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ABSTRACT

Hajj, annually hosted by Saudi Arabia, is considered a religious major mass gathering event that pose
significant public health challenges like the transmission of infectious diseases and illnesses related to
climate change. Heat stress is a key problem that faced by about two and half millions pilgrims during
Hajj. It has historically experienced high morbidity and mortality due to heat illnesses. The highest
incidence of mortalities attributed to heat ililnesses happened in 1409 Hijri and 1412 Hijri Hajj as the
recorded maximum temperatures reached 48.7°C and 47.6°C respectively. Holy Makkah area had the
highest recoded incidence of these mortalities, since pilgrims stay much longer periods in Makkah
compared to Arafat and Mina. This work aimed to review the prevalence of heat iliness in general and
heat stroke in specific among the pilgrimage during Hajj and summarize the reasons that make
pilgrimage more liable to develop heat stroke. This review also describes, in brief, the process of
acclimatization to heat stress and the impact of heat stress on the body besides summarizing the

common clinical presentation of heat stroke.
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INTRODUCTION

Haijj is the fifth pillar of Islam as it is compulsory for the
financially and physically capable Muslims to perform
it at least once in the life. Hajj is considered among
the big challenges facing Saudi Arabia and the
Ministry of Health!. More than 2 million pilgrims
perform rituals every year during the Hajj which is
considered a peaceful mass gathering of pilgrims
collecting in masses of nine people/ m? from 200
countries at Mecca, Saudi Arabia. The Hajj comprises
"effort-intensive prayers, supplications, and rituals for
spiritual edification" 2.

When rituals comes during the summer months,
pilgrims are then exposed to harsh, hot, desert climate
with outdoor temperatures which might exceeds 45°C
and humidity might reach up to about 80%. Hajj rituals
at Mina, Arafat, and Muzdalifah include a
minimally-clothed, moving grouping of about two
million pilgrims exposed to physically challenging
outdoor rituals and unsheltered night stays adding to
waste of care fuel come out from vehicles for Hajaj
transport, and the heat upright resulted from Hajaj
gatherings (metabolic heat)”.

Temperatures at Makkah may increase to higher than
45°C. Lack of acclimatization, intense physical
exertion, reduced physical fitness, and exposed
spaces produce heat sicknesses in many pilgrims.
Heat illness, which is attributed to high temperatures

in summer season, might be presented with mild
symptoms like "heat cramps, edema, prickly heat and
syncope or more severe conditions like heat
exhaustion or heatstroke". Senility, chronic disease,
overloading, physical exertion, lack of accommoda-
tion, and dehydration all are factors which determine
the fate of heat illness*.

Body temperatures are moderated through intrinsic
and extrinsic factors. Genetic factors, fitness,
adaptation, diseases, drugs, and sleep pattern are
considered intrinsic factors that alter individual risk for
exertion heat stroke and outcomes. On the other
hand, extrinsic factors included; exercise amount and
duration, dressing and equipment, high ambient
temperature, high relative moisture, and solar
energy®®.

Heat exhaustion, one of heat illnesses where body
temperature is elevated but still < 40°C, occurs when
persons are exposed to vigorous physical exertion
and environmental heat stress. In such condition, the
central nervous system function is normal’.

Heat stroke, which occurs when body temperature go
above 41°C, is considered to be the most severe form
of the heat-induced disorders. In such condition,
neurological disorders like an hydrosis might occur in
some cases. Typical heat stroke occurs in persons
like infants, elderly have weak warmth-defense
mechanisms although exertional heat stroke happens
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in healthy, young adults during high-performance
activities in hot environment®.

This work aimed to review the prevalence of heat
illness in general and heat stroke in specific among
the pilgrimage during Hajj and summarize the reasons
that make pilgrimage more liable to develop heat
stroke. The review also describes, in brief, the process
of acclimatization to heat stress and the impact of heat
stress on the body besides summarizing the common
clinical presentation of heat stroke.

PREVALENCE OF HEAT STROKE AMONG
PILGRIMAGE

Heatstroke was reported as a main cause of fear
worldwide during the second half of the 20" century
due to rapid urbanization, industrial development, and
subsequent climate alteration®. Studies on mass
gatherings and environmental threats revealed that an
increase in temperature by one degree, from 20°C to
21°C, lead to an elevation in the number of persons
need medical care by more than 11%. Furthermore,
temperatures more than 27°C caused rise in the
incidence of patient illness”.

During the Haijj, historical high morbidity and mortality
rates were recorded due to heat illnesses?. Different
characteristics of heat illness occurred in Saudi
Arabia, regarding epidemiological and environmental
circumstances have been frequently studied'. During
the Haijj in 2016, 80 patients (29%) out of 267 patients
at four hospitals in the Mina and Arafat regions were
suffering from heatstroke and resulted in a mortality
rate of 6.3% and with the mean age of 54.0+16 years.
It was concluded that senility and diabetes mellitus are
common risk factors for heat illness among pilgrims*.
Kenney WL 2003'? reported that old age subjects are
liable to heat illness as the blood supply to the skin,
function of the sweat glands, cardiac function, renal
function and thirst sensation all are reduced.

Noweir MH 2008™ reported that the highest rate of
heat mortalities happened during 1409 H and 1412
Hajj as the recorded maximum temperatures reached
48.7°C and 47.6°C respectively. Holy Makkah area
had the highest recoded incidence of these
mortalities, since pilgrims spend much long times in
Makkah compared with Arafat and Mina.

WHY PILGRIMAGES ARE LIABLE TO DEVELOP
HEAT STROKE?

Actually, most pilgrims don't tolerate heat exposure
due to weakness which lead to many heat illnesses
and finally heat stroke. Furthermore, some conditions
e.g. the topographic environment of some Hajj areas
as well as the conduct of various groups of the
pilgrims might increase the heat exposure and the
resulted heat stress. The topographic nature includes
the open spaces exposed to sun rays engaged with
Hajaj in Arafat and Mina and the presence of many

high constructions, which obstruct normal air and
cooling in some areas of Ghazzah and Aziziah. The
behavior of the Hajeej that synergizes heat exposure
like inadequate aeration in various tents present in
Arafat and Mina, living and sleeping of some deprived
pilgrims in sunny roads and areas, ignorant pilgrims
about the impact of heat exposure and ways to protect
themselves and finally the incorrect believes of some
pilgrims about Hajj rituals, such as "living in open
areas and not in tents, and using buses without roofs
for transport, while women dress in black clothing that
completely absorb sun radiated heat"™.

All the aforementioned factors are participating in the
problem of heat stress among pilgrims, leading to
some troubles such as; incapability to perform the jobs
of Hajj due to heat exhaustion principally among
pilgrims of somewhat "cold countries” who are not
adapted to the tropical and subtropical climates,
adding to the senile pilgrims. Other might suffer from
having skin eruption and heat cramp or heat stroke
resulting in certain cases, to death. Heat exhaustion
defined as "a mild form of heat illness, may be one of
a series of events leading to heat stroke". Early
discovery of heat exhaustion in Hajaj is important to
minimize or avoid the manifestation of fatal heat
stroke™* "8,

Risk factors for heat stroke include the circumstances
which affect thermo regulation and inhibit removal
from a hot environment, or hinder hydration or cooling
such as old or young ages, cardiovascular disease
including hypertension, diabetes mellitus, CNS
disorders, liver and kidney disorders or physical
disability”.

ACCLIMATIZATION TO HEAT STRESS AND ROLE
OF STRESS PROTEINS

The ability of the body to enhance the response and
adaptation to heat stress over time is named
acclimatization. It is a crucial component that controls
how well an athlete tolerates extreme heat. It takes at
least 10 to 14 days of sever exercise in order to
increases body temperature to at least 38.5C for at
least one hour for full acclimatization to occur’.

If heat stress occurs, this stage of acute phase
response started and cellular protection is facilitated
by the formation of the heat shock proteins (HSPs)'*"
2 Heat shock proteins are "a family of proteins that
are formed by cells when are exposed to stressful
conditions". They were first defined in association
with heat shock, but are currently known to be
produced during exposure to other stresses like
"cold UV light and during wound healing or tissue
remodeling"*%*.

HSPs regulate the tissue reaction to different
stressors through numerous ways of cellular activity.
They prevent disaggregation of denatured proteins
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and help in the re-folding of denatured proteins into
their normal assembly. HSPs also reduce the damage
of epithelial barrier, prevent endotoxin leak through
the intestine wall, and reduce arterial hypotension in
order to lessen cerebral ischemia and neural damage,
interfere with oxidative stress and stop the apoptotic
cell paths in order to permit cell survival®>?,

During heat acclimation the levels of HSP70 are
elevated and its half-life becomes longer and this is
considered a biochemical protective mechanism?. On
the other hand, Wang ZZ et al*® observed that HSP70
levels were reduced in some of patients suffering from
heat stroke which is more observable in severe heat
stroke. Li PL 2001*" reported that anti-HSP70
antibodies administration into the hypothalamus
induced heat stroke. On the other hand, elevated
HSP70 antibody might lead to the reduced levels of
HSP70, with subsequent acceleration of the
occurrence of heat stroke. During the uncompensated
stage, heat stroke progress to a multi organ failure
and hyperthermia®*®.

FIGURE I: Stress response mediated by Heat
shock protein (Hsp) which preventing protein deg-
radation and assisting with maintaining cellular
homeostasis. (Adapted from Wang W 2004)*’
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THE EFFECTS OF HEAT ELEVATION ON THE
DIFFERENT BODY SYSTEMS:

Body temperature is generated as a result of cellular
metabolism adding to temperature gained from the
surrounding environment. Accumulated heat burden
necessity be lost at the same speed as it is was
acquired in order to keep body temperature within the
normal level. During the compensatory phase, a rise
in body temperature stimulates peripheral and central
heat receptors, increases the cardiac output and
induces vasodilation in cutaneous blood vessels, as
well as enhances sweat secretion®*. The active
sympathetic-mediated cutaneous vasodilatation
occurs in case of increased body temperature is
accompanied by splanchnic vasoconstriction which
decreases perfusion to the viscera, predominantly to
the intestine and the kidney®**’. When this regulatory
mechanism failed to reduce the body temperature,
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sweating started and the full sweat rates occurred
when the body temperature raised up to 39 C **.
Electrolyte imbalance can result due to sweating and
lead to the heat cramps during which the person is
suffering from short-lived, painful contractions of
skeletal muscles throughout or next working day in the
heat for long time®.

This sweat induced fluid losses, leads to
hypohydration, decreased cardiac output and escape
of body fluid to the interstitial fluid space with
subsequent cardiovascular collapse. If heat stress
goes beyond this compensated stage, the central
venous pressure declines markedly leading to more
rise in body core temperature with subsequent failure
in the thermoregulatory mechanism and the progress
to heat stroke™®.

Ischemia and hyperpermeability of the gut due to
splanchnic  vasoconstriction occurs also with
hyperthermia and leads to reduced hepatic lactic acid
removal and acidosis*°. This lactic acidosis enhances
the ATP-dependent Na1-K1 pump with subsequent
production of more heat, reduced mitochondrial
function and cellular energy production?®. Severe
hyperthermia also leads to increased intracellular
Ca++*.

Damaged cell membranes and intracellular channels
leads to shock induced by endotoxin entered to the
circulation with subsequent hypotension, tachycardia,
and reduced blood flow to the different organs®.
Endotoxemia also resulted in enhanced formation and
secretion of inflammatory cytokines and the
endothelial vasoactive factors like nitric oxide. All
these factors together with disturbed intracellular ion
balance lead to a 'vicious cycle' that is considered a
hallmark of heat stroke and circulatory collapse and is
associated with increased intracranial pressure,
reduced cerebral blood supply, as well as marked
neuronal affection®®*®. Heat stress also resulted in
augmented cellular metabolic changes as well as
diminished splanchnic blood supply, intestinal and
liver cell hypoxia and production of highly reactive
oxygen and nitrogen species**.

CLINICAL PRESENTATION OF HEAT STROKE

The attack of heat stroke may occur suddenly or may
be proceed by prodromal symptoms such as
headache, dizziness, confusion. In the acute stage, it
may be presented by anxiety, dizziness, fainting, and
headache and might progress to stupor, semicoma or
coma and convulsion due to reduced cerebral blood
flow and elevated intracranial pressure. The patients
usually manifest delirium, convulsions, and coma.
These manifestations starts early due to the sensitivity
of the central nervous system to heat stress*.

Since skin has ceased, the patient is flushed and dry,
even in the axilla and groin, and hot and body
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temperature usually more than 40c. Proteinuria,
hematuria and raised blood urea level are common
associated changes. Acute tubular necrosis with
oliguric renal failure occurs in about 10% of cases.
Hepatic damage may cause jaundice and about 10%
of cases presented with hepatic necrosis which may
be sever and cause death. Hypotension and
circulatory collapse may be presented™.

Coagulation disturbance as purpura and bleeding is
considered a common presentation. GIT disorder as
diarrhea and vomiting may be associated with blood
when hemorrhage occurs with massive hematemesis
and melena and electrolytes disturbance as
hypokalemia and acidosis raised. Elevated serum
enzymes have diagnostic and prognostic value**.
Memish L 2012° reported that, most of the
electrocardiographic changes noticed in patient with
heat stroke were non-specific to such condition. He
reported that "the mean heart rate was significantly
higher (120+24) per minute due to the higher core
temperature in the heat stroke and heat exhaustion
patients". The relative bradycardia in some patients
might be attributed to an increase in the intracranial
pressure. In only five out of 34 patients, electrocardio-
graphic were totally normal while sinus tachycardia
was noticed in twenty seven out of 34 patients and
ischemic ECGs changes noticed in nine out of 34
patients.

Actually, during Hajj, extra physical activities are
performed and subsequently oxygen demand is
augmented. The increase in minute volume supplies
this oxygen at the beginning, therefore
hyperventilation is considered as one of the
"respiratory clinical manifestations" in heat-induced
illness. In addition, anxiety is commonly observed
during heat stress nevertheless its contribution to
hyperventilation is not clear. Later on, the patient
develops shallow and rapid respiration during heat
illness. On the other hand, hypoxia is not recorded or
observed before the use of pulse oximetry. If hypoxia
occurs, its severity will be depends on age and the
comorbidities. Investigation of blood gases during
heat stroke revealed great alternation in acid-base
status in addition to increased level of serum
creatinine and electrolyte disturbances*“°.

During Hajj, pilgrims are guided to stay in shelters to
be protected from the direct sun rays, use sun block
and take ample fluids*’. Pilgrims suffering from heat
illness and heat stroke are treated based on heat
illness guidelines including rapid reduction of the body
temperature using the conventional methods, oral or
intravenous fluid therapy, O2 administration by face
mask and sedation to control agitation and confusion.
Blood tests to exclude organ damage, according to
patient conditions*®.

It is worth to mention that the ministry of health at
Saudi Arabia could effectively alleviate and manage
the impact of high heat events on pilgrims and reduce
the huge preventable expenditure resulted from the
heat related illnesses after introducing the National
Hajj Extreme Heat Strategic plan. This honorable
responsibility requires the ministry of health to devote
all of its resources and efforts to provide a healthy
pilgrims and visitors to the holy places. Among the
responsibilities of the Heat llinesses Command and
Control Center (HICCC) is to conduct researches
designed to study new measures for prevention and
management of heat related illnesses annually*.

In summary, prevention and management of threats
and protecting the health and lives of pilgrims requires
effective cooperation between numerous agencies
within and outside the Saudi Arabia®. This review
described the prevalence the causes of heat illness
among the pilgrimage during Hajj and explore, in brief,
the process of acclimatization to heat stress and the
impact of heat stress on the body. It could be
concluded that increased patient education and
awareness about heat illnesses and its risk factors
and preventive measures against it might decrease
the incidence and complications of such condition.
The Hajj can therefore provide important lessons for
setting up and maintaining inter-sectoral
collaborations. It also gives a good chance for
conducting researches in all aspects of mass
gatherings as well as in health promotion and
electronic disease surveillance capacity building.
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