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SUMMARY

Introduction: There is the need of a simple but highly
reliable score system for stratifying the risk of mortal-
ity and Intensive Care Unit (ICU) transfer in patients
with SARS-CoV-2 pneumonia at the Emergency Room.
Purpose: In this study, the ability of CURB-65, extend-
ed CURB-65, PSI and CALL scores and C-Reactive
Protein (CRP) to predict intra-hospital mortality and
ICU admission in patients with SARS-CoV-2 pneu-
monia were evaluated. Methods: During March-May
2020, a retrospective, single-center study including all
consecutive adult patients with diagnosis of SARS-
CoV-2 pneumonia was conducted. Clinical, laboratory
and radiological data as well as CURB-65, expanded
CURB-65, PSI and CALL scores were calculated based
on data recorded at hospital admission. Results:
Overall, 224 patients with documented SARS-CoV-2
pneumonia were included in the study. As for intra-
hospital mortality (24/224, 11%), PSI performed better

than all the other tested scores, which showed lower
AUC values (AUC=0.890 for PSI versus AUC=0.885,
AUC=0.858 and AUC=0.743 for expanded CURB-65,
CURB-65 and CALL scores, respectively). Of note,
the addition of hypoalbuminemia to the CURB-65
score increased the prediction value of intra-hospital
mortality (AUC=0.905). All the tested scores were less
predictive for the need of ICU transfer (26/224, 12%),
with the best AUC for extended CURB-65 score (AUC=
0.708). Conclusion: The addition of albumin level to
the easy-to-calculate CURB-65 score at hospital ad-
mission is able to improve the quality of prediction of
intra-hospital mortality in patients with SARS-CoV-2
pneumonia.

Keywords: CURB-65, extended CURB-65, hypoalbu-

minemia, PSI score, CALL score, CRP, mortality, ICU
admission.

B INTRODUCTION

he novel coronavirus (now called SARS-
CoV-2) initially discovered in Wuhan, China,
has spread all over the world causing a global pan-
demic [1-3]. All-cause mortality is approximately
10%, as depicted by a recent meta-analysis con-
ducted on 14.866 patients with SARS-CoV-2 infec-
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tion, with higher rate in patients admitted to In-
tensive Care Unit (ICU) or those developing Acute
Respiratory Distress Syndrome (ARDS) [4-6].
During SARS-CoV-2 pneumonia a percentage
of patients with mild symptoms might exhibit a
sudden progression to severe or critical disease
requiring intensive care [7, 8]. In the latter case,
the infection follows a characteristic pattern,
with the development of respiratory failure and
multi-organ dysfunction generally 7-12 days fol-
lowing symptom onset [9]. Therefore, there is
the urgent need to consider simple and accurate
predictors of adverse outcomes in order to early
identify patients at risk of disease progression or
death.

Multiple established risk scores have been used to
assess the severity of community-acquired pneu-
monia (CAP) to improve management of CAP
patients [10-12]. In detail, the first scoring system
was the Pneumonia Severity Index (PSI), which
consists of twenty clinical and laboratory parame-
ters and assigns patients into 5 classes of risk [10].
However, although the PSI score is characterized
by a high discriminatory power, it is complicat-
ed to calculate, especially at hospital admission.
Therefore, the easier-to-calculate CURB-65 and
extended CURB-65 scores have been suggested
for CAP patients [11, 12].

In COVID-19 patients, several studies investigat-
ing demographic, laboratory and clinical parame-
ters for outcomes prediction have been performed
so far [3, 7, 13-18]. However, a very low-quality
evidence and a striking heterogeneity among the
populations have been also observed, making
a definite conclusion very difficult. To be men-
tioned, the CALL score was recently developed to
predict mortality whereas the role of admission
serum C-reactive Protein (CRP) >41.3 mg/dL as
a predictor of adverse outcome in patients with
SARS-CoV-2 infection has been highlighted by
Luo and colleagues [16, 17].

Based on these premises, a simple but highly re-
liable score system is clearly needed for stratify-
ing the risk of mortality and ICU admission in
patients with SARS-CoV-2 infection at the Emer-
gency Room. Therefore, in this study the ability
of CURB-65, extended CURB-65, PSI and CALL
scores and the value of CRP to predict intra-hos-
pital mortality and ICU admission in patients
with SARS-CoV-2 infection were evaluated. Fur-
thermore, the single variables of each score sig-

nificantly associated with the outcomes were also
tested in addition to the scores in order to find the
best combination able to predict mortality and
need of ICU transfer.

B MATERIALS AND METHODS

Study population

A retrospective single-center study including
all consecutive adult patients with diagnosis
of SARS-CoV-2 pneumonia and hospitalized at
Azienda Policlinico Umberto I, Sapienza Uni-
versity of Rome during March-May 2020 was
performed. The study was approved by the lo-
cal Ethics Committee (ID Prot. 109/2020). SARS-
CoV-2 diagnosis was based on nasopharyngeal
swab positivity by using polymerase chain reac-
tion (PCR) [19]. Definition of pneumonia or se-
vere pneumonia was based on the WHO interim
guidance and included clinical signs of pneumo-
nia (fever, cough, dyspnea, fast breathing) with or
without signs of severe pneumonia such as res-
piratory rate > 30 breaths/min, severe respiratory
distress, or SpO2 < 90% on room air [19, 20].

For each subject, clinical, laboratory and radio-
logical data at the admission and in-hospital mor-
tality were collected and recorded anonymously
in an electronic database. In particular, CURB-65,
expanded CURB-65, PSI and the recently report-
ed CALL scores were calculated based on data re-
corded at hospital admission [10, 11, 12, 16].

Definitions of CURB-65, expanded CURB-65,

PSI, CALL

CURB-65 included Confusion, Blood Urea Ni-
trogen (BUN) >7 mmol/L, Respiratory rate >30/
min, Systolic Blood Pression (SBP) <90 mmHg
or Diastolic Blood Pression (DBP) <60 mmHg,
age>65 years [11].

Expanded CURB-65 included CURB-65 plus the
addition of lactate dehydrogenase (LDH) >230 u/L,
platelet<100x10°/L, and albumin <3.5 gr/dL[12].
PSI included age, sex, nursing home residency,
neoplastic disease, liver disease, chronic heart fail-
ure, cerebrovascular disease, renal disease, altered
mental status, respiratory rate > 30/min, systolic
blood pressure <90 mmHg, temperature <35°C or
> 40C, pulse > 125/min, arterial pH <7.35, urea
>11 mmol/L, Na<130, glucose >250 mg/d, hema-
tocrit <30%, PaO2<60mmHg or SaO2(air)< 90%,
pleural effusion [10].
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CALL included Comorbidity, Age >60 years,
Lymphocyte count <1x10°/L, LDH [16].

Statistical analysis

The data, unless otherwise stated, were given as
medians with interquartile ranges (IQR, 25th_75th
percentile), minimum and maximum values for
continuous variables and as simple frequencies,
proportions, and percentages for categorical var-
iables.

Mann-Whitney was used for unpaired samples.
Dichotomous variables were compared using
Fisher’s exact tests or chi-square test statistics.
Receiver Operating Characteristic (ROC) curve
analysis was used to calculate the optimal thresh-
olds, sensitivities, and specificities for the 3 differ-
ent scoring systems in study (CURB-65, CURB-65
extended, PSI and CALL). In order to assess the
discriminatory power of the score for predict-

ing outcomes, we compared the ROC curve of
the CURB-65 score with those of the CURB-65
extended, PSI and CALL scores (or other combi-
nations). Area under the ROC curve (AUC), 95%
Confidence Intervals (CIs) and p-values were con-
sidered the measure of the overall performance of
each scoring system. The optimal threshold was
defined as the value associated with the highest
sum of sensitivity and specificity for each scor-
ing systems (Youden index). Finally, we reported
the sensitivity and specificity for each cut-off and
then we were using the cut-offs to compare sen-
sitivity and specificity of each score systems. The
used cut-offs are described in Tables 1 and 2. The
value of 41.3 mg/L for CRP was based on the re-
sults from Luo et al. [17].

P-value analyses were two-sided and a p-value of
less than 0.05 was considered statistically signifi-
cant. The Positive Predictive Values (PPV) and the

Table 1 - Prediction of in-hospital mortality compared to significant parameters.

Markers Cut-off AUC SE AUC z p-value* 99% Clof AUC
ILIL, UL
Expanded CURB-65 [12] 2 0.885 0.030 13 <0.001 0.827 0.942
CURB-65 [11] 2 0.858 0.036 10.1 <0.001 0.788 0.928
CRP >41.3 mg/L 41.3 mg/L 0.724 0.048 47 <0.001 0.631 0.818
PSI [10] 88 0.890 0.035 11.1 <0.001 0.821 0.958
CALL [16] 6 0.743 0.041 59 <0.001 0.662 0.824
CURB-65 plus albumin <3.5 g/dl 4 plus <3.5 g/dl 0.905 0.030 12.8 <0.001 0.822 0.938
CURB-65 plus CRP >41.3 mg/L 4 plus >41.3 mg/L 0.861 0.038 9.6 <0.001 0.788 0.935

Notes: Under non-parametric assumptions; null hypothesis: true area = 0.5. *Statistical significance of AUC p-value<0.05. CRP: C-reactive protein;
AUC: Area Under the Curve; SE: standard error; CI: confidence interval; LL: Lower limit; UL: upper limit.

Table 2 - ROC curve analysis for prediction of ICU transfer compared to significant parameters.

Markers Cut-off AUC SE AUC z p-value 95% CLof AUC
ILIL, UL
Expanded CURB-65 [12] 3 0.708 0.048 4.361 <0.001 0.614 0.801
CURB-65 [11] 2 0.611 0.060 1.844 0.065 0.493 0.728
CRP >41.3 mg/L 41.3mg/L 0.637 0.048 2.871 0.004 0.544 0.731
PSI [10] 88 0.658 0.057 2.752 0.006 0.545 0.770
CALL [16] 6 0.648 0.053 2.825 0.087 0.545 0.751
CURB-65 plus albumin <3.5 g/dl 4 plus <3.5 g/dl 0.596 0.056 1.720 0.085 0.487 0.705
CURB65 plus CRP >41.3 mg/L 4 plus >41.3 mg/L 0.639 0.057 2.440 0.015 0.527 0.751

Notes: Under non-parametric assumptions; null hypothesis: true area = 0.5. *Statistical significance of AUC p-value<0.05. AUC, Area under curve;
SE, standard error; z, CI, confidence interval; LL, Lower limit; UL, upper limit. CRP: C-reactive protein; AUC: Area Under the Curve; SE: standard

error; CI: confidence interval; LL: Lower limit; UL: upper limit.
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Table 3 - Demographics and baseline characteristics of patients with SARS-CoV-2 pneumonia.

All patients Survivors Non-survivors
(n=224) (n=200) (n=24)
Parameters p-value
Median Min to Median | Min to Median Min to
aory | awe | PP @ | ae | 2| aem) | g | 2O

Age>65y - - 102 (46) - - | 821 - - | 20(83) | <0.001
o | - - 5@ | - - @ | - - | 2@ | 01
GCS <15 - - | 2200 - - 12 (6) - - | 1042 | 0.001
el - - | 20 - - 1w - - | 1@ | 01%
Platelet <100x109/L - - 6(3) - - 4(2) - - 208) | 0145
BUN >7 mmol/L - - | 6228 - - |4 - - | 18@5) | <0.001
albumin <3.5 gr/dL - - | 68(30) - - | 4925 - - | 19@9) | <0.001
LDH >230 u/L 5 - | 166 (78) - - | 146 (73) - - | 20@3) | 0130
CRP >41.3 mg/L - - | 107(48) - - | 89@45) - - | 2396) | <0.001
PSI value [10] 94 (74-118) | 14-185 | - | 64 (49-84) [ 21-179 | - |125(99-152) | 14-185 <0.001
g’g;gi%dvalue 2] 2 (1-3) 06 | 7061 | 1(1-25) | 05 - 4(3-5) 2-6 - <0.001
CURB-65 value [11] 1(0-2) 04 |59@26) | 001 | 03 - 2(2-3) 0-4 - <0.001
CALL value [16] 10 (8-15) | 7-17 - 9(8-16) | 7-17 - 11.(10-11) | 9-13 - <0.001
Death - - | 24 1) - - - - - 24000 -
ICU transfer - - | 2612 - - | 1910 - - 7(29) | 0.027

Notes: GCS: Glasgow Coma Scale; BUN: Blood Urea Nitrogen; LDH: lactate dehydrogenase; CRP: C-reactive protein; ICU: Intensive care Unit

Negative Predictive Values (NPV) were calculat-
ed to evaluate the proportions of a true positive
and negative results. All statistical analyses were
performed with Statistical Package for Social Sci-
ence (SPSS) version 22.

B RESULTS

Over the study period, 224 patients with docu-
mented SARS-CoV-2 pneumonia diagnosed at
the Emergency Room were included in the study.
General baseline characteristics of the study popu-
lation according to the parameters included in the
tested scores are shown in Table 3. Age >65-year
was present in 102/224 subjects (46%), high level
of urea and hypoalbuminemia were detected in
62 (28%) and 68 (30%) subjects, respectively. Renal
failure was present in 43 patients out of 224 (19%)
whereas diabetes was observed in 47 /224 subjects
(21%). A minor part of the studied population suf-
fered from heart failure [21/224 (9%)] and chronic
obstructive pulmonary disease (COPD) was pres-

ent in 34 out of 224 patients (15%). The majority
of patients showed high level of LDH (166/224,
74%) whereas only few subjects presented with
alteration in mental status, severe hypotension
and low platelet count [22/224 (10%), 5/224 (2%),
6/224 (3%), respectively], all parameters variably
included in the tested scores. The intra-hospi-
tal mortality and need of ICU transfer were 11%
(24/224) and 12% (26/224), respectively. Among
patients who died, 7 had been transferred to
ICU whereas the other patients died for sudden
worsening of the disease or before ICU transfer. A
CRP value >41.3 mg/L [17] was observed in 48%
of subjects (78/224). Overall, the median (IQR)
values of PSI, CURB-65, extended CURB-65 and
CALL scores were 94 (74-118), 1 (0-2), 2 (1-3) and
10 (8-15), respectively. Median length of hospital-
ization was 18 (11-26).

Prediction of intra-hospital mortality
The performance in predicting intra-hospital mor-
tality by all the scoring systems is shown in Table 1
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and in Figure 1 by using ROC curves. Overall,
the AUC of PSI score was superior to those ob-
served for CURB-65 and extended CURB-65,
which performed similarly (AUC=0.890, 95% CI,
0.821-0.958 for PSI versus AUC=0.858, 95% ClI,
0.788-0.928 and AUC=0.885, 95% CI, 0.827-0.942
for CURB-65 and extended CURB-65, respective-
ly). Conversely, the CALL score and the CRP >41.3
mg/L showed lower AUC values (AUC=0.743,
95% CI, 0.662-0.824 and AUC=0.724, 95% CI,
0.631-0.818, respectively). Interestingly, the an-
notation of hypoalbuminemia in addition to the
CURB-65 score increased the prediction value of
intra-hospital mortality, with an AUC=0.905 (95%
CI, 0.822-0.938), whereas adding the CRP value
did not improve the performance of CURB-65
score (AUC=0.861, 95% CI, 0.788-0.935).

Prediction of ICU transfer

Overall, all the tested scores performed worse in
predicting the need of ICU transfer, with the best
AUC for extended CURB-65 score (AUC= 0.708,
95% CI, 0.614-0.801). No adjunctive value was
observed when adding albumin and CRP serum
levels to CURB-65 score. The performance in pre-
dicting ICU admission by all the scoring systems
is shown in Table 2 and in Figure 2.

Furthermore, we correlated the score data also

with the length of hospitalization and we found
that all the scores were not useful in predicting
the outcome. In detail, the AUROCs were 0.519
(95% CI 0.35-0.68), 0.491 (95% CI 0.34-0.63), 0.598
(95% CI 0.43-0.75), 0.503 (95% CI 0.37-0.62), 0.572
(95% CI 0.44-0.69), 0.428 (95% CI 0.27-0.58) and
0.569 (95% CI 0.42-0.81) for CURB-65, extended
CURB-65, CRP, PSI, CALL, CURB-65 plus albu-
min, CURB-65 plus CRP, respectively.

B DISCUSSION

In this retrospective, single-center study the ability
of different prognostic scores to predict intra-hos-
pital mortality and ICU admission in patients
with SARS-CoV-2 pneumonia was evaluated. We
decided to include most of the scores commonly
used at the Emergency Room for the management
of CAP (i.e. PSI, CURB-65 and extended CURB-
65) and to include also COVID-19 specific items,
such as the recently proposed CALL score and the
CRP value [10-12, 16-17].

As for mortality, the PSI score performed best,
with a median value belonging to class of risk IV,
meaning an overall mortality of 9.3%, very sim-
ilar to what observed in our cohort of patients,
whereas median CURB-65 and extended CURB-
65 accounted for low-to-moderate risk groups
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Figure 1 - ROC analysis using single and combined pa-
rameters for prediction of in-hospital mortality in pa-
tients with SARS-CoV-2 pneumonia.

Figure 2 - ROC curve using single and combined scor-
ing systems in the prediction of ICU transfer in pa-
tients with SARS-CoV-2 pneumonia.
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(up to 6.8% of estimated mortality) [10-12]. This
finding was then reflected by the higher AUC of
PSI score than of CURB-65 and extended CURB-
65 scores, respectively, and suggests that CURB-
65 or extended CURB-65 alone may not be fully
suitable for COVID-19. Overall, the tested scores
seemed less predictive for the need of ICU trans-
fer, at least in our population. However, given
the paucity of study population, no definite data
could be inferred and additional investigations
are warranted.

Interestingly, both the CALL score and the CRP
value, specifically designed for subjects with
SARS-CoV-2 infection, were not able to predict
the outcomes, rendering them not useful tools
for discriminating patients at risk of death or ICU
transfer, at least in our setting. In fact, the median
value of CALL score was 10 (range 8-15), which
corresponded to high risk of disease progression,
significantly higher than that observed in our
study [16].

The most interesting result of the present study
was that expanding the CURB-65 score through
the adjunct of hypoalbuminemia at hospital ad-
mission was able to increase the efficiency of pre-
dicting intra-hospital mortality in patients with
SARS-CoV-2 pneumonia.

Several studies have identified a close correla-
tion between hypoalbuminemia and mortality
in CAP patients, whereas little is known as for
SARS-CoV-2 pneumonia [21-27]. In fact, it has
been recently demonstrated that an albumin lev-
el <3.5 g/dL was associated with worse outcome
and coagulopathy [26-27]. Low albumin values
could impair clinical outcomes even in children
as shown in a recent study [28].

In order to understand the pivotal role of albu-
min in SARS-CoV-2 infection, we should be aware
that serum albumin possesses anti-oxidant and
anti-inflammatory properties and behaves as an
inverse acute phase reactant during acute system-
ic inflammation [29-31]. Furthermore, stressed
and inflamed cells increase the uptake of albumin
from the circulation, thus highlighting a complex
relationship between inflammation/infection and
albumin level in the extracellular matrix [32-33].
Last but not least, albumin down-regulates the
expression in the cells of the ACE2 receptors,
which are known to be crucial in mediating and
expanding SARS-CoV-2 infection [34-35]. There-
fore, patients with reduced levels of albumin are

predisposed to poor survival and, according to
our report, the assessment of baseline albumin
serum level at the Emergency Room in addition
to the CURB-65 score may represent a crucial and
easy-to-perform tool for the early identification of
patients at higher mortality risk.

While several scores have been investigated and
further validated for optimal for the management
of CAP, for COVID-19 patients drawing a definite
conclusion among the many proposed prognostic
biomarkers and scores appears to be very difficult
[13-17]. The CALL score and a risk score includ-
ing several parameters calculated at hospital ad-
mission (age, sex, ethnicity, oxygen saturations,
radiology, neutrophil count, CRP, albumin, cre-
atinine, comorbidities) were recently developed
to predict 28-day mortality and ICU admission
[9, 16]. Furthermore, a predictive model (named
the HNC-LL score and based on neutrophil count,
lymphocyte count, LDH level, CRP level and hy-
pertension) was also developed and validated
to enable early and accurate identification of pa-
tients with SARS-CoV-2 infection at a high risk of
severe disease [36]. Finally, admission serum CRP
at a cut-off value of 41.4 mg/L was shown to cor-
relate well with disease severity and tended to be
a good predictor of adverse outcome (i.e. mortali-
ty) in patients with SARS-CoV-2 pneumonia [17].
Taking into consideration the above mentioned
scores, we decided to exclude from our analysis
the score proposed by Galloway et al. since dis-
ease severity was radiologically assessed with
adoption of chest radiograph examination that
was replaced by chest CT in our patients popula-
tion [9]. The HNC-LL score was highly predictive
of severe disease, with the definition of severity
including both subjects requiring intensive care
and those with respiratory distress but not requir-
ing ICU admission [36]. Even in this case, we did
not include the HNC-LL score because we were
mostly interested on mortality and ICU admis-
sion itself.

The present report has some clinical implications
which should be highlighted. In fact, relying on a
rapid and easy-to-perform instrument able to pre-
dict worse outcomes at hospital admission might
represent a crucial step to early identify subjects
with SARS-CoV-2 pneumonia at higher risk of in-
tra-hospital mortality. Furthermore, the growing
evidence that hypoalbuminemia plays a role in
the survival rate of patients with COVID-19 might
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suggest its potential therapeutic use, especially
taking into account the lack of a definite and spe-
cific (at least at the moment of writing) therapy.
The present study has several limitations. First,
the retrospective and single-center nature of the
study and the small number of included patients
may have narrowed the interpretation of our re-
sults to a specific setting of population. Second,
not all the published predictive scores in patients
with SARS-CoV-2 pneumonia were included in
our analysis. Third, all patients were treated ac-
cording with the guidelines in force in Italy dur-
ing the study period, which were changing over
time. Therefore, we believe that correlating the
different therapeutic strategies with the outcomes
would have altered our data and, most important-
ly, our primary aim was to find a discriminative
score at hospital admission, independently from
the administered therapeutic regimens. Finally,
we did not evaluate whether subjects at hospital
admission presented with de-novo hypoalbumine-
mia or with pre-existing conditions associated
with low-level of albumin. Such effect, however,
would better reflect the features of patients with
SARS-CoV-2 pneumonia at higher risk of worse
outcomes.

In conclusion, our results suggested that the ad-
dition of the observation of a low albumin level
to the easy-to-calculate and well-known CURB-65
score at hospital admission is able to improve the
quality of prediction of intra-hospital mortality in
patients with SARS-CoV-2 pneumonia. Further
studies are needed to confirm this observation.
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