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To the Editor:

Excess neutrophilic inflammation is associated with poor prognosis in a number of acute and chronic
respiratory infections [1]. Increased numbers of circulating neutrophils are observed during acute
respiratory tract infections including COVID-19, where in particular increased numbers of immature
neutrophils are associated with more severe disease [2]. SI00A8/A9 (calprotectin) is an antimicrobial
complex found in the cytoplasm and granule membranes of neutrophils, and is released by activated
neutrophils during neutrophil extracellular trap (NET)osis [3]. Serum S100A8/A9 levels are increased in
sepsis [4] and COVID-19 [5-7], as well as other acute [8] and chronic lung diseases [9, 10], and
correlate with disease severity [11]. COVID-19 presentation ranges from asymptomatic infection to
severe disease requiring invasive mechanical ventilation, and previous research suggests that the extent
of neutrophil activation can predict poor clinical outcomes [12]. A rapid biomarker test for neutrophil
activation that is convenient to perform and able to predict outcomes in multiple diseases, including
COVID-19, would be useful for clinical decision making. Such a test may be used to direct the use of
neutrophil-targeting treatments in the future. In this study, we investigated the clinical utility of a lateral
flow test (LFT) for S100A8/A9 in people with COVID-19, non-COVID-19 lower respiratory tract
infection (LRTT) and matched controls.

We conducted a prospective observational study of adults admitted to hospital with acute respiratory
infection. All patients were recruited within 96 h of hospital admission from two centres, Ninewells
Hospital (Dundee, UK) and Sheffield Teaching Hospitals (Sheffield, UK). All patients underwent
combined nasal and pharyngeal swab for COVID-19 PCR testing. “Healthy” controls were recruited from
hospital inpatients without infection predominantly awaiting elective procedures such as cardiac or
orthopaedic surgery. Clinical status and severity were based on the World Health Organization (WHO)
seven-point ordinal scale (1: not hospitalised and no limitations on activities; 2: not hospitalised and
limitations on activities; 3: hospitalised and not requiring supplemental oxygen; 4: hospitalised and
requiring supplemental oxygen; 5: hospitalised and on noninvasive ventilation or high-flow oxygen
devices; 6: hospitalised and on invasive mechanical ventilation or extracorporeal membrane oxygenation;
7: death). Patients were eligible for enrolment if they had a clinical severity of 3-5 on the WHO scale at
baseline. Outcomes were evaluated at day 29 after enrolment. Serum samples at baseline were used to
measure S100A8/A9 levels quantitively using the Quantum Blue sCAL kit (Bithimann) LFT and Human
S100A8/S100A9 Heterodimer DuoSet ELISA (R&D Systems). 45 serum cytokines were measured using
the Olink Target 48 cytokine panel. Additional neutrophil markers, including DNA-myeloperoxidase
(MPO) complexes [13], heparin-binding protein (HBP/AZU1) (Axis-Shield), MPO (R&D Systems),
citrullinated histone H3 (CitH3; Cayman Chemical) and proteinase 3 (PR3) (R&D systems), were
measured by ELISA. Comparisons across the three study groups utilised the Kruskal-Wallis test while
proportions were compared by Chi-squared test. Discrimination for clinical outcomes was determined
using the area under the receiver operator characteristic (ROC) curve (AUC). A p-value <0.05 was
considered statistically significant for all analyses. For comparison of cytokine levels between two groups,
Mann-Whitney test and false discovery rate (FDR) <0.05 were utilised. Ethical approval was obtained
from the East of Scotland Research Ethics Committee (REC number 20/ES/0055).
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FIGURE 1 Serum S100A8/A9 (calprotectin) measured by quantitative lateral flow test (LFT) and ELISA in acute lung infection, and associations with
inflammation and clinical outcomes. S100A8/A9 levels in COVID-19 (n=157), matched controls (n=52) and non-COVID lower respiratory tract infection
(LRTI) (n=67), measured by a) LFT or b) ELISA. c) Correlation between S100A8/A9 concentration from LFT and ELISA (n=274). Receiver operating
characteristic (ROC) curves for prediction of severe COVID-19 defined as World Health Organization (WHO) score 4-7 (i.e. requiring supplementary
oxygen or ventilation, or death by day 29) (WHO score 1-3, n=133; WHO score 4-7, n=37) with S100A8/A9 d) ELISA and ¢) LFT. f) ROC curve
indicating predictive value of S100A8/A9 ELISA and LFT for COVID-19 patient 29-day mortality. g) ROC curve for prediction of severe COVID-19 at day
29 using combination of day 1 WHO score and 10 pg-mL™* S100A8/A9 LFT cut-off. Levels of inflammatory cytokines h) C-C motif chemokine ligand
(CCL)7, i) interleukin (IL)-15, |) CXC motif chemokine ligand (CXCL)10 and k) CXCL9 in COVID-19 patients stratified by low (n=38, quartile 1) and high
(n=112, quartiles 2-4) levels of serum S100A8/A9. |) Principal component (PC) analysis and m) biplot indicating two clusters based on serum
neutrophil associated markers proteinase 3 (PR3), heparin-binding protein (HBP), citrullinated histone 3 (CitH3), DNA-myeloperoxidase (MPO) and
peripheral blood neutrophil count (cluster 1, n=49; cluster 2, n=65); K-means clustering. n) PC1 and PC2 scores for each neutrophil marker. o)
S100A8/A9 LFT levels of individuals in cluster 1 and 2. p) Correlation between serum LFT S100A8/A9 levels and neutrophil protease PR3 in
COVID-19. ns: nonsignificant; AUC: area under the ROC curve. **: p<0.01; ***: p<0.001; ****: p<0.0001 by Mann-Whitney test.
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225 hospitalised patients were included; 158 patients (meantsp age 64.5t+13 years, 60.5% male) with
PCR-confirmed COVID-19 patients and 67 hospitalised patients with non-SARS-CoV-2 LRTI (69.4+13.3 years,
49.2% male). The control group consisted of 52 non-infection matched controls (62.5+14.3 years, 48.1%
male). LRTI patients were significantly older than COVID-19 patients (p=0.01) and the control group
(p=0.0126). There was no significant difference in gender between these groups (p=0.145). In the
COVID-19 and LRTI groups, day 1 WHO scores were: 34 (21.5%) and 32 (47.8%) with WHO 3; 97
(61.4%) and 31 (46.3%) with WHO 4; and 26 (16.5%) and three (4.5%) with WHO 5, respectively.

S100A8/A9 levels in serum were significantly increased in COVID-19 (LFT/ELISA: 8.3+2.4/7.7+5.6 pg-mL™")
versus LRTI patients (4.67+2.74/1.98+2.65 pg-mL™") and controls (4.0+2.5/2.5+2.8 pg-mL™") (p<0.0001)
(figure 1a and b). SI00A8/A9 levels measured by ELISA and LFT assays were strongly correlated (r=0.87,
p<0.0001) (figure 1c). In COVID-19 patients, ROC analysis showed that both S100A8/A9 ELISA and
LFT values were moderately predictive of lack of recovery at day 29 (defined as ongoing requirement for
supplemental oxygen or death at day 29 (WHO groups 4-7)) (ELISA AUC 0.66, 95% CI 0.57-0.77; LFT
AUC 0.69, 95% CI 0.60-0.78) (figure 1d and e). LFT S100A8/A9 levels were also moderately predictive
of 29-day mortality (n=25) in COVID-19, which was not demonstrated for the ELISA (ELISA AUC 0.59,
95% CI 0.47-0.70; LFT AUC 0.63, 95% CI 0.53-0.73) (figure 1f). Combining day 1 WHO score with
LFT S100A8/A9 level of above or below 10 pg-mL™" (the optimal cut-off identified using Youden’s
index) increased the predictive power for severe disease or mortality by day 29 (combined AUC 0.779
(95% CI 0.694-0.864; compared to day 1 WHO alone AUC 0.718, 95% CI 0.598-0.777; or LFT alone
AUC 0.693, 95% CI 0.515-0.822) (figure 1g). Neither LFT or ELISA S100A8/A9 levels had significant
predictive value for mortality or severity in LRTI (data not shown).

Intravascular neutrophil activation and inflammation have been reported to be higher in COVID-19
compared to other respiratory infections, including influenza pneumonia, which may explain the increased
levels of serum S100A8/A9 in these patients [14]. Therefore, we focused on the COVID-19 group to
further understand the associations between S100A8/A9 and inflammation. We divided patients into high
(above quartile 1) and low (below quartile 1) SI00A8/A9 levels based on their distribution in COVID-19
patients. Key cytokines with significant differences between these groups included the C-C motif
chemokine ligand 7 (p<0.0001) (figure 1h), interleukin (IL)-15 (p=0.0003) (figure 1i), CXC-motif
chemokine ligand (CXCL)10 (IP-10) (p=0.0026) (figure 1j), CXCL9 (p=0.003) (figure 1k) and IL-6
(p=0.006), and 13 cytokines were significantly different (FDR<0.05) in total (data not shown).

Based on blood neutrophil count and neutrophil-associated serum markers, two clusters were identified
(cluster 1 and 2) within the COVID-19 group (figure 11). Principal component analysis demonstrated that
cluster 2 was driven by high levels of neutrophil markers including NET markers, DNA—MPO complexes
and CitH3, as well as the neutrophil proteins MPO, HBP and PR3 (figure 1m and n). Cluster 2 had
significantly higher S100A8/A9 levels than cluster 1 (p<0.0001) (figure 1o). S100A8/A9 showed
significant, moderate correlation with multiple other neutrophil markers (figure 1p).

Our results therefore show that a rapid LFT for S100A8/A9, which can provide a result within 1h, is
moderately associated with severity of COVID-19, and indicates a hyperinflammatory subset with multiple
increased neutrophil markers and proinflammatory cytokines at baseline. Our results support other findings
that reported serum S100A8/A9 levels predicted the need for invasive mechanical ventilation and intensive
care unit admission in hospitalised COVID-19 patients [15], and can be used in combination with day 1
WHO score to enhance the predictive power of this routinely used clinical score. Our study is limited by the
LFT upper limit of quantification being 10 pg-mL ™", which could be improved by use of an extended-range
test or by further sample dilution. Our study was performed during the first and second waves of COVID-19
in the UK, and so does not include data from patients with the current circulating Omicron variant or
following vaccination. Nevertheless, this study suggests the potential for use of a point-of-care prognostic
biomarker, which may be relevant to investigate further in other severe, acute, neutrophil-associated diseases.
The potential application of such a biomarker to clinical decision making requires further study.
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