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city, in Hubei province of  China. SARS‑CoV‑2 infection was 
soon declared a pandemic by the WHO in March 2020 and 
continues to affect thousands of  individuals presenting with a 
varied clinical profile, disease progression and outcome.

The clinical spectrum of  SARS‑CoV‑2 infection is broad, ranging 
from asymptomatic infection to flu‑like illness  (sometimes 
with digestive disturbances) to viral pneumonia. The median 
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Abstract

Context: Comprehensive management of mild COVID infection calls for better understanding of symptomatology in these group of 
patients as well as early identification and close monitoring of patients at risk, data on which is limited. Aim: To study association 
between inflammatory markers and clinical presentation with progression of disease and the duration of resolution of symptoms. 
Settings and Design: This is a retrospective study that has been conducted at a designated COVID ‑19 medical ward at AIIMS, New Delhi 
Methods and Material: Fifty healthcare workers and their dependents who were admitted with asymptomatic and mild COVID‑19 infection 
were included. Their records were retrospectively reviewed, entered into a predesigned proforma and analyzed. Results: A total of 50 
participants were included in the study of which 70% were healthcare workers. The patients were admitted with mild COVID illness out 
of which 22 (44%) were males. Most common symptom at presentation was fever (72%). Among patients who had mild disease versus 
those who progressed to moderate illness (n = 3), the patients with moderate illness were older [mean (SD): 57.33 (10.21) vs. 36.13 (14.05); 
P = 0.014] and had a longer duration of hospital stay [17 (1.41) days vs. 11.20 (3.86) days; P = 0.04]. Inflammatory markers, C‑Reactive 
Protein (CRP) [2.46 vs. 0.20 (P = 0.024)], and Ferritin [306.15 vs. 72.53 (P = 0.023)] were higher in patients with moderate illness. There is 
also a significant correlation between the number of days taken for symptoms to resolve with Serum Ferritin (P = 0.007), CRP (P = 0.0256), 
and neutrophil lymphocyte ratio (NLR) (P = 0.044). Conclusions: Acute phase reactants/Inflammatory markers serve as good indicators 
of time taken to resolution of symptoms in acute COVID infection. NLR is a simple and inexpensive method to provide insight into 
symptomatic phase. These may be utility tools for primary care physician in the management in periphery and timely decision.
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Introduction

At the end of  2019, a novel coronavirus was identified as 
being responsible for a cluster of  pneumonia cases in Wuhan 
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incubation period, from exposure to symptom onset, is 
approximately 4–5 days, and 97.5% of  symptomatic patients will 
have symptoms within 11.5 days after infection.[1]

Clinically, COVID may be divided into mild, moderate, 
and severe infections. Moderate infection is defined as a 
respiratory rate >24/min or a SpO2 <94% on room air and 
severe infection as a respiratory rate  >30/min or a room 
air saturation of   <90% or respiratory distress requiring 
mechanical ventilation.[2]

Owing to the rapid increase in the number of  COVID‑19 patients 
and its varied clinical presentation, there is a need for early 
identification of  signs of  deterioration and appropriate escalation 
of  care from isolation wards to specific intensive care units in 
those patients whose illness progresses rapidly from mild to severe.

Acute phase reactants such as ESR, CRP, Ferritin, Procalcitonin 
have been reported to be higher in severe as compared to 
non‑severe cases and also as a predictor of  mortality in a few 
cases.[3]

Subjects and Methods

Study setting
The current study was conducted in a designated COVID ward 
of  a tertiary care academic centre in India. Individuals included 
were healthcare workers and their direct dependents who had 
mild symptoms. These patients were admitted after a COVID‑19 
positive report by an RT‑PCR test. In our study, we aimed to 
identify laboratory parameters and inflammatory markers which 
may provide an early clue toward duration of  symptomatic phase 
and clinical severity of  COVID illness. Ethical clearance was 
obtained by an appropriate authority. Ethics approval obtained 
on 22.7.2020.

Patient characterization & study protocol
The demographic details of  the subjects were collected along 
with available history about the sequence of  symptomatology, 
hospital course, and outcomes. Complete blood counts, liver 
function tests  (including Total Bilirubin, AST, ALT, Total 
Protein, Albumin, ALP), renal function tests along with CRP, 
Ferritin, ESR, Procalcitonin reports at admission were traced 
and collected. Case definitions of  severity were as provided by 
the Ministry of  Health and Welfare.[2] Patients requiring oxygen 
support were transferred to a step‑up centre within the institute 
and subsequently followed.

Statistical analysis
Baseline characteristics of  the study participants were summarized. 
Shapiro–Wilk test of  normality was applied to understand the 
distribution of  data. Continuous data was reported as mean (SD) 
for normally continuous variables or median  (Inter Quartile 
Range ‑25th–75th percentile) for skewed distributions. Categorical 
variables were reported as counts (percentages).

Continuous data in two groups were compared by Welch t‑test for 
unequal variance or Wilcox test (for non‑parametric distribution) 
depending upon the distribution of  data. Association between 
categorical data was assessed by the Pearson Chi‑square test and 
Fisher’s exact test. Correlation between two continuous variables 
was performed using Pearson’s correlation or Spearman’s rank 
correlation test  (for non‑parametric distribution) depending 
upon the normality of  bivariate joint distribution. P value of  
less than 0.05 was considered statistically significant at a 95% 
confidence level.

Clinically important risk factors and variables related to the 
dependent outcome  (Time to Symptom Resolution, which is 
described as duration of  first day of  symptom to last day of  
symptom related to acute COVID infection) were included 
in multivariable regression analysis. A  value of P  <  0.05 was 
considered statistically significant in the multivariate analysis. 
All statistical analysis was done using R software version 3.5.2.

Results

In the study, 50  patients were enrolled. 70% of  these were 
healthcare workers and 30% were their direct dependents (spouse/
parents/children). The mean age of  these patients was 
37.40 years (SD 14.68). The demographic characteristics of  these 
patients are given in Table 1. Other minor comorbidities included 
hypothyroidism, paroxysmal supraventricular tachycardia, and 
hypercholesterolemia.

Clinical manifestations and significant contact history if  any are 
mentioned in Table 2. 43 individuals (86%) were symptomatic 
at presentation. COVID‑19 testing and subsequent admission 
was done after a median duration of  3  (2, 5) days of  
symptom onset. Time to Resolution (TTR) of  symptoms 
was skewed due to a longer duration of  illness in some of  
the individuals (1–27 days). 50% of  patients presented with 
fatigue as their first symptom even before developing fever. 
Wilcox test showed that healthcare workers (P = 0.009), older 
individuals (P < 0.001), and those in contact with a confirmed 
COVID‑positive patient  (P  =  0.01) were more likely to be 
symptomatic. Duration of  hospital stay is the number of  days 
an individual was kept in an isolation ward as an inpatient. 

Table 1: Baseline Demographic Characteristics and 
Comorbidities

Characteristic n=50 n (%)
Sex Male 22 (44.0)

Female 28 (56.0)
Healthcare Workers 35 (70.0)
Comorbidities

Diabetes mellitus 5 (10.0)
Hypertension 5 (10.0)
Respiratory Illness (COPD/Asthma) 3 (6.0)
Heart Disease (CAD) 1 (2.0)
Other 3 (6.0)
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The mean duration of  hospital stay was 11.48 ± 3.97 days. 
The median TTR of  symptomatic phase of  was 7 days. Three 
individuals progressed to Moderate illness and were shifted to 
a step‑up COVID facility within the institution.

Laboratory parameters have been mentioned in Table 3. Other 
parameters not included in this table such as the renal function 
and liver function parameters along with electrolytes were 
reported normal in all individuals.

Relationship between variables
A Wilcox test showed a statistically significant association between 
serum ferritin levels and duration of  hospital stay (P = 0.012). 
There is also a significant correlation  (Pearson’s correlation 
coefficient) between TTR with Serum Ferritin  (P  =  0.0007), 
CRP  (P  =  0.026), and NLR  (P  =  0.044). Correlation Matrix 
of  Selected inflammatory Variables with Time to Resolution is 
presented in Figure 1.

A linear model was used to predict the duration of  resolution 
with CRP, Ferritin, NLR, ALT, Age, Sex, and Fever. Our 
final regression equation was predicted TTR  (days) =  
1.95‑0.44  ×  CRP  +  0.17  ×  NLR  +  0.02  ×  Ferritin  
+0.03 × ALT ‑0.01 × Age + 0.31 × Sex + 2.07 × Fever

The combination of  these parameters significantly predicted 
the duration of  TTR. There were 29 observations in our 
model  (excluding missing data in all variables). The number 
of  predictors in the model was 7, while the degree of  freedom 
of  residuals was 21. In statistical notation this is expressed as 
F (7, 21) = 2.49, P = 0.049. The standard deviation of  residual 
error was 4.7 implying duration of  resolution was predicted with 
an average accuracy of  ± 4.7 days by our model. The adjusted 
R‑Square for our model is 0.27 implying our model predicts 
27.16% variation in the duration of  resolution.

Multivariable linear regression
On Univariate Regression CRP, NLR, and Ferritin were 
significantly correlated with TTR, but on multivariable regression, 
adjusting for other variables, only level of  Ferritin had significant 
relationship with TTR.

The effect of  Ferritin was positive and can be considered 
as medium and significant  (β = 0.02, 95% CI  [0.01, 0.05], 
std. β = 0.62, P  =  0.048) as shown in Figure  2. Out of  all 
variables, ferritin  [β = 0.025‑0.01] had highest standardized 
regression coefficient and contributed maximum to predicted 
TTR (in days). Details of  univariable and multivariable regression 
are presented in Table 4.

Comparative analysis according to severity
Subgroup analysis between the patients who had mild disease 
versus those who progressed to moderate illness (n = 3) showed 
that those with moderate illness were older in age [mean (SD): 
57.33  (10.21) vs. 36.13  (14.05); P  =  0.014) and also had a 
longer duration of  hospital stay [17 (1.41) days vs. 11.20 (3.86) 
days; P  =  0.04] Other hematological parameters, liver, and 
kidney function tests were comparable among the two groups. 
Individuals who went on to have moderate illness also showed 
higher values of  inflammatory markers CRP, Ferritin, ESR, 
Procalcitonin, and NLR, although only CRP and Ferritin 
elevations were statistically significant  [Table  5]. There was a 
discordance in the number of  healthcare workers posted in 
non‑COVID areas as compared to designated COVID Wards 
and ICUs who had tested positive.

Discussion

This study was done to ascertain the clinical presentation 
and correlation of  routine lab parameter and inflammatory 
markers with course of  the illness in mild COVID infection. In 
this study, the most common symptoms at presentation were 
fever  (72%), cough  (40%), sore throat  (38%), myalgia  (24%), 
and fatigue (20%).

Table 2: Baseline Clinical presentation and Course
Symptom n (%)
Fever 36 (72.0)
Cough 20 (40.0)
Sore Throat 19 (38.0)
Chills 13 (26.0)
Myalgia 12 (24.0)
Fatigue 10 (20.0)
Shortness of  Breath 6 (12.0)
Diarrhoea 6 (12.0)
Rhinitis 4 (8.0)
Contact History

Contact with a confirmed case of  COVID19 28 (56.0)
Healthcare Worker at a COVID area 3 (6.0)
Healthcare Worker at a Non‑COVID area 32 (64.0)
Residing at or Visited a Hotspot 1 (2.0)
Travel History (%) 3 (6.0)

Treatment and Outcome
Hydroxychloroquine 37 (75.5)
Oxygen requirement 3 (6.0)

Outcome
Discharged 47 (94)
Transferred 3 (6)

Time to Resolution of  Covid symptoms 7 [2.00‑9.50] (Median [IQR])

Table 3: Baseline Laboratory Profile
Lab Parameter Median [IQR]
ESR (mm/hr) 22 [14.25,31.50]
CRP (mg/dl) 0.22 [0.07,051]
Procalcitonin. (ng/ml) 0.02 [0.01,0.03]
Ferritin (ng/ml) 74.26 [27.59,141.90]
Haemoglobin (g/dl) 12.90 [12.28, 14.55]
Total Leukocyte Count (cells/cumm) 5420 [4620, 6557]
Neutrophils (%) 52.50 [47.95, 61.65]
Lymphocytes. (%) 34.10 [27.15, 40.70]
Platelets. (×103 cells/cumm) 194 [153, 240]
Neutrophil‑ Lymphocyte ratio 1.56 [1.19, 2.26]
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Figure 1: A multi‑panel plot showing relationship between time to resolution of symptoms (TTR) and inflammatory markers (CRP, ferritin), and 
NLR (Neutrophil‑lymphocyte ratio). Lower triangle of matrix consists of scatter plot and regression line depicting relationship between two variables 
in corresponding rows and columns. In mid‑panel, histograms denote distribution of data points in the variables. Upper triangle of panel matrix 
denotes correlation co‑efficient between the two variables. (*p < 0.05, ***p < 0.001)

Figure  2: Forest Plot of Effect Size of Independent Variables in 
Multivariable Regression

Our study found that while most individuals recovered without 
any complications, some did progress to moderate illness, and 
inflammatory markers such as Ferritin and C‑reactive Protein 

predicted this progression. Although procalcitonin, ESR levels 
and the NLR ratio were higher in the moderate group it was not 
statistically significant. In addition, Ferritin, C‑Reactive Protein, 
and the NLR were also predictive of  the TTR of  symptoms in 
these individuals.

Ferritin and CRP levels done at admission for our patients were 
significantly higher in those who progressed to moderate disease. 
Those individuals who had only asymptomatic or mild disease 
had normal values of  these biomarkers. In a meta‑analysis done 
by Zeng et al. which included 16 studies showed that patients in 
the non‑severe group as compared to those in the severe groups 
had lower CRP, ESR, Procalcitonin, and serum ferritin levels.[3] 
Another meta‑analysis published by Zhang et al. which included 
4662 individuals reported that the most common laboratory 
findings were increased CRP (73.6%), decreased albumin (62.9%), 
increased ESR  (61.2%), decreased Eosinophils  (58.4%), 
increased IL‑6  (53.1%), lymphopenia  (47.9%), and increased 
LDH (46.2%).[4] Although our study reported similar findings, 
there was no variation in leukocyte count or the differential count 
as such. Also, the studies mentioned above and similar studies 
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focused on those individuals who were critically ill with severe 
COVID‑19 infection contrary to our setting where we looked 
for progression in those who presented with mild infection 
only. These biomarkers may prove to be useful for the primary 
care physician especially for monitoring those individuals who 
cannot get admitted.

The exact mechanism behind increase in Serum Ferritin is still 
unknown but is postulated to be either due to promotion of  
ferritin synthesis by activated inflammatory cytokines such as 
IL‑6 or leakage of  intracellular ferritin secondary to inflammation 
related cellular damage.[5] Ferritin levels are significantly higher 
in non‑survivors when compared to survivors. With clinical 
improvement, levels of  ferritin have been seen to decrease, 
making it a good parameter to assess severity and response to 
treatment.[6]

Although not statistically significant, our study showed a 
higher value of  the neutrophil–lymphocyte ratio in those who 
progressed to moderate illness. The NLR is calculated by dividing 
the absolute neutrophil count by the absolute lymphocyte count. 
A study done by Liu et al. concluded NLR is an independent risk 
factor of  in‑hospital mortality for COVID‑19 patients.[7] Another 
meta‑analysis done by Lagunas Ranguel et al. on the association of  
NLR and severe COVID infection showed that NLR values were 
significantly higher (SMD = 2.404, 95% CI = 0.98–3.8 2).[8] A 
study done by Yang et al. reported values of  NLR > 3.3 showing a 
possibility of  progression to severe disease.[9] It is a cost‑effective 
and simple method to assess the severity of  illness and may 
provide an insight into disease progression and outcome in 
resource‑limited settings.

A significant and new finding of  our study included the 
association of  TTR of  symptoms with the inflammatory markers 
measured at the time of  admission. Ferritin  (P  =  0.0007), 
CRP (P = 0.026), and the NLR (P = 0.044) were elevated in 
those patients in whom symptom resolution took a longer time 
duration, in either case of  mild or moderate. The discharge 
policy for inpatients with COVID‑19 in India has been 
evolving and this may help in predicting the turnover time of  
admissions at a centre and help optimal uses of  resources. At 
present, as per policy, patients are discharged on 10th day of  
first symptom or 3  days of  asymptomatic phase whichever 
is longer. Hydroxychloroquine was administered at doses of  
400 mg BD on the first day followed by once a day for 4 days 
in 75.5% individuals. No adverse events were reported with its 
use in our study. Efficacy cannot be commented upon in this 
particular study.

The limitations of  this study include its retrospective design 
which made the study prone to missing data. The smaller sample 
size and inclusion of  only mild cases makes this study prone to 
bias. The evolution of  management of  mild COVID has seen 
many discrete phases starting from mandatory indoor care for all 
patient, to recently permitting home isolation and observation. 
These policies are justified as we moved from containment to 
mitigation during the course of  the pandemic, and may get 
further modified with time. These developments make these 
kinds of  studies more relevant for family and primary care 
physicians when milder COVID‑19 cases will be manged either 
in home isolation or COVID care facility under supervision, 
and hospital beds might be difficult to get in current epidemic 
and in near future.

This study has shown similar results with respect to increased 
levels of  inflammatory markers like Ferritin and CRP predicting 
progression of  disease from mild to moderate illness. In addition, 
Serum Ferritin, C‑Reactive protein Levels and NLR also had 
significant statistical correlation with duration to complete 
symptom resolution of  these individuals and can be used as 
markers to monitor patients at home or hospital care, and 
counselling for the same to allay the anxiety. Further studies serial 
values of  these markers along with follow though the course 
of  the illness will provide a broad overview in this attempted 
correlation.

Table 5: Comparison between Mild and Moderate Illness
Marker Mild Illness 

(n=47) [Median] 
[IQR]

Moderate Illness 
(n=3) [Median] 

[IQR]

P

CRP 0.18 [0.06,0.45] 2.46 [1.41,3.51] 0.024
Ferritin 72.53 [27.10,120.00] 306.15 [243.42,368.88] 0.023
ESR 20.00 [12.75,30.00] 37.5 [33.75,41.25] 0.385
Procalcitonin 0.02 [0.010,0.025] 0.04 [0.025,0.055] 0.984
Neutrophil 
Lymphocyte Ratio

1.47 [1.15,2.04] 2.63 [2.14,2.87] 0.349

Table 4: Summary of Multivariable linear regression analysis of Factors Predicting Time To Symptom Resolution
Variables Range Mean (SD) Coefficient (univariable) Coefficient (multivariable)
Age* [23,75] 6.5 (5.1) 0.08 (‑0.06-0.21, P=0.243) ‑0.01 (‑0.22-0.20, P=0.892)
Ferritin [5.1,584] 6.6 (5.3) 0.02 (0.01-0.03, P=0.001) 0.02 (0.01-0.05, P=0.048)
NLR [0.52,6.9] 7.0 (5.2) 1.42 (0.04-2.79, P=0.044) 0.17 (‑2.53-2.88, P=0.896)
CRP [0.025,4.57] 7.2 (5.4) 1.77 (0.23-3.31, P=0.026) ‑0.44 (‑3.44-2.55, P=0.762)
Sex* Male 7.4 (6.3) ‑ ‑

Female 5.9 (4.1) ‑1.44 (‑4.71-1.84, P=0.381) 0.31 (‑4.59-5.21, P=0.897)
Fever No 3.8 (3.8) ‑ ‑

Yes 7.0 (5.2) 3.14 (‑1.36-7.64, P=0.167) 2.07 (‑3.02-7.16, P=0.407)
ALT [12,163] 6.5 (5.2) 0.04 (‑0.01-0.09, P=0.143) 0.03 (‑0.09-0.15, P=0.614)
*Adjusted for Age and Sex
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Messages 
Ferritin and CRP are markers of  disease progression in 
COVID‑19 infection. Ferritin, NLR and CRP are predictors of  
duration to symptom resolution in COVID‑19 infection.
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