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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 Hl
(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 HI5S-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% 10 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 HI5S-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].
NEWS?2 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-NEWS?2 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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2531 Patients were recruited

\ 4

373 Were excluded by age >85 years

427 Were excluded by incomplete
blood parameters

\ 4

388 Were excluded by any exposure
to other immunosuppressants

\ 4

\ 4

1343 Patients were included

A 4

731 Received
Dexamethasone

78 Were excluded :
b 18 Dexamethasone start <Day -1
60 Dexamethasone start >Day 2

A 4 \ 4
612 Received no immunosuppressants 653 Received Dexamethasone day -1 to 2
612 for primary analysis 653 for primary analysis
475 for sensitivity analysis* 475 for sensitivity 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.0280079.9001

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 >Day?2 (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.
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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 Lymphobhistiocytosis (sSHLH) [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-H]I, 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
NEWS?2 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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Table 1. The HI5 score algorithm.

HI5 score 0
CRP (mg/L) <50
Ferritin (ug/L) <500
ANC (x10° /L) <4
ALC (x10° /L) >1.5
Platelets (x10° /L) >250

1 2 3 4 weight Total score
>50 >100 >150 >250 3 12
>500 >1000 >2000 >4000 2 8
>4 >8 >12 >20 3 12
<1.5 <0.9 <0.6 <0.3 2
<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

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.
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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

Number

Age (years)

Sex—no. (%)

Ethnicity—no. (%)

Previous co-existing disease—no. (%)

Treatment
No dexamethasone Dexamethasone Adjusted p-Value
612 653
Mean (+ SD) 61.42 £16.80 59.08 £14.72 0.08
Distribution
0.52
Male 345 (56.37) 398 (60.95)
Female 267 (43.63) 255 (39.05)
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)
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 (r* = 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, CI1 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-NEWS?2 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,
CI0.49 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].

PLOS ONE | https://doi.org/10.1371/journal.pone.0280079 January 17, 2023 8/16


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

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

941" Hazard ratio = 2.7 (95% Cl 1.80-4.10)
< 0. .
% 03 p<0.001 No Dex ~+ Low HI5 ~+ High HIS
3
-
o
z 02
=
©
Q
o o1
a
0.0
0 i 14 21 28
Time
Number at risk
g LowHI5| 348 342 330 320 313
S HighHI5{ 264 225 206 195 193
0 7 14 21 28
b Time
0.41 Hazard ratio = 3.7 (95% Cl 2.5-5.5)
p <0.001 N 5
= o Dex ~+ Low NEWS2 ~+ High NEWS2
2 03
©
k3
EY 02
=
©
Q
] 0.1
a
0.0
0 i 14 21 28
Time
Number at risk
g LowNEWS2{ 407 308 380 370 364
Z° High NEWS2{ 205 169 156 145 142
0 i 14 21 28
Time
04 No Dex =~ Lowrisk =+ Intermediate risk =+ High risk
E]
s 03
o
-
o
B 02
£
©
Q
o 01
a
00
0 7 14 21 28
Time
Number at risk
5 Lowrisk| 282 281 273 266 260
Oo Intermediate risk|{ 191 178 164 158 157
z Highrisk{ 139 108 99 91 89
0 7 14 21 28
Time
d Hazard ratio
” 14 i v
Age =612 (7 )W <0.001
—— . 59 I .
High risk (N=612) (3508 <0.001
i e 22 i » "
I[\(ermedlate (N=612)  (13737) 0.005
risk H
Low risk (N=612) referencell

# Events: 106; Global p-value (Log-Rank): 9.1386e-29
AIC: 1213.43; Concordance Index: 0.79 ' 2 e L

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
NEWS?2, 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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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-NEWS?2 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-NEWS?2 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-NEWS?2 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-NEWS?2 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)

$2 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 p* 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 NEWS?2, 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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