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Abstract
Background: Dogs are regularly transported or housed in vehicles, with guidelines for housing dogs suggesting
that the ambient temperature should be maintained between 15°C and 24°C. Veterinary drugs are routinely stored
and carried in vehicles providing ambulatory veterinary care. Non-refrigerated medications typically require storage
between 8°C and 25°C.
Aim: This study aims to investigate the potential for thermal stress associated with vehicular storage and transportation
of drugs and dogs in a temperate climate, such as the United Kingdom.
Methods: The study used data loggers to continuously record internal temperatures of four vehicles at 15-minute
intervals over a two-year period, to investigate the effect of seasonality and time of day on the internal car
temperature.
Results: The internal car temperature ranged from −7.4°C to 54.5°C during the study period. Temperatures fell below
8°C every month, except June and July. The internal car temperature exceeded typical drug storage recommendations
(>25°C) during every month, and exceeded the canine thermoneutral zone (>35°C) from April to September. Peak
temperatures occurred between 14:00 and 17:00 hours.
Conclusion: The results demonstrate the year-round potential for thermal stress of both dogs and drugs left in cars.
Public awareness campaigns highlighting the risks of leaving dogs in hot cars are typically launched in late spring,
but should consider launching earlier in light of these findings. Veterinary surgeons transporting drugs should take
measures to ensure that drugs are stored within the manufacturer’s temperature range year-round. This will limit the
potential for drug degradation and decreased efficacy.
Keywords: Car temperature, Drug storage, Dog transport, Thermal stress.
Introduction
Cars have become an essential part of modern-day
life, with 78% of household in the UK owning at least
one vehicle (ONS, 2019). Ambulatory veterinary and
medical professionals may use vehicles to transport
both patients and pharmaceutical products. Over 78%
of dog owners in the UK regularly use their vehicles as
a means of transporting or housing dogs for working,
showing, and companionship roles (Dotson and Hyatt,
2008). In a survey of over 28,000 dog owners, 21%
reported having left their dog unattended in a car for
over 20 minutes (AA, 2015). The interior temperature
of a vehicle can change rapidly with an average increase
of 1.8°C per 5-minute interval (McLaren, 2005), and is,
therefore, a threat to both the welfare of the animals
and stability of any medication contained within the
vehicle (Valenzuela et al., 1989; Gammon et al., 2008;
Skånberg et al., 2018). While studies have investigated
livestock transport and the potential impact of thermal
stress, there is a lack of comparable research on thermal
transportation conditions for pet dogs (Mitchell and
Kettlewell, 2008; Mitchell et al., 2010). Existing

studies have looked at a short time period in the USA
(McLaren, 2005; Grundstein et al., 2009; Duzinski et
al., 2014) or looked at the impact of specific storage
methods for drugs, such as insulated containers in cars
housed predominantly in a garage or car port for a
single year (Haberleitner et al., 2014). Comprehensive,
year-round studies recording the internal temperatures
from cars parked in open, unshaded car parks within
a temperate climate, such as the UK, are currently
lacking.
Calls to the Royal Society for the Prevention of Cruelty
to Animals (RSPCA) to report dogs trapped in hot
vehicles in the UK peaked at over 10,000 calls during
2014. This prompted the 2015 launch of an intensive
educational campaign led by veterinary, charity, and
canine welfare organizations “Dogs die in hot cars”
(Duggal, 2018). Despite this annual campaign, the
number of calls to the RSPCA about dogs in hot cars
has risen from 7187 in 2016, to almost 8300 in 2018,
suggesting that dog owners are not heeding the warning
message (BVA, 2019). A similar increase in calls to the
RSPCA (Australia) regarding dogs in hot cars has been
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reported in Australia, with the number of calls more
than doubling from 2009 to 2017 (Shih et al., 2019).
While dogs are known to tolerate a wide range of
temperatures, guidelines for housing dogs suggest
the ambient temperature should remain between
15°C and 24°C (Home Office, 2014). The canine
thermoneutral zone varies depending on the breed with
coat length, body size, and activity levels, all impacting
the range (National Research Council, 2006). A
range of approximately 16°C–24°C is suggested for
Greyhounds (Hales and Dampney, 1975), and −25°C
to 10°C suggested for Inuit Sled dogs (Gerth et al.,
2010). The critical temperatures proposed for dogs
in general range from 15°C to 20°C at the lower end,
to 30–35°C at the upper end (Hammel et al., 1958).
Beyond 35°C, panting is triggered to dissipate heat,
with posture changes exposing more surface area to
enable greater heat loss through radiation or conduction
(Hammel et al., 1958). In enclosed vehicles, dangerous
microclimate conditions can develop due to the lack of
air movement, and this can result in reduced latent heat
exchange for humans and animals (Grundstein et al.,
2017). While dogs can still effectively thermoregulate
at 35°C, they use panting to enable evaporative heat
loss, which becomes ineffective in high relative
humidity, as ambient temperature approaches body
temperature or when there is limited air movement,
such as within an enclosed vehicle (Hemmelgarn and
Gannon, 2013). However, in brachycephalic dogs, the
inability to effectively cool through panting can result
in dogs overheating at ambient temperatures as low as
21–22°C (Lilja-Maula et al., 2017).
Veterinary drugs are routinely carried in vehicles
for farm animals and equine veterinary care. Nonrefrigerated medications typically require storage
between 8°C and 25°C (BSAVA, 2019). Above or
below this temperature range, the drugs may lose their
efficacy, may no longer be covered under license, and
might need to be destroyed (BSAVA, 2019). A study
investigating how storage affects human medicines
found that the stability of some drugs is compromised
at temperatures above 25°C, and cyclical variation
between hot and cold increases the speed of drug
breakdown in some preparations (Valenzuela et al.,
1989; Gammon et al., 2008). Recent research focusing
on veterinary vehicles in the USA found that 63% and
95% of internal temperature readings exceeded 25°C
in Texas and Nebraska, respectively, but the evaluation
was limited to a 4-month summer period and lacked the
seasonal change or minimum temperatures (Ondrak et
al., 2015). There is limited research relating specifically
to UK vehicles.
Climate change has led to a rise in global temperatures
at a rate which is constantly accelerating (Mora et
al., 2017). In the first half of the 20th century, it was
estimated that the average global temperature had
risen by 0.2°C, and that by the year 2100 the average
global temperature will increase by up to 4.9°C (Karl
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and Trenberth, 2003). Heat waves are predicted to
become more frequent and more extreme (Mora et al.,
2017), with both human and canine deaths due to heatrelated illness likely to increase (House of Commons
Environmental Audit Committee, 2018). Societies need
to be prepared to mitigate the risk associated with rising
global temperatures; therefore, a better understanding
of the risks associated with vehicular use for both
medication and dog transport is essential.
The aim of this study is to investigate the effect
of seasonality and time of day on the internal car
temperature using observational data collected over a
two-year period.
Materials and Methods
Selection of vehicles
Vehicles were opportunistically chosen from staff
working at a rural university campus in the East
Midlands, UK. Four privately owned cars were used
for the study, consisting of three Ford Fiestas (dark red,
dark blue, and white in color) and one Volvo Estate
V60 (silver in color), reflecting popular car models and
colors in the UK (What Car?, 2019). Each car was used
over different periods of time between January 2017
and December 2018, depending on the availability of
the vehicle (minimum 7 months, maximum 18 months).
The cars were typically parked at the campus between
08:00 and 17:00 hours, with limited or no shade. Three
of the cars (two Fiestas and the Volvo) belonged to
practicing veterinary professionals, so were subject to
some overnight use. To reflect the random and variable
parking practices of ambulatory veterinary staff and
dog owners, no restrictions were placed on the parking
location of the cars in this study. During weekdays, the
cars were typically parked at the campus at various
orientations to the sun, alongside other vehicles, and in
either full sun or partial shade, depending on parking
availabilities; overnight and during weekends the cars
were also parked at private residences. All cars were
located in the East Midlands, UK, for the duration of
the study.
Internal car temperature recording
The EL-USB-2 data logger (Lascar Electronics Ltd,
UK) continuously recorded the internal temperature
of each car. The data loggers were located in the boot
compartment shielded from direct sunlight, reflecting
where dogs or medications would typically be housed.
The data loggers recorded readings at 15-minute
intervals, 24 hours per day. Data were read from the
loggers every month by attaching the logger to a laptop;
this allowed regular checks to the logger storage and
battery function minimizing data loss. As the purpose
of this study is to measure the internal temperature
of cars being driven and parked, reflecting normal
commuting and personal usage, no attempts were made
to control for sun exposure during the summer or the
use of heaters during the winter. Weekend and holiday
data were included to reflect all periods when dogs
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may travel in cars or when drugs may be stored due to
weekend work.
Ambient temperature
Ambient temperature data for the study period were
obtained from the study site using the Brackenhurst
Weather
Station,
located
at
53°3ʹ41.62ʺN,
0°57ʹ49.75ʺW, to provide an indication of ambient
temperature throughout the study period.
Data analysis
The data were cleaned and categorized using MS Excel
(Office 365) and then analyzed using SPSS v25 (IBM
Inc. Chicago, IL). Three critical temperature thresholds
were used to categorize and then analyze the internal
car temperature data. A minimum temperature of 8°C
is required to store the majority of non-refrigerated
injectable medications (BSAVA, 2019); therefore, the
lower critical temperature threshold was <8°C. The
maximum temperature permitted for storage of nonrefrigerated medications is typically 25°C (BSAVA,
2019); additionally, 25°C exceeds the upper limit
recommended for housing dogs (Home Office, 2014).
Therefore, >25°C was the intermediate critical threshold
temperature. The upper critical temperature threshold
was set at >35°C, as this temperature is the upper
limit for most dogs’ thermoneutral zones (Hammel
et al., 1958). While dogs can still thermoregulate at
this temperature, within the confines of a car, the lack
of ventilation will escalate the increase in ambient
temperature, meaning the limits of panting as a means
of cooling will be quickly exceeded.
Descriptive statistics were carried out on the internal car
temperature data to establish minimum, maximum, and
mean monthly temperatures. The percentage of readings
recorded each month and during each hourly interval
that fell under 8°C, over 25°C, and over 35°C were
calculated, with 95% confidence intervals (95% CI)

calculated using EpiTools Epidemiological Calculators
(Ausvet, 2019). Additionally, the percentage of days
in each month where at least one car temperature was
found to exceed each of the three critical temperature
thresholds was calculated.
Ethical approval
Ethical approval was granted by the Nottingham Trent
University School of Animal, Rural and Environmental
Sciences Ethical Approval Group under study reference
ARE469.
Results
The ambient temperature for the campus location
ranged from −6.3°C to 32.1°C during the study
period; these extreme temperatures were recorded in
February 2018 and July 2018, respectively. A total of
150,860 individual internal vehicle temperatures were
recorded, with the number of readings per hour ranging
from 6,276 to 6,294 and the number of readings per
month ranging from 7,397 to 17,857 (see Table 1). The
highest internal car temperature recorded was 54.5°C
in June 2018 and the lowest temperature recorded was
−7.4°C in February 2018 (see Table 1 for descriptive
statistics).
The internal car temperature fell below 8°C every
month, except June and July, with over 50% of readings
falling below this threshold from January to March (see
Fig. 1). The internal car temperature dropped below 8°C
for 80% of days from December to April (see Figure 2).
Conversely, the internal car temperature exceeded 25°C
every month. Over 15% of the total readings exceeded
25°C between May and August (Fig. 1). The internal
car temperature exceeded 25°C for over 65% of days
from May to August, peaking in July (96.8% of days).
The internal car temperature exceeded 35°C from April
(10.0% of days) to September (48.3% of days), with

Table 1. The minimum, maximum, and mean (with standard deviation) internal car temperatures and total number of measurements
recorded by month across a two-year period (2017–2018).
Month

Minimum internal car
temperature (°C)

Maximum internal car
temperature (°C)

Mean internal car
temperature (°C)

Number of readings

January

−3.5

28.1

6.25 ± 3.87

7,397

February

−7.4

30.2

5.97 ± 5.16

7,205

March

−5.0

32.5

8.29 ± 5.90

8,923

April

−1.5

41.0

12.25 ± 6.08

11,517

May

0.5

52.0

18.01 ± 8.01

12,722

June

8.0

54.5

20.72 ± 7.33

14,435

July

10.5

54.0

21.99 ± 7.26

14,879

August

6.5

50.0

19.73 ± 6.03

15,580

September

2.5

42.0

15.80 ± 4.89

17,088

October

−1.0

34.0

14.22 ± 4.53

17,857

November

−3.5

29.0

11.24 ± 5.32

12,621

December

−6.5

27.5

7.76 ± 5.48

10,636
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56.5% of days and 5.9% of the total readings exceeding
this threshold in July (Figs. 1 and 2).
The percentage of internal car temperature readings
exceeding each of the critical thresholds during each
hourly interval is shown in Figure 3. The interval from
05:00 to 06:00 had the highest percentage of total
readings below 8°C (33.2%, 95% CI 32.8–34.41).
The interval from 15:00 to 16:00 had the highest
percentage of total temperature readings over 25°C
(24.9%, 95% CI 23.8–26.0); however, the interval
from 16:00 to 17:00 had the highest percentage of total
temperature readings over 35°C (6.3%, 95% CI 5.7–
6.9). The highest temperature (54.5°C) was recorded
at 16:57 in June 2018. Between 21:00 and 08:00 there
were no readings over 35°C recorded, while there were
readings over 25°C recorded from 07:00 through to
01:00 and between 02:00 and 03:00 which included
some vehicle heater use during overnight travel. The
time of the peak internal car temperature recorded each
month is shown in Figure 4.
Discussion
This study demonstrates the potential for thermal
stress associated with transporting both pharmaceutical
preparations and dogs within cars in a temperate
climate, such as the UK. The internal car temperatures
exceeded 25°C every month and dropped below 8°C
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every month, except June and July. The time of day also
impacted the internal temperature of the car. In the UK,
both humans and dogs are typically advised to avoid
exercising around midday to reduce the risk of heatrelated illness (NHS, 2018; Blue Cross, 2019); however,
the peak internal car temperatures occurred between
14:00 and 17:00, with the highest temperature of the
study recorded at 16:57 in June. While Al-Kayiem et
al. (2010) found the peak temperature to occur between
12:30 and 14:30, measurements were only taken for
a three-day period on one vehicle, highlighting the
importance of long-term monitoring and geographical
variations. The time of the peak temperature varied by
month with earlier peak temperatures in spring (March–
May) and autumn (September–November). The
internal temperature in this study reached over 35°C
between 08:00 and 21:00, demonstrating that while
early mornings are generally cooler, with temperatures
rising through the day, there is no consistently “safe”
time of day for vehicular storage. In addition, vehicle
temperatures dropped below 8°C at every time period,
suggesting that drug stability and dog comfort may
be compromised at any time of day during the cooler
winter months.
Pharmaceutical preparations stored in a car are at
risk of exceeding their licensed storage temperature
limits all year round in the UK. In a previous study,

Fig. 1. Percentage (%) of internal car temperature readings exceeding the three critical temperature thresholds
(pale blue = <8°C, yellow = >25°C, red = >35°C) within each month. Error bars show the 95% CI.

219

http://www.openveterinaryjournal.com
A. J. Carter et al.

Open Veterinary Journal, (2020), Vol. 10(2): 216–225

Fig. 2. Percentage (%) of days with an internal car temperature reading exceeding the three critical temperature
thresholds (pale blue = <8°C, yellow = >25°C, red = >35°C) within each month. Error bars show the 95% CI.

Fig. 3. Percentage (%) of internal car temperature readings exceeding the three critical temperature thresholds
(pale blue = <8°C, yellow = >25°C, red = >35°C) within each hourly interval. Error bars show the 95% CI.
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Fig. 4. Peak internal car temperatures recorded by month (yellow bars), and plotted against the time the peak
temperature occurred (red circle)

veterinary practice vehicles were monitored in the
USA, with 70.4% of Nebraskan and 95.0-% of Texan
internal vehicle temperatures recorded exceeding25°C
between May and September (Ondrak et al., 2015).
The maximum internal vehicle temperature recorded
by Ondrak et al. (2015) was 54.4°C, which is similar to
the maximum internal vehicle temperature recorded in
this study (54.5°C).
The stability of drugs stored within both emergency
room and emergency service vehicles was tested, with
10% drug degradation occurring within one month of
storage in a vehicle for some injectable preparations
(De Winter et al., 2013). Cyclical heating can accelerate
drug degradation, with some preparations becoming
unstable within 14 days during a study simulating
temperature fluctuations in emergency vehicles
(Gammon et al., 2008). The consequences resulting
from the use of emergency drugs with reduced efficacy
following inappropriate storage are potentially fatal
(De Winter et al., 2013). While previous studies have
focused on the effect of temperature variation on the
stability of drugs used primarily in critical care settings,
ambulatory veterinary vehicles may also be carrying
more routine preparations, such as antimicrobials.
The thermal stability of antibiotics was researched
in relation to drug residues in meat and the effects of
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cooking (Svahn and Björklund, 2015). While their
study reported a high level of thermal stability for many
of the beta-lactams and fluoroquinolones investigated,
several drug concentrations (including cefuroxime,
amoxicillin, and penicillin G) were decreased by
around 10% at 50°C, and doxycycline had degraded
to around 20% concentration at this temperature
(Svahn and Björklund, 2015). While their study aimed
to determine whether cooking could remove drug
residues, it demonstrates the potential for antibiotic
degradation when stored in a hot environment. Use of
antimicrobials stored in a hot vehicle could, therefore,
result in under-dosing of patients, lack of drug efficacy,
and potentially contribute to antimicrobial resistance.
Grundstein et al. (2017) suggest that children can suffer
heat-related illness in under an hour in vehicles with an
initial temperature of 26°C, and in less than 15 minutes
if the temperature starts at 46°C. While humans and
dogs use different thermoregulatory mechanisms, the
vehicular conditions that limit human cooling also
affect canine cooling mechanisms. The internal car
temperatures exceeded 35°C from April to September,
with over 30% of days resulting in an internal car
temperature over 35°C in May, June, and July. This
highlights that while the summer months remain the
period when overheating is most likely, temperatures
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exceed the upper limit for most dogs’ thermoneutral
zones during months outside of what are normally
considered the “high risk” summer months. As lack
of heat acclimatization is a risk factor for heat-related
illness in dogs (Hemmelgarn and Gannon, 2013), the
peak temperatures recorded in March (32.5°C) and
April (41.0°C) are particularly concerning, as it is
unlikely that UK dogs would have had an opportunity
to acclimatize to heat during this period. The French
Bull Dog Club of America (2019) recommends that
French bulldogs are provided with air conditioning in
temperatures exceeding 21°C, other brachycephalic
dogs, such as bulldogs, have been demonstrated to
overheat at room temperatures of just 21–22°C (LiljaMaula et al., 2017). Internal car temperatures exceeded
25°C throughout the year in this study, highlighting the
increased risk of vehicular-induced heat-related illness
in brachycephalic breeds, even in the winter months
and those traditionally perceived as colder.
The risk to dogs is not limited to just being left
unattended in a hot car. While many modern cars are
equipped with air conditioning, older models may
only have air vents and many pick-up style trucks and
vans have separate storage compartments which lack
ventilation mechanisms. Dogs transported in such
vehicles could, therefore, be exposed to dangerously
high internal vehicle temperatures during prolonged
periods of transport and are especially at risk if the
vehicle is stationary in traffic or while queuing in full
sun. Even dogs transported in purpose-built vehicles
with climate control can be at risk if the vehicle loses
power or develops a fault. Almost a quarter of service
dog deaths in one study were found to be due to heatrelated illness (Stojsih et al., 2014). Three quarters of
these deaths were due to being confined in a hot vehicle,
with over a third occurring due to a vehicle malfunction
that allowed the internal temperature to reach a fatal
temperature without notifying the dog handler (Stojsih
et al., 2014).
Heatwave alerts are triggered by the Met Office from
1 June to 15 September, or when the daytime threshold
exceeds 30°C and the nighttime threshold exceeds 15
°C (Met Office, 2017). As the internal temperature of a
car can reach dangerously high levels in relatively cool
ambient temperatures, additional warning campaigns
are run to try and increase public awareness. Welfare
organizations, including the RSPCA and Dogs Trust,
alongside the British Veterinary Association publish
yearly campaigns including “Dogs Die in Hot Cars,”
to deter owners from leaving dogs in cars during the
hotter summer months (Duggal, 2018). However,
these campaigns typically begin in May (BVA, 2019),
and with temperatures exceeding 35°C from April to
September arguably, the message needs to be shared
earlier in the year with a potential need for a year-round
awareness campaign.
As a result of climate change, the frequency and
intensity heatwaves are becoming increasingly
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irregular, making estimations on their intensity and
duration very difficult to predict (Lowe et al., 2011).
Rising ambient temperatures will increase the threat
vehicular storage poses to both canine safety and drug
stability. In addition, the increasing unpredictability and
likelihood of unseasonably high and low temperatures
increases the likelihood of problems occurring if dogs
and drugs are left in vehicles during months ordinarily
considered “safe.”
The vehicles used in this study were generally kept in
an unshaded car park, reflecting the lack of consistent
shading routinely available in UK car parks. The three
meteorological parameters shown to drive internal
vehicular temperature are the air temperature, wind
speed, and solar radiation (Horak et al., 2017). Solar
radiation has been shown to have the most profound
effect on internal vehicle temperature in both winter
and summer months (Grundstein et al., 2009). Even
cars initially parked in the shade may become exposed
to high levels of thermal radiation as the sun’s position
changes throughout the day. Partially opening the
window has been shown to have little effect on reducing
the internal temperature to a safe level (Al-Kayiem et
al., 2010) and has no impact on the rate of temperature
increase (McLaren, 2005). The use of sun shading on
windows to limit car internal temperature has been
demonstrated to have a significant effect (Al-Kayiem
et al., 2010), but this requires further investigation to
determine the efficacy of different shading materials
and shade positioning within the car, and the degree to
which the overall temperature could be reduced.
Limitations
The cars used in this study were not subjected to any
modifications or restrictions of use during the study
period. It is highly probable that the peak internal
temperatures recorded during the winter months were
due to heaters being used, especially the peaks that
coincide with typical staff commuting times between
09:00 and 18:00 hours and overnight travel. The effect of
car color on internal temperature was not investigated,
as the cars were not always parked at the same location
or subjected to the same environmental conditions,
such as natural shading, car park substrate, or shelter
from wind. The internal car temperature was measured
at only one location in this study, chosen to reflect the
likely storage location of drugs and to measure the air
temperature of boot space only. An important factor
in the development of vehicular heat-related illness
is the increased contribution of conducted heat from
surfaces in contact with the body, such as safety seats
to children (Grundstein et al., 2017), and from the
boot lining to dogs trapped in the boot area. This study
recorded internal temperature at only one location
within the cars, and it is highly probable that the areas
of the cars, such as the dashboard, reached higher
temperatures, and areas such as the footwells may have
remained cooler than the temperatures recorded by the
data loggers in the boot space. If dogs are transported
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unrestrained, it may be possible for them to move to
cooler locations within the vehicle; however, arguably
the presence of a dog within the vehicle would also
contribute to further temperature elevation. This
study focused exclusively on the change in ambient
temperature within the vehicles. While humidity also
impacts a dog’s ability to thermoregulate through
panting and effectively cool, the presence of a dog in
the vehicle would itself impact the internal humidity,
so this was not explored.
The effect of car location (shaded versus in full sun)
and car park substrate (black tarmac versus pale
hardcore or concrete) was not investigated in this
study; however, the highest internal temperature was
recorded while the car was parked on a black tarmac
car park in full sun with the front windscreen facing
the sun during the afternoon. Further research into the
effects of car park substrate, natural sun shading, such
as foliage, and cooling interventions, such as window
vents, leaving the boot open and covering the car with
a reflective shade is needed to determine if it is possible
to prevent cars exceeding the canine thermoneutral
zone limit of 35°C. As this study demonstrates the
year-round risk of thermal stress to drugs stored in
veterinary or medical ambulatory vehicles, further
research is required to identify suitable storage
strategies to protect pharmaceutical products from both
hot and cold temperatures during vehicular storage
and transportation. Additional studies including more
cars and other types of vehicle from around the globe
could be considered to generate more robust guidance
for preventing thermal stress when transporting both
animals and pharmaceutical products.
Conclusion
This study demonstrates the year-round potential for
thermal stress to dogs and drugs left in cars. Internal
car temperatures exceeded the canine thermoneutral
zone (35°C) from April to September and exceeded
typical drug storage recommendations (8°C–25°C)
during every month. Peak temperatures occurred
between 14:00 and 17:00 hours from March to October,
meaning late afternoon is the most dangerous time to
travel with a dog in a car during the summer months.
As heat-related illness can be fatal, public awareness
campaigns should consider launching in April or
earlier, and should potentially include warnings about
the increased risk to dogs in cars in the late afternoon.
Veterinary surgeons transporting drugs should ensure
that they are stored in a manner that prevents both
cooling and heating beyond the manufacturer’s storage
instructions all year round, to limit the potential for
drug degradation and decreased efficacy.
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