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CYTOKINE STORM GOES HAND IN HAND WITH PROLONGED FEVER IN SARS COVID-19: A
STUDY ON 1324 PATIENT’S DATABASE OF PAST 1 YEAR.

ABSTRACT
Background

Cytokine storm syndrome is a cascade of intensified immune responses disposing the immune system to
exhaustion, which might eventually result in organ failure and fatal respiratory distress. Infection with severe
acute respiratory syndrome-coronavirus-2 results in uncontrolled production of cytokines and eventually the

development of cytokine storm syndrome. Clinical intervention in patients with SARS has demonstrated
upregulation of cytokine production in patients with prolonged fever. Such an association between fever and

cytokine storm is studied in the present research which is a hospital-based case-control study of COVID-19
patients. To the best of our knowledge, the present study is the first study of Indian population, which highlights
the link between prolonged fevers, Lymphocyte count and cytokine profile in patients with the COVID-19
disease.

Methods- We conducted a hospital-based case—control study of patients admitted for COVID-19 with
prolonged fever and short duration of fever with a positive SARS-CoV-2 reverse transcriptase polymerase chain
reaction (RT-PCR).All the patients underwent investigationswhich includes HRCT chest, Complete Blood
Count (CBC), Renal and liver panel, C- Reactive Protein (CRP), Lactate dehydrogenase (LDH), Interleukin-6
(IL-6) and Ferritin, as a part of their COVID-19 protocol clinical laboratory findings at regular intervals till

discharge.

Conclusions-The study reported that prolonged fever i.e. fever > 7 days from beginning of illness was
associated with increased risk of cytokine storm from COVID-19 than patients with short duration of
fever.There was also a marked reduction in Lymphocyte count with increased levels of inflammatory markers
and fever, which is again considered an indicator of poor prognosis.

The study concludes that prolonged fever should be considered as one of the earliest markers for predisposing

the patient to the cytokine storm. These early signs if diagnosed correctly right at the inception of complications
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the further progression of cytokine storm could be avoided.Which can minimize the mortality and foster the

chances of the patient’s recovery from this deadly disease.

Keywords: COVID-19; cytokines storm; prolonged fever; short duration of fever.

Introduction
SARS CoV-2 (severe acute respiratory syndrome) is a novel severe acute respiratory syndrome coronavirus. In
Wuhan, Chinaon December 31, (2019) was reported a cluster of viral pneumoniacases, subsequently identified
as coronavirus disease 2019 (COVID-19).(1)However, the newer strains and their associated signs and also
complications emerging in COVID-19 area continuing challenge to medical health systems all over the world
and the scenario is still getting inferior. The COVID-19 poses an increasing threat to humans with a fatality rate
of 6.4 % so far.(2)Most commonly COVID-19 reports dry cough symptoms along with acute respiratory illness,
with high variations in fever fatigue.(3)(4)Particularly, about 72% - 98.6% of apatient’s shows prolong
fever.(3)(5)(6)Prolong fever,i.e.fever > 7 days has shown to be a detrimental sign in many viral infections
including dengue.Similarly, fever of longer duration and illness extending in the second week of COVID-19
disease is also expected to worsen the outcomes.(7) Cytokines are produced by several immune cells, including
the innate macrophages, dendritic cells, natural Killer cells and the adaptive T and B lymphocytes.(8)Infection of
COVID-19 is accompanied by an inflammatory response with the release of a large amount of pro-inflammatory
cytokines in an event known as “cytokine storm.”(8) The host cell immune response to the SARS-CoV-2 virus
is hyperactive resulting in an extreme inflammatory reaction. Some studies evaluating cytokine profiles from
COVID-19 patients have shown that the cytokine storm is directly related with lung injury which ultimately
results in multi-organ failure.(9)(10)(11)

Evidences show that complications of COVID-19 occur in 2" week of illness and their significance of variation
in fever with regards to the development of complications is still unknown. (3) The immune system has a

delicate mechanism capable of responding to various pathogenic infections.

In this study, we have examined the characteristics of patients who developed prolonged fever and studied
itsassociation to cytokine levels and lymphocyte count. Our aim is to study the basic, clinical parameter of the
fever as an early marker to sense the risk of forthcoming cytokine storms.Which if controlled at the
inceptionitself, can reduce the COVID-19 associated mortality and increase the chances of the patient’s

recovery.

Methodology

Data collection and clinical management

We conducted a hospital-based case—control study of patients, who were admitted to ‘Tertiary health care
center’ Amravati, Maharashtra (India).With a positive SARS-CoV-2 reverse transcriptase polymerase chain

reaction (RT-PCR) assays from date 01-August-2020 to 03-July-2021.
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Upon admission, all patients underwent a HRCT chest score, Complete Blood Count (CBC). Renal and liver
panel, C - reactive protein (CRP), Lactate dehydrogenase (LDH), Interleukin -6 (IL-6), Ferritin, through clinical
laboratory findings at regular intervals till discharge.

SARS-CoV-2 PCR, patients who tested positive were not discharged until they had 2 negative RT-PCR test, 24
hours apartit’s a hospital-based protocol, which is based on literature. (12)Standardized template was used for
recording daily signs and symptoms, vital signs and treatment offered. Serial CBCs and HRCT chest score were
done for those with prolonged fever and the records were collected.For cases with prolonged fever,

examinations were repeated at a point of fever recurrence.

DEFINITIONS AND OUTCOMES:

Fever was defined as a temperature of > 38Cor higher. Duration of fever was calculated from the date of 1%
symptoms onset to the date of defervescence. During the course of hospital treatment, cases with prolonged
fever were those showing fever > 7 days. Cases with Saddleback fever were defined as patients with recurrence
of fever lasting < 24 h, after defervescence, beyond day 7 of illness. Cases without prolonged fever were
considered as control cases. The patients who did not showany symptoms of fever are excluded from the

analysis.
Lymphopenia is defined as lower Lymphocyte count than the normal range (20-40%).

STATISTICAL ANALYSIS:The Mann-Whitney U test was used to evaluate the difference in medians of
continuous variation. For cytokine profile, Mann-Whitney U test was applied to find out the significance
difference in fever pattern. Statistical analyses were performed in MS Excel.Regression analysis was used to
determine the statistical significance of variables to find out dependency of lymphocyte on cytokine profile. i.e.,
LDH, CRP, IL-6, and Ferritin. The P value of <0.05 indicated statistical significance.

Result

We screened total 1324 patients admitted to ‘Tertiary health care centre’ Amravati, Maharashtra (India), from
01 August 2020 to 03 July 2021.

From thesestudies, total 156 patients are excluded because of the no. of patients, i.e. 106/156patients founded
with no prolonged fever but having same common symptoms. And remaining 50 patients excluded because of
they were found with no short duration of fever and asymptomatic. Data was collected from the remaining 1168
(88.21%) as a cohortcontrolgroup. Here, we divided control data into a prolonged fever/recurrent fever included
with 315 (23.79%)patients in Group-A, and in Group-B included with 853 (64.27%) patients withshort duration
of fever; of all study subjects were male, 37.73% (475/1324) of all subject were female and median age

[Interquartile range (IQR)] was 52 (17-92) years.

symptomatic Asymptomatic OddsRatio (OR)
Fever 853(a) 315(b) 853/315
No Fever 106 (c) 50(d) 106/50
Total 959 365 2.70/2.12=1.27
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Table-1: Both an odds ratio (OR) and a relative risk (RR) are calculated from valuesina 2 x 2

contingency table. A, B, C and D represent the number of subjects that fall into each cell.

Since the Confidence Interval (CI) of (0.8858 to 1.8200) spans 1.0 to increase Odd Ratio (OR) 1.27 of patients
with feverhaving symptomatic and asymptomatic in COVID-19 was slightly higher odd in patients with no
fever having symptomatic and asymptomatic [OR:1.27,95%:CI(0.8858-1.82)]and was statistically significant

(p=0.0001).
Prolonged fever(n=315), No. (%) or Short duration of fever(n=853), No. P-Value
median (IQR) (%) or median (IQR)

Age 52 (21-83) 52 (17-92) 0.2
LDH 305 (88-978) 230 (88-978) <.01
CRP 20 (1.40-192) 13 (1.42-175) <01
Ferritin 247 (7-912) 195 (5-982) <.01
IL-6 7.8 (0.20-517) 5.8 (0.12-444.9) <.01
Lymphocytes 16 (3-79) 21 (4-80) <.01

Abbreviations: - LDH- Lactate dehydrogenase, CRP- C-Reactive Protein, IL-6 — Interleukin-6.

Table-2: Demographic and Clinical laboratory features of Prolonged and Short duration of fever in
COVID-19.

Demographics were similar across 2 categories,i.e.prolonged fever and short duration of fever. Group-A
presents the data of prolonged fever more than or equal to 7 days and Group-B shows the short duration of fever
i.e.fever less than 7 days. Patients having prolonged fever had a median duration of fever, which last for
approximate 7-10 days. The patients with prolonged fevershowsignificantly associated withC- reactive protein,
Lactate dehydrogenase, Interleukin-6, and Ferritin, on the other hand the Lymphocyte count was also

significantlyrelated with short duration of fever (Table-2).

Outcome:In this present study age is not a significant factor in a cytokine storm with prolonged fever and short
duration offever. The cases with prolonged fever had LDH 305 u/l (88-978) v/s the short duration of fever 230
u/l (88-978; p <.01)it indicates rises to LDH level and its significance associated with short duration of fever.On
the other hand, the cases with prolonged fever had more levels of CRP 20mg/l (1.40-192) compared tothe short
duration of fever were found 13mg/l (1.42-175; p<.01). The cases with prolonged fever were Ferritin found to
be around247 ng/ml (7-912) and in ashort duration of fever were 195ng/ml (5-982; p<.01). The cytokine and
chemokine concentrations from a prolonged fever were found to have higher levels of inflammatory IL-6
7.8pg/ml (0.20-517)and in short duration of fever 5.8 pg/ml (0.12-444.9)p<.01]. The average of
Lymphocytecount in prolonged fever patients was around 16% (3-79) and in ashort duration of fever was found
to be 21% (4-80; p<.01) it shows a significant difference in prolonged fever cases.All the Group-A patients
showed significantly higher levels of the inflammatory parameters tested, which were C-Reactive Protein,
Lactate dehydrogenase, Interleukin-6, and Ferritinis significantly associated as compared to the short duration of

fever. Besides this thelow Lymphocyte count wasfound in prolonged fever patients.
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The patients with COVID-19 have high cytokine levels, which can be considered as potential biomarkers for
disease progression. The specific immune profile of COVID-19 can further induce infection and multiple organ

dysfunction.

From the following graphical observationalfindings (Fig-1) we can say that, fever duration impacts the
inflammatory response which leads to the occurrence of a cytokine storm.The inflammatory cytokine included

LDH, Ferritin, IL-6 were found higher in prolonged fever as compared with short duration of fever.

LDH Level IL-6 Ferritin
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Fig-1 The graphical representation indicates the comparison of cytokines levels in COVID-19 infection.

The color of graphical representation indicates a blue color for prolonged fever i.e.(Group-A) and green for the
short duration of fever i.e. (Group-B).The exaggerated inflammatory response with a large amount of pro-

inflammatory cytokine markers the tissue injury and more pulmonary infection (Fig-1).

Correlation between Fever Pattern and Cytokine Profile: To investigate whether the cytokine profile is
correlated with the fever pattern. In prolonged fever (Group-A) cases we found that Lymphocytes were
significantly dependent on CRP, i.e. with increased levels of CRP there was a decrease in Lymphocyte count
i.e.Lymphopenia. On the other hand, other cytokinesLDH, Ferritin and IL-6 not were not significantly affecting
the Lymphocyte count (Fig-2).Acolor of graphical representation indicates,a blue color for prolonged fever
i.e.(Group-A) and green for the short duration of fever, i.e. (Group-B).
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Fig-2The graphical representation indicates the comparison of lymphocyte and CRP levels in COVID-19

infection.
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The above graphical representation indicated that CRP level in prolonged fever is significantlydependant on
Lymphocyte count.Moreover, the average lymphocyte count was observed to be 16% in group A patients and
21% in group B patients which denotes significant lower levels of Lymphocytes in patients with prolonged fever
compared to the short duration of fever. Thus, the study founds LDH, CRP, Ferritin, IL-6 in high levels of
inflammatory cytokines and the lowLymphocyte count were significantly associated with prolonged fever.

Discussion

In this study, we have presented, the association between the duration of fever and cytokine levels in COVID-19
disease. This retrospective study was conducted on the datal324 hospitalized patients, the laboratory findings of
the patients include higher levels of CRP, LDH, Ferritin, IL-6, and lower levels of Lymphocyte count
cases.(13)(14)Apart from the usual symptoms the study cases also reported some not so common symptoms
like, Dyspnea, Anorexia, Hypotension and some other common symptoms are the cough or shortness in
breathing present in (12%) of the cohort control study. The fever pattern experienced by patients are due to the
person-to-person differences in their immune response, (30%) of patients are evaluated with Malaise, as well as
(8%) of patients were seen with vomiting and diarrhoea. The immune illness of the patient showed different
signs and symptoms (18%) of them evaluated with loss of appetite and (16%) of patients was examined with
loss of smell and in loss of taste. Inflammation of mucous membrane of the nose caused by viral infection or the
Rhinitis significant with 5% of patients, and the other remaining (28%) of patients having general weakness.
Apart from the above symptoms 3 patients were even present with Pancreatitis.

The mechanism of cytokine upregulation in case of prolonged fever can be explained as below-

Withprolonged fever during COVID-19, an exacerbated pulmonary and systemic inflammatory response
occurwith increased levels of inflammatory markers which are cytokines and chemokines such as CRP, LDH,
Ferritin, IL-6 etc. all of which results in cytokine storm. This is a form of excessive host response to pathogen
which ultimately leads to reduced WBCs especially affecting lymphocytes. This resultsin decreased levels of

lymphocytes and cause the lymphopenia. The severity of SARS-CoV-2, is also related to the T-cell
dysfunctionality. It has been observed that SARS-CoV-2 induced cytokines may damage the capacity of T-
cells.(15)

The present study also evidenced similar findings in their patients. Our findings are in concordance with a
landmark study done by Tang Y, Liu J, Zhang Det al (10 July 2020),who found that, prolonged ill patients had
high attentiveness of pro-inflammatory cytokines, such as interleukin (IL)-6, compared to those who are
normally ill patients.(16) The high level of cytokines profile indicated a poor diagnosis in COVID-19. Besides,
this pro-inflammatory cells, mainly involving macrophages and T-helper cells, has been found in lung tissues of
patients with COVID-19 by post-mortem examination.

Another study done by Deborah H, Choy YC, Young BEet al (19 August 2020),also reported that, patients with
prolonged fever and the patients with normal fever at the early acute phase of illness of disease showed different
immunological responses. The differences in cytokine & chemokine profile were seen between control patients
with fever< 7 days, the patient with prolonged fever and patients with saddleback fever at the early acute phase
of illness. This corroborated well with our findings of increased levels of cytokine profile with COVID-19
infection during prolonged fever and normal fever. (17)

Few other studies, including studies done by Singhal T and Ruan Q(13 March 2020), have also shown the role
of cytokines contributing to severe disease and poorer prognosis in COVID patients.(18)(10) Their study also
showed similar results on lymphopenia and increased cytokine levels as evidenced by our study.

Along with Lymphopenia there is a significant difference in IL-6 and Ferritin levels between the prolonged
fever and control patients in the present paper. The higher levels of CRP, LDH, IL-6, and Ferritin have been
reported to be associated with increased viral load, lung injury, ICU admission and mortality.
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CONCLUSION

The present study establishes the link between prolonged fever and cytokine stormin COVID-19 patients. It is

observed that prolonged fever is the earliest sign to hint at the cytokine upregulation, which will further lead to

cytokine storm. Hence, if the treatment with steroids and immunomodulators including Tocilizumab is offered

at the advent of prolonged fever itself then, the further complications of cytokine storm could be avoided and
thus mortality rate will be controlled. So, we can control cytokine storm.
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