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Role of temperature in influenza outbreaks
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ABSTRACT

Respiratory tract infections are among the most common types of infections, globally. Seasonal variations have been
associated with substantial roles in influencing respiratory mortality and morbidity. The effects of seasonal variations
of respiratory tract infections are evidenced by the monthly increase in the use of healthcare services and hospital
admissions during colder seasons. Influenza outbreaks are associated with worse health problems, which increase the
morbidity and mortality rate of high-risk populations. Comparing tropical and colder regions, temperatures are high
during summer and lower during winter. Additionally, relative humidity is comparatively higher in winter than in
summer. In winters, the indoor humidity is low due to heating facilities, which suggests that cold air outside and dry
air inside that occurs during the winter favors the transmission of the influenza virus and thus, triggering a flu

infection season.
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INTRODUCTION

Globally, the most common types of infections are
respiratory tract infections.! Seasonal variation have been
associated with substantial roles in influencing respiratory
mortality and morbidity.? The effects of seasonal
variations of respiratory tract infections are evidenced by
the monthly increase in the use of healthcare services and
hospital admissions during colder seasons. Influenza
outbreaks are associated with worse health problems,
which increase the morbidity and mortality rate of high-
risk populations. Annual influenza outbreaks cause
approximately three to five million incidents of sickness
and 250,000 to 500,000 fatalities globally.?

Temperature and humidity have been found to have
substantial effects on the occurrence of influenza
outbreaks.* Although various studies examine the modes
of transmission of influenza in colder and tropical
regions, the role of temperature in influenza cases and

outbreaks still remains unclear. As such, this study aims
to answer these questions by providing evidence of
whether influenza outbreaks are less in tropical areas than
in colder regions. The study will also explore the
mechanisms through which temperature and humidity
influence survival of influenza virus. In addition, it will
compare the regional variability in prevalence of
influenza cases and outbreaks in colder and tropical
countries.

ROLE OF TEMPERATURE IN INFLUENZA
OUTBREAKS

Influenza outbreaks have been found to spread widely,
particularly in the temperate regions. This has even
marked wintertime seasonality, where these outbreaks are
much detected over a period of two to three months
between November to March in the northern regions and
between May and September in the southern regions.
Influenza outbreaks dominate in tropical and sub-tropical
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areas during certain months of the year. Seasonal
influenza in various tropical areas arises during rainy
spells. The latest epidemiological studies posit that
humidity in the winter increases the persistence rate of
influenza virus, making its outbreaks to be severe.®

Temperature and humidity are associated with the
survival rate of influenza.® Stability of the influenza outer
membrane, which protects it during its transmission
through the air, depends on temperature.” The relationship
between the survival of the influenza virus and the low
temperature has been found to dominate in temperate
regions. However, in tropical and subtropical regions,
there is no enough evidence for their effects on influenza
transmission.® Nevertheless, Low temperatures influence
influenza outbreaks in some of the tropical and
subtropical areas.®

An experiment on the influence of humidity and
temperature on the influenza outbreak revealed that they
have substantial impacts on influenza transmission.® In
studies comparing tropical and colder regions, it was
observed that relative humidity is comparatively higher in
winter than in summer. However, because of heating
facilities, the indoor humidity is low. Aerosolized
influenza virus is more stable at lower relative humidity.
This posits that the cold air outside and dry air inside that
occurs during the winter favors the transmission of the
influenza virus and thus, triggering a flu infection
season.!?

Generally, influenza was found to spread more in colder
regions but was inefficient in warmer and hotter regions.
Based on the humidity of the regions, dry conditions
favored the spread of transmission of the virus.
Furthermore, in experiments on the transmission of the
influenza B virus at low temperatures of 5°C and
intermediate temperatures of 20°C it was found out that
the virus spreads faster in low temperatures as compared
to higher temperatures.?* This implies that cold and dry
temperatures favor the spread of human influenza viruses.

MECHANISM ASSOCIATING TEMPERATURE
AND HUMIDITY TO INFLUENZA OUTBREAKS

It is still unclear why the influenza virus is favored by
cold and dry conditions. However, numerous studies have
demonstrated the mechanism through experimental
support. The influenza virus has continuously been found
to be more stable at low relative humidity and
comparatively unstable at an intermediate relative
humidity.!? It was also observed that high temperatures
prevent the spread of the influenza virus.!* The impact of
relative humidity on the spread of influenza is mediated
by salt concentration. This implies that during high
temperatures, evaporation increases salt concentration,
which consequently inactivates the virus. On the other
hand, when the relative humidity is low, salts in the
human body crystallizes out of the solution, which

reduces its concentration. This consequently increases the
stability of influenza.'?

Influenza outbreaks have also been found to be more
stable in cold regions.*® The increased spread of the virus
in colder regions may be attributed to increased half-life
at low temperatures. It is observed that the influenza virus
tends to spread more during cold seasons because they are
more persistent within the nasal openings. This is
because the epithelial surface of the nasal passages gets
cooled by the ambient air. The increased stability of
influenza in cold places has also been associated with the
decreased activities of proteases.’

Furthermore, temperature and humidity significantly
affect the host-pathogen equation by distorting
vulnerability to influenza infection.** Inhalation of cold
air also cools the nasal epithelium, which consequently
inhibits mucociliary clearance.r®> This further hinders
phagocytosis by essential immune cells located in the
upper nasal airways. It was also found that inhaling cold
and dry air for approximately thirty minutes significantly
slows down mucociliary clearance. This implies that cold
and dry air alters the rheological elements of the mucus.
Lower temperatures also slow down the cellular
metabolic functions, which consequently reduces the rate
of ciliary beats, secretion of mucus, and restricted
phagocytosis.'® These factors contribute to increased life
span of influenza virus.

REGIONAL VARIABILITY IN PREVALENCE OF
INFLUENZA CASES IN COLDER AND TROPICAL
COUNTRIES

When the mutual impacts of humidity and temperature
are considered in the transmission of influenza, the
airborne transmission has been found to be more sensitive
than contact transmission.®® This is because temperature
and humidity vary with seasonal temperature changes.
Thus, it has been revealed that the airborne transmission
dominates in temperate regions.* However, there is no
seasonality of influenza outbreaks in tropical regions
because of the reduced variability in temperature and
humidity.> This posits that the transmission of influenza
in tropical regions is through droplets and contact modes.

Influenza outbreaks are associated with low temperatures,
particularly in temperate regions. Influenza outbreaks and
cases in temperate regions occur in the southern and
northern hemispheres during winters.” It has also been
demonstrated that colder regions, low indoor humidity
and reduced solar radiation increase the intensity of
influenza outbreaks.’® In some of the tropical regions,
influenza cases are linked to rainy seasons, when outdoor
humidity is typically greatest relative to the indoor
humidity. Contrary to temperate areas, most of the
tropical and subtropical regions experience influenza
outbreaks throughout the year.'® Various reasons account
for the varied seasonality of influenza in some of the
tropical regions. For instance, People spend most of their
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time indoors during colds seasons, which in turn increases
the contact transmission cases.’® However, in tropical
regions, rainfall and humidity have been found to be the
main factors that favor the transmission of the influenza
virus.?

CONCLUSION

The influenza outbreaks have been found to spread
widely, particularly in the temperate regions. This has
even marked wintertime seasonality, where these
outbreaks are much detected over a period of two to three
months between November and March in the northern
regions and between May and September in the southern
regions. Studies revealed that cold and dryness are
associated with the increased airborne transmission of
influenza virus. Temperature and humidity are associated
with the survival rate of influenza. The relationship
between the survival of the influenza virus and the low
temperature has been found to dominate in temperate
regions. However, in tropical and subtropical regions,
there is no enough evidence for their effects on influenza
transmission. In tropical regions, rainfall and humidity
have been found to be the main factors that favor the
transmission of the influenza virus.
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