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Comparison of Acute Physiological and Chronic Health Evaluation (APACHE-
II), Sequential Organ Failure Assessment Score (SOFA) and CURB -65 Scores 
in Delta Variant of SARS-CoV-2 Patients Admitted in a Tertiary Care Hospital

Abstract

Background: SARS-CoV-2 infection is associated with considerable morbidity & mortality through direct invasion, im-
munological response and multisystem involvement. APACHE-II, SOFA AND CURB-65 scores are routinely used to predict 
outcome in various clinical conditions However, there is no consensus on best possible scoring system for SARS-CoV-2 infec-
tion. If in this group of patients, if appropriate scoring system is known then it can be used to predict outcome in these patients.
Aim: To study of APACHE-II, SOFA AND CURB-65 score in patients with SARS-CoV-2 infection.

Methods: This study of diagnostic accuracy included 30 patients >12 years old of either sex admitted in ICU tertiary care 
centre and tested positive for SARS-CoV-2 infection by RT-PCR and /or rapid antigen test and belonging to moderate and 
severe category as per guidelines of Government of India, Ministry of Health and Family Welfare. The sensitivity, sensitivity 
and cut-off score of APACHE-II, SOFA AND CURB-65 was estimated.

Result: The mean age of patients who were discharged or died was 60.33 ± 16.62 & 63.6 ± 15.66 years, oxygen satura-
tion 80.20 ±8.53 and 95.87 ±2.20 percent at room air and on oxygen therapy respectively. The oxygen saturation of patients 
who died was 64.00 ± 9.86 and 92.53 ±2.56 percent at room air and oxygen therapy respectively. The area under curve for 
APACHE-II, SOFA andCURB-65 score was 100,100 and 83.3% and cut-off values 12.50, 5.50 & 1.50 respectively.

Conclusion: APACHE-II and SOFA are very sensitive and robust scores for predicting mortality in patients with SARS-CoV-2 
infection while CURB-65 scoring system is also good but predictive value is not as good as APACHE-II or SOFA scores.
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Introduction
SARS-CoV-2 was first identified in Wuhan, Hubei Province, 
China in the month of December, 2019 and after that spread 
rapidly. WHO declared it pandemic on March 11 [1].

The virus affects all the systems of the body but respiratory sys-
tem being the main one. It uses the catalytic domain of ACE2 
receptor on the pneumocytes for binding with its S (spike) high 
affinity protein. Though it affects both types of pneumocytes, 
type 2 cells are comparatively more vulnerable [2]. It is ob-
served that some patients deteriorate rapidly as it involves mul-
tiple systems of body, leading to considerable morbidity and 
mortality.

Apart from typical sign and symptoms of fever, cough, fatigue, 
diarrhoea, dyspnoea, shortness of breath, loss of taste and 
smell, etc. It is observed that some patients rapidly deterio-
rated developing respiratory failure, acute respiratory distress 
syndrome (SARS) and even multiple organ failure, leading to 
death.

In context of SARS Cov-2, there is ongoing interest in iden-
tification of reliable prognostic markers. Acute Physiological 
and Chronic Health evaluation (APACHE-II) [3], and Sequen-
tial Organ Failure assessment (SOFA) [4] already established 
prognostic markers in critically ill patients including those with 
SARS-CoV-2 but the best score is still not known. Confusion, 
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Urea, Respiratory Rate, Blood Pressure, Age 65. CURB-65 [5] 
is a scoring system for pneumonias but not well studied in pa-
tients with SARS-CoV-2 infection. Thus, a need was felt to es-
tablish a robust scoring system with high sensitivity, specificity 
and predictive.

Material and Method
The study was conducted at wards and ICU of a tertiary care 
centre.
Total of 30 subjects classified as belonging to moderate and 
severe category were include in the study. The subjects were 
categories into 2 groups and as per Guidelines of Ministry of 
Health and Family welfare of Govt. Of India [6], patients of 
mild category were not admitted
1.	 Group A = 15 Patients discharged from GTB hospital 
successfully after SARS-CoV-2 infection.
2.	 Group B = 15 Patients who succumbed to SARS-
CoV-2 infection.

Prior to enrolment in study, Hospital Ethical Committee clear-
ance was taken. Consent was taken from the nearest kin on 
phone since most patients to be very sick and attendants were 
not allowed to enter ICU. Patients more than 12 years of age 
who tested positive for SARS-CoV-2 infection on rapid anti-
gen detection test using commercially available kit/and or Eli-
sa for RT-PCR were include in the study. After admission each 
subject was subjected to detail clinical evaluation

After clinical evaluation within 24 hours-48 hours of admis-
sion APACHE-II, SOFA & CURB-65 questionnaire was ad-
ministered and score of each scoring system was calculated 
after results of following investigations;
All patients were subjected to following investigations:
•	 Hemogram- Hb, TLC, DLC, platelets
•	 Kidney function test- blood urea, serum creatinine, 
serum sodium, serum potassium
•	 Liver function test-serum albumin/globulin, serum 
bilirubin direct/indirect
•	 serum alkaline phosphatase
•	 SGOT & SGPT (serum amylase/lipase)
•	 ECG
•	 chest x-ray
•	 Arterial blood gas evaluation
All three scores were calculated & correlated with outcome 
data.
The data was further subjected to following statistical analysis 
to find the specificity, sensitivity, cut-off values of each scoring 
system.

Statistical Analysis
SPSS 20 was used to analyse the data
Based on clinical evaluation and laboratory reports we identi-
fied the cut off value of these indicators to be the upper or lower 
limits of within normal range, values were presented as mean 
± SD or as number and percentage. The difference of categori-
cal values of between the survivors and death was compared 
by chi-square test or Fisher exact test. Continuous variables 
were compared, using Student`s t test. Spearman correlation 
and analysis was performed among significant variables and 
univariate analysis. Receiver operating characteristics (ROC) 
was analysed to evaluate and compare the predictive value of 
theses 3 scoring system. The p values of less than 0.005 was 
considered significant.

Results
After analysis of data obtained from observations, following 
are the results after statistical analysis.
The age and sex distribution of patients in the study group has 
been described in Tables 1 and 2.
Table 1: Distribution of cases according to age of the patient. 

Table 2: Age and sex wise distribution of patients. 

Age of the Patient (In Years) Number of Cases 
(n = 30)

40 or less
41 – 50
51 – 60
61 – 70
71 – 80
81 and above

3
2
10
8
4
3

Mean age of the patient in years (sd)
Range

61.97± 15.96
21 – 85

Age of Patient 
(In Years)

Number of Cases (n = 30) p-value
Male 

(n = 16)
Female 
(n = 14)

40 or less 1 2 0.8
41 – 50 1 1
51 – 60 3 7
61 – 70 5 3
71 – 80 2 2
81 and above 2 1

p- value significant at <0.05

Figure 1: Comparison of hematological and biochemical 
parameters between the two groups.

The Figure 5  and Table 5 show the ROC curve constructed to 
identify ideal cut-off values for APACHE-II, SOA and CURB-
65 scores. As can be observed, the area under the curve for 
APACHE-II and SOFA score was 100%, while for CURB-65 
was 83.3%. At the ideal cut-off value of 12.50 for APACHE-II 
score, the sensitivity and specificity of APACHE-II score in 
classifying the study group according to the patient outcome 
was 100%. Similarly, at SOFA score of 5.50, the sensitivity 
and specificity of SOFA in classifying the study group accord-
ing to the patient outcome was 100%. At a cut-off value of 
1.50, CURB-65 score had a sensitivity of 80% and specificity 
of 67% in identifying patients according to outcome. 
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Table 3: Comparison of haematological and biochemical 
parameters between the two groups. (n = 30).

Laboratory Parameters Mean ± SD p-value
Patients Discharged Successfully (n = 15) Patients Died (n = 15)

HEMOGLOBIN (g/dL) 11.06 ± 2 11.68 ± 1.48 0.35
TLC (per cu mm) 9520 ± 3973.51 16266.66 ± 7459.95 0.004
PLATELET COUNT (per cu mm) 220.2 ± 57.81 260.6 ± 128.82 0.28
PCV (fl) 33.92 ± 5.79 37.03 ± 4.46 0.11
TOTAL BILIRUBIN (mg/dL) 0.86 ± 0.33 1.32 ± 1.26 0.18
DIRECT BILIRUBIN (mg/dL) 0.34 ± 0.15 0.49 ± 0.36 0.17
SGOT (IU/L) 47.8 ± 20.75 64.2 ± 31.5 0.10
SGPT (IU/L) 28.33 ± 17.65 43.4 ± 28.24 0.09
ALP (IU/L) 98.06 ± 43.33 134.26 ± 31.78 0.01
BLOOD 	UREA (mg/dL) 36.26 ± 17.06 56.13 ± 21.8 0.01
SERUM CREATININE (mg/dl) 0.94 ± 0.25 0.96 ± 0.17 0.74
SERUM 	SODIUM (mEq/L) 136 ± 2.97 140.53 ± 8.39 0.06
SERUM POTASSIUM (mEq/L) 4.72 ± 0.72 4.63 ± 0.77 0.73
Oxygen saturation on RA (%) 80.20 ± 8.53 64.00 ± 9.86 <0.001
Oxygen saturation on O2 (%) 95.87 ± 2.20 92.53 ± 2.56 0.001

p- value significant at <0.005 & highly significant at <0.001.

Table 4: Results of APACHE-II, SOFA & CURB-65score between the two groups (n = 30).

APACHE-II Score Median (IQR) p-value
Patients Discharged Successfully (n = 15) Patients Died (n = 15)
9.00 (8-10) 19.00 (18-23) 0.001

Sofa Score 3.00 (2-3) 7.00 (7-8) 0.001
CURB- 65 Score 1.00 (0-2) 2.00 (2-3) 0.001

p- value significant at <0.005 & highly significant at <0.001.

The above table shows the results of APACHE-II, SOFA and 
CURB-65 scores. As can be seen that patients who died had 
significantly higher values of each score (p =0.001)

Figure 2: Comparison of APACHE-II score between the two 
groups.

Figure 3: Comparison of SOFA score between the two groups.

Figure 4: Comparison of CURB-65 score between the two 
groups.

Discussion
The analysis of data in our study revealed that 18 (60%) of our 
patients were between 50-70 years of age (Table 1, 2). It high-
lights the fact that majority patients affected were in relatively 
elderly age group. These possibly could also be due to the fact 
that younger patients (<12 years) were excluded from the study 
& those (>70 years) are more likely to remains at home due to 
various other disabilities and lack of family support and hence 
are less likely to get exposed to SARS-CoV-2 infection. In Gao 
et al.’s study [7], which included older (≥65 years) COVID-19 
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Figure 5: ROC curve to assess diagnostic validity of various 
scores to predict clinical outcome. (n=30).

Table 5: Show diagnostic validity of various scores to predict 
clinical outcome. (n = 30).

ROC Curve regarding APACHE-II, SOFA & CURB-65 
score has been depicted in figure 7.

Diagnostic validity of APACHE-II, SOFA & CURB-65 has 
been described in table 6

AUC Ideal 
Cut-Off 
Value

Sensitivity Specificity

APACHE-II 
Score

1.000 12.50 100.0% 100.0%

Sofa 
Score

1.000 5.50 100.0% 100.0%

CURB-65 
Score

0.833 1.50 80.0% 66.7%

patients, the deceased group had more morbidities including 
cardiovascular diseases (49% vs. 20%, P<0.001), respiratory 
diseases (51% vs. 11%, P<0.001), chronic kidney disease (29% 
vs. 5%, P<0.001) and cerebrovascular disease (20% vs. 3%) 
than the discharged group. In a study by Vrillon et al [8] in-
cluded the very elderly (≥85years) COVID-19 patients, the 
non-survivor group had more cardio-neurovascular diseases 
(68.2% vs. 37.0%, P=0.013), more complications like acute 
respiratory disease syndrome (95.5% vs. 1.9%, P<0.001), 
and needed more frequent treatment with oxygen (95.5% vs. 
46.3%, P<0.001) compared with the survivor group. Yong Sub 
Na et al [9] also reported in-hospital mortality rate of elderly 
patients with severe SARS-CoV-2 was 25.5%. Non-survivor 
group were older, had more underlying comorbidities, frailer, 
and more severe by severity scores than the survivor group.

Infection rates among males & females were almost equals 
(Table 2). Chen J et al [10] also in their study did not find any 
significant differences w.r.t age ((>65  all patients 106(63.5), 
survival 101(62.7), and dead 5(83.3), age <65 all patients 
61(36.5), survival 60(37.3), and dead 1(16.7) and sex, (male all 
patients 84(50.3), survival 78(48.4), and dead 6(100.0), female 
all patient 83(49.7), survival 83(51.6) and dead 0(0.0).

We did not includes patients with mild infection (spo2 >94%)
(6) as per guidelines of govt. as these patients were categorised 

as having mild illness  and so were not candidate for hospi-
tal admission. O2 saturation difference was highly significant 
between those who died and survived respectively (p<0.001) 
(Table 3) & these patients were so severely ill that even on O2 
therapy the difference of oxygenation was highly significant 
(p<0.001) (Table 3). Hypoxia is extremely detrimental to all 
body organs and is main factor in pathogenesis of multi organ 
failure. CURB-65 score in our study was significantly different 
between survivors & those who did not survive (Median [IQR] 
1.00(0-2) & 2.00(2-3)) respectively (Table 4) highlighting 
presence of severe infection in our patients who died (p=0.001) 
(Table 4, Figure 2). Further large no of our patients required 
mechanical ventilators due to inclusion criteria. Invasive venti-
lators has been reported to be having highly significant correla-
tion with mortality(p<0.001) [11] due to ventilators associated 
pneumonia, barotrauma and lower cardiac output and  various 
other factors.

Investigation done on our patients who died revealed signifi-
cantly higher total leucocyte count (p=0.004) (Table 3, Figure 
1). Atieh et al [12] in a meta-analysis of 19 articles reported leu-
cocytosis (the lymphocyte counts lower than 0.8 × 109 /L is as-
sociated with COVID-19 severity, number of neutrophil higher 
than 3.5 × 109 /L is associated with a poor clinical outcome). 
Further Haung G et al [13]. Have reported that leucocytosis at 
time of admission was associated with worse prognosis in this 
study patients categorized as having severe illness tended to 
have lower lymphocyte count (pooled MD -0.36, 95% CI -0.50 
to 0.27; p<0.00001) and higher leukocyte count ( pooled MD 
1.32, 95% CI 0.62 to 2.02; p,0.00001). SARS Cov-2 induces 
severe inflammation resulting even cytokine storm which is di-
rectly associated with high mortality by causing severe lung 
injury. Chen J et al [14] reported severe positive correlation 
with mortality (p<0.001). Further neutrophil release reactive 
oxygen molecules & metalloproteinase which is also injurious 
to various tissues.

Results of our study show that APACHE-II score ranged from 
[8-10 (Median IQR) 9.00] and [18-23 (Median IQR) 19.00] re-
spectively among those who survived & those who expired the 
difference was statistically highly significant (p=0.001) (Table 
4, Figure 3). The ROC curve showed Area undercover 1.0 with 
Ideal cut-off value 12.50 with 100% specificity & sensitivity 
signifies that this score is a robust score for predicting adverse 
outcome. Our results are similar to that of Beigmohammadi M 
Taghi et.al [11] who reported mortality rate for ICU based on 
APACHE-II score value mean APACHE-II and mean SOFA 
scores were significantly higher in the non-survivor than in the 
survivor group (14.4 ±5.7 vs. 9.5 ± 5.1, p≤0.001, 7.3 ± 3.1 
vs.3.1 ± 1.1, p≤0.001, respectively). Their study showed an 
increase in mortality rate at higher score (p≤0.001) at cut off 
score of 13. Zou et.al.(15)reported APACHE-II score(23.23 ± 
6.05 vs. 10.87 ± 4.40; p<0.001) and SOFA score at  (4.56 ± 
2.81 vs. 1.63 ± 1.25; p<0.001) were higher in those who died. 
They further reported that APACHE-II was a better predictor 
of hospital mortality than SOFA score.

In our study, ROC curve regarding SOFA score indicates that 
AUC was 1.00, at ideal cut-off value 5.50 had sensitivity & 
specificity 100% (Table 5, Figure 5). Indicating that it is 
good score to predict adverse outcome at time of admission 
of patients. Nays [9] reported that SOFA score showed the 
best performance in predicting the prognosis of elderly pa-
tients as compared to APACHE-II & CURB-65 score (AOC 
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=0.766 & p<0.001). They concluded that SOFA score is an ef-
ficient tool for assessing in hospital mortality in elderly pa-
tients with severe SARS-CoV-2 in their study APACHE-II 
score was (11.0 (8.0-14.0) & 14.0 (11.0-19.0) in survivor and 
non-survivor respectively (p<0.001). Similarly, SOFA score 
was1.0 (0.0-3.0) & 4.0(2.0-8.5) respectively in survivors than 
on survivor with p-value<0.001) and CURB-65 score was (1.0 
(1.0-2.0) & 2.0(1.5-3.0) in survivor and non-survivor respec-
tively (<0.001.) Beigmohammadi M Tyagi [11] also reported 
that mean SOFA score was significantly higher in non survi-
vors than in survivors group (7.3 ± 3.1 vs 3.1 ± 1.1, p≤0.001). 
AUC was 89.5% for SOFA and 73% for APACHE-II score & 
both scores showed increase in mortality at higher score val-
ue (p≤0.001) with cut off value of 13 for APACHE-II & 5 for 
SOFA score mean daily SOFA score had a predictive perfor-
mance (p≤0.001).

Analysis of data in our study revealed that CURB-65 score in 
non survivors and survivors was 2.0 and 1.0 respectively & this 
difference was highly significant (p≤0.001) (Table 4, Figure 
4). ROC curve to assess diagnostic validities of scale to predict 
clinical outcome showed that AUC was 83 within ideal cut off 
value 1.50 has sensitivity of 80% & specificity 66.7% (Table 
5, Figure 5). It indicates that CURB-65 scoring system is also 
good scoring system to predict mortality at time of admission 
of SARS-CoV-2 infection. However, score does not seembetter 
than APACHE-II & SOFA score as sensitivity & specificity are 
less than both these scores (100% vs 80%).

So, the early identification of these parameters and judicious 
use of APACHE-II, SOFA & CURB-65 score can identify and 
risk stratify patients at risk of death & so to mitigate the ad-
verse outcome appropriated therapeutic strategies should be 
instituted. APACHE-11 and SOFA scores are equally good, 
CURB-65 is not as good as these two scores but still a valuable 
predicative tool to categorize the patients with SARS-CoV-2 
infection. So, we recommend further larger prospective studies 
to arrive at definitive conclusion.

Conclusion
APACHE-II at cut off value of 12.50 score is highly sensitive 
& specific for predicting mortalities in patients with SARS-
CoV-2 infection. SOFA score at cut-off value of 5.50 score is 
highly sensitive & specific for predictive mortalities in patients 
with SARS-CoV-2 infection. CURB-65 at cut-off value of 1.50 
score is also sensitive & specific for predicting mortalities in 
patients with SARS-CoV-2 infection. CURB-65 scoring sys-
tem is also good scoring system but predictive values to risk 
stratify is less than APACHE-II & SOFA scores.

Limitations of Study: We could not include larger number of 
patients due to various constrains like strict isolation of pa-
tients. These results pertain to delta variant so this data may /
may not be extrapolated to other variants of SARS-CoV-2.
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