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pandemic emerges when an infectious agent
acquires efficient and sustained human-to-human
transmission, enabling global spread within
susceptible populations, as observed during coronavirus
disease 2019 (COVID-19) (1). However, pandemic
emergence is a multistep ecological and evolutionary process
that is influenced by viral adaptation, host susceptibility,
environmental pressures, and human behavior, rather
than a discrete triggering event (2). To explain pathogen
emergence at the human-animal-environment interface,
the One Health framework integrates ecological, climatic,
and human behavioral determinants (2). Within this
framework, human mobility and interaction patterns
represents a critical driver of transmission amplification.
Mass gatherings, defined as planned or spontaneous
events that assemble large populations in spatially
constrained settings, can increase opportunities for the
transmission of respiratory and other infectious agents
through high contact rates and population mixing (3).
Likewise, major international events scheduled for 2026,
including the FIFA World Cup in North America and
the Hajj in Saudi Arabia, are characterized by extreme
population density and global mobility flows that may
facilitate pathogen dissemination across borders (4).
Nonetheless, such events should primarily be understood
as amplification environments rather than sources of novel
pathogens.
Climate and environmental variability represent an
additional determinant shaping infectious disease dynamics.
Similarly, temperature shifts, precipitation changes, and

ecological disruption can influence vector distribution,
viral seasonality, and host-pathogen interactions, thereby
modifying transmission potential for both respiratory and
zoonotic diseases (1). Therefore, climate change acts as a
modulator of epidemic intensity and spatial distribution
rather than a direct causal agent of pandemics (5). Recent
concurrent public health events, including the outbreaks of
Bundibugyo virus disease (Orthoebolavirus bundibugyoense)
in the Democratic Republic of the Congo and Uganda and
the reported Andes virus (Orthohantavirus andesense)
infection linked to a cruise ship in May 2026, have raised
public health concerns regarding outbreak preparedness
rather than immediate pandemic potential (6). In response,
the World Health Organization has issued alerts in order to
enhance surveillance and containment capacity (7).
Hantaviruses are zoonotic pathogens maintained
in rodent reservoirs and transmitted primarily via the
inhalation of aerosolized excreta. While most hantaviruses
do not transmit between humans, sustained human-to-
human transmission has been conclusively demonstrated
only for Andes virus and closely related lineages under
specific outbreak conditions in South America (7). By
contrast, Bundibugyo virus outbreaks require direct contact
with infected bodily fluids, and no sustained airborne or
indirect transmission has been documented in this regard.
Consequently, these pathogens do not currently meet
criteria for efficient pandemic transmission (8). From
a risk perspective, there is no evidence indicating that
mass gatherings enhance viral evolution toward sustained
human-to-human transmission. However, such settings
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can facilitate outbreak amplification, particularly when
infected individuals are introduced into dense, highly
connected populations with delayed detection and limited
containment capacity (1). This principle broadly applies to
respiratory and zoonotic pathogens with existing human
transmissibility, rather than to specific agents such as
Andes virus or Bundibugyo virus disease (9). Therefore, the
principal pandemic risk associated with mass gatherings is
not pathogen emergence itself, but delayed recognition and
rapid international dissemination of already transmissible
infections.

Overall, lessons from the COVID-19 pandemic
highlight the importance of integrated surveillance, rapid
diagnostic deployment, real-time genomic monitoring, and
coordinated international response mechanisms to mitigate
the risk of outbreak amplification associated with mass
gatherings and global mobility (1, 7, 10).
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