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Abstract

Background

The success of early dexamethasone therapy for hospitalised COVID-19 cases in treatment

of Sars-CoV-2 infection may predominantly reflect its anti-inflammatory action against a

hyperinflammation (HI) response. It is likely that there is substantial heterogeneity in HI

responses in COVID-19.

Methods

Blood CRP, ferritin, neutrophil, lymphocyte and platelet counts were scored to assess HI

(HI5) and combined with a validated measure of generalised medical deterioration

(NEWS2) before day 2. Our primary outcome was 28 day mortality from early treatment with

dexamethasone stratified by HI5-NEWS2 status.

Findings

Of 1265 patients, high risk of HI (high HI5-NEWS2) (n = 367, 29.0%) conferred a strikingly

increased mortality (36.0% vs 7.8%; Age adjusted hazard ratio (aHR) 5.9; 95% CI 3.6–9.8,

p<0.001) compared to the low risk group (n = 455, 36.0%). An intermediate risk group

(n = 443, 35.0%) also showed significantly higher mortality than the low risk group (17.6%

vs 7.8%), aHR 2.2, p = 0.005). Early dexamethasone treatment conferred a 50.0% reduction
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in mortality in the high risk group (36.0% to 18.0%, aHR 0.56, p = 0.007). The intermediate

risk group showed a trend to reduction in mortality (17.8% to 10.3%, aHR 0.82, p = 0.46)

which was not observed in the low risk group (7.8% to 9.2%, aHR 1.4, p = 0.31).

Interpretation

Higher HI5-NEWS2 scores measured at COVID-19 diagnosis, strongly associate with

increased mortality at 28 days. Significant reduction in mortality with early dexamethasone

treatment was only observed in the high risk group. Therefore, the HI5-NEWS2 score could

be utilised to stratify randomised clinical trials to test whether intensified anti-inflammatory

therapy would further benefit high risk patients and whether alternative approaches would

benefit low risk groups. Considering its recognised morbidity, we suggest that early dexa-

methasone should not be routinely prescribed for HI5-NEWS2 low risk individuals with

COVID-19 and clinicians should cautiously assess the risk benefit of this intervention in all

cases.

Introduction

Dexamethasone therapy for COVID-19 is the most significant therapeutic intervention in

treatment of severe Sars-CoV-2 infection to date and is supported by clinical trial evidence

demonstrating a reduction in mortality as reported by the RECOVERY trial [1] and subse-

quently confirmed in other studies [2–4]. This is in contrast to the use of glucocorticoids in

other severe viral respiratory infections which have a long history, but to date remain contro-

versial and lack evidence from prospective clinical studies. Hyperinflammation (HI), charac-

terised by a rapid increase in systemic release of cytokines such as IL-1 and IL-6, has been

reported to explain the association of high fever, high C-reactive protein (CRP), hyperferriti-

naemia and coagulopathy that are more prevalent in COVID-19 than influenza [5, 6] translat-

ing into increased morbidity and mortality. The UK COVID-19 Therapeutics Advice &

Support Group (CTAG) on use of immunomodulatory agents in COVID-19 identifies

COVID-HI as a specific subgroup of HI syndromes (S1 Fig) [7, 8]. There is consensus that

HI syndromes have a better outlook if identified and treated early [9, 10] and the most effec-

tive initial intervention is steroid therapy [10, 11].

Whilst current guidance recommends dexamethasone only for severe COVID-19 who are

oxygen dependent and hospitalised, it remains unclear whether HI exists in all severe cases of

COVID-19 or whether there may be a spectrum of HI within this group. It is possible that

responsiveness to dexamethasone may be variable where better responses are seen in patients

showing greater degrees of HI ranging to very poor or even adverse responses seen in patients

with minimal evidence of HI. Indeed, some well known immediate adverse effects from dexa-

methasone especially impaired antiviral responses, glucose control, and severe fungal infec-

tions [12], have been reported in COVID-19 [13]. Indeed, in non-HI cases, other factors are

central to mortality such as direct viral invasion of pulmonary tissue [14], existence of signifi-

cant cardiac [15] and pulmonary [16] co-morbidities and renal failure [17] and require alter-

native therapeutic strategies. Therefore, targeting the HI group for steroid treatment would

seem critically important.

Many algorithms already exist for overall mortality estimation in severe COVID-19 such as

ISARIC4 in which the strongest predictor by far is increasing age [18]. The National Early

Warning Score-2 (NEWS2) [19] is an aggregate score derived from thresholds of six routinely
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measured physiological parameters including respiration rate, oxygen saturation, blood pres-

sure, pulse rate, consciousness level, and temperature. NEWS2 was developed as a marker of

sepsis to predict increased risk of poor outcomes and is recommended internationally [20, 21].

NEWS2 has recently been recommended for assessment of COVID-19 [22, 23]. However, no

algorithms predict response to steroid therapy.

Therefore, here we set out to assess COVID-19 induced HI, as measured by a novel score

(HI5), combined with a validated measure of generalised medical deterioration (NEWS2) to

compare treatment response to dexamethasone in HI subgroups. Our primary outcome was

28 day mortality with and without early treatment with dexamethasone stratified by

HI5-NEWS2 status.

Methods

Ethical considerations

The study followed the principles of the Declaration of Helsinki and was approved by the

National Research Ethics Service (Identification of Novel Factors Leading to Activated Macro-

phage Expansion in COVID19 and related conditions to guide targeted intervention,

INFLAME COVID-19 Study, NRES 286016). The study is reported here in accordance with

STROBE guidelines [24] and ClinicalTrials.gov ID: NCT04903834.

Study population

Patients from University Hospitals Southampton NHS Foundation Trust (UHS) were the pop-

ulation for this study. All hospitalised cases of COVID-19 infection that tested positive for

SARS-CoV-2 viral RNA in our laboratory between 07/03/2020 and 14/03/2021, n = 2531 were

included. We standardised the data with respect to the day of first diagnosis of SARS-CoV2

PCR positivity in our laboratory which we designated as Day 0. Comorbidities were identified

from ICD-10 coding extracted from the complete clinical records held by our institution. The

purpose of this study was to develop an early warning system for HI relevant to routine clinical

practice. In our cohort rapid access to SARS-CoV-2 PCR testing was available throughout the

study, and clinical teams sent samples for PCR as soon as they considered the diagnosis of

COVID-19, or routinely on admission. Whilst we acknowledge that symptom duration may

better reflect the precise course of the disease, however these data were not available. There-

fore, to compare patients, we chose to pragmatically normalise all parameters to the date of

virus confirmation by SARS-CoV-2 PCR test confirmation which we expect may make any

misclassification non-differential between groups.

‘Early’ in the hospitalised disease course was designated Day -1 to 2. In our institution, in

the first wave of the pandemic, the proportion of individuals >85 years offered active treat-

ment escalation including respiratory support with non-invasive or invasive ventilation was

low. Therefore, because our primary outcome measure was mortality, we included only

patients in both cohorts who would have been offered full interventional treatment to avoid

bias. Thus 373 individuals >85 years were excluded from the primary analysis (Fig 1).

HI5 and NEWS2 scores were calculated as below based on the most abnormal result over

this initial 4 day period (Day-1 to 2). We did not undertake imputation of missing results, we

only included patients with a full dataset of all HI5 parameters (thus excluding a further 427

individuals).

In response to data released by the UK Chief Medical Officer (16 June 2020) UHS COVID-

19 management guidelines were updated immediately to recommend dexamethasone therapy

for all hospitalised COVID-19 cases requiring respiratory support with supplemental oxygen

to maintain oxygen saturation >94%, Based on data from the Recovery group [1]. In order to
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focus specifically on the intervention of early dexamethasone in these COVID-19 patients, we

then excluded patients who were on other immunosuppressive therapy (n = 388) and a further

group who had received prior dexamethasone at Day<-1 or had received late dexamethasone

at>Day2 (n = 78, Fig 1). The timeline of data capture represented a period where Tocilizumab

was not yet approved. Some patients did receive Tocilizumab off protocol, but not in a system-

atic way and were small numbers (n = 45/388). Therefore, Tocilizumab treated cases were

excluded from the analysis.

Fig 1. Enrolment, and inclusion in the primary analysis. Electronic records were available for 2531 of 2531 patients (100%) of hospitalised COVID-

19 cases. 373 cases were excluded due to age (>85 years), and 427 through incomplete blood parameter measurements. 388 cases received other

immunosuppressants as well as or instead of dexamethasone and were excluded. 78 dexamethasone treated cases were excluded because the

treatment was started before or after the window of interest.

https://doi.org/10.1371/journal.pone.0280079.g001
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Similar to recent COVID-19 studies, the primary outcome utilised in this study was risk of

mortality by Day 28 versus survival to Day 28 in patients treated with early dexamethasone

(initiated day -1 to 2) compared with those not treated with dexamethasone or any other

immunosuppressant.

Development of score for HI

There is no consensus definition of HI although recognition that COVID-19 induced HI may

be considered a subgroup of the overarching term [7, 8]. We therefore chose a priori routine

laboratory markers of HI known to indicate severity in other clinical contexts. A key driver in

our choice of parameters was the common availability of such indicators in routine laboratory

practice with rapid result turnaround times to facilitate urgent clinical decision making. HI5

parameter selection excluded parameters necessitating cytokine assays such as IL-6 [25], TNF

[26] and GM-CSF [11] that are currently not routinely available in many hospitals. CRP is rec-

ognised universally as a key indicator of infection-induced inflammation but confounders

such as underlying disease infection make it unreliable as a single indicator [27]. Serum ferritin

is the most sensitive single indicator for the most severe form of HI, secondary Haemophago-

cytic Lymphohistiocytosis (sHLH) [28]. While complete sHLH criteria are rarely fulfilled in

COVID-19 [29, 30] and the degree of elevation in COVID-19 is less than in sHLH, ferritin is

still likely to be an important indicator for COVID-HI [31, 32]. Unlike most viral infections,

COVID-19 induces a neutrophilia [33], a key component of HI in both infective and inflam-

matory diseases, and therefore this was included as absolute neutrophil count. Absolute lym-

phocyte count is relevant to HI responses as this may represent virus induced

immunosuppression, co-existing disease or concurrent immunosuppressive therapy [7]. Plate-

let count reduction correlates with risk of COVID-19 induced microangiopathic coagulopathy

known to associate with HI [34]. 5 key parameters were selected: C-reactive protein (CRP),

serum ferritin, neutrophil, lymphocyte and platelet absolute counts. While these 5 parameters

will not encompass all possible measures of COVID-HI, together they form a coherent and

rapidly and universally assessable group of measurements. This novel algorithm was developed

from a data cut of UHS COVID-19 cases up to 24-Jun-2020 (n = 539) to develop the HI5 algo-

rithm before the widespread use of dexamethasone or other anti-inflammatory agents.

Each parameter was then assessed individually to define thresholds to score 0–4 and weight-

ing added based upon analysis of correlation with the key outcome measure of mortality. The

weighting was undertaken using a supervised approach based on linear regression models

with weights rounded to integers. This produced a total HI5 score out of 44 (presented further-

more as a percentage of maximum score, Table 1). HI5 was made binary to make it easily clini-

cally applicable, and a ‘high’ threshold was set pragmatically by splitting the data in two

(approximately 50% of the dataset each) according to the median score and a score of�28%

selected to classify as high HI5 (n = 634) vs low HI5 (n = 621).

The National Early Warning Score 2 (NEWS2) for hospitalised patients combines scores

for each of 7 routine bedside measurements of physiological parameters to provide an overall

NEWS2 score. The following parameters are included: respiratory rate, oxygen saturation, sup-

plemental oxygen, systolic blood pressure, pulse rate, consciousness and temperature. The

combination of these values provides a score between 0 and 20 [19]. The purpose of the

NEWS2 score is to assess acutely ill patients and a score of�5 is validated as a threshold to

identify deterioration in patients who require intervention [19]. Therefore, to identify acutely

ill patients, NEWS2 was also examined and a score�5 was designated as high risk and

NEWS2 <5 designated as low risk.
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Data handling and statistical analysis

Structured and semi-structured data was accrued from the trust integration engine using SQL

Developer 4.2 queries and then cleaned/transformed using python 3.7 and associated libraries:

numpy and pandas. Analysis was performed using matplotlib, seaborn and scipy. Using this

approach to retrospectively retrieve data from the electronic hospital record system we col-

lected all blood parameters, bedside observations, and prescribing. In addition, clinical coding

information was used to retrieve comorbidity data. Mortality outcome was retrieved from a

central NHS Spine database. For the 8/1265 analysed patients where 28 day censoring was not

possible (within 28 days of data cut), these cases were censored early with the censor time sta-

tus, and were indicated on Kaplan-Meier survival curves as indicated. Importantly, all patients

had to have all HI5 parameters to be included in the analysis. Those with missing data were

excluded. In UHS, NEWS2 is calculated at the bedside by the clinical team and data input to

the electronic patient care record. Complete NEWS2 data was available for 73.8% of cases.

However, separately, the dataset contained key data elements of the NEWS2 algorithm includ-

ing respiratory rate, Oxygen saturations, and temperature (97.1%, 97.1%, and 96.9% of cases

respectively). To address the missing NEWS2 data, imputation of NEWS2 from these parame-

ters was undertaken using the K-nearest neighbour method and sensitivity analyses without

imputed data reported.

Statistical analysis was undertaken in python 3.7, R (RStudio Version 1.4.1106) and Graph-

Pad, Prism (8.4.3). All data was censored at Day 28, for Kaplan-Meier survival analysis. For the

primary outcome of 28-day mortality, the hazard ratio from Cox regression was used to esti-

mate the mortality hazard ratio. To select the covariate model, we started with four a priori

variables, and then tested them one-by-one and gradually built up our multivariable model

using forward selection, testing that the addition of extra variables truly added to the model via

likelihood ratio tests. Using this approach, for age, ethnicity, sex and comorbidity, we found

that age was the most important covariate for use in the model. Age as a covariate met the test

for Cox proportionality assessment (Schoenfeld residuals p = 0.2; survival package, R). All haz-

ard ratios quoted are adjusted using Cox proportional hazards analysis. Unadjusted hazard

ratios were estimated using the Log-Rank method. Results without age adjustment are pro-

vided. For t-test comparison of demographic measurements between dexamethasone treated

and those not treated with dexamethasone, statistical significance was determined using the

Holm-Sidak method, with alpha = 0.05. Each characteristic was analysed individually, without

assuming a consistent SD. The full anonymised database is held by the research team in the

University of Southampton and data linkage is strictly controlled by the data informatics team,

University Hospitals Southampton NHS Foundation Trust as per ethical approval.

Table 1. The HI5 score algorithm.

HI5 score 0 1 2 3 4 weight Total score

CRP (mg/L) �50 >50 >100 >150 >250 3 12

Ferritin (μg/L) �500 >500 >1000 >2000 >4000 2 8

ANC (x109 /L) �4 >4 >8 >12 >20 3 12

ALC (x109 /L) �1.5 <1.5 <0.9 <0.6 <0.3 2 8

Platelets (x109 /L) �250 <250 <150 <100 <50 1 4

Max score 44

5 routinely available blood test parameters are scored based on their value, and weighted. The sum of each parameter score results in the HI5 score. Percentage values

are presented.

https://doi.org/10.1371/journal.pone.0280079.t001
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Results

A total of 653 patients received dexamethasone between Day -1 and Day 2 (dexamethasone

group) and a total of 612 patients did not (untreated group) and there was no statistically sig-

nificant difference between the groups with respect to age, sex, ethnicity, or comorbidities.

Patient age, which is known to be the dominant prognostic factor, showed no overall statisti-

cally significant difference between the treated and untreated cohorts (mean age 59.08 versus

61.42 respectively, p = 0.08, Table 2). However, to exclude the influence of possible age differ-

ences in subgroups, age adjusted analyses are reported throughout (with unadjusted results

supplementary). Ethnicity status has been shown to adversely affect outcome in COVID-19

and non-white patients were well represented in both cohorts (26.19% in the dexamethasone

treated group versus 25.82% in the untreated group, p = 0.99). Key co-morbid drivers of

adverse outcome were also not significantly different between the groups. In the treated and

untreated groups respectively, chronic lung disease was present in 19.14% versus 21.41%,

p = 0.90, cardiac co-morbidity was present in 24.04% vs 30.39%, p = 0.10, severe renal

impairment was seen in 0.77% vs 1.31%, p = 0.90, severe liver disease in 1.68% vs 1.80%,

p = 0.99 and diabetes was present in 16.69% vs 17.81%, p = 0.97 (Table 2).

As expected, the group treated with dexamethasone predominantly comprised the second

wave of COVID-19 infection (S2 Fig). Dexamethasone 6mg daily by mouth or intravenously,

for 10 days or until discharge was prescribed in accordance with recommendations from the

Recovery trial [1]. The average daily dose of dexamethasone in our hospital was 6.15mg (stan-

dard deviation 2.32).

Mortality at 28 days in hospitalised COVID-19 patients not treated with dexamethasone

(started day -1 to 2) was significantly higher in cases with HI5 high risk score measured early

Table 2. Characteristics of the patients with confirmed SARS-CoV-2 severe acute respiratory syndrome coronavirus 2 according to treatment.

Characteristic Treatment

No dexamethasone Dexamethasone Adjusted p-Value

Number 612 653

Age (years)

Mean (± SD) 61.42 ±16.80 59.08 ±14.72 0.08

Distribution

Sex—no. (%) 0.52

Male 345 (56.37) 398 (60.95)

Female 267 (43.63) 255 (39.05)

Ethnicity—no. (%) 0.99

White 422 (68.95) 448 (68.61)

Black, Asian, or minority ethnic group 158 (25.82) 171 (26.19)

Unknown 32 (5.23) 34 (5.21)

Previous co-existing disease—no. (%)

Diabetes 109 (17.81) 109 (16.69) 0.97

Heart disease 186 (30.39) 157 (24.04) 0.10

Chronic lung disease 131 (21.41) 125 (19.14) 0.90

Severe liver disease 11 (1.80) 11 (1.68) 0.99

Severe kidney impairment 8 (1.31) 5 (0.77) 0.90

Tuberculosis 5 (0.82) 1 (0.15) 0.52

HIV infection 2 (0.33) 3 (0.46) 0.98

Plus–minus values are means ±SD. HIV denotes human immunodeficiency virus, NA not applicable, and SARS-CoV-2 severe acute respiratory syndrome coronavirus 2.

https://doi.org/10.1371/journal.pone.0280079.t002
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in the disease course with deaths in 71 out of 264 patients (26.9%) compared to 35 out of 348

(10.1%) with low HI5 scores (age adjusted hazard ratio (aHR) 2.7, 95% Confidence interval

(CI) 1.80–4.10, p<0.001, Fig 2A). For High NEWS2 (score� 5) mortality in dexamethasone

untreated cases was also significantly higher with deaths in 63 out of 205 patients (31.7%) ver-

sus 43 out of 407 (10.6%) in those with low NEWS2 scores (aHR 3.7, CI 2.5–5.50, p<0.001,

Fig 2B). To confirm that imputation of NEWS2 did not affect the overall results, sensitivity

analysis with non-imputed NEWS2 in the dexamethasone untreated group was undertaken

and showed similar results (S4 Fig). NEWS2 and HI5 were developed to characterise acute risk

of medical deterioration and HI respectively. Although some overlap may exist in some patients,

to examine their interrelationship, linear regression analysis of NEWS2 and HI5 showed that

their correlation was low (r2 = 0.171, S3 Fig), suggesting that high HI5 or NEWS2 scores indepen-

dently confer an excess mortality risk over low scores. Therefore, we postulated that combining

the two scores may offer a superior tool as compared to either alone. Indeed, high risk individuals

(with both high HI5 and high NEWS2 scores) showed a greater mortality 36.0% (50/139) than

observed 7.8% (22/282) in low risk cases (low HI5 and low NEWS2) (aHR 5.9, 95% CI 3.66–9.8,

p<0.001, Fig 2C and 2D). The groups with high HI5 or high NEWS2 (not both), showed inter-

mediate mortality (16.8%, 21/125; and 19.7%, 13/66 respectively) and Cox regression analysis

showed no statistical difference between these two groups (p = 0.64). These two groups were

therefore subsequently classified as intermediate risk. As compared to low risk groups, intermedi-

ate risk groups showed a higher mortality (aHR 2.2, CI 1.3–3.7, p = 0.005, Fig 2D). Sensitivity

analyses without adjustment for age, resulted in similar findings (S1 Table).

To examine the effect of dexamethasone in COVID-19 in a real-world population we com-

pared survival in the early dexamethasone treated versus untreated patients. Treatment of

COVID-19 with early dexamethasone conferred a modest but non-significant reduction in

mortality (12.7% vs 17.3%, aHR 0.93, CI 0.7–1.2, p = 0.62, Fig 3A) in our entire cohort. Since a

major component of the action of dexamethsaone is anti-inflammatory, and is likely to reduce

HI in COVID-19, we examined whether the benefit from dexamethasone was stratified by low,

intermediate or high HI5-NEWS2 risk status as measured at day -1 to 2. Strikingly, in the

HI5-NEWS2 high risk group, treatment with dexamethasone significantly reduced day 28

mortality from 36.0% to 18.0% (aHR 0.56, CI 0.37–0.85, p = 0.007, Fig 3B). In the intermediate

risk group, a non-significant reduction in mortality was observed: 17.8% to 10.3% (aHR 0.82,

CI 0.49 to 1.4, p = 0.46, Fig 3C). In the low risk group, treatment with dexamethasone associ-

ated with a non-significant increase in mortality (7.8% to 9.2%) (aHR 1.4, CI 0.73 to 2.6,

p = 0.32, Fig 3D). Sensitivity analyses without imputation for missing NEWS2 data in dexa-

methasone treated individuals, resulted in similar findings (S5 Fig).

Discussion

We demonstrate that it is possible to classify COVID-19 patients on admission into high, inter-

mediate, and low risk groups for HI, and that high HI risk status associates with the benefit

from early dexamethasone therapy on mortality. The use of our combined HI5-NEWS2 algo-

rithm demonstrates that patients who have evidence of HI and are acutely ill have the best

response to dexamethasone whereas those who lack evidence of HI and are relatively well have

no response and may risk steroid related morbidity. As has been described in the published lit-

erature of COVID, most patients die of respiratory complications. Although we didn’t set out

to analyse complications and did not collect the data for all individuals, previously reported

data has shown that approximately 25% of hospitalised patients with COVID-19 develop

ARDS/pneumonia [35].
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Fig 2. Mortality at day 28 in cases not treated with dexamethasone. Kaplan–Meier survival curves for 28-day

mortality among patients who were not treated with dexamethasone with high (red line) or low (blue line) HI5 scores

(a) or NEWS2 scores (b). Panel C, Kaplan-Meier survival curves for cases classified as high risk (High HI5 and High

NEWS2, red line), intermediate risk (High HI5 or High NEWS2, green line), and low risk (Low HI5 and Low NEWS2,

blue line). (d) Cox regression analysis for Age (per year of life), and HI5-NEWS2 risk status. All quoted hazard ratios

are adjusted for age (aHR). At risk data are listed beneath plots. Time measured in days.

https://doi.org/10.1371/journal.pone.0280079.g002
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Fig 3. Effect of dexamethasone on mortality at day 28. (a) Kaplan–Meier survival curves for 28-day mortality among

the whole cohort in those who were treated with dexamethasone (red line) vs untreated cases (blue line). (b-d) Kaplan–

Meier survival curves for those treated with dexamethasone (red lines) vs untreated (blue lines) in HI5-NEWS2 high

risk (b), intermediate risk (c) or low risk (d) groups. All quoted hazard ratios are adjusted for age. At risk data are listed

beneath plots. Time measured in days. Cases censored before 28 days indicated by +.

https://doi.org/10.1371/journal.pone.0280079.g003
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Whilst there are published tools for COVID-19 outcome prediction [18], multiparameter

models do not distinguish between the pathophysiological pathways leading to the adverse

outcome. In addition, advancing age is such a dominant predictor of survival in COVID-19

[18], that important subgroups may be missed if mortality is used as a primary outcome mea-

sure in a non-hypothesis driven approach. Therefore, we used a pre-defined measure specifi-

cally designed to measure hyperinflammation and adjusted for the influence of age

throughout. The attractiveness of identifying patients showing HI features is the relevance to

therapies targeting HI which provides the opportunity to validate a proposed HI algorithm as

we have shown. While dexamethasone may have other therapeutic actions in COVID-19 such

as ACE receptor targeting, its efficacy as initial therapy in other HI syndromes not involving a

viral aetiology suggests that its anti-inflammatory action is a crucial component of efficacy.

Our data show that this is likely to be true for patients with severe COVID-19, as we have dem-

onstrated the significant benefit of dexamethasone is predominantly in patients demonstrating

high risk of HI which will include patients requiring mechanical ventilation or organ support.

These findings concur with clinical trial data showing benefit from corticosteroid therapy in

severe COVID-19 disease [2–4], systematic reviews which suggest that the greatest benefit from

dexamethasone occurs in the high risk hospitalised COVID-19 cases [36, 37] and studies that

have shown that early use of dexamethasone is effective in severe disease such as those on inten-

sive care [38]. A recent systematic review reported measurement of hyperinflammation but did

not validate for early risk detection or against an anti-inflammatory intervention as we show

here [39]. We believe early assessment following admission is crucial for rapid clinical decision

making so our score was developed for assessment within 2 days of virus confirmation.

The nature of the rapid reporting during COVID-19 imbues various limitations which are

relevant to retrospective analyses such as ours. However, whilst potential pitfalls of bias exist,

we have minimised the most important forms of bias as follows: assessment was made of 100%

of sequential patients admitted to our institution and the management of COVID-19 remained

stable throughout the pandemic. By sampling a single institution, clinical teams and the facili-

ties at the institution were the same for both groups. Furthermore, no differences between

dexamethasone and untreated groups were identified including all key potential confounding

parameters of ethnicity, sex, diabetes, heart disease, and respiratory disease. Indeed, in our

whole cohort analysis the benefit from dexamethasone was small, suggesting that any bias in

dexamethasone selection would be unlikely to explain the large subgroup differences associ-

ated with high or low risk HI5-NEWS2 status.

The original randomised clinical trial from the RECOVERY Collaborative Group [1] showed

mortality across all ages for those who received usual care of 25.7% versus 22.9% in those treated

with dexamethasone. Our cohort excluded patients�85 years and so showed lower overall mor-

tality: usual care was 18.4% (number at risk 612) versus 16.3% in dexamethasone treated groups

(number at risk 653) although the trend was similar. Importantly, our results suggest that the ben-

efit first identified by the Recovery trial for dexamethasone treatment in COVID-19 is principally

restricted to individuals with HI and not the whole cohort. We show that a simple algorithm that

can be used rapidly at the bedside in routine clinical practice can identify early in the admission

which patients are most likely to benefit from intervention with early dexamethasone. Further-

more, although our data demonstrate that with dexamethasone treatment of HI5-NEWS2 high

risk groups mortality is reduced from 36.0% to 18.0%, this is still twice as high as those with low

risk scores. This finding raises the important question of whether targeting the high risk

HI5-NEWS2 group with more intensive anti-inflammatory therapies such as with tocilizumab or

other early interventional immunosuppressive treatments could reduce their mortality still fur-

ther. We suggest that a randomised clinical trial of intensified immunosuppression specifically in

this HI5-NEWS2 high risk subgroup is warranted to further improve outcomes.
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We did not set out to look at morbidity from dexamethasone. Nevertheless, it is concerning

that no survival advantage was identified from early dexamethasone treatment in HI5-NEWS2

low risk and intermediate risk groups of hospitalised COVID-19 patients who make up 68.8%

of our cases. Indeed, in the low risk group (36% of total) the trend is towards harm in the dexa-

methasone treated group (Fig 3D). This could be due to the action of dexamethasone reducing

host immune inhibition of viral replication overcoming any benefit from an anti-inflamma-

tory effect in individuals with little evidence of inflammation. This concern has certainly been

a factor in the poor overall results of steroid therapy in other viral conditions unless effective

anti-viral therapy is given in conjunction. In addition, there is a valid concern supported by

anecdotal experience that these individuals may suffer the well-established adverse effects of

high dose steroid therapy, including a significant increased risk of loss of glycaemic control

and even new-onset diabetic ketoacidosis [40–42]. Indeed, such concerns about the dangers of

a one-size fits all approach to corticosteroids in COVID-19, and the importance of targeting

therapy to those who will benefit most have been raised by others [42–45]. Therefore, new

therapies are required in the HI5-NEWS2 low risk group to improve outcomes.

While awaiting these risk stratified trials, we urge caution in prescribing early dexametha-

sone therapy in COVID-19 in the HI5-NEWS2 low risk group and encourage careful consider-

ation of the potential for harm with respect to steroid induced morbidity.

Supporting information

S1 Table. 28-day mortality hazard rates for HI5-NEWS2 subgroups. Unadjusted hazard

rates (log-rank method) for all cases, High HI5, High NEWS2, and HI5-NEWS2 High risk,

Intermediate risk and Low risk cases, versus age adjusted analysis (Cox regression).

(TIF)

S1 Fig. Overview of hyperinflammatory syndromes and their classification. Hyperinflamma-

tion is induced as a consequence of a variety of underlying causes including SARS-CoV-2 [46].

(TIF)

S2 Fig. The number of new admissions with COVID-19 over time and dexamethasone

treatment in our institution. The admission of COVID-19 cases by laboratory confirmed

(Sars-CoV-2) polymerase chain reaction confirmation date (X-axis), vs 7 day rolling average of

number of cases (Y-axis). Blue line, all cases admitted to the institution; Orange line, cases not

treated with dexamethasone recruited in this study; green line, cases receiving prescription for

dexamethasone within day -1 to 2 of virus confirmation.

(TIF)

S3 Fig. Correlation between HI5 and NEWS2. Correlation between HI5 (x-axis) and NEWS2

(y-axis). Pearson’s correlation ρ2 reported in the figure.

(TIF)

S4 Fig. Sensitivity analysis with non-imputed NEWS2 data showing mortality at day 28 in

cases not treated with dexamethasone. Kaplan–Meier survival curves for 28-day mortality

among patients who were not treated with dexamethasone with high (red line) or low (blue line)

HI5 scores (a) or NEWS2 scores (b). Panel C, Kaplan-Meier survival curves for cases classified as

high risk (High HI5 and High NEWS2, red line), intermediate risk (High HI5 or High NEWS2,

green line), and low risk (Low HI5 and Low NEWS2, blue line). (d) Cox regression analysis for

Age, and HI5-NEWS2 risk status. All quoted hazard ratios are adjusted for age. At risk data are

listed beneath plots. Time measured in days. Cases censored before 28 days indicated by +.

(TIF)
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S5 Fig. Sensitivity analysis with non-imputed NEWS2 data showing effect of dexametha-

sone on mortality at day 28. (a) Kaplan–Meier survival curves for 28-day mortality among the

whole cohort in those who were treated with dexamethasone (red line) vs untreated cases (blue

line). (b-d) Kaplan–Meier survival curves for those treated with dexamethasone (red lines) vs

untreated (blue lines) in high risk (b), intermediate risk (c) or low risk (d) groups. All quoted

hazard ratios are adjusted for age. At risk data are listed beneath plots. Time measured in days.

(TIF)
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21. Martı́n-Rodrı́guez F, López-Izquierdo R, Del Pozo Vegas C, Delgado-Benito JF, Del Pozo Pérez C,

Carbajosa Rodrı́guez V, et al. A Multicenter Observational Prospective Cohort Study of Association of

the Prehospital National Early Warning Score 2 and Hospital Triage with Early Mortality. Emerg Med

Int. 2019; 2019:5147808. Epub 2019/07/30. https://doi.org/10.1155/2019/5147808 PMID: 31355000;

PubMed Central PMCID: PMC6633971.

22. Kostakis I, Smith GB, Prytherch D, Meredith P, Price C, Chauhan A. The performance of the National

Early Warning Score and National Early Warning Score 2 in hospitalised patients infected by the severe

acute respiratory syndrome coronavirus 2 (SARS-CoV-2). Resuscitation. 2021; 159:150–7. Epub 2020/

11/12. https://doi.org/10.1016/j.resuscitation.2020.10.039 PMID: 33176170; PubMed Central PMCID:

PMC7648887.

23. Armitage M, Eddleston J, Stokes T. Recognising and responding to acute illness in adults in hospital:

summary of NICE guidance. Bmj. 2007; 335(7613):258–9. https://doi.org/10.1136/bmj.39272.679688.

47 PMID: 17673769

24. Field N, Cohen T, Struelens MJ, Palm D, Cookson B, Glynn JR, et al. Strengthening the Reporting of

Molecular Epidemiology for Infectious Diseases (STROME-ID): an extension of the STROBE state-

ment. The Lancet infectious diseases. 2014; 14(4):341–52.

25. Copaescu A, Smibert O, Gibson A, Phillips EJ, Trubiano JA. The role of IL-6 and other mediators in the

cytokine storm associated with SARS-CoV-2 infection. J Allergy Clin Immunol. 2020; 146(3):518–34

e1. Epub 2020/09/09. https://doi.org/10.1016/j.jaci.2020.07.001 PMID: 32896310; PubMed Central

PMCID: PMC7471766.

26. Karki R, Sharma BR, Tuladhar S, Williams EP, Zalduondo L, Samir P, et al. Synergism of TNF-alpha

and IFN-gamma Triggers Inflammatory Cell Death, Tissue Damage, and Mortality in SARS-CoV-2

Infection and Cytokine Shock Syndromes. Cell. 2021; 184(1):149–68 e17. Epub 2020/12/06. https://

doi.org/10.1016/j.cell.2020.11.025 PMID: 33278357; PubMed Central PMCID: PMC7674074.

27. Fajgenbaum DC, June CH. Cytokine Storm. N Engl J Med. 2020; 383(23):2255–73. Epub 2020/12/03.

https://doi.org/10.1056/NEJMra2026131 PMID: 33264547; PubMed Central PMCID: PMC7727315.

28. Allen CE, Yu X, Kozinetz CA, McClain KL. Highly elevated ferritin levels and the diagnosis of hemopha-

gocytic lymphohistiocytosis. Pediatric blood & cancer. 2008; 50(6):1227–35. https://doi.org/10.1002/

pbc.21423 PMID: 18085676

29. Wood H, Jones J, Hui K, Mare T, Pirani T, Galloway J, et al. Secondary HLH is uncommon in severe

COVID-19. British journal of haematology. 2020. https://doi.org/10.1111/bjh.16934 PMID: 32526046

30. Ardern-Jones MR, Stammers M, Phan HT, Borca F, Koutalopoulou A, Teo Y, et al. Secondary haemo-

phagocytic lymphohistiocytosis in hospitalised COVID-19 patients as indicated by a modified HScore is

infrequent and high scores do not associate with increased mortality Clin Med (Lond). 2021;in press.

31. Chu R, van Eeden C, Suresh S, Sligl WI, Osman M, Cohen Tervaert JW. Do COVID-19 Infections

Result in a Different Form of Secondary Hemophagocytic Lymphohistiocytosis. Int J Mol Sci. 2021; 22

(6). Epub 2021/04/04. https://doi.org/10.3390/ijms22062967 PMID: 33803997; PubMed Central

PMCID: PMC8001312.

32. Kim YR, Kim DY. Current status of the diagnosis and treatment of hemophagocytic lymphohistiocytosis

in adults. Blood Res. 2021; 56(S1):S17–S25. Epub 2021/05/04. https://doi.org/10.5045/br.2021.

2020323 PMID: 33935031; PubMed Central PMCID: PMC8094004.

33. Wang J, Jiang M, Chen X, Montaner LJ. Cytokine storm and leukocyte changes in mild versus severe

SARS-CoV-2 infection: Review of 3939 COVID-19 patients in China and emerging pathogenesis and

therapy concepts. J Leukoc Biol. 2020; 108(1):17–41. Epub 2020/06/14. https://doi.org/10.1002/JLB.

3COVR0520-272R PMID: 32534467; PubMed Central PMCID: PMC7323250.

34. Gu SX, Tyagi T, Jain K, Gu VW, Lee SH, Hwa JM, et al. Thrombocytopathy and endotheliopathy: crucial

contributors to COVID-19 thromboinflammation. Nat Rev Cardiol. 2021; 18(3):194–209. Epub 2020/11/

21. https://doi.org/10.1038/s41569-020-00469-1 PMID: 33214651; PubMed Central PMCID:

PMC7675396.

35. Morales D, Ostropolets A, Lai L, Sena A, Duvall S, Suchard M, et al. Characteristics and outcomes of

COVID-19 patients with and without asthma from the United States, South Korea, and Europe. J

Asthma. 2022;(just-accepted):1–14. https://doi.org/10.1080/02770903.2021.2025392 PMID: 35012410

36. Wagner C, Griesel M, Mikolajewska A, Metzendorf MI, Fischer AL, Stegemann M, et al. Systemic corti-

costeroids for the treatment of COVID-19: Equity-related analyses and update on evidence. Cochrane

Database Syst Rev. 2022; 11(11):Cd014963. https://doi.org/10.1002/14651858.CD014963.pub2

PMID: 36385229

37. Wagner C, Griesel M, Mikolajewska A, Mueller A, Nothacker M, Kley K, et al. Systemic corticosteroids

for the treatment of COVID-19. Cochrane Database Syst Rev. 2021; 8(8):Cd014963. https://doi.org/10.

1002/14651858.CD014963 PMID: 34396514

PLOS ONE Hyperinflammation risk score in COVID-19 associates with dexamethasone benefit

PLOS ONE | https://doi.org/10.1371/journal.pone.0280079 January 17, 2023 15 / 16

https://doi.org/10.1155/2019/5147808
http://www.ncbi.nlm.nih.gov/pubmed/31355000
https://doi.org/10.1016/j.resuscitation.2020.10.039
http://www.ncbi.nlm.nih.gov/pubmed/33176170
https://doi.org/10.1136/bmj.39272.679688.47
https://doi.org/10.1136/bmj.39272.679688.47
http://www.ncbi.nlm.nih.gov/pubmed/17673769
https://doi.org/10.1016/j.jaci.2020.07.001
http://www.ncbi.nlm.nih.gov/pubmed/32896310
https://doi.org/10.1016/j.cell.2020.11.025
https://doi.org/10.1016/j.cell.2020.11.025
http://www.ncbi.nlm.nih.gov/pubmed/33278357
https://doi.org/10.1056/NEJMra2026131
http://www.ncbi.nlm.nih.gov/pubmed/33264547
https://doi.org/10.1002/pbc.21423
https://doi.org/10.1002/pbc.21423
http://www.ncbi.nlm.nih.gov/pubmed/18085676
https://doi.org/10.1111/bjh.16934
http://www.ncbi.nlm.nih.gov/pubmed/32526046
https://doi.org/10.3390/ijms22062967
http://www.ncbi.nlm.nih.gov/pubmed/33803997
https://doi.org/10.5045/br.2021.2020323
https://doi.org/10.5045/br.2021.2020323
http://www.ncbi.nlm.nih.gov/pubmed/33935031
https://doi.org/10.1002/JLB.3COVR0520-272R
https://doi.org/10.1002/JLB.3COVR0520-272R
http://www.ncbi.nlm.nih.gov/pubmed/32534467
https://doi.org/10.1038/s41569-020-00469-1
http://www.ncbi.nlm.nih.gov/pubmed/33214651
https://doi.org/10.1080/02770903.2021.2025392
http://www.ncbi.nlm.nih.gov/pubmed/35012410
https://doi.org/10.1002/14651858.CD014963.pub2
http://www.ncbi.nlm.nih.gov/pubmed/36385229
https://doi.org/10.1002/14651858.CD014963
https://doi.org/10.1002/14651858.CD014963
http://www.ncbi.nlm.nih.gov/pubmed/34396514
https://doi.org/10.1371/journal.pone.0280079


38. Monedero P, Gea A, Castro P, Candela-Toha AM, Hernández-Sanz ML, Arruti E, et al. Early corticoste-

roids are associated with lower mortality in critically ill patients with COVID-19: a cohort study. Crit Care.

2021; 25(1):2. Epub 2021/01/06. https://doi.org/10.1186/s13054-020-03422-3 PMID: 33397463;

PubMed Central PMCID: PMC7780210.

39. Webb BJ, Peltan ID, Jensen P, Hoda D, Hunter B, Silver A, et al. Clinical criteria for COVID-19-associ-

ated hyperinflammatory syndrome: a cohort study. Lancet Rheumatol. 2020; 2(12):e754–e63. Epub

2020/10/06. https://doi.org/10.1016/S2665-9913(20)30343-X PMID: 33015645; PubMed Central

PMCID: PMC7524533.

40. Mondal S, DasGupta R, Lodh M, Gorai R, Choudhury B, Hazra AK, et al. Predictors of new-onset dia-

betic ketoacidosis in patients with moderate to severe COVID-19 receiving parenteral glucocorticoids: A

prospective single-centre study among Indian type 2 diabetes patients. Diabetes & Metabolic Syn-

drome: Clinical Research & Reviews. 2021. https://doi.org/10.1016/j.dsx.2021.03.022 PMID: 33839639

41. Alessi J, de Oliveira GB, Schaan BD, Telo GH. Dexamethasone in the era of COVID-19: friend or foe?

An essay on the effects of dexamethasone and the potential risks of its inadvertent use in patients with

diabetes. Diabetol Metab Syndr. 2020; 12:80. Epub 2020/09/15. https://doi.org/10.1186/s13098-020-

00583-7 PMID: 32922517; PubMed Central PMCID: PMC7476640.

42. FakhriRavari A, Jin S, Kachouei FH, Le D, Lopez M. Systemic corticosteroids for management of

COVID-19: Saving lives or causing harm? Int J Immunopathol Pharmacol. 2021;

35:20587384211063976. Epub 2021/12/21. https://doi.org/10.1177/20587384211063976 PMID:

34923856; PubMed Central PMCID: PMC8725047.

43. Kelleni MT. Tocilizumab, Remdesivir, Favipiravir, and Dexamethasone Repurposed for COVID-19: a

Comprehensive Clinical and Pharmacovigilant Reassessment. SN Compr Clin Med. 2021; 3(4):919–

23. Epub 2021/03/02. https://doi.org/10.1007/s42399-021-00824-4 PMID: 33644693; PubMed Central

PMCID: PMC7894610.

44. Waterer GW, Rello J. Steroids and COVID-19: We Need a Precision Approach, Not One Size Fits All.

Infect Dis Ther. 2020:1–5. Epub 2020/09/22. https://doi.org/10.1007/s40121-020-00338-x PMID:

32953385.

45. Noreen S, Maqbool I, Madni A. Dexamethasone: Therapeutic potential, risks, and future projection dur-

ing COVID-19 pandemic. Eur J Pharmacol. 2021; 894:173854. Epub 2021/01/12. https://doi.org/10.

1016/j.ejphar.2021.173854 PMID: 33428898; PubMed Central PMCID: PMC7836247.

46. COVID-19 Therapeutics Advice & Support Group. Hyperinflammatory syndromes and their classifica-

tion. 2020.

PLOS ONE Hyperinflammation risk score in COVID-19 associates with dexamethasone benefit

PLOS ONE | https://doi.org/10.1371/journal.pone.0280079 January 17, 2023 16 / 16

https://doi.org/10.1186/s13054-020-03422-3
http://www.ncbi.nlm.nih.gov/pubmed/33397463
https://doi.org/10.1016/S2665-9913%2820%2930343-X
http://www.ncbi.nlm.nih.gov/pubmed/33015645
https://doi.org/10.1016/j.dsx.2021.03.022
http://www.ncbi.nlm.nih.gov/pubmed/33839639
https://doi.org/10.1186/s13098-020-00583-7
https://doi.org/10.1186/s13098-020-00583-7
http://www.ncbi.nlm.nih.gov/pubmed/32922517
https://doi.org/10.1177/20587384211063976
http://www.ncbi.nlm.nih.gov/pubmed/34923856
https://doi.org/10.1007/s42399-021-00824-4
http://www.ncbi.nlm.nih.gov/pubmed/33644693
https://doi.org/10.1007/s40121-020-00338-x
http://www.ncbi.nlm.nih.gov/pubmed/32953385
https://doi.org/10.1016/j.ejphar.2021.173854
https://doi.org/10.1016/j.ejphar.2021.173854
http://www.ncbi.nlm.nih.gov/pubmed/33428898
https://doi.org/10.1371/journal.pone.0280079

