indicate SD. Limit of detection was 2.9 log10 RNA copies/mL. D) Aerosol samples were collected daily for 5 dpi by using 
a BC251 cyclone-based sampler (kindly provided by Dr. William Lindsley, National Institute for Occupational Safety and Health) and 
the SPOT water condensation sampler (Aerosol Devices, https://aerosoldevices.com), as described previously (8). Orange dots 
represent log10 PFU/mL per hour. Gray bars show average viral M gene RNA. Error bars indicate SD. Limit of detection was 2.5 
log10 RNA copies/h. Ferrets were used for tissue collection on day 5. DCT, direct contact transmission; dpi, days postinoculation; 
NW, nasal washes; RDT, respiratory droplet transmission.

 
Table. Clinical signs and virus titers in ferrets infected with avian influenza A(H5N1) isolated from dairy farm worker in Michigan, 2024* 
Clinical signs and tissues 
sampled 

Inoculated ferrets 
 

Transmission models 
Euthanized at 3 dpi Euthanized at 5 dpi Inoculated DCT RDT 

Weight loss, %† 4.5 (3/3) 11.8 (3/3)  9.8 (12/12) 5.5 (6/6) 6.6 (3/6) 
Fever, °C above baseline‡ 0.9 (3/3) 1.3 (2/3)  1.8 (11/12) 1.8 (6/6) 2.0 (3/6) 
Nasal wash 6.1 (3/3) 5.4 (3/3)  5.1 (1–5 d) 4.6 (5–7 d) 4.5 (9–11 d) 
Conjunctival wash§ 1.4 (3/3) NT  3.2 (3 d) ND ND 
Rectal swab¶ 1.4 (3/3) NT  2.6 (3–5 d) 1.0 (3 d) 1.4 (3 d) 
Tissues       
 Nasal turbinate  6.6 (3/3) 5.3 (3/3)  NT NT NT 
 Ethmoid turbinate  7.4 (3/3) 6.5 (3/3)  NT NT NT 
 Soft palate 3.5 (1/3) NT  NT NT NT 
 Lung# 3.5 (2/3) 4.3 (3/3)  NT NT NT 
 Trachea# 5.9 (3/3) 5.8 (2/3)  NT NT NT 
 Intestine# 1.8 (1/3) ND (0/3)  NT NT NT 
 Brain# 2.4 (3/3) 2.4 (2/3)  NT NT NT 
 Olfactory bulb 3.1 (2/3) 4.2 (3/3)  NT NT NT 
*Values are log10 PFU/mL (no. ferrets affected/total no. in group) except as indicated. DCT, direct contact transmission model; ND, not detected; NT, not 
tested; RDT, respiratory droplet transmission model.  
†Mean maximum weight loss after inoculation with 106 PFU A/Michigan/90/2024 A(H5N1) virus in a 1-mL volume.  
‡Mean maximum rise in body temperature from baseline (37.4°C–39.0°C).  
§Conjunctival washes collected from 6 of 12 inoculated animals and 3 each of DCT and RDT contact ferrets in the transmission experiment; number of 
ferrets with detectable virus or day of mean peak shown parenthetically. 
¶Virus in rectal swab samples detected in 8 of 12 inoculated and 1 each of DCT and RDT contact ferrets in the transmission experiment; number of 
ferrets with detectable virus or day of mean peak shown parenthetically. 
#Values are log10 PFU/g. 

 



PFU/mL at 1–3 dpi, whereas 3/6 contact ferrets had 
detectable virus in NW by day 7 postcontact (peak 
2.6–4.8 log10 PFU/mL; days 9–11 postcontact) (Fig-
ure, panel B) as well as viral RNA (6.7–8.2 log10 cop-
ies/mL), and seroconverted, confirming transmis-
sion through the air in 50% of ferrets (3/6). We also 
detected infectious virus in conjunctival and rectal 
samples from inoculated animals, but only from 2 
contact animals (Table).

To further evaluate the level of virus exhaled 
by MI90-inoculated ferrets and the potential for air-
borne transmission, we collected aerosol samples 
1 time each day at 1–5 dpi for 1 hour from the 3 
ferrets that were euthanized at 5 dpi. Air samples 
were analyzed for infectious virus and viral RNA 
by using the BC251 cyclone-based sampler (kindly 
provided by Dr. William Lindsley, National Insti-
tute for Occupational Safety and Health) and the 
SPOT water condensation sampler (Aerosol Devic-
es, https://aerosoldevices.com), as described pre-
viously (8) (Figure, panel D). The highest mean titer 
of virus was detected at 2 dpi in NW collected from 
all 3 inoculated ferrets (6.5 log10 PFU/mL) (Figure, 
panel C). Airborne virus was highest at 3 dpi as 
measured in both samplers, up to 133 and 41 PFU/
hour, supporting transmission observed in both 
contact models within 3–5 days after exposure.

Overall, MI90 virus displayed reduced viru-
lence in ferrets compared with another H5N1 virus 
isolated from a dairy farm worker in Texas (8,9); 
the Texas virus possesses a genetic marker in the 
polymerase basic 2 protein (E627K), known for en-
hanced replication and pathogenesis in mammals. 
At this position, MI90 encodes 627E, like most 
other viruses isolated from cattle, and contains 
polymerase basic 2 M631L, which is associated 
with mammal adaptation (3,9). In addition, poly-
merase acidic 142N/E has been linked to increased 
virulence in mice (10); the Texas virus has an E and 
MI90 virus has a K at this position. Both viruses 
have identical hemagglutinin sequences associated 
with receptor binding and the multi-basic cleavage 
site. Despite differences in virulence, both viruses 
transmitted in the ferret model with similar profi-
ciency and levels of airborne virus. 

Because avian H5N1 viruses cross the species 
barrier and adapt to dairy cattle, each associated hu-
man infection presents further opportunity for mam-
mal adaption. This potential poses an ongoing threat 
to public health and requires continual surveillance 
and risk assessment of emerging viruses to improve 
our ability to predict and prepare for the next influ-
enza pandemic.
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Aedes spp. mosquitoes can feed on many species, 
including humans (1,2). Ae. aegypti mosquitoes 

are a public health concern because they can trans-
mit pathogens that cause some of the most common 
arboviral diseases, such as dengue fever, Zika, chi-
kungunya, and yellow fever (2–4). Among the Aedes  

mosquito species, Ae. aegypti is the most widely stud-
ied because of its broad distribution range and wide-
spread association with arboviral transmission, espe-
cially dengue virus (2,4). Ae. aegypti mosquitoes are 
found in tropical climates where temperatures range 
from 15°C to 30°C, and the altitude is generally <1,700 
meters above sea level (masl). Some countries, such as 
Mexico, Peru, and Bolivia, have reported Ae. aegypti 
mosquitoes at >2,000 masl (1,4–6). However, some 
reports in Colombia note Ae. aegypti mosquitoes at 
altitudes as high as 2,100 masl (7,8). Ae. aegypti mos-
quitoes are found in most urban and peri-urban areas 
of Colombia, according to a survey published by the 
National Health Institute (7).

In Colombia, dengue fever is the most common 
arbovirus disease. In 2024, the country registered 
27,649 cases: 15,926 (57.6%) persons showed mild 
symptoms, 11,419 (41.3%) showed moderate symp-
toms, and 304 (1.1%) had severe symptoms (8). A 
group of 10 states, Valle del Cauca, Cali, Tolima, 
Huila, Santander, Norte de Santander, Antioquia, 
Bolívar, Cundinamarca, and Meta, had 21,392 (77.4%) 
of those cases. Cundinamarca, the state in which Bo-
gota is located, had 867 reports. Only 36 cases of Zika 
virus infection were recorded in Colombia in 2024, 12 
(33.3%) of which occurred in Cundinamarca. Further-
more, 15 cases of chikungunya virus were document-
ed; of those, 1 (6.6%) case was reported in Cundina-
marca in the area around Bogota (8). Of note, Bogota 
is the only place in Cundinamarca with no reports of 
arboviruses, but notifications have been made in most 
neighboring municipalities at lower altitudes (200–
1,700 masl). Bogota is at 2,600 masl and is considered 
outside the distribution range of the vectors.

Climate change has increased global tempera-
tures, leading to new arboviral outbreaks. Recent 
studies have shown that Ae. aegypti mosquitoes now 
inhabit areas that were once outside their distribution 
range (1,2,5,6,8). The temperature in Bogota has con-
sistently risen since the 1990s. In the mid-1960s, the 
average temperature per year was 12.6°C. In 2022, the 
average temperature reached 13.8°C; the highest tem-
perature recorded was 25.1°C (9). That temperature 
increase suggests that Bogota may no longer be out-
side the distribution range of Aedes spp. mosquitoes. 
Herein, we report detection of Ae. aegypti mosquitoes 
in the city of Bogota, Colombia.

The possibility of an expansion in the distribution 
range of Ae. aegypti mosquitoes created the need for 
weekly monitoring and sample collection by the Sec-
retaría Distrital de Salud (https://www.saludcapital.
gov.co) of Bogota beginning in May 2023. The sam-
pling efforts focused on the 3 bus stations of the city 
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We monitored mosquitoes in 3 bus stations in Bogota, 
Colombia, located at 2,625 m above sea level. During 
December 2023–January 2024, we collected 27 larvae 
and 1 adult female Aedes aegypti mosquitoes at 1 sta-
tion. Detection of Ae. aegypti mosquitoes in Bogota is a 
call to continue monitoring mosquitoes at stations.
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