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Efficient resource allocation is essential for effective pandemic 
response. We measured host biomarkers in 420 patients 
presenting with moderate coronavirus disease 2019 and 
found that different biomarkers predict distinct clinical 
outcomes. Interleukin (IL)–1ra, IL-6, IL-10, and IL-8 exhibit 
dose-response relationships with subsequent disease 
progression and could potentially be useful for multiple use- 
cases.
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Since December 2019, >500 million cases of coronavirus dis-
ease 2019 and 6 million deaths have been reported [1]. 
Unprecedented demand overwhelmed triage rooms, exhausted 
oxygen supplies, and led to rationing of intensive care [2, 3]. At 
each level of the health system, optimal resource allocation was 
paramount.

Biochemical biomarkers of the host response to infection, in-
cluding those reflecting endothelial activation, immunoregula-
tion, and coagulation, have been shown to be prognostic in a 
variety of febrile illnesses [4–6] and proposed as risk stratifica-
tion tools (alone or as adjuncts to clinical risk scores) to help 
health workers identify patients with a poor prognosis and 
guide resource allocation [7, 8].

In a previous analysis, we developed and validated 3 readily 
implementable clinical prediction models for supplemental 
oxygen requirement in patients presenting with moderate 
COVID-19 [9]. The models combined 3 simple clinical pre-
dictors with a host biomarker for which commercial 
point-of-care tests are available. In this article, we take a 
more exploratory approach to evaluate the prognostic utility 
of 13 biochemical biomarkers, previously found to reflect fi-
nal common pathways to severe febrile illness and sepsis [10], 
for predicting a range of disease severities in patients present-
ing with moderate COVID-19. We hypothesized that differ-
ent biomarkers would predict distinct clinical outcomes, 
making them better suited to particular clinical 
use-cases s[11].

METHODS

Participant Enrollment

Between 22 October 2020 and 3 July 2021, consecutive adults 
(aged ≥18 years) presenting to the All India Institute of 
Medial Sciences (Patna, India) and Christian Medical 
College Hospital (Vellore, India) with clinically suspected 
COVID-19 of moderate severity (peripheral oxygen satura-
tion [SpO2] ≥94% and respiratory rate [RR] <30 breaths 
per minute in the context of systemic symptoms [breathless-
ness or fever and chest pain, abdominal pain, diarrhea, or se-
vere myalgia]) [12, 13], were recruited. Patients who had a 
prior history of laboratory-confirmed severe acute respiratory 
syndrome coronavirus 2 (SARS-CoV-2) infection and/or had 
received at least 1 dose of any COVID-19 vaccine were 
excluded.

Data Collection and Follow-up

At enrollment, clinical parameters were measured and venous 
blood specimens collected in ethylenediaminetetraacetic acid 
(EDTA) tubes. For participants admitted at the study sites, 
follow-up was conducted in-person on each day of admission 
until day 14. For those discharged prior to day 14, follow-up 
was conducted via telephone on days 7 and 14. Discharged par-
ticipants reporting worsening symptoms on day 7 and/or per-
sistent symptoms on day 14 were recalled to have their SpO2 

and RR measured.

Primary Outcome

The primary endpoint was an ordinal outcome closely aligned 
with the World Health Organization COVID-19 Clinical 
Progression Scale (WHO-CPS) [13], reflecting the maximum 
level of respiratory support a participant required in the 14 
days following enrollment. Outcome categories were defined 
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as (1) no supplemental oxygen required (SpO2 ≥94% and RR 
<30 and SpO2/fraction of inspired oxygen [FiO2] ≥400; 
WHO-CPS ≤4); (2) supplemental oxygen required (SpO2 

<94% or RR ≥30 or SpO2/FiO2 <400; WHO-CPS = 5); (3) non-
invasive ventilation (NIV; WHO-CPS = 6); and (4) mechanical 
ventilation (MV) and/or death (WHO-CPS ≥7).

Laboratory Procedures

Venous blood samples were used to measure complete blood 
counts on site (XP-300-Hematology-Analyzer, Sysmex). 
Within 4 hours of collection, the remaining sample was centri-
fuged and EDTA-plasma aliquots stored at ≤ −20°C. Frozen 
plasma aliquots were transported on dry ice and concentrations 
of host biomarkers were quantified (SimplePlex Ella microflui-
dic platform, ProteinSimple; suPARnostic enzyme-linked im-
munosorbent assay, Virogates).

Host biomarkers were selected for analysis following review 
of the literature, expert consultation, and in collaboration with 
FIND, the global alliance for diagnostics (Geneva, Switzerland). 
Biomarkers that demonstrated promising prognostic utility in 
COVID-19 were selected, including those reflecting endothelial 
activation (angiopoietin-2 [Ang-2]) [14]; immunoregulation 
(CXCL-10 [IP-10], interleukin 1 receptor antagonist [IL-1ra], 
interleukin 6 [IL-6], interleukin 8 [IL-8], interleukin 10 
[IL-10], soluble triggering receptor expressed on myeloid cells 
1 [sTREM-1], soluble urokinase plasminogen activator recep-
tor [suPAR]) [15–19]; inflammation (C-reactive protein 
[CRP], neutrophil-to-lymphocyte ratio [NLR], procalcitonin 
[PCT]) [20, 21]; and coagulation (D-dimer, platelets) [20].

Statistical Analyses

A formal sample size calculation was not required for this sec-
ondary exploratory analysis. All analyses were prespecified in 
the published statistical analysis plan (doi: 10.17605/OSF.IO/ 
DXQ43). Univariable logistic regression was used to quantify 
the ability of each biomarker to discriminate (c-statistic with 
95% confidence interval) participants who developed increas-
ingly severe pulmonary dysfunction, in accordance with the 
primary outcome categories. Analyses were performed in R 
version 4.1.2 software.

RESULTS

Among 2808 adults with clinically suspected SARS-CoV-2 in-
fection, the eligibility rate was 15.9% (446/2808), with 426 par-
ticipants enrolled (refusal rate 4.5% [20/446]). Three 
participants who were lost to follow-up (3/426 [0.7%]) and 3 
participants with significant comorbidities or coinfections (2 
active malignancies with neutropenia and 1 acute pyelonephri-
tis; 3/423 [0.7%]) were excluded, leaving 420 participants for 
analysis (Supplementary Figure 1). All participants had 
laboratory-confirmed SARS-CoV-2 infection.

Median age was 53 years (interquartile range [IQR], 41–62 
years), and 68% (285/420) of the cohort was male. 
Two-thirds of participants reported preexisting comorbidities 
(279/420 [66%]). Median duration of symptoms prior to enroll-
ment was 6 days (IQR 4–8 days), and 93.8% (414/420) had a 
quick Sequential Organ Failure Assessment score ≤1 at recruit-
ment; no participants had hypoxia or tachypnea, and all were 
breathing room air (Table 1).

Most participants did not progress to require supplemental 
oxygen (category 1; 331/420 [78.8%]). Of 89 participants 
whose clinical condition deteriorated, 62 required supple-
mental oxygen (category 2; 62/420 [14.8%]), another 15 
received NIV (category 3; 15/420 [3.6%]), and a further 
2 were mechanically ventilated and 10 died (category 4; 
12/420 [2.9%]).

For all biomarkers, baseline concentrations were different 
across outcome categories (Table 1), with the majority exhibit-
ing a trend toward higher baseline concentrations in partici-
pants who progressed to more severe disease (Figure 1A). An 
inverse trend was observed in platelet count. Some biomarkers 
(eg, Ang-2, PCT, sTREM-1) demonstrated baseline concentra-
tions that were only notably elevated in participants who devel-
oped the most severe clinical phenotypes (category 4), whereas 
for others (eg, CXCL-10, suPAR, CRP), baseline concentrations 
appeared to increase substantially between participants in out-
come categories 1 and 2, and further increases in participants 
who progressed to categories 3 (NIV) or 4 (MV and/or death) 
were less apparent.

The prognostic potential of the biomarkers is summarized in 
Figure 1B and Supplementary Table 2. Consistent with 
Figure 1A, biomarkers that demonstrated dose-response rela-
tionships between their baseline concentrations and the maxi-
mum level of subsequent respiratory support appeared to have 
best discrimination (eg, IL-1ra, IL-6, IL-10). The prognostic 
performance of many of the biomarkers varied depending on 
the severity of disease predicted.

DISCUSSION

We report the prognostic utility of 13 biochemical biomarkers 
in patients presenting with moderate COVID-19 to 2 hospitals 
in India. Our results indicate that different biomarkers might 
predict different disease severities and may be suited to distinct 
clinical use-cases. Biomarkers that discriminate between pa-
tients who progress to require supplemental oxygen 
(CXCL-10, suPAR, CRP, platelet count) may be most helpful 
to support community-based triage (tests that can rule out 
need for hospitalization with low negative likelihood ratios), 
whereas those that predict more severe illness (NIV, MV, or 
death; PCT, D-dimer, sTREM-1, Ang-2) may be better de-
ployed to guide inpatient resource allocation (ruling-in need 
for frequent monitoring and/or admission to restricted- 
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Table 1. Baseline Clinical and Laboratory Characteristics of Participants With Moderate Coronavirus Disease 2019 Stratified by Outcome Category

Characteristic
Overall 

(N = 420)

Outcome Category

1 2 3 4
No Supplemental O2 

Requirement (n = 331)
Supplemental O2 

Requirement (n = 62)
Noninvasive Ventilation 

(n = 15)
Mechanical Ventilation 
and/or Death (n = 12)

Age, y 53.0 (41.0–62.0) 53.0 (40.5–61.5) 53.5 (42.0–64.8) 51.0 (45.0–65.5) 59.5 (38.8–64.0)

BMIa, kg/m² 25.4 (23.5–28.3) 25.4 (23.6–28.6) 25.3 (22.3–28.0) 26.8 (24.0–28.2) 26.5 (24.4–27.3)

Male sex, No. 
(%)

285/420 (68%) 218/331 (66%) 48/62 (77%) 13/15 (87%) 6/12 (50%)

Heart rate, beats/ 
min

86.0 (78.0–95.0) 86.0 (78.0–94.0) 90.0 (84.0–97.8) 82.0 (78.0–89.0) 87.0 (73.0–102.5)

Respiratory rate, 
breaths/min

22.0 (22.0–24.0) 22.0 (22.0–24.0) 24.0 (22.0–24.0) 22.0 (22.0–24.0) 23.0 (22.0–24.0)

Oxygen 
saturation, %

98.0 (96.0–99.0) 98.0 (97.0–99.0) 96.0 (95.0–97.0) 97.0 (96.0–98.0) 96.0 (96.0–98.2)

Systolic BP, mm 
Hg

126.0 (115.0–134.0) 126.0 (115.5–135.0) 123.0 (115.2–132.8) 130.0 (117.0–140.0) 125.0 (116.5–130.8)

Axillary 
temperature, ° 
C

36.9 (36.6–37.1) 36.8 (36.5–37.1) 36.9 (36.5–37.2) 37.0 (36.8–37.1) 37.1 (36.9–37.8)

qSOFA score ≥2, 
No. (%)

26/420 (6.2%) 17/331 (5.1%) 7/62 (11%) 1/15 (6.7%) 1/12 (8.3%)

Duration of 
illness, d

6.0 (4.0–8.0) 6.0 (4.0–8.0) 6.0 (4.2–7.0) 5.0 (4.5–7.5) 5.0 (4.0–5.0)

Comorbidity, No. 
(%)

279/420 (66%) 216/331 (65%) 43/62 (69%) 10/15 (67%) 10/12 (83%)

Platelet counta, × 
109 cells/L

199.0 (147.0–261.0) 207.5 (156.0–268.2) 175.0 (126.0–246.5) 159.0 (126.5–184.5) 170.0 (88.8–187.0)

White cell 
counta, × 109 

cells/L

6.2 (4.6–7.8) 6.2 (4.7–7.6) 6.6 (4.6–9.8) 5.0 (3.4–5.9) 6.8 (3.9–9.2)

Neutrophil 
counta, × 109 

cells/L

4.0 (2.8–5.7) 4.0 (2.8–5.4) 4.9 (3.2–7.5) 3.7 (2.6–4.3) 5.8 (2.9–6.4)

Lymphocyte 
counta, × 109 

cells/L

1.3 (0.9–1.9) 1.4 (1.0–2.0) 1.1 (0.7–1.4) 0.9 (0.6–1.0) 1.1 (0.6–1.4)

NLRa 3.1 (1.8–5.1) 2.7 (1.7–4.4) 4.7 (3.2–7.4) 4.6 (3.0–5.8) 4.0 (2.2–9.0)

Ang-2a, pg/mL 1688.0 (1237.0–2306.8) 1688.0 (1237.0–2225.0) 1645.0 (1266.8–2529.5) 1367.0 (1166.5–2003.0) 3095.0 (2004.5–6996.5)

CRPa, mg/L 37.7 (6.8–107.8) 26.0 (5.5–87.8) 83.0 (27.7–158.0) 49.7 (23.2–130.2) 79.1 (69.5–159.4)

CXCL-10a, pg/ 
mL

977.5 (377.5–1951.2) 766.5 (311.5–1532.5) 1955.5 (989.0–2661.5) 2641.0 (1763.0–3445.5) 2566.0 (2009.5–3188.0)

D-dimera, ng/mL 847.3 (467.0–1520.2) 735.7 (410.1–1358.8) 1115.1 (788.4–2334.3) 970.1 (751.3–1674.2) 2612.6 (1153.5–4802.7)

IL-1raa, pg/mL 1000.5 (591.0–1838.0) 841.5 (543.2–1535.0) 1688.5 (998.8–2588.8) 2433.0 (1087.0–3405.5) 3879.0 (2016.0–6333.0)

IL-6a, pg/mL 19.5 (6.5–47.0) 13.6 (5.2–36.5) 43.0 (19.3–81.6) 68.9 (29.6–73.2) 89.6 (56.2–148.0)

IL-8a, pg/mL 10.6 (7.8–15.6) 9.8 (7.4–13.9) 13.9 (9.2–18.3) 14.3 (9.6–22.1) 25.1 (20.2–31.6)

IL-10a, pg/mL 8.4 (5.6–15.1) 7.1 (5.2–12.5) 13.8 (9.4–20.2) 17.2 (11.2–22.0) 28.1 (22.1–29.4)

PCTa, pg/mL 103.5 (70.1–164.0) 98.7 (68.2–149.8) 122.0 (80.5–188.2) 133.0 (88.3–295.0) 319.0 (180.0–961.0)

sTREM-1a, pg/ 
mL

390.0 (271.0–562.2) 376.0 (262.8–536.0) 437.0 (316.5–649.5) 380.0 (245.5–470.0) 586.0 (395.0–1000.5)

suPAR, ng/mL 4.2 (3.1–5.7) 3.9 (2.9–5.3) 5.7 (3.9–6.7) 5.0 (4.5–5.6) 6.1 (3.8–10.0)

Seronegativea,b, 
No. (%)

188/409 (46%) 139/323 (43%) 27/59 (46%) 12/15 (80%) 10/12 (83%)

Data are presented as median (interquartile range) for continuous variables.  

Abbreviations: Ang-2, angiopoietin-2; BMI, body mass index; BP, blood pressure; CRP, C-reactive protein; IL, interleukin; NLR, neutrophil-to-lymphocyte ratio; O2, oxygen; PCT, procalcitonin; 
qSOFA, quick Sequential Organ Failure Assessment; sTREM-1, soluble triggering receptor expressed on myeloid cells 1; suPAR, soluble urokinase plasminogen activator receptor.  
aMissing data: BMI = 1 (category 1); platelet count, white cell count, neutrophil count, lymphocyte count, NLR = 10 each (category 1 = 7; category 2 = 3); Ang-2, CXCL-10, IL-1ra, IL-6, IL-8, 
IL-10, PCT, sTREM-1 = 2 each (category 1 = 1; category 4 = 1); D-dimer = 3 (category 1 = 2, category 4 = 1); CRP = 8 (category 1); serostatus = 11 (category 1 = 8, category 2 = 3).  
bSeronegative defined as negative for both immunoglobulin G and immunoglobulin M antibodies against severe acute respiratory syndrome coronavirus 2 (SCoV-2 Detect enzyme-linked 
immunosorbent assay, InBios).
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Figure 1. Baseline concentration and prognostic utility of host biomarkers in participants with moderate coronavirus disease 2019. A, Concentrations plotted on log2 scale 
and expressed in pg/mL (Ang-2, CXCL-10, IL-1ra, IL-6, IL-8, IL-10, PCT, sTREM-1), ng/mL (D-dimer, suPAR), mg/L (CRP), or × 109 cells/L (platelets). B, Biomarkers ordered from 
left to right by ascending mean c-statistic across the 3 severity outcomes. Abbreviations: Ang-2, angiopoietin-2; AUC, area under the receiver operating characteristic curve; 
CRP, C-reactive protein; IL, interleukin; MV, mechanical ventilation; NIV, noninvasive ventilation; NLR, neutrophil-to-lymphocyte ratio; O2, oxygen; PCT, procalcitonin; sT-
REM-1, soluble triggering receptor expressed on myeloid cells 1; suPAR, soluble urokinase plasminogen activator receptor.
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capacity high-dependency care areas with high positive likeli-
hood ratios). Biomarkers with dose-response relationships 
with subsequent disease progression demonstrated promising 
discrimination across a range of disease severities (IL-10, 
IL-6, IL-1ra, IL-8) and are particularly attractive candidates 
for further exploration as they could potentially address multi-
ple use-cases.

The apparent stepwise reduction in NLR in patients who 
progressed to more severe illness is difficult to reconcile. It 
may be a function of the relatively small number of events 
and higher proportion (n = 10 [2.4%]) of missing data for 
NLR. Nevertheless, if confirmed, it suggests that in the presence 
of a low NLR, a second parameter (clinical or biomarker) would 
be required to identify patients at risk of disease progression.

We measured biomarker concentrations at the time of pre-
sentation, when no patient had a supplemental oxygen require-
ment, allowing us to confidently evaluate the prognostic 
potential of the biomarkers [22]. Clinically, all patients had 
moderate severity disease at the time of blood collection, sug-
gesting that rather than being crude biochemical surrogates 
for bedside assessment, certain biomarkers might reflect sub-
clinical pathophysiological changes and may add value to clin-
ical risk scores.

In our context, the only available treatment known to influ-
ence the natural course of SARS-CoV-2 infection was cortico-
steroids [23]. However, steroid use was not associated with 
disease progression and is unlikely to have confounded the re-
sults (Supplementary Table 3). Previous studies have illustrat-
ed longitudinal changes in biomarker concentrations during a 
COVID-19 illness [18]. It is possible that the prognostic per-
formance of the biomarkers may vary accordingly. However, 
we did not find differences in biomarker concentrations be-
tween patients who presented in the first versus second 
week of their illness (Supplementary Table 4). Although we 
censored follow-up after day 14, no further disease progres-
sion occurred beyond this point. We combined MV and death 
into a single outcome category due to few surviving ventilated 
patients. This loss of granularity may have underestimated bi-
omarker discrimination [24]. Combining MV and death was 
preferable to combining NIV and MV; NIV may have had a 
less consistent threshold for initiation as it could be provided 
outside the intensive care unit setting. Vaccinated and previ-
ously infected individuals, as well as those with more recent 
variants, were not included; hence, caution is required if find-
ings are extrapolated to these populations. It is likely that sim-
ilar pathophysiological pathways (and biomarkers) are 
implicated, although this requires empirical testing and dis-
ease progression will be more frequent in unvaccinated and 
immune-naive cohorts.

Our results indicate that a number of host biomarkers impli-
cated in the pathophysiology of other acute febrile illnesses may 
also play a role in the natural history of SARS-CoV-2 infections. 

The prognostic utility of a particular biomarker is not a stand-
alone concept and is inextricably linked to the clinical out-
come(s) being predicted. Further studies should build on our 
results and investigate the value that biomarker measurements 
may add to clinical risk scores for well-defined clinical 
use-cases.
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