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ABSTRACT

Background: There are no standardized prognostic markers available for early detection of critically-ill COVID-19 patients. This study
aims to evaluate the co-relation of changes in inflammatory markers and lymphocytes with Sequential Organ Failure Assessment (SOFA)
score in predicting disease severity and mortality in COVID-19 patients admitted to ICU. Methods: This was a single-center, non-
randomized, observational study. The study included 80 critically-ill COVID-19 patients admitted to ICU from 3rd August- 2nd October’ 2020.
The core outcome was 28 days mortality in COVID-19 patients admitted to ICU. Results. For APACHE II score no significant co-relation
was found among survivors (9.68 ± 3.95) and non-survivors (11.62 ± 4.92); P =0.087. At 96hrs of admission to ICU, SOFA score was
significantly higher in non-survivors than survivors (3.75 ± 2.94 vs 2.16 ± 0.87; P<0.001). The longitudinal analysis showed no significant
co-relation between markers and SOFA score in predicting disease severity. However, multi-variate regression analysis showed significantly
increased odds of mortality associated with higher SOFA score (OR- 2.228 [95% CI: 1.220 - 4.068]; P = 0.009), lymphopenia (OR- 0.839
[95% CI: 0.720 - 0.977]; P = 0.024) and high PCT levels (OR- 1.983 [95% CI: 1.129 - 3.485]; P= 0.017) at 96 hours of admission. However,
the increased PCT levels might be associated with bacterial co-infection in these patients. Conclusion: We conclude that, using SOFA score
in conjunction with lymphocytes might serve as an effective prognostic tool to predict mortality in critically-ill COVID-19 patients and
help in making clinical decisions and improve patient outcomes.
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the clinical outcome of patients. Therefore, an early medical
intervention is crucial to reduce the mortality rate in critically-ill
COVID-19 patients.
Accumulating evidence from various studies suggest that the serum
levels of inflammatory markers have the potential to discriminate
between mild and severe disease, and possibly may serve as
potential prognostic biomarkers for COVID-19 pathogenesis.
Increased levels of inflammatory markers such as Interleukin-6
(IL-6), Procalcitonin (PCT), D-Dimer, C-Reactive Protein (CRP)
and Ferritin, are found to be associated with poor clinical outcome
in severe patients [6, 15-17]. ICU patients had increased levels of
PCT and D-Dimer as compared to non-ICU patients [6]. Dynamic
changes in hematological markers such as lymphocytes and
Neutrophil-Lymphocyte Count Ratio (NLR) were significantly
altered in severe COVID-19 patients and were identified as an
independent risk factors to indicate COVID-19 severity [15-17].
Application of scoring system for critically-ill COVID-19 patients
would facilitate critical care physicians for prognostication and
predicting mortality. However, no such scoring system is yet

Introduction
The coronavirus disease 2019 (COVID-19) pandemic is still posing
great challenge to the global healthcare system.  The total
coronavirus cases count stands at ~ 560 million, with a death toll of
6.37 million till 10th July 2022 [1]. An increased susceptibility to
COVID-19 has been shown by individuals with pre-existing co-
morbidities such as diabetes, hypertension, cardiovascular disease,
lung disease or kidney disorders [2-4]. These risk factors have been
associated with high morbidity and increased mortality rate [5].
The mortality rate of critically ill-patients varies from 11-62% in
patients admitted to intensive care unit (ICU) [6-9]. Critically-ill
COVID-19 patient exhibit shortness of breath, difficulty in
breathing and pneumonia-like symptoms. As the pathogenic
condition progress there is release of pro-inflammatory cytokines/
chemokines which intensifies the systemic inflammatory response
against the Severe Acute Respiratory Syndrome Coronavirus -2
(SARS-CoV-2) [9-11]. This cytokine storm is accompanied by
pulmonary edema, acute respiratory distress syndrome (ARDS),
acute lung injury (ALI) and multiple organ failure, which deteriorates
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available for COVID-19. Therefore, the existing scoring systems,
Acute Physiology and Chronic Health Evaluation II (APACHE -
II) score and Sequential Organ Failure Assessment (SOFA) score,
[18,19] which were used routinely to assess disease severity and
estimate mortality in hospitals, was adopted for COVID-19 [19,20].
The use of SOFA score in identification of severe or critically-ill
COVID-19 patients as well as prediction of mortality has been
observed [19] and further validation is proposed in the clinical trial
NCT04713852.
Since laboratory-derived data plays a critical role in decision making,
the inflammatory biomarkers and blood counts could facilitate risk
stratification of COVID-19 patients. This will aid clinicians to
decide effective treatment strategy for patients.
The goal of the present study was to determine the potential role
of ICU scoring system and serial changes in inflammatory markers
along with lymphocytes as prognostic factors in predicting poor
clinical outcome and mortality in critically-ill COVID-19 patients.

Methods

Study Design

This prospective, non-randomized, observational study was
conducted on critically-ill COVID-19 patients admitted to a tertiary
level ICU from 3rd August- 2nd October’ 2020, after taking approval
from the institutional ethics committee. Based on the defined
inclusion and exclusion criteria, patients were recruited after
obtaining informed consent.

Patients

Adult patients aged >18years with moderate to severe symptoms,
with/without pre-existing co-morbidities who were admitted to
ICU after a confirmed positive result of SARS-CoV-2 with Reverse-
Transcriptase – Polymerase Chain Reaction (RT-PCR) or COVID-
19 Antigen Test. Patients with chronic multi-organ disease, severely
compromised immune system (HIV and a CD4 count <200 cells/
mm3, neutropenic patients <500neutrophils/mm3) and pregnant
females were excluded from the study.

Data Collection

Demographic data, medical history, laboratory values and treatment
outcome of each patient was extracted from electronic medical
records of the hospital to calculate APACHE II and SOFA score.
Two physicians independently reviewed the data collection forms
to double check the data collected. The physicians directly
communicated with patients or their families to learn the
epidemiological and symptom data, which were not available in the
electronic medical records.

Outcome

The main outcome variable was 28 days mortality in critically-ill
COVID-19 patients admitted to ICU.  APACHE II and SOFA
scores were calculated within 24 hours of admission and SOFA
score was assessed thereafter for 4 days. The patients were
clinically assessed and monitored continuously for vital parameters
(respiratory rate, heart rate, blood pressure, etc.) as long as they
stayed in the ICU. Routine blood test of all the patients was
performed as part of usual clinical care, which included complete
blood profile, arterial blood gas analysis, kidney and liver function
test, serum levels of IL-6, D-dimer, PCT, CRP and ferritin at
admission and 96hrs.

Sample Size

Sample size was calculated based on the retrospective study by
Zhou F. et al [24] to understand the clinical course and risk factors
in COVID-19 patients in Wuhan, with 95% confidence interval
(95% CI) and margin of error 10%, a sample size of 72 patients
was estimated.

Statistical Analysis

Descriptive data for continuous variables are reported as mean ±
standard deviation (SD) and for categorical data median
[interquartile range (IQR)] or percentage (n%), as appropriate, is
used. We divided the study sample into survivors and non-survivors
and carried out intergroup comparisons of demographic variables,
clinical parameters, laboratory findings, and both SOFA and
APACHE II scores. Continuous data was compared by the student
t-test or the Mann–Whitney U test; categorical variables was tested
by using either the chi-square test or Fisher exact test (when the
expected value was <5 in one cell), as appropriate.
To explore the risk factors associated with in-hospital death,
univariate and multivariate logistic regression models were used. A
stepwise approach was used to enter new terms into the model,
with a limit of P <0.05 to enter the terms. We chose lymphocytes,
D-dimer, ferritin, IL-6, PCT, CRP, SOFA and APACHE II at 0 hrs
and 96 hrs for our multivariable logistic regression model.
The receiver operating characteristic (ROC) curve analysis was
applied for a discriminatory evaluation of the performance of the
SOFA scores and various inflammatory markers like CRP, ferritin,
D-Dimer, PCT, IL-6 and lymphocytes. The classification
performance of scoring system and inflammatory markers to
discriminate between survivors and non-survivor was evaluated
by calculating the area under the curve (AUC) of the ROC and its
95%CI.
For each rapid scoring system, the score with the largest Youden
Index was defined as the optimal cut-off value for predicting
COVID-19 mortality. A two-sided á of less than 0.05 was
considered statistically significant. A p-value < 0.05 was accepted
as statistically significant. The statistical analysis was performed
using IBM Statistical Product and Service Solutions (SPSS) version
17.0 .

Results
Data was collected from 80 patients aged 18 years or older, admitted
to the ICU, who were tested positive for SARS-CoV-2 virus on
RT-PCR or COVID-19 Antigen Test. Baseline demographics and
clinical characteristics of the study population divided into two
groups (survivors and non-survivors) is summarized in (Table 1).
The mean age of the study cohort was 59.58 ± 11.26 years, among
which 54 (67.5%) were male and 26 (32.5%) were females. During
the hospitalization, 24 patients died and 56 survived. Among the
non-survivor, 19 (79.2%) were male and 5 (20.8%) were females,
whereas among survivors, 35 (62.5%) were male and 21 (37.5%)
were females.
Comorbidities were present in both the survivors and non-
survivors, the most common being diabetes, followed by
hypertension. Compared with survivors, mean APACHE II score
(9.68 ± 3.95 vs 11.62 ± 4.92) and SOFA score (2.43 ± 0.95 vs 3.12
± 1.70) were higher in non-survivors at the time of ICU admission.
No significant co-relation was found for mean APACHE II score
among survivors (9.68 ± 3.95) and non-survivors (11.62 ± 4.92); P
=0.087. At 96hrs, a statistically significant co-relation was found
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Table 1: Demographic Data and Baseline Characteristics of Survivors and Non-Survivors

BMI – Body Mass Index, COPD- Chronic Obstructive Pulmonary Disease, APACHE II - Acute Physiology and Chronic Health Evaluation II,
SOFA- Sequential Organ Failure Assessment, ICU- Intensive Care Unit, SD- Standard Deviation, IQR- Interquartile range. *p<0.05

between survivors and non-survivors for SOFA score (2.16 ± 0.87
vs 3.75 ± 2.94; P<0.001) and length of ICU stay (median [IQR]: 9
days [7 – 12] vs 15 days [11.25 - 22.5]; P<0.001).
The serial changes in inflammatory markers with respect to SOFA
score, to assess mortality and disease severity was analysed using
Spearman’s correlation coefficient (ρ). Levels of inflammatory
markers (IL-6, CRP, D-dimer, ferritin and PCT) were collected at
2 time points - 0hrs (at admission) and 96hrs. No statistically
significant co-relation coefficient was found in longitudinal changes
of these inflammatory markers to indicate disease severity (Table
2).

To verify the importance of longitudinal changes in inflammatory
markers and ICU scoring system as prognostic indicator in COVID-
19, we conducted univariate and multivariate logistic regression
analysis. (Table 3)
In univariate analysis, SOFA score (at 0hr, 96hrs), PCT (at 96hrs),
IL-6 (at 96hrs), D-dimer (96hrs), ferritin (at 96hrs), CRP (at 0hr,
96hrs) and lymphocytes (at 0hr, 96hrs) were prognostic predictors
of severe COVID-19 (P<0.05); while in multivariate logistic
regression analysis, only SOFA score at 96hrs [odds ratio (OR)-
2.228 (95% CI: 1.220 - 4.068); P = 0.009], PCT levels at 96hrs
(OR- 1.983 [95% CI: 1.129 - 3.485]; P= 0.017) and lymphocyte at

Table 2: Spearman’s Co-relation to assess the Relationship between Serial
Changes in Serum Inflammatory Biomarkers Levels and Disease Severity

PCT- Procalcitonin, CRP- C-Reactive Protein, IL-6 – Interleukin 6, SOFA- Sequential Organ Failure Assessment *P<0.05 – Significant
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96hrs (OR- 0.839 [95% CI: 0.720 - 0.977]; P = 0.024] were significant
predictors of mortality and morbidity. (Fig 1)
The ROC analysis was done to determine the cut-off values of
SOFA Score, lymphocytes and PCT at 96 hrs of admission to ICU
(Fig 2).
The AUC was 0.728 [95% CI: 0.599- 0.858], 0.689 [95% CI:
0.548-0.83] and 0.745 [95% CI: 0.62-0.87], respectively.

At a cut-off value of > 4, SOFA score had sensitivity of 41.70%,
specificity of 96.40%, positive predictive value (PPV) of 83.33%
and negative predictive value (NPV) of 79.41%. For PCT at cut-
off value > 0.6 and for lymphocytes < 5.15%, sensitivity,
specificity, PPV and NPV were 45.80% vs 70.80%; 89.30% vs
76.80%; 64.72% vs 56.67% and 79.37% vs 86.0%; respectively.
(Table 4).

Table 3: Univariate and Multivariate Regression Analysis for Mortality Risk in Critically-ill COVID-19 patients

PCT- Procalcitonin, CRP- C-Reactive Protein, IL-6 – Interleukin 6, SOFA- Sequential Organ Failure Assessment, APACHE II - Acute Physiology and Chronic Health
Evaluation II, OR-Odds Ratio, 95% CI- 95% Confidence Interval

Fig 1: Change in levels of SOFA score and Inflammatory Biomarkers at the time of admission (0 hours) and at 96 hours.
Figure shows box plot graphs depicting change in (A) C-Reactive Protein (CRP) levels, (B) Interleukin-6 (IL-6) levels, (C) D-dimer Levels, (D) Ferritin Levels , (E)
Sequential Organ Failure Assessment (SOFA) Score, and (F) Procalcitonin (PCT) levels from the time of admission to 96 hours. The blue box represent levels at 0 hours
and green box represents levels at 96 hours.
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All these variables significantly co-related mortality (P<0.01),
however, among them SOFA score had the best accuracy (80%) as
compared to PCT and lymphocytes (76.25%, 75%, respectively).

Discussion
This prospective observational study evaluated the prognostic
markers associated with poor clinical outcome among critically-ill
COVID-19 patients admitted to ICU of a tertiary care centre in
northern India. The SARS-CoV-2 infection fatality rate increases
with advanced age (>50 years) and noticeable more in men than
women [22]. The higher mortality rate among older individuals is
attributed to the presence of co-morbid factors (diabetes,
hypertension, cardiovascular disease, lung and kidney disorders)
[23,24] and immunosenescence, [25] which affects the severity of
virus infection. A seroprevalence survey to determine age-specific
fatality rate across 45 countries, found that the relative infection
fatality risk is more in older individuals [26]. In the present study
we found that patients with advanced age had higher mortality rate
which was statistically significant. Among the non-survivors,
mortality was higher in men than women. Further, deceased patients
had comparatively higher BMI than survivors, but no significant
co-relation was found.
Early evaluation of critically-ill patient is of paramount importance,
in order to decide specific treatment approach. In such patients,
organ functions rapidly deteriorate as the disease progress, which
might lead to multiple organ failure and even death in some patients.
APACHE II and SOFA score are commonly used to evaluate organ
functions and assess disease severity and mortality in critically-ill
patients [18,19]. In COVID-19, APACHE II score at cut-off value
of >17 served as an indicator of mortality. High APACHE II score
and SOFA scores increased risk of hospital mortality in SARS-
CoV-2 infected patients [20]. In our study we found SOFA score to
be more significant than APACHE II score in identifying risk of
mortality.

SOFA score is used to assess the severity of organ dysfunction and
it includes 6 variables (PaO2/FiO2 , mean arterial pressure, platelets
count, bilirubin, creatinine and GCS) which helps to predict
morbidity and mortality [27,28]. SOFA score at the time of
admission has been found to be effective in predicting mortality
risk in severe/critically-ill COVID-19 patients [21,29,30] and
discriminant accuracy to be used for ventilator triage in patients
[31].  Similar results were found in our study, wherein increase in
SOFA score over a period of 96hrs of ICU admission had positive
co-relation with poor clinical outcome. Non-survivors had higher
SOFA score as compared to survivors at 96hrs. At an optimal cut-
off of >3, SOFA had shown high sensitivity and specificity, [29]
on the contrary we found a cut-off of >4 to be highly specific in
predicting mortality in critically-ill patients.
Immune system disturbance in COVID-19 patients, results in
exuberant release of inflammatory cytokines/chemokines [9-11].
Evaluating the levels of inflammatory biomarkers, were found to
co-relate with disease severity and prediction of COVID-19
progression [6,32,33]. Increased circulating levels of IL-6 and CRP
were closely related to disease severity in COVID-19 and highly
predicts the need for mechanical ventilation [34]. The increased
value of D-dimer (>1 mcg/ml) at admission, could help clinicians to
identify patients with poor prognosis [21]. In deceased patients,
the initial and peak D-dimer value was statistically higher compared
to survivors [16]. Although in our study also, D-dimer levels were
increased in patients admitted to ICU but there was no significant
difference between survivors and non survivors. Ferritin is a key
mediator of immune dysregulation. Increased ferritin levels have
been associated with pro inflammatory effects, contributing to
cytokine storm in COVID-19 [35]. A systemic review and meta-
analysis showed that increased levels of PCT are associated with
higher risk (~ 5 folds) of SARS-CoV-2 infection [36]. In present
study we observed that increased PCT level at 96 hrs was associated
with increased mortality, however, this poor clinical outcome could
be due to bacterial co-infection [37]. Hence, additional studies are

Fig 2: ROC curves predicting mortality in critically-ill COVID-19 patients
The figure shows ROC plots depicting performance of (A) SOFA score at a cut-off value of >4, (B) PCT at a cut-off value >0.6 and (C) Lymphocyte at a cut-off value of <5.15;
which co-related significant with mortality (P<0.001)

Table 4: Sensitivities, Specificities, Positive Predictive Values, Negative Predictive Values
and Accuracy for predicting Mortality Risk in Critically-ill COVID-19 Patients

PPV- Positive Predictive Value, NPV- Negative Predictive Values, PCT- Procalcitonin, SOFA- Sequential Organ Failure Assessment
*P<0.05 – Significant
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required to verify the validity of PCT in critically-ill COVID-19
patients.
Measuring serial changes in inflammatory markers during the course
of hospitalization predicted worse clinical outcome in moderate or
severe COVID-19 patients, however no significant co-relation was
found in critically-ill or deceased patients [38,39]. The results of
our study corroborate with the above studies. We found no
statistically significant co-relation coefficient between inflammatory
markers and SOFA score, measured serially from the time of
admission (0 hrs) and up to 96 hrs of ICU stay. Therefore, analysis
of longitudinal changes of inflammatory biomarkers is not sufficient
to predict morbidity or mortality in critically-ill COVID-19 patients
admitted to ICU. However, multivariate analysis in our study
revealed that at 96hrs, SOFA score, PCT levels and lymphocytes
were associated with 28 days mortality in critically-ill patients
with COVID-19.
Lymphopenia was reported in mild -severe COVID-19 as a
haematological marker for disease severity [7,8]. Dysregulation of
immune response during SARS-CoV-2 infection tends to decrease
lymphocytes which co-relates with disease severity [6,40]. The
current study observed a similar trend, wherein, lymphocytes
decreased significantly at 96 hrs and were found to be associated
with poor outcomes in COVID-19 patients.
Our study validates the importance of SOFA score, lymphopenia
and PCT levels at 96 hrs, in predicting poor clinical outcome and
28 days mortality in critically-ill COVID-19 patients admitted to
ICU. However, the increased PCT levels might be associated with
bacterial co-infection in patients. These findings support the
concept that SOFA score could be used as an adjunctive prognostic
tool along with simple laboratory marker (lymphocytes) to estimate
disease severity and early intervention to reduce mortality risk in
critically-ill patients with COVID-19.

Limitations
There were some limitations in our study. First, the present study
was a single centre study conducted at a tertiary care hospital with
relatively small sample size, therefore the results may not be
generalized for the entire population. Second, patient outcomes
could have been influenced by treatment. Therefore, additional
studies in larger cohorts are needed to estimate the efficacy of
SOFA score in conjunction with lymphocyte count, in predicting
the risk of mortality in critically-ill COVID-19 patients.

Conclusion
Among critically-ill patients with COVID-19, we found that higher
SOFA score, lymphopenia and increased PCT levels in first 96
hours after admission to ICU were significantly associated with 28
days mortality. The present study also indicate that serial evaluation
of inflammatory markers does not co-relate with disease severity
in critically-ill COVID-19 patients. Thus, suggesting that for
longitudinal analysis of patients, instead of using comparatively
expensive inflammatory markers, which are often not easily available
in many hospitals especially in developing countries, like India,
using a simpler ICU based scoring system (SOFA score) in
combination with simple laboratory marker (lymphocytes), is a
competent approach to predict mortality in critically-ill patients
with COVID-19.
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