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Neutrophil count predicts clinical outcome
in hospitalized COVID-19 patients: Results

from the NOR-Solidarity trial

To the Editor:

Despite numerous studies on SARS-CoV-2-
induced inflammation, we still lack markers
for rapid disease progression with admission to
intensive care unit (ICU) or respiratory failure
(RF). Few studies have evaluated the prognostic
value of routine diagnostic repertoire available
at most hospitals. The NOR-Solidarity trial is an
independent add-on study to the WHO Solidar-
ity trial, evaluating hydroxychloroquine (HCQ)
and remdesivir compared to standard of care in
hospitalized COVID-19 patients [1]. We explored
whether standard biomarkers in peripheral blood
could give information on ICU admission and RF
in hospitalized COVID-19 patients.

Adult patients admitted to 23 Norwegian hospitals
with PCR-confirmed SARS-2-CoV-2 infection were
eligible for participation. In this substudy, the rou-
tine biochemistry was related to (i) the need for
ICU admission or (ii) RF defined as pO,/FiO, (P/F
ratio) < 26.6 kPa during the first 10 days of hospi-
talization. Routine peripheral blood samples were
collected at inclusion and daily until discharge
from the hospital, and outpatients were followed up
3 months after discharge. Markers included were
C-reactive protein (CRP), ferritin, lactate dehydro-
genase (LDH), haemoglobin, fibrinogen, procalci-
tonin (PCT), D-dimer, platelet count, total white
blood cell count, monocyte, neutrophil and lym-
phocyte count. Exclusion criteria, intervention,
ethical statement, details on viral load and SARS-
CoV-2 antibodies and statistical analysis are given
in the Supporting Information file.

The NOR-Solidarity trial design and main results
have recently been published. As reported, neither
HCQ nor remdesivir had any significant impact on
routine biochemistry, and laboratory data from all

[Correction added on 19 April 2022 after first online publication:
The copyright line was changed]

study arms were pooled prior to analysis [2].O0f
184 randomized patients, 35 patients (19%) were
admitted to ICU and 60 (33%) patients experienced
RF.

We first assessed the discriminatory properties of
admission levels of markers focusing on mark-
ers with AUC > 0.70 (Table S2) and determined
cutoffs with Youden’s index followed by stepwise
Cox regression to identify independent candidates.
Thus, ferritin and neutrophil counts were risk
factors for ICU admission, whilst PCT, LDH and
neutrophil counts were independently associated
with RF. Similar results were observed exclud-
ing patients with bacterial co-infection (n = 4,
Table S3). We calculated a lymphocyte-monocyte—
neutrophil score [3], which gave good discrimina-
tion, but was not selected over neutrophil counts
in multivariable analysis.

Precision-recall curves revealed no benefit in com-
bining markers and poor discriminatory properties
for ICU admission, whilst combinations of mark-
ers gave better discrimination than either marker
alone for RF (Fig. 1a). Thus, having above thresh-
old levels of two markers, around 80% of these
patients could be identified with close to 70% true
positives. Kaplan—-Meier and Cox regression analy-
ses confirmed a high risk of RF and ICU admission
with increasing number of markers above thresh-
old levels (Fig. 1b). However, as shown in Fig. 1c, no
beneficial effects of treatment were observed when
comparing patients with less than two versus two
or more elevated markers. All markers except neu-
trophils remained markedly elevated in patients
with outcome, with a decline towards the end of
the 10-day period (Fig. 1d).

A total 121 patients completed 3-month follow-
up. As shown in Table S4, a substantial number
of patients had inflammatory markers above ref-
erence limits, in particular LDH (24%) and CRP
(30%). We found no significant impact of treatment
on clinical biomarkers at 3 months.
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Fig. 1 Standard biomarkers in relation to need for intensive care unit (ICU) admittance and respiratory failure (RF).
(a) Precision-recall curves for admission levels of standard biomarkers in relation to ICU and RF (Neutr, neutrophils; Ferr,
ferritin; LD, lactate dehydrogenase; PCT, procalcitonin). The yellow line reflects the combination of having elevated levels of
one (1), two (2) or three (3) of these biomarkers (i.e., above the cutoff in Table S2). (b) Kaplan-Meier curve of having admission
levels of one, two or three markers above cutoff (Ref., blue). The numbers shown are the hazard ratio and (95% confidence
interval) from a Cox regression adjusting for age, gender and randomized treatment. *p < 0.05, **p < 0.01, ***p < 0.001.
(c) Evaluation of treatment effects according to having high levels of two (i.e., above cutoff) or one or less markers. Hydrox-
ychloroquine (HCQ) and remdesivir (Rem) as compared with their respective standard of care. (d) Temporal profile of the
markers for which baseline levels were found to be associated with severe outcomes. Red squares/lines, unfavourable
outcome (ICU admittance and RF); green circle/line, no unfavourable outcome. The red p-values reflect the outcome effect
from the repeated measures regression analysis, whilst the blue p-values reflect the interaction between time and outcome.

Grey areas reflect reference value range.

Admission levels of several routine biochemical
parameters (i.e., neutrophil counts, LDH, PCT and
ferritin) gave independent prognostic information
on disease severity in hospitalized COVID-19
patients. Flow cytometry of whole blood samples
has shown that severe COVID-19 infection is
characterized by a dramatic increase in imma-
ture neutrophils, associated with augmented
systemic inflammation [4]. Moreover, neutrophils
have been linked with development of COVID-19-
associated acute respiratory distress syndrome
and induction of thrombus formation through
neutrophil extracellular traps, representing a
potential therapeutic target in COVID-19 dis-
ease [5,0]. Both ferritin, reflecting macrophage
activation, and LDH, as a general marker of cell
damage, correlate with severe disease manifesta-
tions and/or unfavourable outcome in COVID-19
patients [7,8]. PCT is suggested to be a specific
marker of bacterial-driven inflammation. How-
ever, we detected bacterial co-infections only in
a few patients (2.2%) with negligible influence

on our findings. Although our study population
was small, bacterial infections seem to be rare in
hospitalized COVID-19 patients, also reported in a
large cohort study [9].

Approximately 25%-30% of the patients had per-
sistent biochemical signs of systemic inflammation
even 3 months after discharge, indicative of a long-
lasting, low-grade systemic inflammation. Several
reports suggest long-term complications in hos-
pitalized COVID-19 patients several months after
hospitalization [10].

Our findings suggest that routine biochemistry
could give valuable prognostic information in these
patients, both during the course of hospitalization
and possibly during long-term follow-up.
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