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ABSTRACT

Background: The old definitions of fever are based on cross-sectional surveys of the population without analyzing the associated
symptomatology as fever is a sign, not symptom. Therefore, a longitudinal follow-up study is the need of hour to analyze associated
symptoms with fever. Methods: In a longitudinal study over one year, 196 participants recorded three temperature readings daily,
one after waking up, one between 12 and 3 PM, one before sleeping, and filled the symptomatology questionnaire in a thermometry
diary. Results: Per protocol analysis was done for febrile participants (n = 144). Fatigue (50.3%), warmth (47.3%), headache/head
heaviness (47.0%), feeling malaise/general weakness (46.7%), loss of appetite (46.5%), muscle cramps/muscle aches (45.6%), chills/
shivering (44.6%), increased sweating (43.0%), nausea (42.5%), irritability (38.9%), increased breathing rate (37.1%), and restlessness/
anxiety/palpitations (36.5%) were the symptoms maximally seen during the febrile phase. A higher number of associated symptoms
are associated with higher temperature readings. Dehydration suggested the numerically highest temperature values (100.86 + 1.70°F)
but seen in few febrile patients. Conclusions: Incorporation of symptom analysis in febrile patients is the need of the hour. Fatigue
and warmth are found to be the most prevalent symptoms during febrile phase. Associated symptoms can help in predicting the
intensity of fever also.
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Introduction cycle.! Moreover, the definition of fever should include both

quantitative and qualitative aspects as fever is a measurable sign,

Fever has long been regarded as an important vital sign. Humans ¢ an isolated symptom. However, no prior study has identified

maintain their standard body temperature in a narrow range for associated symptoms of fever for qualitative definition purpose.

the smooth functioning of the body." According to Wundetlich,
the normal body temperature was defined as 37°C (98.6°F).”

) “ ‘ ] The ideal way to define fever is to follow-up healthy subjects
His definitions were based on a cross-sectional study design,

. prospectively. Moreover, when such individuals develop rise in
and there was no record of the associated fever symptoms or . . . .
. B . baseline temperature with associated symptoms, fever is set to
complications. This is important, as the rise of temperature beoi
. . . . egin.

may be asymptomatic, as seen in the females in their menstrual &
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there was any relationship between number of symptoms and
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Methods

A longitudinal study was conducted in a tertiary care hospital
from July 2019 to September 2020. A sample size of 192 was
calculated based on a prior study done by Mackowiak ez @/ and
the participants were included in the study. The participants were
selected based on simple random sampling, Healthy healthcare
providers, students, and their accompanying family members
aged 4-100 years were included. Participants with history of
any diseases such as infections or trauma within the last month,
chronic illness, and recent vaccination history in the last six
months were excluded, including post-partum females (up to
8 weeks).

The study was conducted in three phases: Non-febrile,
febrile, and post-febrile phase. The participants recorded their
temperature readings in all three phases. Minimum three oral
temperature readings were recorded daily, one after waking
up (AM), one between 12 and 3 PM (AN), and one before
sleeping (PM). Participants filled a questionnaire related to the
symptomatology of fever along with every temperature recording
in provided clinical thermometry diary [Supplemental Material 1].
The subjective sensation of feeling feverish was defined as the
febrile phase’s onset and confirmed with a change in baseline
temperature value for a participant.

The febrile phase data were analyzed as per-protocol analysis (for
those participants only who developed the febrile phase during
the study) using Statistical Package for Social Sciences (SPSS)
Version 23. The frequency distribution of the various symptoms
associated with fever was analyzed. The association of absolute
values of temperature with the various symptoms was also done.
Taking confidence interval as 95%, a P value < 0.05 was taken
as statistically significant.

Results

The study screened 350 participants, and 144 were included
in the analysis. The mean age of the participants was
24.24 £ 5.92 years (8-58 years). 26% (36) were <20 years,
72.1% (104) were in the age group 20-40 years, and 1.9% (4)
were >40 years of age. 52.1% (75) were males. Various symptoms
were present during the febrile phase, arranged in descending
order [Figure 1]. All symptoms were significantly present in
the febrile phase. The mean temperature in the febrile phase
was found to be 100.25 £ 1.44°F and various symptoms were
associated with mean temperature [Figure 2a and b].

Discussion

We found that fatigue is the most common symptom associated
with the febrile phase (50.3%), followed by warmth (47.3%). The
febrile phase was associated with at least one symptom in 98.5% of
the readings, whereas = two were seen in 95.8%. The number of
symptoms seen in various phases was: 0.01 £ 0.08 (non-febrile),

6.08 + 2.42 (febrile), and 0.07 + 0.36 (post-febrile) (P < 0.001).
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Figure 1: Symptomatology of three temperature phases among
participants (n = 144)

One symptom was confirmly present when mean temperature
was 99.91 + 1.55°F, while mean temperature for two associated
symptoms was 100.22 + 1.46°F. As per our knowledge, no other
study has analyzed the symptoms associated with fever.

As per classical teaching, fever is defined as an eatly morning
temperature of >37.2°C (>98.9°F) or an evening temperature
of >37.7°C (>99.9°F)." The Ametican College of Critical Cate
Medicine, the International Statistical Classification of Diseases,
and the Infectious Diseases Society of America have defined
fever as a temperature of 238.3°C (100.9°F).) Howevet, no
where it mentions about qualitative definition or associated
symptoms since fever is a measurable sign. This is important, as
the mere numerical rise in temperature can be seen physiologically
also, as in females during the menstrual cycle.”! A study from
British India demonstrated higher oral temperatures than those
usually accepted as normal for temperate climates. The oral and
rectal temperatures of Indian and British troops were higher
than the normal range during the summer months.) This
again demonstrates that temperature is a quantitative variable
undergoing fluctuations with the outside seasonal variations too.
Similatly this variation can be due to other factors such as old
age, climate, gendet, and economic development.”'” Evety year
various parts of tropical countries like India are hit by seasonal
fevers in the post-monsoon season. Febrile infections prevalent
in the tropical and subtropical regions are collectively known as
tropical fevers.''! These include dengue, malatia, scrub typhus,
leptospirosis, typhoid fever and others leading to quite high
mortbidity and mortality.'? Hence qualitative definition is a must
before any inference regarding the higher temperature range.

Itis essential to derive a symptom-based definition of fever, where
patients can be taught about a specific set of symptoms to look
out for, suspecting fever. In the present scenario of COVID-19,
it gathers more importance as due to the shortage of amenities,
even thermometers cannot be ensured in every nook and corner.
Hence, the patients can lookout for a few symptoms which may
most likely predict fever. The present study confirms fatigue is
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Figure 2: (a and b): Box and Whisker plots: Association between febrile symptoms and temperature readings

most common associated symptom (50.3%) during febrile phase
followed by warmth (47.3%), headache/head heaviness (47.0%),
feeling malaise/generalized weakness (46.7%), loss of
appetite (46.5%), muscle cramps/muscle aches (45.6%), chills/
shivering (44.6%), increased sweating (43.0%), nausea (42.5%),
irritability (38.9%), increased breathing rate (37.1%), and
restlessness/anxiety/palpitations (36.5%).

The presence of = two symptoms was associated with
higher temperature readings (100.22°F) compated to just one
symptom (99.91°F). Similarly, dehydration correlated with
higher temperature (100.86°F) followed by increase in breathing
rate (100.61 + 1.38°F). These findings can help in the early
prediction of patients having a higher temperature and more likely
to get sick. This may help in triaging the patients in the presently
overburdened scenario of the COVID-19 pandemic also.

Our study has limitations too. Subjects were allowed to take
antipyretics; hence, the symptoms could have resolved post drug
use. The categorization among phases (febrile and non-febrile)
was based on subjective parameters, varying from person to
person. However, this itself forms the basis of our study as
we propose that fever must be defined based on an individual’s
assessment of the symptoms. Future studies may establish
objective measurements of these associated symptoms.

Conclusion

Fever must not be defined as a mere rise of temperature, as
this may occur physiologically also. As fever is a sign, various
symptomatology of fever should be defined. Fatigue is found
to be the most prevalent symptom (50.3%) during febrile phase
followed by warmth, headache, malaise, loss of appetite, muscle
aches, chills, increased sweating, nausea, irritability, increased
breathing rate, and palpitations. Simultaneously higher rise in
temperature is associated with more number of symptoms, thus
predicting the intensity of fever.

Take home messages

e Fever is a sign, not a symptom.
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* Symptomatology of fever should be defined.

» Fatigue is the most prevalent symptom during febrile phase.

e Greater rise in temperature correlates with more symptoms,
thereby predicting the intensity of fever.
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