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Abstract

Background and aim

Coronavirus Disease 2019 (COVID-19) has become a worldwide pandemic and is a threat
to global health. Patients who experienced cytokine storms tend to have a high mortality
rate. However, to date, no study has investigated the impact of cytokine storms.

Materials and methods

This retrospective cohort study included only COVID-19 positive patients hospitalized in a
Private Hospital in West Jakarta between March and September 2020. All patients were not
vaccinated during this period and treatment was based on the guidelines by the Ministry of
Health Indonesia. A convenience sampling method was used and all patients who met the
inclusion criteria were enrolled.

Results

The clinical outcome of COVID-19 patients following medical therapy was either cured
(85.7%) or died (14.3%), with 14.3% patients reported to have cytokine storm, from which
23.1% led to fatalities. A plasma immunoglobulin (Gammaraas®) and/or tocilizumab (inter-
leukin-6 receptor antagonist; Actemra®) injection was utilised to treat the cytokine storm
while remdesivir and oseltamivir were administered to ameliorate COVID-19. Most (61.5%)
patients who experienced the cytokine storm were male; mean age 60 years. Interestingly,
all patients who experienced the cytokine storm had hypertension or/ and diabetes compli-
cation (100%). Fever, cough and shortness of breath were also the common symptoms
(100.0%). Almost all (92.3%) patients with cytokine storm had to be treated in the intensive
care unit (ICU). Most (76.9%) patients who had cytokine storm received hydroxychloroquine
and all had antibiotics [1) azithromycin + levofloxacin or 2) meropenam for critically ill
patients] and vitamins such as vitamins C and B-complex as well as mineral. Unfortunately,
from this group, 23.1% patients died while the remaining 70% of patients recovered. A sig-
nificant (p<0.05) correlation was established between cytokine storms and age, the
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presence of comorbidity, diabetes, hypertension, fever, shortness of breath, having oxygen
saturation (SPO2) less than 93%, cold, fatigue, ward of admission, the severity of COVID-
19 disease, duration of treatment as well as the use of remdesivir, Actemra® and Gammar-
aas®. Most patients recovered after receiving a combination treatment (oseltamivir +
remdesivir + Antibiotics + Vitamin/Mineral) for approximately 11 days with a 90% survival
rate. On the contrary, patients who received oseltamivir + hydroxychloroquine + Gammar-
aas® + antibiotics +Vitamin/Mineral, had a 83% survival rate after being admitted to the hos-
pital for about ten days.

Conclusion

Factors influencing the development of a cytokine storm include age, duration of treatment,
comorbidity, symptoms, type of admission ward and severity of infection. Most patients
(76.92%) with cytokine storm who received Gammaraas®/Actemra®, survived although
they were in the severe and critical levels (87.17%). Overall, based on the treatment dura-
tion and survival rate, the most effective therapy was a combination of oseltamivir + favipira-
vir + hydroxychloroquine + antibiotics + vitamins/minerals.

Introduction

Cytokine storm, also known as hypercytokinemia or “cytokines release syndrome,” is impli-
cated in the worsening of several conditions, including pulmonary inflammation leading to
acute respiratory distress syndrome (ARDS) and in severe COVID-19 cases. Nevertheless,
there is lack of information on the latter to provide a better understanding of its role clinically.
Information on the impact of cytokine storm in elucidating inflammation, especially involving
treatments and vaccines given to the patients is also lacking. The mortality rate from COVID-
19 acute respiratory distress is reported to be almost 40-50% [1, 2].

Cytokine storm has been implicated in the 2005 outbreak of the avian H5N1 influenza
virus, where patients went on to have a high fatality rate. Cytokine storms might explain why
some people have a severe reaction to COVID-19 while others experience only mild symp-
toms. Such reason may also explain why younger people are less affected where it produces
lower levels of inflammation due to less involvement of the immune system [3].

Most currently published papers evaluate COVID-19 patients based on the severity and
complications. In this study, the focus is on unvaccinated COVID-19 patients with cytokine
storm who received treatment in a private hospital in Indonesia. It is hoped that the data allows
easy comparison of the potential impact of cytokine storms among hospitalized patients. Over-
all, the days of hospitalization, bleeding complications, complications leading to ARDS, sec-
ondary bacterial infection and multiple organ failure among COVID-19 may all impact
patients with cytokine storm [4, 5].

The SARS-CoV2 spike protein causes cellular infection by tightening the angiotensin-con-
verting enzyme (ACE)-2 on human cells [6, 7]. Cellular infection and viral replication impact
the activation of inflammasomes in the host cell [7-10]. The phenomenon will lead to the
release of pro-inflammatory cytokines and cell death by pyroptosis with the subsequent release
of a damage-associated molecular pattern which reinforces the inflammatory response [7-10].

Antiviral treatment may play a role in the management of COVID-19, especially in more
severe disease where immunomodulatory treatments blunting cytokine release may be useful
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when appropriately timed [7]. Usually, patients with cytokine storms have fever which may be of
high grade in severe cases [11, 12]. In addition, patients have fatigue, anorexia, headache, rash,
diarrhea, arthralgia, myalgia and even neuropsychiatric findings. These symptoms may 1) be
directly due to the cytokine-induced tissue damage or acute-phase physiological changes or 2)
result from immune—cell-mediated responses [11]. Cases can rapidly lead to disseminated intra-
vascular coagulation with either vascular occlusion or catastrophic hemorrhages, dyspnea, hypox-
emia, hypotension, hemostatic imbalance, vasodilatory shock as well as death [11]. Many patients
have respiratory symptoms including cough and tachypnea that can manifest in an acute respira-
tory distress syndrome (ARDS), with hypoxemia requiring mechanical ventilation [11]. Addition-
ally, renal failure, acute liver injury or cholestasis and a stress-related illness like cardiomyopathy
can also occur in severe cases of cytokine storm [11, 13]. Nevertheless, to our knowledge, no
study has focused on treatment outcome of cytokine storm among COVID-19 patients.

Materials and methods
Study design and setting

The study only involved positive COVID-19 patients before the process of vaccination in Indo-
nesia based on the treatment guidelines by the Ministry of Health Indonesia. The study was
conducted in a private hospital in West Jakarta between March and September 2020. Only
patients who received medical therapy (antiviral-antibiotics) for COVID-19 and met the inclu-
sion criteria below were included. This is a cohort retrospective study conducted to support
the association between the suspected cause and disease, with pre-existing risk factors and dis-
ease with the study variables viewed through historical patient records. A convenient sampling
was used to select the patients who fulfilled the inclusion criteria.

Selection criteria

Inclusion criteria
1) Patients aged > 18 years old.
2) COVID-19 positive patients (with or without comorbidities).

3) COVID-19 positive patients who received COVID-19 treatment (antiviral-antibiotic)
therapy between March and September 2020.

Exclusion criteria
1) Patients below 18 years.

2) Patients who do not have complete medical record data, being referred or about to be
discharged.

Ethical approval

The research was approved by a local institutional ethics committee at the Faculty of Health,
Esa Unggul University with reference number: 0374-20.362/DPKE-KEP/FINAL-EA/UEU/
XI1/2020 which complies with the Declaration of Helsinki.

Clinical outcome parameters

In this study, recovery and death are two categories of the clinical outcome defined. The recov-
ery parameter was based on the polymerase chain reaction (PCR) test results for COVID-19
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from either the nose/throat/airway aspirate swabs. The findings must be negative at least twice
in a row within more than 24 hours. The death parameter is a further positive confirmatory
case of COVID-19, where patients died during admission. Treatment outcome was based on
the duration of treatment, which is equal to the length of hospital stay.

Data collection and analysis

The data based on the patient’s medical record was gathered using a research data collection
sheet containing the patient’s identity, medical history, type of treatment therapy and clinical
status and all data were fully anonymized. Before collecting the data, the letter approval of
research from the hospital and ethical approval from the ethical committee was required. Due
to the retrospective study, informed consent from the patients was not necessary with the con-
dition all these data are confidential. All those things had been discussed with the management
hospital and ethical committee. Subsequently, the data was entered into the Microsoft Excel
2013 program and was processed using an SPSS version 26.0 program. Data analysis was con-
ducted using Fisher’s Exact, Chi-Squared, Independent T-Test, Mann Whitney U and survival
test analyses (Kaplan Meier Survival Analysis).

The staging process was done on admission. Staging is based on the Decree of the Minister
of Health of the Republic of Indonesia [14], where patients deemed to be in stage 1 had mild
symptoms and patients in stage 2 had moderate symptoms. Patients in stage 3 were those with
severe symptoms while patients in stage 4 were patients who had to be admitted to the inten-
sive care unit (ICU) for ventilators. Overall, there were only thirteen ventilators available in
the hospital, which were all situated in the ICU for patients with oxygen saturation (SpO2)
below 93%. Patients were treated in the hospital until the PCR swab was negative.

Results and discussion

To our knowledge, the impact of cytokine storm on COVID-19 patients has not been clinically
described elsewhere. This is the first study to describe the impact of cytokine storms on
COVID-19 patients prior to the vaccination process that took place in Indonesia. Currently,
COVID-19 infection remains as an unprecedented challenge across the globe when the World
Health Organization (WHO) declared it as a global pandemic on March 11, 2020 [15]. The dis-
ease can cause severe illness including cytokine storm, leading to hospitalization, ICU admis-
sion and even death, especially in older patients (elderly) with underlying extreme health
conditions [16].

Based on the patient’s medical records, 124 patients who were COVID-19 positive and
received treatment in a Private Hospital in West Jakarta during the study duration were
recruited. From this number, only 91 (73.4%) patients met the inclusion-exclusion criteria and
were included in the study. Among these patients, 14.3% of patients had cytokine storms
(Table 1). Most were males (61.5%) with a mean age of 60 years. All patients who had cytokine
storm experienced hypertension with diabetic complications (100%).

Fever, cough and shortness of breath were the symptoms commonly appearing among
patients with cytokine storm (100.0%). Except for a single patient (7.7%) who had a mild-mod-
erate symptom, almost all cytokine patients with severe and critical illnesses were treated in
the ICU. A significant correlation was established between cytokine storms with age, the pres-
ence of comorbidity, diabetes, hypertension, fever, shortness of breath, SPO2 < 93%, cold,
fatigue, type of admission ward as well as the severity of COVID-19 disease (p < 0.05).

Most (76.9%) patients who had cytokine storm received hydroxychloroquine, but all
patients’ were given antibiotics and vitamin/mineral (Table 2). The antibiotics were a five days
regimen of azithromycin, followed by levofloxacin (seven days). However, critically ill patients
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Table 1. Correlation between cytokine storm, sociodemographic and clinical symptoms.

Variable Frequency (%) p-value
Overall (n =91) Cytokine storm (n = 13) No cytokine storm (n = 78)

Mean age 49.0 + 16.4 61.6 +13.0 46.9 £ 16.0 0.002%
Gender 0.517*
Male 64 (70.3) 8 (61.5) 56 (71.8)
Female 27 (29.7) 5(38.5) 22 (28.2)
Presence of comorbidity 49 (53.8) 13 (100.0) 36 (46.2) < 0.001**
Type of comorbidity
Diabetes 28 (30.8) 9(69.2) 19 (22.4) 0.002*
Hypertension 28 (30.8) 8 (61.5) 20 (25.6) 0.019*
Symptoms
Fever 62 (68.1) 13 (100.0) 49 (62.8) 0.008*
Cough 62 (68.1) 13 (100.0) 49 (62.8) 0.596*
Shortness of breath 43 (47.3) 13 (100.0) 30 (38.5) < 0.001**
SPO, (< 93%) 23 (25.3) 12 (92.3) 11 (14.1) < 0.001"
Cold 30 (33.0) 0 (0.0) 30 (38.5) 0.004*
Fatigue 29 (31.9) 0 (0.0) 29 (37.2) 0.008*
Anosmia 11 (12.1) 0 (0.0) 11 (14.1) 0.354*
Sore throat 10 (11.0) 0(0.0) 10 (12.8) 0.347*
Diarrhoea 8(8.8) 0(0.0) 8(10.3) 0.596*
Nausea and vomiting 8(8.8) 0 (0.0) 8(10.3) 0.596*
Admission ward < 0.001*
Intensive care unit (ICU) 23 (25.3) 12 (92.3) 11 (14.1)
Non-intensive care unit (Non-ICU) 68 (74.7) 1(7.7) 67 (85.9)
Severity of COVID-19 disease < 0.001"
Mild 48 (52.7) 0(0.0) 48 (61.5)
Moderate 20 (22.0) 1(7.7) 19 (24.4)
Severe 10 (11.0) 9 (69.2) 1(1.3)
Critical 13 (14.3) 3(23.1) 10 (12.8)
Cytokine storm
Yes 13 (14.3)
No 78 (85.7)

*Fisher exact test;
**Chi Square test;
#Independent T-test.

https://doi.org/10.1371/journal.pone.0262438.t001

were administered with meropenem until the regimen was completed. A plasma immunoglob-
ulin (gammaraas®) and/or tocilizumab (interleukin-6 receptor antagonist; actemra®)) injec-
tion were administered to ameliorate the cytokine storms. Additionally, a significant
correlation was established between the cytokine storm with the duration of treatment as well
as the use of remdesivir, actemra® and gammaraas® (p <0.05).

There was a male predominance among patients with cytokine storms. Based on the data
by the WHO, due to their reduced immune function and compensated lungs, smokers have
the highest risk of COVID-19 [17]. Other studies [18, 19] reported that smokers had worse
outcomes following SARS-CoV-2 viral infection which may explain the higher predominance
among males having cytokine storms in our study since the percentage of male smokers in
Indonesia was 68.1% as reported in 2016 [20].
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Table 2. Correlation between cytokine storm experienced with duration and type of treatment.

Variable Frequency (%) p-value
Overall (n =91) Cytokine storm (n = 13) No cytokine storm (n = 78)
Median duration of treatment in days 14.0 (5-39) 25.0 (7-35) 14.0 (5-39) 0.001%
Type of treatment
Oseltamivir 61 (67.0) 8 (61.5) 53 (67.9) 0.752*
Antibiotics 84 (92.3) 13 (100.0) 71 (91.0) 0.587*
Vitamin/Mineral? 91 (100.0) 13 (100.0) 78 (100.0) 1.000*
Hydroxychloroquine 60 (65.9) 10 (76.9) 50 (64.1) 0.531*
Remdesivir 11 (12.1) 4 (30.8) 7 (9.0) 0.048*
Favipiravir 6 (6.6) 1(7.7) 5(6.4) 1.000*
Actemra® 5 (5.5) 5(38.5) 0 (0.0) < 0.001*
Chloroquine 4 (4.4) 0(0.0) 4 (5.1) 1.000*
Azithromycin 7(7.7) 0(0.0) 7 (9.0) 0.587*
Gammaraas®) 8 (8.8) 8 (61.5) 0 (0.0) < 0.001*

*Fisher exact test;
#Mann Whitney U-test.

A Vitamins used were vitamins B-complex and C; the type of mineral administered was zinc.

https://doi.org/10.1371/journal.pone.0262438.t002

Based on our data, almost all patients who had cytokine storms were treated in the ICU
indicating their poorer prognosis. In contrast, the study by Cappanera et al. reported the pres-
ence of cytokine storm in only 52% patients in stage III (critical illness). It has been reported
that cytokine storm which is an overreaction of the body’s immune system is fatal and may be
present not only in COVID-19 patients but also in influenza [21]. In fact, cytokine storm is
deemed as the primary determinant of the pathophysiological worsening of COVID-19 [22].

In terms of age, there was a higher preponderance of cytokine storm in the elderly COVID-
19 patients (61.6 + 13.0 years). Similarly, Leandri et al., reported that SARS-CoV-2 infection
which causes strong immune system dysfunction as characterized by a marked increase in pro-
inflammatory response in the host and a life-threatening cytokine release syndrome (CRS) can
induce acute respiratory syndrome (ARDS), especially in aged people [23]. Furthermore, the
worsening of anti-inflammatory responses in the elderly may be attributed to the higher
involvement of the pro-inflammatory responses [24]. In our study, approximately 50% of the
COVID-19 patients with cytokine storm had hypertension while the remaining had diabetes.
The finding is not surprising since it has been reported that inflammation, oxidative stress and
endothelial dysfunction are associated with biological aging and progress in hypertension [25].
As for diabetes mellitus, type 2 diabetes mellitus is primarily reported to be linked to both oxida-
tive stress and ageing [26]. Similarly, hypertension and diabetes mellitus are significant risk fac-
tors associated with death among COVID-19 in Mexico [27] where these diseases are the two
main comorbidities among COVID-19 patients [17] in that country, besides in China.

Most patients received angiotensin-converting enzyme inhibitor (ACEi) and an angioten-
sin receptor blocker (ARB) as antihypertensives [28]. Nevertheless, it has been reported that
the first step of SARS-CoV-2 infection in humans occurs via viral engagement with cell-surface
ACE2 [29] which ultimately affects ACE2 tissue expression or activity. Therefore, further
investigation is required to justify whether the influence of Renin-Angiotensin System (RAS)
inhibitors on COVID-19 is beneficial, unremarkable, or harmful [29]. Additionally, hypergly-
cemia as seen in diabetes mellitus also contributes to immune response dysfunction, causing a
poorer recovery from various pathogens (bacterial, viral or fungal infections) [30].
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Besides hypertension and diabetes, comorbidities such as Chronic Obstructive Pulmonary
Disease (COPD), Chronic Kidney Disease (CKD) and Cardiovascular Diseases (CVD) are also
significant risk factors in the development of severe COVID-19 disease [31]. Similarly, Otuo-
nye et al. reported that out of the 154 patients studied in Lagos, Nigeria, there was a 2.6% mor-
tality rate occurring among patients with hypertension, diabetes and respiratory tract
infections. Lower Respiratory Infection (LRTI) and pneumonia are reported to aggravate the
disease further [32]. Generally, the more comorbid a person is (for example, having diabetes
and heart disease), the higher are the chances for severe complications from COVID-19 [33].

Only a few studies have investigated the effect of the longer duration of hospitalization on
cytokine storms experienced in COVID-19 patients although treatment duration is also gener-
ally influenced by the patient’s immune system and the severity of the disease. In a study by
Chen et al. on patients (n = 249) treated at the Shanghai Public Health Clinical Centre
(SPHCC), 86.3% were found to have recovered and were discharged after 16 days of hospitali-
zation [34]. Based on several other studies in China, the average length of treatment is approxi-
mately 10 to 13 days [16, 35]. Nevertheless, hospitalization is dependent on various factors
associated with COVID-19 where reduced immune systems and higher comorbidities are
often seen in the elderly [36] which will inevitably affect the length of treatment as well as the
clinical outcome.

In this study, prevalence of cytokine storm was influenced by age, comorbidity, symptoms,
length of treatment as well as the treatment received (remdesivir, Gammaraas® and
actemra®). Fang, Karakiulakis and Roth’s earlier reported that both age (the elderly) and the
presence of comorbidities including hypertension and diabetes account for the higher mortal-
ity rate due to COVID-19 [37]. Although COVID-19 affects almost all ages, available data sug-
gests the fact that the elderly, besides presenting a higher risk of both getting infected and
severe complications, represent 80% of hospitalizations and pose a 23-fold greater threat of
death [38]. Overall, age and comorbidities impact disease severity through immune-mediated
mechanisms since they are correlated with a chronic rise in pro-inflammatory mediators that
cause an enhanced susceptibility to induce an immune dysregulation following SARS-CoV-2
infection [39] as also reported by Fiorino et al. [40].

In this study, cytokine storms were also significantly correlated with fever, shortness of
breath and having an SPO2 of less than 93%. One of the most severe complications of
COVID-19 is the development of an atypical upper respiratory tract pneumonia that poses a
significant challenge for clinicians when managing the disease where abnormal and uncon-
trolled production of cytokines have been observed in critically ill patients with COVID-19
pneumonia [41]. In fact, fever, cough, shortness of breath and fatigue were the initial symp-
toms of most patients with SARS COV-2 with some patients even developing chest distress,
myalgia and rhinorrhea [42].

The days of hospitalization observed in this study was approximately 25 days. Another
study in Malaysia reported that the length of hospitalisation in both the ward and the ICU for
COVID-19 patients were only 1-5 days (51.8%), 6-10 days (10.9%) and 11 days (37.3%) [43].
It is plausible that the discrepancies are attributed by the different staging of the disease where
most Malaysian patients suffered from stages 1 and 2. On the other hand, Nadeem et al.
reported that the median length of hospital stay in Dubai was 19 days, ICU stay was 14 days
and patients on ventilator 11 days [44]. Overall, most patients who experienced cytokine
storms were treated in the ICU and the poorer prognosis contributed to the long duration of
treatment [7].

The type of treatment that a patient receives also affects the clinical outcome of hospitalized
patients with cytokine storms. Currently, patients with COVID-19 disease frequently use avail-
able therapeutic drugs based on the patient’s symptomatic condition, antiviral therapy,

PLOS ONE | https://doi.org/10.1371/journal.pone.0262438 January 25, 2022 7/14


https://doi.org/10.1371/journal.pone.0262438

PLOS ONE Cytokine storm prior vaccination

antibiotics, systemic corticosteroids and anti-inflammatory drugs (including anti-arthritis
medications) [45]. Based on the Ministry of Health Republic Indonesia guideline, these
patients received antiviral (oseltamivir, favipiravir, remdesivir, hydroxychloroquine or chloro-
quine), antibiotic (azithromycin or levofloxacin) and vitamin such as vitamins C (500 mg) and
B complex and minerals [46]. This guideline is in line with the COVID-19 treatments
approved by WHO [47] with the addition of the vitamins and the antimalarials.

One of the signs and symptoms of COVID-19 disease is pneumonia where azithromycin or
levofloxacin are commonly instituted [48]. Usually, as recommended by the WHO, pneumo-
nia is reported in COVID-19 patients who are at stage 2 and above [49] as well as in hospital-
ised patients to avoid complications. In a study conducted by Wang et al., at the Union
Hospital, Wuhan, most patients received antiviral and antibiotic therapies [50]. Based on the
data on 1,099 laboratory-confirmed COVID-19 patients from 552 hospitals in 30 provinces in
China, most patients (58.0%) received intravenous antibiotic therapy while 35.8% received
oseltamivir treatment [51]. Another study conducted by Ramatillah & Isnaini in Indonesia
indicated that patients receiving the Oseltamivir + Hydroxychloroquine combination had the
highest survival rate at about 83% after undergoing treatment for approximately ten days [51].

In this study, 14.29% of COVID-19 patients with cytokine storm were administered with
Actemra® or Gammaraas®). Tocilizumab, an IL-6 inhibitor, is deemed as relatively effective
and safe for cytokine storms [52]. Additionally, corticosteroids, programmed cell death pro-
tein (PD)-1/PD-L1 checkpoint inhibition, cytokine-adsorption devices, intravenous immuno-
globulin and antimalarial agents have potentially been reported to be beneficial against
cytokine storm in COVID-19 patients [52]. Nevertheless, there is a report that the timing of
treatment and the proper selection of patients are also key to the success of the therapy against
cytokine storm [53].

Based on Table 3, only 23.1% of patients died due to cytokine storms while the remaining
76.9% of patients recovered. However, no correlation was established between cytokine storm
and the treatment outcomes.

A survival analysis was conducted to determine the patient’s survival rate following
COVID-19 treatment. Based on Fig 1, COVID-19 patients who received the combination
treatment (Oseltamivir + Hydroxychloroquine + antibiotics + Vitamin/Mineral) had the high-
est survival rate (approximately 90%) following 11 days of treatment. However, patients who
received the combination chloroquine + antibiotics + Vitamin/Mineral had the lowest survival
rate (about 22%) after 11 days.

Patients with cytokine storm received several combination of treatments 1) Hydroxychloro-
quine + Actemra® + Antibiotics + Vitamin/Mineral 2) Oseltamivir + Hydroxychloroquine
+ Gammaraas® + Antibiotics + Vitamin/Mineral 3) Oseltamivir + Hydroxychloroquine +-
Actemra® + Antibiotics + Vitamin/Mineral 4) Remdesivir + Actemra® + antibiotics + Vita-
min/Mineral or 5) Favipiravir + Gammaraas® + Antibiotics + Vitamin/Mineral. However,
patients who received Oseltamivir + Hydroxychloroquine + Gammaraas®) + antibiotics

Table 3. Correlation between cytokine storm experienced and treatment outcomes.

Variable Frequency (%) p-value
Overall (n =91) Cytokine storm (n = 13) No cytokine storm (n = 78)
Treatment outcomes 0.389*
Death 13 (14.3) 3(23.1) 10 (12.8)
Recovered 78 (85.7) 10 (76.9) 68 (87.2)

*Fisher exact test.

https://doi.org/10.1371/journal.pone.0262438.t003
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Fig 1. Kaplan meier survival for COVID-19 patients based on the medical treatments received.

https://doi.org/10.1371/journal.pone.0262438.g001

+Vitamin/Mineral had the highest survival rate (83%) following a 10 days hospital admission
(Fig 1).

Cytokine storm is the main factor contributing to COVID-19 exacerbation or even death,
not only because of pulmonary injury, but also the subsequent development of extrapulmon-
ary multiple-organ failure [54, 55]. Cytokine storms of viral origin showed similar pathogene-
sis of having an imbalanced immune response with the exaggerated inflammatory reaction in
combination with the reduction as well as functional exhaustion of T-cells [54].

Besides COVID-19, cytokine storms are also present in influenza, SARS, and MERS. Based
on the immunopathology in COVID-19, SARS, and influenza infections, all the diseases show
some hyperinflammation, hypercytokinemia, increased CRP levels, hyperferritinemia associ-
ated with poor prognosis, immunosuppression, lymphopenia associated with the severe dis-
ease, reduction of NK cell counts in the blood and/or NK cell dysfunction and reduction in
both CD4 and CD8 T-cell counts in the blood associated with more severe disease. However,
MERS tends to reveal hyperinflammation and hypercytokinemia associated with a poorer
prognosis [54].

In our study, most (70%) COVID-19 patients with cytokine storms survived. Sun et al.
reported that most patients developed mild symptoms among 41 patients involved in their
research [56]. In contrast, some patients developed very severe symptoms and eventually
died due to multiple organ dysfunction syndromes (MODS) as a result of a severe cytokine
storm [56].

The causes of mortality among COVID-19 patients with cytokine storms were disease
severity and the presence of comorbidities. Since Jakarta is the capital city with vast popula-
tion, suppressing the spread of COVID-19 remains a big challenge for the government. In fact,
till date, Jakarta remains as a red zone for COVID-19 [57]. When this study was conducted,
the percentage of COVID-19 infected was very high [57], affecting the number of available
rooms at the hospital [57] and causing delayed treatment in the hospital. Overall, these circum-
stances lead to patient admission at the late stages and poorer prognosis.
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The study has some limitations since the study duration is rather short and the fact that the
published care data to date, originates from a small observational data (no more than 250
patients). Additionally, the treatment type administered is not based on the WHO guideline
but rather, on the local context in Indonesia, besides the fact that it was conducted prior to vac-
cine introduction in the country. Further research should focus on cytokine storms experi-
enced in vaccinated patients to determine if vaccination improves the prognosis of patients
with cytokine storms further. Additionally, since our data reported mainly on males and also
in the elderly, it would be interesting to see the incidence in females as well as in the younger
age group and their responses against cytokine storms (Fig 2).

Conclusions

All patients with cytokine storm had hypertension or/ and diabetes complications. The age,
duration of treatment, comorbidity, symptoms, ward of admission and severity of disease all
are important contributing factors to the development of the cytokine storm. Although most
patients with cytokine storm (87.17%) were at severe and critical levels of COVID-19, most
(76.92%) survived following administration of Gammaraas@®/ Actemra®. Overall, based on
the treatment duration and survival rate, the most effective therapy was a combination of osel-
tamivir + favipiravir + hydroxychloroquine + antibiotics + vitamins/minerals.

Cytokine storm

Pre-Vaccination

Male=61.5%
ale ’ Recovered

Diabetes =69.2% =76.9%

Death
=23.1%

Shortness of breath =100 %

SPO: (< 93%) =92.3%

Future Study Eemales

Future research should focus on cytokine storms

in vaccinated patients to determine if Covid-19 Cytokine
vaccination improves the prognosis of patients — | vaccination | —» Storm \
with cytokine storms further. Additionally, since

our data reported mainly on males and also in
the elderly, it would be interesting to see the
incidence in females as well as in the younger
age group and their responses against cytokine
storms.

Younger
Group

Fig 2. Summary of the study and future study.
https://doi.org/10.1371/journal.pone.0262438.9002
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