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Investigation of the predictive value

of MULBSTA score in predicting critical
clinical outcomes in hospitalized patients
with severe acute respiratory syndrome-
coronavirus-2 pneumonia

MuLBSTA skorunun siddetli akut solunum sendromu

koronavirts 2019 pndmonili hospitalize hastalarda
kritik klinik sonuclart 6ngérmedeki prediktif
degerinin incelenmesi

Abstract

Aim: Multilobar infiltration, lymphocytopenia, bacterial co-infection, smoking history, hypertension, and age>65
(MULBSTA) score is a clinical prediction rule used to classify patients with viral pneumonia by expected mortality.
We compared the predictive performance of MuLBSTA with PSI, CURB-65, and gSOFA for poor clinical outcomes
in hospitalized severe acute respiratory syndrome coronavirus-2 (SARS-CoV-2) patients.

Methods: A retrospective study was conducted on patients with SARS-CoV-2 who were hospitalized in a tertiary
medical center between March 11, 2020, and May 31, 2020. 271 out of 900 patients who tested positive for SARS-
CoV-2 were included in the study. The MuLBSTA, PSI, CURB-65, and gqSOFA scores were used to assess thirty-
day mortality, need for intensive care unit (ICU), mechanical ventilation (MV) requirement, and development of
acute respiratory distress syndrome (ARDS) in all patients. Prognostic factors were also analyzed for thirty-day
mortality.

Results: Among all 271 hospitalized patients, 150 males (55.3%) were included. The mean age was 54.2+15.4 years.
The 30-day mortality rate was 10.7%. Of the patients included in the study; 39 patients (14.3%) were admitted to
the intensive care unit, 32 patients (1.8%) received mechanical ventilator support, and 23 patients (8.4%) were
diagnosed with ARDS. In predicting mortality, the area under the curve (AUC) of the MuLBSTA, PSI, CURB-65 and
SOFA scores were 0.877 (95% C1 0,832 0,914), 0.853 (95% CI 0,806-0,893), 0.769 (95% CI 0,714-0,817) and 0.769
(95% Cl 0,715-0,818), respectively. The MuLBSTA score showed a higher AUC value compared to other prediction
scores. The MuLLBSTA and PSI scores performed better than CURB-65 and gSOFA scores in determining patients’
need for ICU, MV requirement, and ARDS development.

Conclusion: The MuLBSTA score is an efficient tool to predict poor clinical outcomes in hospitalized patients with
SARS-CoV-2. Further studies are warranted to validate its use.

Keywords: COVID-19, early warning score, MuLBSTA score, gSOFA

Oz

Amag: Multilobar infiltrasyon, lenfositopeni, bakteriyel koenfeksiyon, sigara ¢ykusu, hipertansiyon ve yas>65
(MULBSTA) skoru, viral pnémonisi olan hastalari beklenen mortaliteye gére siniflandirmak icin kullanilan bir klinik
tahmin kuralidir. Hastanede yatan SARS-CoV-2 hastalarinda kotd klinik sonugclar icin MULBSTA'nin prediktif per-
formansini PSI, CURB-65 ve gSOFA ile karsilastirdik.

Yontemler: Bu calisma 11 Mart 2020 ile 31 Mayis 2020 tarihleri arasinda G¢tnct basamak bir Gniversite hastane-
sinde yatan SARS-CoV-2'li hastalar Gzerinde geriye donuk yapildi. SARS-CoV-2 testi pozitif ¢cikan 900 hastadan
277 calismaya dahil edildi. Tim hastalarda 30 gunlik mortalite, Yogun bakim tnitesi (YBU) ihtiyaci, mekanik ven-
tilasyon gereksinimi ve akut respiratuar distress (ARDS) gelisimini degerlendirmek icin MuLBSTA, PSI, CURB-65
ve gSOFA skoru kullanildi. Otuz gunltuk mortalite icin prognostik faktorler de analiz edildi.

Bulgular: Hastanede yatan 271 hastanin 150'si (%55.3) erkekti. Ortalama yas 54.2+15.4 yildi. Otuz gunluk 6lum
orani %10,7 idi. Calismaya dahil edilen hastalardan; 39 hasta (%14,3) YBU've yatirildi, 32 hasta (%11,8) mekanik
ventilator destegdi aldi ve 23 hasta (%8,4) ARDS tanisi aldi. Mortaliteyi tahmin etmede MuLBSTA, PSI, CURB-65
ve qSOFA skorlarinin egri altinda kalan alan (AUC) degerleri sirasiyla 0.877 (%95 CI 0.832 0.914), 0.853 (%95 Cl
0.806-0.893), 0.769 (95% CI 0,714-0,817) ve 0,769 (95% CI 0,715-0,818). MuLBSTA puani, diger tahmin puanlarina
kiyasla daha yiksek bir AUC degeri gosterdi. MuLBSTA ve PSI skorlari, YBU ihtiyaci, mekanik ventilasyon gerek-
sinimive ARDS gelisimi olan hastalari belirlemede CURB-65 ve gSOFA skorlarindan daha iyi performans gosterdi.
Sonug: MulLBSTA skoru, hastanede yatan SARS-CoV-2 hastalarinda kétt klinik sonuclari tahmin etmek icin etkili
bir aractir. Kullanimini dogrulamak icin daha fazla calismaya ihtiyac vardir.

Anahtar Sozciikler: COVID-19, erken uyari skorlari, MULBSTA skoru, gSOFA
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INTRODUCTION

Clinical predictive scores such as pneumonia sever-
ity index (PSI) and confusion, BUN, respiratory rate,
blood pressure, and age>65 (CURB-65) have been de-
veloped since the 2000s to assist physicians who are
not experts in the field of respiratory tract infections.
In such a global crisis, the use of clinical prediction
scores, which is an early warning model, can guide
to correctly placing patients admitted to the hospital
into risk categories, making better clinical decisions,
and encouraging the proper use of medical resources.
Deciding on outpatient, service, or intensive care unit
(ICU) follow-up at the time of admission to the emer-
gency department in patients with pneumonia is criti-
cal in terms of disease management.

American Society for Infectious Diseases / Ameri-
can Thoracic Society and British Thoracic Society
guidelines recommend incorporating clinical predic-
tive scores into clinical decision-making in patients
with pneumonia, along with physician evaluation.
(1,2). PSI and CURB-65 are valid scores and have been
widely used to estimate 30-day mortality in patients
with community-acquired pneumonia. (1). The PSI
and CURB-65 have been used previously in influenza
virus infections and have produced conflicting results
due to their low susceptibility (3-5). The Third Inter-
national Consensus Definitions for Sepsis and Septic
Shock guideline (Sepsis-3) recommends bedside quick
Sequential Organ Failure Assessment (QSOFA) assess-
ment, a new score for the early prediction of mortality
or long-term need for ICU, in patients with suspected
infection. (6). The qSOFA is derived from simple vital
signs such as mental status, respiratory rate, and blood
pressure, which are easily obtained in emergency de-
partments, and includes similar parameters to CURB-
65, although different cut-off values are based. Some
studies show that qSOFA has a significant predictive
ability for in-hospital mortality in patients with pneu-
monia (7-9). The Japanese Respiratory Society recom-
mended the use of SOFA and qSOFA scoring systems
in the assessment of pneumonia severity in the pneu-
monia prognostic guide updated in 2017 (10). In ad-
dition, it was stated that the MuLBSTA score, which
Guo etal. (11) recently defined, has a strong predictive
ability for mortality in cases of viral pneumonia. The
MuLBSTA is derived from the parameters of multilob-

ular infiltration, lymphopenia, bacterial coinfection,
smoking history, hypertension, and age>65.

Despite the severity and fatal complications of
the disease, there is no valid clinical predictive score
to predict the outcome associated with the coronavi-
rus disease 2019 (COVID-19). Our hypothesis in this
study is that MuLBSTA will predict mortality and dis-
ease course better than other clinical prediction scores
in hospitalized patients with COVID-19. The primary
aim of this study was to evaluate the performance of
MuLBSTA, PSI, CURB-65, and qSOFA in predicting
30-day mortality in patients hospitalized with COV-
ID-19. Our secondary aim is to compare the ability of
these clinical severity scores to predict ICU admission,
mechanical ventilation (MV) requirement, and acute
respiratory distress syndrome (ARDS) development.

|
MATERIALS AND METHODS

This study was carried out retrospectively, observa-

tionally and in a single center between March and May
2020 in Bezmialem Vakif University hospital, which
provides tertiary intensive care services in northwest
of Turkey. This study was approved by the Bezmialem
Vakif University Non-Interventional Research Ethics
Committee (No: 08/155, date: 08.06.2020). All adult
patients (=18 years of age) who were positive for se-
vere acute respiratory syndrome coronavirus 2 (SARS
CoV-2) and diagnosed with COVID-19 pneumonia
were included in this study.

Patients under age 18 with end-stage renal and he-
patic failure, hospitalization 72 hours before the onset
of symptoms, lung cancer, cystic fibrosis, pulmonary
tuberculosis, immunosuppressive therapy, transplan-
tation history, and lack of data were excluded from the
study. Informed consent was waived due to the retro-
spective nature of the study.

Patient data were obtained from the computerized
database of the hospital. At the time of admission to
the hospital, belonging to the patients; demographic
data, comorbidities, clinical prediction scores of dis-
ease at the onset of infection (MuLBSTA, PSI, CURB-
65, and qSOFA), routine laboratory tests, chest X-ray,
thoracic computed tomography, microbiological cul-
ture results, ICU admission, MV requirement, and
ARDS development were recorded.
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Table 1. Descriptive data and comparison between survivors and non-survivors within 30 days of hospitalization.

All patients Survival Nonsurvival
(n=271) (n=242) (n=29)
Mean+SD Mean+SD Mean+SD
or n (%) or n (%) or n (%) p value
Age (years) 54.2+15.4 52.5+14.7 68.6+13.7 0.001
0.708
Female 121 (44.6%) 109 (45.0%) 12 (41.3%)
Male 150 (55.3%) 133 (54.9%) 17 (58.6%)
Comorbidity
CAD 38 (14%) 31 (12.8%) 7 (24.1%) 0.151
CHF 17 (%6.3%) 9(3.7%) 8(27.5%) 0.001
Diabetes mellitus 66 (24.4%) 57 (23.5%) 9(31.1%) 0.375
Hypertension 114 (42.1%) 95 (39.2%) 19 (65.5%) 0.007
COPD 17 (6.3%) 14 (5.7%) 3(10.3%) 0.406
Asthma 21 (7.7%) 19 (7.8%) 2 (6.8%) 1.00
Chronic kidney disease 21 (7.7%) 15 (6.1%) 6 (20.6%) 0.015
Chronic liver disease 1 (0.4%) 1(0.4%) 0 1.00
Cancer 18 (6.6%) 15 (6.1%) 3 (10.3%) 0.421
CVA 6(2.2%) 3(1.2%) 3(10.3%) 0.018
fﬁ;z(t)il())ir(l)logical confirmed bacterial co- 42 (15.5%) 20 (8.2%) 22 (75.8%) 0.001
Symptoms
Cough 188 (69.4%) 169 (69.8%) 19 (65.5%) 0.634
Dyspnea 99 (36.5%) 80 (33%) 19 (65.5%) 0.001
Myalgia 49 (18.1%) 47 (19.4%) 2 (6.8%) 0.098
Fever>38.1°C 40 (14.7%) 36 (14.8%) 4 (13.7%) 0.034
Sore throat 37 (13.7%) 35 (14.4%) 2 (6.8%) 0.262
Diarrhea 23 (8.5%) 21 (8.6%) 2 (6.8%) 0,745
Nausea-vomiting 49 (18.1%) 45 (15.5%) 4 (13.7%) 0.525
Anosmia 13 (4.8%) 12 (4.9%) 1(3.1%) 0,719
Abdominal pain 9(3.3%) 7 (2.8%) 2 (6.8%) 0.255
Fatigue 100 (36.9%) 92 (38.0%) 8(27.5%) 0.271
Altered mental status 14 (5.2%) 11 (4.5%) 3(10.3%) 0.182
Smoking history 0.320
Current 30 (11.1%) 27 (11.1%) 3(10.3%)
Ex 40 (14.8%) 33 (13.6%) 7 (24.1%)
Never 201 (74.2%) 182 (75.2%) 19 (65.5%)

SD: Standart deviation, n: Numbers, CAD: Coronary artery disease, CHF: Congestive heart failure, COPD: Chronic obstructive pulmonary

disease, CVA: Cerebrovascular attack, ICU: Intensive care unit, MV: Mechanical ventilation, ARDS: Acute Respiratory Distress Syndrome.

Sensitivity and specificity were calculated by taking
cut-off values >2 for CURB-65 score, > 4 for PSI score,
> 2 for qSOFA, and 212 for MuLBSTA, as suggested
in the literature (5, 9, 14). Calculated values were
compared in terms of 30-day mortality, ICU admis-
sion, MV requirement and ARDS development. The
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date of nasopharyngeal swab collection was defined
as the onset of infection. The length of hospital stay
and outcome status of each patient were recorded. Pa-
tients hospitalized for less than 30-days were called to
determine their survival if they were not seen in the
outpatient clinic.
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Statistical analysis

Descriptive statistics of qualitative variables in the
study are given as numbers and percentages, while
descriptive statistics of numerical variables are given
as mean, median, standard deviation, minimum and
maximum. Pearson Chi-square and Fisher exact tests
were used to comparing qualitative variables in terms
of mortality status. The conformity of the numerical
variables to the normal distribution was examined us-
ing the Shapiro-Wilk test. The Mann-Whitney U test
was used for the mean comparison of the groups con-
sisting of two categories. The statistical significance
level was 0.05, and the SPSS Statistics for Windows
(Statistical Package for the Social Sciences package
program version 23.0, IBM Corp., Armonk, N.Y,,
USA) was used for calculations. Area under the curve
(AUC) values were obtained by performing receiver
operating characteristic (ROC) to evaluate risk esti-
mation scores for critical clinical outcomes using the
MedCalc statistical software.

Cases of COVID-19 pneumonia (n=900)

Excluded (n=589)
« Negative RT-PCR from nasopharyngeal swab

Included (n= 311)

Excluded (n=40)

+ ESKD (n=5)

« Kidney transplantation (n=1)

- Receiving immunsupressive therapy (n=10)

« Lack of clinical, laboratory or imaging data
(n=24)

v

Final analysis (n= 271)

I
RESULTS

Of the 900 patients with suspected COVID-19 hospi-
talized during the pandemic, 271 patients were includ-

ed in the study, and 150 of them were male (Figure 1).
The average age of the study population was 54.2+15.4
years (18-88). Among the participants, 39 (14,4%)
were admitted to ICU, 32 patients (11,8%) needed MV
support, ARDS developed in 23 (8,5%), and 29 pa-
tients (10,7%) died. While 30 patients (11%) were still
smoking, 40 patients (14,7%) had quit smoking and
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201 (74,1%) had never smoked. As a result of micro-
biological cultures, bacterial coinfection was detected
in 42 patients. Demographic data, clinical characteris-
tics, and severity scores of the patients were compared
in Table 1 in terms of deceased and surviving cases.
Univariate analysis among all patients defined conges-
tive heart failure (p=0,01), hypertension (p=0,007),
chronic renal failure (p=0,006), cerebrovascular event
(p=0,002), pleural effusion (p=0,001), bacterial co-
infection (p=0,001), and multilobar involvement in
computed tomography (p=0,01) as risk factors for 30-
day mortality associated with COVID-19.
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The MuLBSTA score had the highest accuracy in
predicting 30-day mortality, followed by PSI, CURB-
65, and qSOFA. The AUC values of MuLBSTA, PSI,
CURB-65, and qSOFA for predicting 30-day mortality
were 0.87, 0.85, 0.76, and 0.76, respectively. The best
results for mortality were MuLBSTA with an AUC
value of 0,877 and PSI with an AUC value of 0,853.
Figure 2 shows the ROC curve of MuLBSTA, PSI,
CURB-65, and qSOFA for 30-day mortality. For ICU
admission, MuLBSTA with an AUC value of 0,845 was
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more efficient with statistically significant differences
compared to other scores. Again, the most accurate
scores for MV requirement (MuLBSTA AUC 0.836,
PSI AUC 0.732) and ARDS development (MuLBSTA
AUC 0.872, PSI AUC 0.799) were MuLBSTA and PSI,
respectively. The AUC values and corresponding ROC
curves for severity scores of ICU admission, MV re-
quirement, and ARDS development are shown in Fig-
ures 3, 4, and 5.

I
DISCUSSION AND CONCLUSION

In this study, we compared the predictive performance
of the MuLBSTA score in 30-day mortality with PSI,
CURB-65, and qSOFA. We observed that MuLBSTA
and PSI scores are good predictors of prognosis in

patients with SARS-CoV-2 pneumonia. In this study,
SARS-CoV-2 patients with MuLBSTA score >12 were
found to have higher 30-day mortality, ICU admis-
sion, MV requirement, and ARDS development than
those with a score of <12. These findings suggest that
for COVID-19 patients, the MuLBSTA score at first
admission to the hospital may be useful for risk strati-
fication. Calculation of MuLBSTA and PSI scores at
hospital admission can predict critical clinical out-
comes in patients with COVID-19, and their predic-
tive value is superior to that of CURB65 and qSOFA.

The COVID-19 caused by SARS CoV-2 has caused
significant mortality and has placed a significant bur-
den on health systems all over the world. COVID-19
has a broad clinical spectrum, including asymptomatic
infection, mild upper respiratory tract disease, pneu-
monia, respiratory failure, ARDS, multiorgan failure
syndrome and, death (1). It has been shown that 26%
to 33% of critically ill patients required ICU follow-up,
and 4% to 15% died during the COVID-19 pandemic.
(12-14).

ICU care and MV support are required to treat
patients infected with SARS-CoV-2 at risk of adverse
outcomes. Rapid and accurate clinical diagnosis of this
patient group is the top priority for the effective use of
limited resources. Initial assessment of disease severity
at admission with early warning models will help phy-
sicians triage patients to the appropriate level of care
and better communicate with family and caregivers
about predictable outcomes.
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The pathophysiology and risk factors of high mor-
tality for COVID-19 are not yet fully understood. Male
gender, advanced age, smoking, and comorbid diseas-
es are well-known risk factors in COVID-19 patients
(15, 16).

Chen et al (17) suggested the use of the MuLBSTA
score, which is a new prognostic tool for viral pneu-
monia, in COVID-19 cases. Xu et al (18) reported
that MuLBSTA was associated with better outcomes
for both mortality (AUC: 0.956) and ICU admission
(AUC: 0.875) compared to CURB-65, in their study of
117 patients with COVID-19 pneumonia. Similarly, in
our study, MuLBSTA outperformed CURB-65 in all
critical clinical outcomes.

In a prospective study conducted by Garcia Clem-
ente et al. (19) in 249 patients with COVID-19 pneu-
monia, PST and CURB-65 scores for mortality (AUC
values of 0.874 and 0.852, respectively) and SMART-
COP and MuLBSTA scores for ICU admission (AUC
values of 0.749, 0.777, respectively) were reported bet-
ter performance. In a recent retrospective multicenter
study conducted in patients with COVID-19 pneu-
monia, the AUC values of PSI, CURB-65, qSOFA,
and MuLBSTA scores in in-hospital mortality were
reported as 0.835, 0.825, 0.728, and 0.715, respectively
(20). Contrary to these studies, in our study, MuLB-
STA showed the highest AUC value with 0.877. The
reason for this may be the difference in the treatment
protocols of the patients and an unusual mortality rate
(15.4-20.9%) in the population of the relevant studies.

Although CURB-65 and qSOFA were good pre-
dictors of community-acquired pneumonia, they did
not perform well in patients with COVID-19. One
reason why CURB65 and qSOFA perform so poorly
in patients with SARS-CoV-2 infection is that they do
not attach sufficient importance to oxygenation as-
sessment. Most severe cases of SARS-CoV-2 infection
were young patients with respiratory failure; the risk
factors identified during the pandemic seem to sup-
port this. The presence of oxygenation parameters in
PSI, multilobar infiltration, lymphopenia, and smok-
ing in MuLBSTA may have contributed to the high
sensitivity and specificity.

lijima Y et al (21), taking into account the difficul-
ties in defining bacterial coinfection, which is one of
the MuLBSTA parameters, stated that the modified

MuLBSTA score, which is created by using C-reactive
protein instead, gives better results than MuLBSTA, al-
though it has not been validated yet.

During the pandemic, different researchers de-
veloped multiple prognostic scores. The COVID-
19-Gram, the Critical Illness Risk Score, the Rapid
COVID-19 Severity Index, and the COVID-19 Se-
verity Index were created to early detect hospitalized
patients at high risk of critical illness and transfer to
the intensive care unit (22-24). In a study published
recently by Ji et al (25), a new severity score (CALL)
was proposed that evaluates comorbidity, age, lym-
phocyte count, and lactate dehydrogenase value. The
authors observed that 96% of patients scoring 4-6 did
not progress to severe disease and suggested that this
clinical predictive score in Covid-19 patients would be
simpler than the MuLBSTA suggested by Guo et al.

A mortality predictive score for hospitalized pa-
tients with COVID-19 was developed by the ISAR-
IC4C consortium and named the Coronavirus Clini-
cal Characterization Consortium Mortality Score (4C
Mortality Score) (26). It was based on a prospective
cohort study of 74,944 consecutive patients in 260 hos-
pitals. However, the use of these scoring models was
mostly for the hospitalized or critically ill, and none of
them were aimed at patients before admission.

This study has limitations. First, some of the data
may not have been fully collected due to the nature of
the retrospective study design. Secondly, the results of
this study may not be generalizable to other nations or
other regions of Turkey, as it is a single-center study.
Third, the SARS-CoV-2 pharyngeal or nasal swabs
used in this study - although being the most practi-
cal option for most medical facilities - are not the gold
standard method with confirmed false positive and
false negative rates. Fourth, some other laboratory
markers such as procalcitonin, D-dimer, and LDH,
which are associated with mortality in patients with
severe SARS-CoV-2 infection, were not included in
this study. The reason we did not include these mea-
surements in our study is that it is impractical to per-
form these tests or obtain these data for every emer-
gency room patient with suspected COVID-19.

In this study, we found that MuLBSTA and PSI
scores play a potential role in predicting 30-day mor-
tality, ICU admission, MV requirement, and ARDS
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development in hospitalized patients with COVID-19
infection. These scores can help any physician decide
where a patient should be admitted (to the ward or
ICU) or discharged. Our findings show that CURB-
65 and qSOFA, which are widely used in pneumonia,
underestimate the severity of the disease in patients
hospitalized for COVID-19. We still need a fast and
accurate tool to classify patients with SARS-CoV-2
pneumonia early in clinical practice.

In parallel with our results, studies in the literature
show that the MuLBSTA score is a reliable scoring sys-
tem to show the severity of COVID-19 infection, but
further evaluation is needed. Researchers should work
to develop new prognostic tools that can be used as
an easily obtainable high sensitivity and a specificity
screening test in COVID-19 patients.
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