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FOREWORD

In our daily lives, our body temperature is constantly changing due to
natural biorhythms, active processes such as exercise, or passive processes
such as exposure to cold or warm environments. The body’s thermoregu-
latory defense system, acting through both physiological and behavioral
mechanisms, normally prevents such changes from becoming too great
and causing harm. Although such changes in body temperature pose little
danger to our health, it is interesting that human beings often use dra-
matic terms to describe them. ‘I’'m freezing’ and ‘I’m boiling hot’ are
common subjective phrases in English, and similar terms are found in
most other languages. These qualitative overstatements presumably stem
from the age-old awareness of the health risks not only of illness but of
exposure to extremes of ambient temperature, even though in the past the
reasons were poorly understood. An enormous leap forward in our under-
standing of the importance of a regulated body temperature came with the
development of thermometry. By providing quantitative information on
body temperature, thermometry has played a major role in our under-
standing of body temperature variability. The present volume revolves
around thermometry, taking the reader on a journey from the past to the
present. Yet, while the emphasis is on the clinical importance of obtaining
accurate, quantitative measurements of body temperature, the reader is
also introduced to the most recent thinking on their clinical interpreta-
tion, especially in relation to fever. These ideas have arisen in a cross-
disciplinary collaboration, using evidence-based practice to integrate
physiological and immunological knowledge. The editors, Ewa Grodzinsky
and Mirta Sund Levander, have collaborated closely with international
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experts in essays on a range of topics, including historical perspectives on
temperature measurement, temperature measurement technology, the
clinical evaluation of body temperature, and basic thermal physiology and
immunology. The volume concludes with a number of patient scenarios
that bring all these insights together. Although primarily a textbook that
lends itself particularly well to a problem-based learning approach,
Understanding Fever and Body Temperature: A Cross-disciplinary Approach
to Clinical Practice will also be of interest to all health-care professionals.

University of Tromso James B. Mercer
Tromse, Norway

The Arctic University of Norway
Harstad, Norway
March 2019
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CHAPTER 1

Introduction to Understanding Fever
and Body Temperature

The year 1871 saw the publication of the magisterial work Medical
Thermometry and Human Temperature. Based on exhaustive measure-
ments of axillary temperature by the German physician Carl August
Wunderlich (1815-1910), the book was the first to define normal body
temperature as 37.0 °C (98.6 °F) and 38.0 °C (100 °F) as fever. However,
at that time, the physiological mechanisms of thermoregulation were not
known, there was little knowledge of immunology and microbiology, and
the technology needed for accurate clinical thermometers was in its
infancy. Also, Wunderlich’s measurements were performed on patients,
suggesting that a large number of them may have been febrile. In the late
nineteenth century, the English physician Sir Thomas Clifford Allbutt
introduced the shorter clinical rectal mercury thermometer, which was
later followed by the oral mercury thermometer. It was not until the 1960s
that digital devices were introduced together with new techniques for
non-invasive measurement of body temperature. The most recently devel-
oped thermometers use infrared radiation to estimate body temperature.
Besides advances in the technical aspects of thermometers, there has
been progress in the understanding of the physiological and immunologi-
cal processes which influence body temperature. However, thermoregula-
tion, in terms of the diurnal rhythm and the physiological mechanisms
which maintain a stable and balanced internal environment, was not
understood until the 1950s. The role of female hormones was not appre-
ciated until the 1970s. By that time, immunology and the full complexity

© The Author(s) 2020 1
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of the immune system—the body’s defense mechanism for removing
foreign agents and restoring tissue structure and physiological function—
was beginning to be understood.

The effect of antipyretics on body temperature had been known for
decades, as had the results of treatment with penicillin and sulfonamide,
but antipyretic use in clinical practice did not become common until the
1970s. During the same decade there was a significant improvement in
laboratory methods, making it possible to understand in more detail the
effector mechanisms used to eliminate foreign agents and protect the
body from destruction, particularly the role of various cells and cytokines.
In the 1990s, quality assurance and patient safety were highlighted, and
today they are permanent obligations within health care. Together with
the demand for evidence-based decision-making, this now forms the basis
for ensuring good care. However, even though there has been tremendous
development, progress has advanced along two parallel lines (Fig. 1.1).

History
ISO standards, Quality assurance
1869 1900 1960 1970 2000
Axillary Rectal Pulmonary Ear Temporal
Oral artery artery
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Fig. 1.1 The development of thermometry and physiological and immunologi-
cal knowledge in relation to assessment of body temperature. (Copyright
Grodzinsky, E & Sund Levander, M)
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This parallel development has had great impact on current practices and
perceptions about body temperature. The concept of fever influences clin-
ical assessment and evaluations of body temperature, and still has a signifi-
cant impact on decisions in nursing care, medical diagnosis and treatment,
and in the ordering of laboratory tests. Today, although there is a general
acceptance that body temperature adopts a range of values rather than a
fixed temperature, the norm arrived at in the mid-nineteenth century is
still the basis for assessment and decisions about body temperature world-
wide. In addition, even if the technical accuracy of measurements has
become much better, clinical accuracy, meaning knowledge about physi-
cal influences on the individual’s body temperature, such as thermoregula-
tion and hormones, immunological defense against microbes, and the
development of laboratory assays, is still not considered important for
body temperature assessment. For example, due to the temperature gradi-
ents between different sites of measurement, it is impossible to measure or
define the ‘actual’ body temperature as no factor exists which allows accu-
rate conversion of temperatures recorded at one site to estimate the tem-
perature at another. Also, in addition to the temperature differences
between different sites in the same individual, there are considerable dif-
ferences in body temperature between individuals, and therefore we have
to assess changes in body temperature as the difference between an indi-
vidual baseline body temperature and the measured reading, so-called
DiffTemp™, and not use a predetermined, universal cut-oft value.

When we say that someone has a ‘fever’, what do we really mean? In the
first instance most people think of fever as equating to an elevated body
temperature because of infectious disease. In fact, it is common to ‘mea-
sure fever’ more than to measure body temperature. However, fever is
essentially defined as:

a state of elevated core body temperature, which is often, but not necessar-
ily, part of the defense of multicellular organisms (the host) against the inva-
sion of live (microorganisms) or inanimate matter recognized as pathogenic
or alien by the host. (IUPS TC. Glossary of Terms to Thermal Physiology.
Pflugers Archives 1987, 410: 567-87)

Fever is thus part of a larger response in the body, in which many dif-
ferent cells are activated and react in what is called the acute phase response.
This response does not mean that the body temperature is permanently
elevated or that we experience the activity of the immune cells in the form
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of malaise. Immune cells may be continually active, day and night, without
reaching the level of inflammation.

Taken together, a great deal is known about thermoregulation, and the
factors influencing body temperature, from a technical and physiological
viewpoint. It is of great importance to base the assessment and evaluation
of temperature on evidence-based medicine and not on tradition or per-
sonal belief. Therefore, it is necessary to use knowledge from both of the
two parallel lines and to integrate this knowledge to form a basis for
evidence-based practice.

In order to use this knowledge in evidence-based practice, collabora-
tion is necessary between professionals and between disciplines such as
health care, laboratory science, and medical technology. In the clinical
context, this means that health care personnel should work together to
provide care which is both high quality and safe. This emphasizes the
importance of teamwork and inter-professional learning (IPL), in the
form of collaborative practice, inter-professional communication, and
respect for one another’s competence, so that the group may use their
joint expertise to achieve excellence (Fig. 1.2).

The pedagogical approach of this textbook is problem-based learning
(PBL). PBL is based on the acquisition of knowledge by problem-solving,
using self-directed learning, and a scientific and critical approach. Here,
the basis of PBL is inter-professional discussions of scenarios from clinical
practice. Such discussion stimulates reflection, and the problem-solving
process makes the knowledge accessible and easier to apply in real situa-
tions. Our intention with this textbook is that the reader will gain insight
into the importance of using knowledge from different disciplines to
develop an appreciation of the different aspects of body temperature. In
addition, the reader will come to understand the concept of fever in a
broader perspective than that traditionally adopted. The book is based on
research in the fields of physiology, immunology, laboratory science, nurs-
ing care, metrology, technological and scientific developments, and mea-
surement with clinical thermometers related to body temperature. In
some chapters, well-established knowledge is presented, along with a rec-
ommendation for a general reference source such as a reputable textbook.

However, to understand today’s ideas and concepts, we have to con-
sider the perceptions of the past. Therefore, the book starts with two
chapters (Chaps. 2 and 3) examining the historical perspective. The
following chapters (Chaps. 4, 5, and 6) focus on technical measurement
accuracy and on thermoregulation from a physiological and immunological
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Fig. 1.2 Evidence-based practice based on integration of the two parallel lines of
technique and physiological and immunological knowledge in relation to assess-
ment of body temperature. (Copyright Grodzinsky, E & Sund Levander, M)

perspective. Chapter 7 addresses the assessment and evaluation of body
temperature, and Chap. 8 looks at inflammatory activity in various condi-
tions. In Chap. 9 we tie everything together and discuss how we can
include evidence-based knowledge into clinical practice. In addition, all
the chapters include thought clouds. It may not be possible to provide
exact answers to the statements or questions in these clouds, but they are
meant to encourage the reader’s own reflections on the topic. At the end
of each chapter there are also reflections, additional questions, and state-
ments, which the reader should be able to answer using the text of the
chapter. Throughout the book, we have converted °Celsius (°C) to
°Fahrenheit (°F) according to the following formula:

‘Cx1.8+32="F.
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