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Abstract

Background: MuLBSTA is a scale designed for easy clinical assessment of the mortality risk of viral pneumonia patients.

Objectives: The overall purpose of conducting this research is to investigate the effectiveness of MuLBSTA in estimating the mortality risk
of COVID-19 patients.

Methods: A cross-sectional study was performed on 99 COVID-19 patients from December 2020 to February 2021. The MuLBSTA scores of
patients were calculated, and their survival and risk rates were estimated by the Kaplan-Meier method. The ROC diagram was used for the
logistic model assessment to determine the best mortality prediction cut-off point. Data were analyzed in SPSS version 21 at the 0.05
significance level.

Results: Of the 99 monitored patients, 69 (69.69%) recovered, and 30 (30.31%) died during the study period. The mean MuLBSTA scores of
patients who recovered and died were 10.51+3.99 and 16.53+3.02, respectively. A statistically significant positive relationship was found
between MuLBSTA scores and mortality (p<0.001). The area under the ROC curve (AUC) of MuLBSTA in predicting mortality during
hospitalization was calculated to be 0.88 (95%CI=0.82-0.95, SE=1.55).

Conclusion: MuLBSTA scores are highly correlated with the severity of COVID-19. Therefore, MuLBSTA can serve as a tool for rapid situation

assessment and swift decision-making about the treatment approach and the allocation of hospital resources to COVID-19 patients.
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1. Background

Contagious infectious diseases can have a
devastating impact on the health of the human
population. The COVID-19 pandemic showed how a
contagious disease can turn into a health threat on a
global scale (1). The first case of the disease, later called
COVID-19, was reported in late December 2019 in
Wuhan City, Hubei Province, China (2-6). In February
2020, the World Health Organization (WHO) named the
virus COVID-19, and the International Committee on
Taxonomy of Viruses (ICTV) named it SARS-COV-2(1, 2,
4,7, 8). COVID-19 belongs to the same family as Severe
Acute Respiratory Syndrome (SARS) and Middle East
Respiratory Syndrome (MERS) (5). This virus affected
over 4 million people and caused 300,000 fatalities by
early 2020 (9).

The high transmission rate of COVID-19 should be
attributed to its easy transmission through
asymptomatic carriers or people with mild symptoms
(3, 10). Thanks to this high transmission rate, COVID-
19 spread rapidly in all countries, causing a global
epidemic with implications ranging from mild to severe
respiratory problems to death (2, 11). Recent estimates
revealed that fifteen percent of people with COVID-19

showed a severe form of this viral pneumonia, and 5 to
10% will require intensive care. The mortality rate
among this section of the population is 3 to 5% (11).
Several factors, including age, history of smoking,
history of diabetes and leukocytosis have been
identified as important determinants of the course of
this disease (2, 3, 7, 12). To diagnose this disease, it is
first necessary to ask whether the person has come into
contact with a COVID-19-positive or suspected
individual and then perform a CT scan of the lung,
looking for multifocal spots in its peripheral and
posterior parts. Finally, the diagnosis can be confirmed
by a PCR assay (7). According to WHO, a diagnosis
without a positive PCR test cannot be considered
definite. It should be noted that PCR assays are subject
to error, especially if the sample is small or the test is
performed in the first five days of exposure (2, 7).

Viral infections can manifest as acute respiratory
distress syndrome (ARDS) or bacterial super-
infections. Cytokines and chemokines can be potential
markers for these diseases, as severe infections tend to
cause a spike in serum levels (13).

While there are a variety of measures, such as CRB-
65 and CURB-65, for the clinical prediction of
community-acquired pneumonia, there is still no
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widely accepted rule for scoring the severity of viral
pneumonia. MuLBSTA is a mortality risk prediction
scale designed for easy clinical assessment of the
mortality risk of patients with viral pneumonia. It has
been shown that MuLBSTA has good predictive power
with a c-index of 0.811, sensitivity of 0.776, and
specificity of 0.778 (13). This study investigated the
effectiveness of MuLBSTA in predicting the mortality
risk of COVID-19 patients.

2. Objectives

The overall purpose of conducting this research is
to investigate the effectiveness of MuLBSTA in
estimating the mortality risk of COVID-19 patients.

3. Methods

This cross-sectional study was conducted on 99
patients admitted to COVID-19 inpatient and intensive
care units of Imam Reza Hospital, Mashhad University
of Medical Sciences, Mashhad, Iran, from December
2020 to February 2021. Patients were selected by
simple random sampling. The study was approved by
the Mashhad University of Medical Sciences ethics
committee (IR.MUMS.REC.1399.570).

The inclusion criteria were 18 years of age and a
positive PCR test. The patients who unwillingness to
participate in the study were excluded.

MuLBSTA scale was completed based on routine
laboratory findings, chest HRCT, Bac-tec blood culture,
and sputum culture (as bacterial growth and diagnostic
criteria). A follow-up was conducted after 90 days for
discharged patients to determine whether they
survived the disease.

A demographic information questionnaire and the
form of the MuLBSTA scale were completed. The data
collected in the demographic information
questionnaire included contact information, age, sex,
history of diabetes, history of cardiovascular diseases,
smoking or history of smoking, history of hypertension,
hyperlipidemia, consciousness condition, and weight.

The MuLBSTA scale is a seven-item table with each
item's score. The items of this scale include multi-
lobular lung involvement (infiltration), blood
lymphocyte count, bacterial infection, current smoker,
former smoker, history of hypertension, and age of
over 60 years. The total score of this scale is a number
between 0 and 22. A score of 0-10 predicts low risk, 11-
15 predicts moderate risk, and 16-22 predicts high
mortality risk over the next 90 days (Table 1) (13).

The collected data were analyzed in SPSS software
version 21. The Kolmogorov-Smirnov test assessed the
normality of data. Survival rates and risk rates were
estimated by the Kaplan-Meyer method. The logistic
model assessment used the ROC diagram to determine
the best mortality prediction cut-off point. Data were
analyzed in SPSS version 21, and the P values of <0.05

After obtaining informed consent, demographic were considered statistically significant.

data of participating patients were collected. Then, the
Table 1. MuLBSTA scoring system for mortality risk prediction in patients with viral pneumonia
Parameters Score
No Yes

Multi-lobular lung involvement (infiltration) 0 5
Lymphocyte count < 109*0.8 per liter 0 4
Bacterial coinfection 0 4
Current smoker 0 3
Former smoker 0 2
Hypertension 0 2
Age 260 years 0 2
4. Result patients who recovered and those who died was

Ninety-nine COVID-19 patients admitted from
December 2020 to February 2021 entered the study.
The patients had a mean age of 58.89+20.57,
60.81+19.21 for males, and 56.30+22.25 for females. Of
the 99 patients, 57 (57.6%) were male (p=0.111). The
mean time between the onset of symptoms and
hospitalization was 7%3.3 days, and the mean
hospitalization time was 5.94+3.69 days. Of the 99
patients, 69 (69.69%) recovered, and 30 (30.31%) died
during the study period. The mean MuLBSTA score of

10.5143.99 and 16.53+3.02, respectively. The normal
data were analyzed based on their means and standard
deviations. For non-normal data, the median (IQR) was
used for this purpose. The Kolmogorov-Smirnov test
assessed the normality of data.

The logistic regression results showed a positive
relationship between the MuLBSTA score and mortality
(p<0.001). With each unit increase in the MuLBSTA
score, the odds of death of COVID-19 patients increased
by 55% (95%CI = 1.29-1.85, OR=1.55) (Table 2).

Table 2. Relationship between MuLBSTA score and mortality rate of COVID-19 patients

Variable OR P-Value 95% confidence interval
MuLBSTA 1.55 <0.001
Constant 0.001 <0.001 (1.29-1.85)
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The area under the ROC curve (AUC) of
MuLBSTA in predicting mortality during
hospitalization was calculated to be 0.88
(95%CI1=0.82-0.95, SE=1.55) (Table 3). The

sensitivity and specificity of the scale at the cut-off
point of 12.5 were found to be 0.90 and 0.67,
respectively (Figure 1).

Table 3. Estimates of 90-day mortality risk according to the MuLBSTA scale

90-day mortality risk (%) Total number of deaths Frequency MuLBSTA score
0 39 4-10
68.12% 10 (28.6%) 35 11-15
90.34% 20 (80%) 25 16-22
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Figure 1. Sensitivity of the MuLBSTA scale for COVID-19 patients

We used the Kaplan-Meier method to estimate
patients' survival and risk rates. All of these
analyses were also conducted at the 0.05
significance level. For this analysis, patients were

categorized into three groups according to their
MuLBSTA score: low risk (with scores of 0-10),
moderate risk (with scores of 11-15), and high risk
(with scores of 16-22). Then, the total number of
deaths and the estimated 90-day mortality risk
were determined for each group. In the low-risk
group (39 patients), the total number of deaths was

0e

Cum Survival

zero, and the estimated 90-day mortality risk was
also zero. In the moderate-risk group (35 patients),
the total number of deaths was 10 (28.6%), and the
estimated 90-day mortality risk was 63.12%. From
the 25 patients in the high-risk group, the total
number of deaths was 20 (80.0%), and the
estimated 90-day mortality risk was 90.34%. The
10-day survival rate (from the date of admission)
estimated based on the MuLBSTA score was
19.22% for the moderate-risk group and 63.77%
for the high-risk group (Figure 2).
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Figure 2. 90-day mortality risk of COVID-19 patients according to MuLBSTA score
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The results showed significant differences
between patients who recovered and died
regarding the mean blood lymphocyte count, LDH,

and ESR values. More specifically, later-recovered
patients had significantly higher lymphocyte levels
and lower LDH and ESR levels (Table 4).

Table 4. Relationship between MuLBSTA variables and mortality

Variable All patients Recovered patients Diseased patients P-Value
Lymphocyte 20 (10-30) 26 (17-34) 9 (6-20) <0.001*
LDH 555 (410-699) 514 (392-664) 632.50 (453.50-856.75) 0.02*
S02 9.88+2.39 62.16+17.73 66.02+28.01 0.55
ESR 34 (15-57) 32 (15.50-52.50) 47.50 (13.75-79.75) 0.09
PO2 44 (35-54) 42.30 (32.62-53.40) 45 (36.15-55.95) 0.18
PCO2 40.90 (38.85-50.65) 41.40 (36.92-50.47) 40 (33.30-60.75) 0.62

5. Discussion

This study investigated the effectiveness of the
MuLBSTA scale in estimating the mortality risk of
COVID-19 from December 2020 to February 2021.

In terms of demographic characteristics, most of
the patients were elderly, with a higher number of
males than females. However, the statistical
analyses showed no significant relationship
between gender and the disease, which is
consistent with the findings of Wang et al. (14).In a
study by Bei Ma et al,, it was stated that women are
less likely to get viral infections, probably because
of the presence of sex hormones and X chromosome
and their impact on innate and acquired immunity.
Nevertheless, they observed that men were less
likely to contract the disease, so they recommended
further research on the relationship between
gender and the incidence of COVID-19 (15). Also,
since the mortality of COVID-19 patients is closely
associated with immunodeficiency, immunological
evaluations can provide useful information for
predicting the general condition of these patients
(13). One of the reasons why COVID-19 is more
dangerous for the elderly (higher mortality rate at
higher ages) is the generally weaker immune
system of this section of the population (2).

In this study, the mean time between the onset
of symptoms and hospitalization was seven days,
and the mean hospitalization time was about six
days, similar to the figures reported in other studies
(16, 17). This study also showed that early and
supportive treatment initiation could improve the
recovery rate. Cheng et al. (18) study results are
getting along with our findings.

While the seven items of MuLBSTA (multi-
lobular infiltration, lymphocyte count, bacterial
infection, current smoker, former smoKker,
hypertension, and age>60) have been designed for
predicting the mortality rate of patients with viral
pneumonia, this scale can also be used to estimate
the mortality risk of COVID-19 (19). In the present
study, the mean MuLBSTA score of patients who
died was 16.53+3.02. In a study by Chen et al,
patients with MuLBSTA scores of more than 12
were put in the high-risk group, and in a study by
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Cheng et al.,, the corresponding mean score was
13.5(18, 20).

In this study, the area under the ROC curve
(AUC) of MuLBSTA in predicting mortality during
hospitalization was calculated to be 0.88
(95%CI=0.82-0.95, SE=1.55). In a study by Guo et
al,, the sensitivity and specificity of MuLBSTA in
mortality risk assessments were reported to be
0.6364 and 0.9355, respectively (13). Cheng et al.
have also reported that MuLBSTA offers better
mortality risk assessment than CURB-65
(p=0.0021). Therefore, MuLBSTA can be
recommended as the scale of choice for mortality
risk predictions (15, 18, 21).

In this study, admitted COVID-19 patients had
significantly reduced leukocyte counts (p=0.002).
Therefore, it is possible to use reduced leukocyte
count to indicate the clinical diagnosis of severe
COVID-19 cases. This is also consistent with other
studies in this area (15).

In this study, the increased serum LDH level was
also significantly related to mortality (p=0.02).
Numerous studies have shown a direct relationship
between the severity and mortality rate of COVID-
19 and cardiovascular diseases and hypertension
(19, 21). With more comprehensive studies, it may
be possible to use this variable to improve the
performance of MuLBSTA.

6. Conclusion

In general, the characteristics of COVID-19
patients monitored in this study were consistent
with the scoring system of MuLBSTA. Also, the
results of this study suggest that MuLBSTA scores
are highly correlated with the severity of COVID-19
and can be used as a measure for rapid situation
assessment and rapid and precise decision-making
about the course of treatment of COVID-19 patients.

Acknowledgments

The authors thank all of the patients who
participated in this study.

33


http://razavijournal.com/

Gharaee R et al.

Conflicts of interest

There are no conflicts of interest.

References

10.

11.

34

Jin H, Lu L, Liu ], Cui M. Complex emergencies of COVID-19:
management and experience in Zhuhai, China. Int | Antimicrob
Agents. 2020;55(5):105961. doi:
10.1016/j.ijantimicag.2020.105961. [PubMed: 32234464].
Ganji A, Gh M, Khaki M, Ghazavi A. A Review on
Immunopathogenesis, Molecular Biology and Clinical Aspects
of the 2019 Novel Coronavirus (COVID-19). ] Arak Uni Med Sci.
2020;23(1):8-21. doi: 10.32598/JAMS.23.1.51.5.

Ji D, Zhang D, Xu ], Chen Z, Yang T, Zhao P, et al. Prediction for
Progression Risk in Patients With COVID-19 Pneumonia: The
CALL Score. Clin Infect Dis. 2020;71(6):1393-1399. doi:
10.1093/cid/ciaa414. [PubMed: 32271369].

Sohrabi C, Alsafi Z, O'Neill N, Khan M, Kerwan A, Al-Jabir A, et
al. World Health Organization declares global emergency: A
review of the 2019 novel coronavirus (COVID-19). Int J Surg.
2020;76:71-76. doi: 10.1016/j.ijsu.2020.02.034. [PubMed:
32112977].

Ali Z, Goneppanavar U, Dongare PA, Garg R, Kannan S, Harsoor
SS, et al. Development of a preoperative Early Warning Scoring
System to identify highly suspect COVID-19 patients. J
Anaesthesiol Clin Pharmacol. 2020;36(Suppl 1):S62-S74. doi:
10.4103/joacp.JOACP_274_20. [PubMed: 33100649].

Zu ZY, Jiang MD, Xu PP, Chen W, Ni QQ, Lu GM, et al
Coronavirus Disease 2019 (COVID-19): A Perspective from
China. Radiology. 2020;296(2):E15-E25. doi:
10.1148/radiol.2020200490. [PubMed: 32083985].

Inciardi RM, Lupi L, Zaccone G, Italia L, Raffo M, Tomasoni D, et
al. Cardiac Involvement in a Patient With Coronavirus Disease
2019 (COVID-19). JAMA Cardiol. 2020;5(7):819-824. doi:
10.1001/jamacardio.2020.1096. [PubMed: 32219357].

Lai CC, Shih TP, Ko WC, Tang HJ, Hsueh PR. Severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2) and
coronavirus disease-2019 (COVID-19): The epidemic and the
challenges. Int | Antimicrob Agents. 2020;55(3):105924. doi:
10.1016/j.ijantimicag.2020.105924. [PubMed: 32081636]

e Conhecimento Rdl. Coronavirus COVID-19 Global Cases by
the Center for Systems Science and Engineering (CSSE) USA:
world health organization; 2020 [cited 2020]. Available from:
https://pesquisa.bvsalud.org/gim/resource/en/lis-
470657?src=similardocs.

Hu Y, Sun J, Dai Z, Deng H, Li X, Huang Q, et al. Prevalence and
severity of coronavirus disease 2019 (COVID-19): A systematic
review and meta-analysis. J Clin Virol. 2020;127:104371. doi:
10.1016/j.jcv.2020.104371. [PubMed: 32315817]

Hendin A, La Riviére CG, Williscroft DM, O'Connor E, Hughes ],
Fischer LM. End-of-life care in the emergency department for

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

the patient imminently dying of a highly transmissible acute
respiratory  infection (such as COVID-19). (JEM.
2020;22(4):414-7. doi: 10.1017/cem.2020.352. [PubMed:
32213224].

Wu Z, McGoogan JM. Characteristics of and Important Lessons
From the Coronavirus Disease 2019 (COVID-19) Outbreak in
China: Summary of a Report of 72 314 Cases From the Chinese
Center for Disease Control and Prevention. JAMA.
2020;323(13):1239-1242. doi: 10.1001/jama.2020.2648.
[PubMed: 32091533].

Guo L, Wei D, Zhang X, Wu Y, Li Q, Zhou M, et al. Clinical
Features Predicting Mortality Risk in Patients With Viral
Pneumonia: The MuLBSTA Score. Front Microbiol.
2019;10:2752. doi: 10.3389/fmicb.2019.02752. [PubMed:
31849894].

Wang D, Hu B, Hu C, Zhu F, Liu X, Zhang ], et al. Clinical
Characteristics of 138 Hospitalized Patients With 2019 Novel
Coronavirus-Infected Pneumonia in Wuhan, China. JAMA.
2020;323(11):1061-1069. doi: 10.1001/jama.2020.1585.
[PubMed: 32031570].

Ma B, Gong ], Yang Y, Yao X, Deng X, Chen X. Applicability of
MuLBSTA scoring system as diagnostic and prognostic role in
early warning of severe COVID-19. Microb Pathog.
2021;150:104706. doi:  10.1016/j.micpath.2020.104706.
[PubMed: 33347962].

Guan W+j, Ni Z-y, Hu Y, Liang W-h, Ou C-q, He J-x, et al. Clinical
characteristics of coronavirus disease 2019 in China. N Engl |
Med. 2020;382(18):1708-1720. doi:
10.1056/NEJM0a2002032. [PubMed: 32109013].

Xu X-W, Wu X-X, Jiang X-G, Xu K-J, Ying L-J, Ma C-L, et al.
Clinical findings in a group of patients infected with the 2019
novel coronavirus (SARS-Cov-2) outside of Wuhan, China:
retrospective case series. BMJ. 2020;368:m606. doi:
10.1136/bmj.m606. [PubMed: 32075786].

Cheng P, Wu H, Yang ], Song X, Xu M, Li B, et al. Pneumonia
scoring systems for severe COVID-19: which one is better. Virol
J. 2021;18(1):33. doi:  10.1186/s12985-021-01502-6.
[PubMed: 33568204].

Nasrollahzadeh Sabet M, Khanalipour M, Gholami M, Sarli A,
Rahimikhorrami A, Esmaeilzadeh E. Investigating the
Presentation and Mortality Rate in Covid-19 Patients With
Underlying Diseases. ] Arak Uni Med Sci. 2020;23 (5):740-749.
doi: 10.32598/JAMS.23.COV.5797.1.

Chen N, Zhou M, Dong X, Qu J, Gong F, Han Y, et al
Epidemiological and clinical characteristics of 99 cases of 2019
novel coronavirus pneumonia in Wuhan, China: a descriptive
study. Lancet. 2020  15;395(10223):507-513.  doi:
10.1016/S0140-6736(20)30211-7. [PunMed: 32007143].
lijima Y, Okamoto T, Shirai T, Mitsumura T, Sakakibara R,
Honda T, et al. MuLBSTA score is a useful tool for predicting
COVID-19  disease  behavior. ]| Infect Chemother.
2021;27(2):284-290. doi: 10.1016/j.jiac.2020.10.013.
[PunMed: 33129694]

Razavi Int J Med. 2023; 11(3): e1278.


http://razavijournal.com/
https://doi.org/10.1016/j.ijantimicag.2020.10596
https://pubmed.ncbi.nlm.nih.gov/32234464/
https://doi.org/10.32598/JAMS.23.1.51.5
https://doi.org/10.1093/cid/ciaa414
https://pubmed.ncbi.nlm.nih.gov/32271369/
https://doi.org/10.1016/j.ijsu.2020.02.034
https://pubmed.ncbi.nlm.nih.gov/32112977/
https://doi.org/10.4103/joacp.JOACP_274_20
https://pubmed.ncbi.nlm.nih.gov/33100649/
https://doi.org/10.1148/radiol.2020200490
https://pubmed.ncbi.nlm.nih.gov/32083985/
https://doi.org/10.1001/jamacardio.2020.1096
https://pubmed.ncbi.nlm.nih.gov/32219357/
https://doi.org/10.1016/j.ijantimicag.2020.105924
https://pubmed.ncbi.nlm.nih.gov/32081636/
https://doi.org/10.1016/j.jcv.2020.104371
https://pubmed.ncbi.nlm.nih.gov/32315817/
https://doi.org/10.1017/cem.2020.352
https://pubmed.ncbi.nlm.nih.gov/32213224/
https://doi.org/10.1001/jama.2020.2648
https://pubmed.ncbi.nlm.nih.gov/32091533/
https://doi.org/10.3389/fmicb.2019.02752
https://pubmed.ncbi.nlm.nih.gov/31849894/
https://doi.org/10.1001/jama.2020.1585
https://pubmed.ncbi.nlm.nih.gov/32031570/
https://doi.org/10.1016/j.micpath.2020.104706
https://pubmed.ncbi.nlm.nih.gov/33347962/
https://doi.org/10.1056/NEJMoa2002032
https://pubmed.ncbi.nlm.nih.gov/32109013/
https://doi.org/10.1136/bmj.m606
https://pubmed.ncbi.nlm.nih.gov/32075786/
https://doi.org/10.1186/s12985-021-01502-6
https://pubmed.ncbi.nlm.nih.gov/33568204/
https://doi.org/10.32598/JAMS.23.COV.5797.1
https://doi.org/10.1016/S0140-6736(20)30211-7
https://pubmed.ncbi.nlm.nih.gov/32007143/
https://doi.org/10.1016/j.jiac.2020.10.013
https://pubmed.ncbi.nlm.nih.gov/33129694/

