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MEDICAL PRACTICE
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Childhood fever revisited

The academic study of body temperature began in 1868. Since then, a variety
of thermometers have been developed for clinical use. A working knowledge
of these different thermometers, the various sites for taking temperature,
and the normal range of body temperatures, is essential. As the pathogenesis
of fever is being elucidated, and the cytokines involved identified, the risks
and benefits of fever to the organism are becoming better understood. The
importance of recognising diagnostic fever patterns should be stressed.
Acetaminophen (paracetamol) and ibuprofen are accepted as the standard
medical treatments for fever.
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Introduction

Carl Reinhold August Wunderlich1 was the first to conduct extensive study on
body temperature, and published his opus magnus in 1868. In this book, The
Course of Temperature in Diseases, Wunderlich identified 98.6°F (37°C) as normal
body temperature. He also established 100.4°F (38°C) as the upper limit of
the normal range. His database was enormous, and is estimated to have included
several million observations obtained from some 25 000 subjects. Wunderlich
also concluded that fever, which had previously been viewed as a disease
process in itself, was, rather, a sign of disease. Since his time, there have been a
number of significant developments in this area including the development of a
variety of thermometers, different sites of temperature measurement, different
normal ranges of body temperature, and understanding of the mechanisms, effects,
and treatment of fever. This review aims to summarise these developments
in relation to children.

Thermometers

The term ‘thermometer’ refers to any device used to measure temperature. Clinical
thermometers should possess sensitivity and accuracy meeting the requirements
of the American Standards of Testing and Materials: maximum error allowed is
0.1°C for a temperature range from 37.0°C to 39.0°C, 0.2°C for a temperature
range from 39.0°C to 41.0°C, and 0.3°C for temperature greater than 41.0°C.1

Practical tests of the sensitivity and accuracy of thermometers include either
simultaneous tests of a few thermometers or repeated tests of the same
thermometer.

Types of thermometers
(1) Liquid-in-glass thermometers (mercury or spirit): Clinical thermometers differ

from laboratory thermometers by virtue of a small constriction just below the
scale, which prevents the indicator liquid from flowing back into the bulb as
the thermometer cools. Its advantages include low cost and good accuracy.
Its disadvantages include long dwell time (up to 8 minutes) for accurate
readings, proneness to reading errors, and the potential hazard when broken.

(2) Thermistor-based electronic clinical thermometers: The principle of this
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kind of thermometer is that the change in thermal
energy alters the resistance of the thermistor. Its
advantages include an easily read digital display,
and a shorter dwell time than mercury-in-glass
thermometers. Its main disadvantage is the lack of
indication of malfunction or calibration drift.

(3) Liquid crystal indicators: Cholesteric liquid crystals are
twisted stacks of long molecules that wind and unwind
in response to changes in temperature. Light at wave-
lengths commensurate with the spacing of these crystals
is reflected preferentially, so that the colour of the liquid
crystal is determined by its temperature, giving it the
property of a thermometric sensor. In a related applica-
tion, a small disc is applied to the forehead to monitor
body temperature in the neonate. The accuracy and re-
liability of these instruments have generally been poor.

(4) Radiometers for the ear canal: The tympanic membrane
(TM) is an ideal site for measuring core temperature,
because it is perfused by a tributary of the carotid artery
which supplies the body’s thermoregulatory centre.2

The infrared TM thermometer works like a camera: it
detects infrared energy emitted from the TM and
portions of the ear canal, processes the information,
and displays a value representing either the tissue
temperature in the ear canal, or an adjusted estimate
of the temperature in other sites, eg oral, rectal, or
core. Its advantages include being a non-contact
instrument and the short dwell time (less than a few
seconds). Its disadvantages include the need for
expensive probe covers, and conflicting reports of
accuracy as compared with other thermometers.
Unfavourable results were reported by Erickson
and Kirklin,3 Freed and Fraley,4 and Stewart and
Webster,5 whereas favourable results were described
by Ng et al6 and Chamberlain et al.7

Site of temperature measurement

Body temperature is actually an ill-defined term, as different
body parts have different temperatures. Within the body,
there are two basic thermal compartments worthy of special
consideration—the core and the shell.

The shell, which consists of skin and subcutaneous fat,
insulates the core from the external environment. The core,
of which the viscera are major components, also has
temperature gradients of its own, resulting from the unique
metabolic rate and blood flow of each organ contained
therein. Although such differences are normally small, at
times of vigorous exercise, muscle temperatures rise
markedly in comparison with less metabolically active
organs. During shock and under extreme environmental
conditions, regional anatomical variations in temperature
may also be exaggerated.

1. Mouth
This is the most easily accessible site. The temperature of
the sublingual pocket is relevant clinically because its main

artery is a branch of the external carotid artery and, like
its parent artery, it responds promptly to changes in core
temperature. Oral temperature measurements, however,
require the cooperation of patients being examined, and not
all patients (eg young children, uncooperative adults, and
intubated individuals) are amenable to such measurements.
In addition, oral temperature is subject to the influence of
ingestion of hot or cold food, as well as smoking before
measurement. Although a pacifier containing temperature-
sensitive crystals has been marketed as a novel and
convenient way of measuring oral temperature in infants,
clinical tests revealed that only 10% of febrile infants were
identified correctly as febrile with the device, and seven of
eight infants with rectal temperatures ≥102°F (≥38.9°C)
were incorrectly labelled as afebrile.8

2. Rectum (3 minutes for mercury)
The rectum is the site of the highest temperature measure-
ment in the body. Rectal temperature is a reliable approxi-
mation of core temperature only if the patient is in thermal
balance. Although generally safe, such measurements are
associated with a small risk of rectal perforation, especially
in neonates and very young infants. In a study by Robinson
et al9 of the most reliable sites for temperature measurement,
in 15 children aged between 6 months and 6 years, rectal
temperature responded slowly to changes in blood tempera-
ture. This finding was probably related to the heat sink effect
of stool in rectum. Even at steady state, rectal temperature
has been shown to differ significantly from pulmonary artery
temperature. It was concluded that the accuracy of rectal
temperature measurement is poor at extremes of temperature,
because it is slow to measure change.

3. Axilla (9 minutes for mercury)
The main problem with axillary temperature measurement
is the long dwell time to reach equilibrium, with only 18%
of axillary readings reaching maximum at 5 minutes.10 The
axillary temperature provides, at best, a reasonable
approximation of body temperature in the neonate, but not
in the older child or adult. Axillary temperature measurement
may be unreliable, and should not be attempted in the out-
patient setting. Furthermore, Robinson et al9 concluded that
the axillary readings exhibited a wide deviation from rectal,
tympanic, oesophageal, and pulmonary arterial readings,
even with careful positioning of the thermometer.

4. Tympanic membrane
In theory, the TM is an ideal site for measuring core
temperature because it is perfused by a tributary of the artery
that supplies the body’s thermoregulatory centre. The
infrared TM thermometer is convenient.  In a study by
Robinson et al,9 tympanic readings with Genius (Sherwood
Medical, St Louis, US) and IVAC (IVAC, San Diego, US)
tympanic thermometers were found to be less accurate than
oesophageal readings, but more accurate than rectal, axillary,
or bladder readings over a wide range of temperatures,
with rapid cooling and rewarming. The two tympanic thermo-
meters performed remarkably similarly throughout the study.
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Correlation between temperatures at different body sites
On average, in a resting healthy adult, core temperature
(pulmonary artery) is 0.4°C (0.7°F) higher than oral
temperature, and 0.2°C (0.4°F) lower than rectal
temperature.11 Rabinowitz et al12 studied the relationship
between temperature measurements at different sites.
Unadjusted ear temperature, as measured by IVAC Core-
Check TM (IVAC, San Diego, US), was lower than rectal
temperature by 0.8°C (1.6°F), while oral temperature was
lower than rectal temperature by 0.4°C (0.8°F). In a study
performed by Loveys et al,13 1175 paired observations of
ear and rectal temperature measurements were prospectively
obtained from 140 infants and toddlers from December 1995
to February 1996. Mean rectal temperature was 37.50°C
(standard deviation [SD], 0.68°C) and mean ear temperature
was 37.60°C (SD, 0.85°C). At the low end of the rectal
temperature scale, however, ear temperatures tended to be
higher, and at the high end of the rectal temperature scale,
ear temperatures tended to be lower. There was clearly
considerable interindividual variability in this correlation,
and extreme caution must be employed in converting a
temperature reading from one site to another.

Normal range of body temperature

Body temperature, like most physiological functions, varies
in a circadian pattern. It reaches its peak in the late afternoon/
early evening and its nadir in the early morning. In general,
body temperature is highest at 4 to 6 pm and lowest at 6 am.
The variation is up to 1°C. Thus, it is important to consider
the time of the measurement, as well as the site at which
the body temperature was taken. It is not practical, however,
to define fever differently for different times of the day.

An interesting study by Wailoo et al14 showed that the
range of rectal temperatures of 74 3- to 4-month-old infants
generally fell by 0.8°C to 1.0°C within an hour of their being
placed in the cot. Before bedtime, 90% of rectal temperatures
were around 36.9°C to 37.9°C. Two hours after bedtime,
rectal temperatures were around 35.9°C to 36.9°C. Tuffnell
et al15 performed a study on factors affecting rectal
temperature in infancy, recording 1197 overnight rectal
temperatures from infants aged ≤24 weeks. Multivariable
regression analysis was used to determine whether parental
smoking, bottle feeding, sleeping position, or birth weight
would affect overnight rectal temperature. The results
showed that increased age and birth weight, and supine
sleeping position all decreased the night-time rectal
temperatures. An increase in night-time room temperature,
body weight, and the combination of bottle feeding and
parental smoking, however, produced an increase in rectal
temperature. The individual effects of bottle feeding and
parental smoking were not significant.

In a study by North et al,16 it was found that supine-
sleeping infants attained significantly lower rectal
temperatures than those sleeping prone or laterally. The
results were based on night-time rectal temperature

recordings of 103 infants sleeping in their own homes in
different sleeping positions. This finding may have
implications for the lower vulnerability to sudden infant
death syndrome among supine sleepers.

The definition of fever has been somewhat confused,
with different sources using different definitions. Some
textbooks do not even provide a definition, such as that
authored by Campbell and McIntosh.17 Ideally, the definition
of fever should take account of the time of day, age, and sex
of a resting subject who is suspected to have a disease.
However, this would be unworkable in daily clinical practice,
and a practical definition with reasonable predictive values
for diseases should be adopted. For rectal temperature, a
reading above 38°C is generally accepted as signifying fever
in most medical textbooks. For oral temperature, a reading
in excess of 37.5°C is accepted as indicating fever.18 For
axillary temperature, above 37.0°C appears to be a
reasonable cut-off point. For tympanic temperature, a reading
above 37.9°C for children younger than 11 years, and above
37.6°C for individuals aged 11 years or older, can be taken
as a sign of fever.19,20 It is important to note that a mild
elevation of 1.0°C to 1.5°C can be caused by exercise, bottle
or breast feeding, excessive clothing, or hot baths. In the
event of doubt, temperature should be rechecked 30 minutes
after eliminating possible environmental causes.

Mechanisms of fever

Fever is basically the elevation of the regulated set-point
temperature by the effect of pyrogens. Temperature set-point
is regulated by the thermoregulatory area, which is located in
the rostral hypothalamus, part of the preoptic region. Within
this area, there are warm-sensitive and cold-sensitive neurons.
The preoptic thermosensitive neurons are able to integrate
central and peripheral thermal information. Some preoptic
neurons not only sense local temperature, but also receive
synaptic output from afferent pathways of thermoreceptors
in the skin, spinal cord, and other locations throughout the
body. As their names imply, the warm-sensitive neurons
increase their firing with increased warmth or decreased cold
information from the afferent pathways, whereas the cold-
sensitive neurons increase their firing with decreased warmth
or increased cold information from the afferent pathways. The
balance in the firing rate of cold- and warm-sensitive neurons
produces the ultimate set-point temperature.

There are two types of pyrogens: exogenous and
endogenous. Exogenous pyrogens include: micro-organisms
(primarily cell wall components), microbial toxins (usually
Gram-positive organisms), antigen-antibody complexes,
drugs, and polynucleic acids. They can induce the host cells
(primarily macrophages) to produce endogenous pyrogens.
Some endogenous molecules can also induce endogenous
pyrogens; these include antigen-antibody complexes, certain
androgenic steroid metabolites, inflammatory bile acids,
complement components, and some lymphocyte products.
Endogenous pyrogens include: interleukins (ILs)-1, 2, 6, and
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8, tumour necrosis factor (TNF)–α, and prostaglandin E,
which is a component of the final common pathway of action
on the thermoregulatory centre. Endogenous pyrogens
decrease the firing rate of preoptic warm-sensitive neurons,
and increase the firing rate of the preoptic cold-sensitive
neurons. The inhibition of warm-sensitive neurons causes
a decrease in heat loss responses. Similarly, excitation of
cold-sensitive neurons increases heat production, such as
shivering, and heat retention responses, such as vaso-
constriction. Pyrogen inhibition of warm-sensitive neurons
raises the regulated set-point temperature of the anterior
hypothalamus. In short, pyrogens disturb the balance in firing
of warm- and cold-sensitive neurons in the hypothalamus,
leading to elevation of the set-point temperature.

Effects of fever—benefits versus risks

Benefits
With few exceptions, both vertebrates and invertebrates
manifest fever in response to challenge with micro-
organisms or other known pyrogens. This has been viewed
as one of the strongest pieces of evidence that fever is an
adaptive response: it is held that the metabolically expensive
increase in body temperature that accompanies the febrile
response would not have evolved, and been so faithfully
preserved within the animal kingdom, unless fever had some
net benefit to the host. Fever has been shown to enhance
monocytic elimination of Leishmania and neutrophilic
elimination of pneumococci, Candida, Escherichia coli,
Salmonella typhimurium, Listeria monocytogenes, and
Staphylococcus aureus. Fever also has been shown to
decrease bacterial and viral growth rates.21

Risks of fever
The potential of fever for harm is reflected by reports
suggesting that IL-1, TNF-α, and interferon mediate the
physiological abnormalities of certain infections.
Interleukin-1 causes fever, hypoglycaemia, shock, and death.
Tumour necrosis factor–α antagonists were found to protect
against hypotension. Proof of an adverse influence of fever
on the clinical outcome of infection has yet to be established.
However, the potential implication is that if pyrogenic
cytokines contribute to the pathophysiological burden of
infection, not only these cytokines but also the febrile
response are potentially deleterious.

Fever pattern

Febrile pattern is often helpful to clinicians in establishing
a specific diagnosis, particularly in infectious disease. In
considering the febrile pattern, observation over a
considerable time interval is important, in the absence of
any effect of antipyretics, in order that the pattern observed
is clinically significant.

Definitions of febrile pattern
(1) Continuous (sustained) fever with slight remissions not

exceeding 2.0°F. Within this group fall fevers caused

by lobar and Gram-negative types of pneumonia,
rickettsial diseases, typhoid fever, central nervous
system disorders, tularemia, and Plasmodium
falciparum (malignant tertian) malaria.

(2) Intermittent fever with wide fluctuations, usually
normal or low in the morning with a peak at 4 to 8 pm.
This group includes fevers caused by localised
pyrogenic infections and bacterial endocarditis. Malaria
presents as quotidian (daily spike), tertian (spike every
third day), or quartian (spike every fourth day) types,
depending on type of organisms and host defence. In
acute brucellosis, fever is often intermittent, with
sweating associated with leukopenia or a normal
leukocyte count.

(3) Saddleback (biphasic) fever, with several days of fever,
a gap of reduced fever of about 1 day, and then several
additional days of fever. Characteristic of this type are
dengue and yellow fever, Colorado tick fever, Rift
Valley fever, and viral infections such as influenza,
poliomyelitis, and lymphocytic choriomeningitis.

(4) Pel-Ebstein fever, characterised by weekly or longer
periods of fever, and equally long afebrile periods with
repetition of the cycle. It occurs in Hodgkin’s disease,
brucellosis of the Brucella melitensis type, and
relapsing fever. Occasionally in tuberculosis the febrile
course may be similarly intermittent.

(5) The Jarisch-Herxheimer reaction refers to the sharp
elevation of temperature and exacerbation of clinical
manifestations several hours after beginning penicillin
treatment of primary or secondary syphilis.

Treatment of fever

Physical treatment of fever includes rest in a well-ventilated
room, adequate fluid intake, 12% increase in fluid require-
ment for every 1°C rise in temperature, and body sponging
with a lukewarm water–soaked towel. Fluid requirements
can be met by either enteral or parenteral routes, as dictated
by the clinical situation. Alcohol sponging is not recom-
mended because of the risk of systemic absorption.

Aspirin (acetylsalicylic acid) was an acceptable treat-
ment of fever in children before 1980, when Starko et al22

published a case-control study that implicated aspirin as the
cause of Reye’s syndrome. Further epidemiological study
confirmed this association.23 After a warning about the
use of aspirin was issued in the US in 1980, there was
a sharp decline in the incidence of Reye’s syndrome in
that country.24 Now, acetaminophen (paracetamol) is the
standard agent for treating fever in children because of its
effectiveness, low cost, and minimal side-effects. Unlike
aspirin, it is not a gastric irritant, nor an antiplatelet agent,
and has not been associated with Reye’s syndrome. It is
rarely associated with the hypersensitivity phenomena,
such as bronchoconstriction, that are sometimes seen
with aspirin. The recommended maximum dosage of
acetaminophen for children is 15 mg/kg every 4 hours,
not to exceed 4 g/day. Caution is required in patients with
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liver insufficiency. At excessive dosages (higher than
150 mg/kg), acetaminophen overwhelms the detoxification
capacity of hepatocytes, and forms toxic aryl intermediates
that interact with cellular proteins. Although hepatotoxicity
is less common in children younger than 24 months than in
adults, acetaminophen should be kept safely stored and out
of the reach of all children.

Ibuprofen (5 mg/kg four times daily, as required) is
increasingly being used to treat fevers that do not respond
to acetaminophen. Any additional benefit derived from
ibuprofen in these situations is probably small, and must be
weighed against ibuprofen’s potential toxicity, which
includes an antiplatelet effect, potential hypersensitivity,
and gastrointestinal irritation. With regard to its small
incremental benefit, Autret et al25 found, in a trial comparing
acetaminophen with ibuprofen, no statistically significant
difference in mean reduction in temperature after 4 hours:
1.02°C versus 1.32°C, respectively. Ibuprofen was slightly
superior to acetaminophen in children with a temperature
above 39°C, in terms of mean reduction of fever at 4 hours
(1.84°C versus 1.24°C in the ibuprofen and acetaminophen
groups, respectively).

Conclusion

Fever is the most common reason for children’s presenting
to a medical practitioner. It cannot be emphasised too
strongly that the individual medical practitioner must
answer the basic question: “What is the cause of fever in
this patient?” Sometimes, identifying diagnostic patterns of
fever will assist in answering this question. The practitioner
should have a basic understanding of the mechanisms
of fever and the effects of fever on the body. A working
knowledge of the various commercially available thermo-
meters is important in answering possible questions from
parents. Finally, it is of paramount importance that medical
practitioners be able to prescribe safe symptomatic
treatments, both physical and pharmaceutical, while avoid-
ing overdose and the use of unsafe medications such as
aspirin.
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