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Abstract

BACKGROUND

Coronavirus disease 2019 (COVID-19) has emerged as a public health crisis that
was declared as a global pandemic by the World Health Organization. Although
most cases have no or mild symptoms, around 10% of patients develop severe or
critical illness that necessitates hospitalization and intensive care unit admission.

AIM
To assess the literature for the predictive factors that can identify patients having
severe/critical COVID-19 disease.

METHODS

A Preferred Reporting Items for Systematic Reviews and Meta-Analyses-
compliant systematic search of the literature was conducted. Electronic databases
including PubMed/MEDLINE, Scopus, and Cochrane Library were queried. The
main outcome measures were the predictors of severe/critical COVID-19 and
mortality.

RESULTS

Five studies including 583 patients of a median age of 50.5 years were reviewed.
Patients were 346 (59.4%) male and 237 (40.6%) female. Of 583 hospitalized
patients, 242 (41.5%) had critical illness. Acute respiratory distress disease
occurred in 291 patients, accounting for 46.7% of total complications. One-
hundred (17.1%) mortalities were recorded. The most commonly reported
predictors of severe COVID-19 were older age, medical comorbidities,
lymphopenia, elevated C-reactive protein, increased D-dimer, and increased
neutrophil ratio. Findings on computed tomography (CT) scanning predictive of
severe disease were bronchial wall thickening, CT score > 7, linear opacities,
consolidation, right upper lobe affection, and crazy paving pattern.

CONCLUSION
Several demographic, clinical, laboratory, and radiologic factors can help predict
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severe and critical COVID-19 along with the potential need for mechanical
ventilation. Factors that were more commonly reported were older age, medical
comorbidities, lymphopenia, increased neutrophil ratio, elevated C-reactive
protein, and increased D-dimer.
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Core tip: After systematic literature search, several demographic, clinical, laboratory, and
radiologic factors were found to be predictive of severe and critical coronavirus disease
2019 along with the potential need for mechanical ventilation. Factors that were more
commonly reported were older age, medical comorbidities, lymphopenia, increased
neutrophil ratio, elevated C-reactive protein, and increased D-dimer. Findings on
computed tomography (CT) scanning predictive of severe disease were bronchial wall
thickening, CT score > 7, linear opacities, consolidation, right upper lobe affection, and
crazy paving pattern.
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INTRODUCTION

Coronaviruses are enveloped non-segmented positive-sense RNA viruses belonging
to the family Coronaviridael'l. Severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2), the causative organism of coronavirus disease 2019 (COVID-19)
belongs to the family of beta coronavirus, akin to the Middle Eastern respiratory
distress syndrome coronavirus and SARS-CoVF.

By the end of 2019, several cases of pneumonia of unknown cause emerged in
Wuhan, China. The World Health Organization (WHO) announced that the official
name of the disease caused by the virus as COVID-19Fl. As of March 1 2020,
according to WHO situation report worldwide there are 87137 confirmed cases of
COVID-191".

COVID-19 has a wide spectrum of disease severity, ranging from mild disease to
severe acute respiratory distress disease (ARDS). According to a study by Wang et
al, 44.9% of patients with COVID-19 developed complications, with ARDS occurring
in 61% of patients. According to a study by Lai et all’! fever was the most common
symptom, followed by a cough, dyspnea, myalgia, and headache.

Timely identification of patients who are having a severe disease can play a pivotal
role in improving outcomes. Basic disease treatment, secondary infection prevention,
and timely organ function support are needed for these patients. Therefore, it is
crucial to evaluate the prognostic markers of COVID-19.

Several studies had pointed towards various risk factors of severe disease.
Comorbidities such as diabetes mellitus, cardiovascular disease, chronic lung disease
and advanced age have been linked with more severe diseasel’. Other studies have
shown that laboratory parameters including d-dimer level and leucocyte count can
have a prognostic significance. An interesting study by Huang et al®! showed that
COVID-19 patients can have exaggerated cytokine storm with effected patients
having high amounts of IL1B, IFNy, IP10, and MCP1, probably leading to activated T-
helper-1 (Thl) cell responses. The authors also showed that this exaggerated immune
response is linked to disease severity. During our literature search we did not find
previous reviews that could uniformly address these risk factors, therefore we aimed
to evaluate different risk factors that can identify patients having severe/critical
COVID-19 disease.

MATERIALS AND METHODS

Literature search strategy
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The guidelines of the Preferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRSIMA) have been followed when reporting this systematic review!!
(Figure 1). An organized, systematic literature search was conducted querying
electronic databases. Two authors searched PubMed, Scopus and Cochrane Library
for all relevant published and ahead-of-publication studies dating from December
2019 through March 2020.

There were no restrictions to study design and population and language. Using the
“related articles” PubMed function further publications were retrieved and screened.
The reference section of the retrieved studies was screened for other potentially
eligible studies.

The keywords used for the literature search were: (“novel coronavirus” OR “severe
acute respiratory syndrome-coronavirus 2” OR “SARS-CoV-2” OR “COVID-19” OR
“coronavirus disease 2019”) AND (risk factors OR predictive factors OR predictors
OR age OR comorbidities OR laboratory tests OR d-dimer OR WBC count) AND
(outcomes OR mortality OR ARDS OR prognosis) were used in the search process.
The medial subject headings terms “coronavirus”, “COVID-19” and “Outcome” were
also used in the search process.

Two authors screened the articles first by the title and abstract and then full text
screening was conducted. In the case of disagreement about the inclusion of an article,
the final decision was made after mutual discussion and agreement.

Inclusion and exclusion criteria
After removing duplicates, the articles retrieved were screened on the basis of pre-
defined inclusion and exclusion criteria. We included studies that reported predictive
factors for severe/critical COVID-19 as odds ratio (OR) and 95% confidence interval
(95%CI). Severe/critical COVID-19 was defined as COVID-19 that warranted
mechanical ventilation, whether was associated with mortality or not.

We excluded case reports, editorial, letters to the editor, previous reviews and meta
analyses, and articles that did not report the main parameters of the review clearly
and completely.

Quality appraisal

Two authors independently appraised the selected articles for risk of bias (validity)
and applicability. Judgments were discussed then a consensus was reached. The
methodological index for non-randomized studies (MINORS) was used to assess the
quality of the studies reviewed!""l. MINORS score consists of 12 items, the first eight
being specifically for non-comparative studies and the last four items pertain to
comparative studies. The maximum score for non-comparative studies is 16 and for
comparative studies is 24. Non-comparative studies that score greater than 12 and
comparative studies that score greater than 20 are considered of low risk of bias.

Data collected

One author (Emile SH) extracted the following data: (1) Study design, duration, and
country; (2) Total number of patients, male to female ratio, and age in years; (3)
Clinical symptoms including fever, cough, dyspnea, myalgia and headache; (4)
Number of patients in critical condition, number of complications of the disease, and
mortality; and (5) The risk factors for severe COVID-19 expressed as odds OR and
95%CI.

Outcomes of the review

The primary outcome of the review was the predictive factors of severe/critical
COVID-19. Secondary outcomes comprised prevalence of clinical symptoms, number
of complications and mortalities of COVID-19.

Statistical analysis

Data were analyzed using SPSS™ version 25 (IBM corp, Chicago, USA). Continuous
variables were expressed as mean * SD, or median and normal range. Categorical
variables were expressed as numbers and percentages. P value less than 0.05 was
considered significant.

RESULTS
Patients and study characteristics
Five studies!""""! were included to this systematic review. All studies were

retrospective series, were conducted in China, and were published in 2020. Although
all studies have been conducted in China, no overlap of the study participants was
noted. The studies included a total of 583 patients, who were 346 (59.4%) male and
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Figure 1 Preferred Reporting Items for Systematic Reviews and Meta-Analyses flow chart for study selection and exclusion.

237 (40.6%) female of a median age of 50.5 (range, 38-56) years (Table 1).

Clinical presentations

A total of 440 (75.5%) patients presented with fever, 413 (70.8%) with cough, 109
(18.7%) with myalgia, 89 (15.3%) with dyspnea, 16 (2.7%) with abdominal pain, and 9
(1.5%) with headache. Of 583 hospitalized patients, 242 (41.5%) had critical illness
(Table 2).

Complications and mortality

There were 622 recorded complications. ARDS occurred in 291 patients, accounting
for 46.7% of total complications. Other complications of COVID-19 included: Heart
failure (n = 44), septic shock (n = 38), coagulopathy (n = 37), acute cardiac injury (n =
33), acute kidney injury (n = 28), secondary infection (1 = 28), hypoproteinemia (n =
22). One-hundred (17.1%) mortalities were recorded across the studies (Table 3).

Predictors of poor outcome

Demographic and clinical predictors: (1) Age. Four studies!""*'" reported older age
as a predictor for poor outcome. The odds ratios of having critical/severe COVID-19
with older age were as follows: (a) Age > 50: OR = 7.596 (2.664-21.659); (b) Age > 60:
OR =1.10 (1.03-1.17); (c) Age > 60: OR = 8.546 (1.628-44.864); and (d) Age > 65: OR =
3.26 (2.08-5.11); (2) Presence of comorbidities. Four studies!'"'***] reported medical
comorbidities as predictor for poor outcome. The odds ratios of having critical/severe
COVID-19 with medical comorbidities were as follows: (a) Comorbidities of any type:
OR =10.607 (2.930-38.399); (b) Smoking: OR = 14.285 (1.577-25.000); (c) Coronary heart
disease: OR = 2.14 (0.26-17.79); (d) Diabetes mellitus: OR = 2.34 (1.35-4.05); and (e)
Hypertension: OR = 1.82 (1.13-2.95); and (3) Clinical symptoms. Three studies!'"'*'"!
reported clinical symptoms as predictor for poor outcome. The odds ratios of having
poor outcome with clinical symptoms were as follows: (a) Dyspnea: OR = 10.899
(2.073-57.198); (b) Chest pain: OR = 10.85 (1.14-102.77); (c) Cough: OR = 9.95 (1.24-
79.55); (d) Expectoration: OR = 4.87 (1.5-15.78); (e) Temp > 37.3: OR = 8.999 (1.036-
78.147); (f) Temp > 39: OR = 1.77 (1.11-2.84); and (g) Respiratory failure: OR = 8.772
(1.942-40.000).

Laboratory parameters: (1) Reported by more than two studies. Lymphopenia was
reported by three studies!""'>* as poor prognosticator of COVID-19 with the following
odds ratio: OR = 12 (3.21-44.81), OR = 0.19 (0.02-1.62), and OR = 0.37 (0.21-0.63); (2)
Reported by two studies: (a) Elevated D-dimer levels > 1: OR = 18.42 (2.64-128.55) and
OR = 1.03 (1.01-1.04); (b) Neutrophilia: OR = 9.67 (3.27-28.57) and OR = 1.14 (1.09-
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Table 1 Characteristics of the studies included

Study Design Country Number Male Age MINORs score
Li et all'", 2020 Jan 2020- Feb 2020 Retrospective China 83 44 455 14 (Low)
Zhou et all'!, 2020 Dec 2019- Jan 2020 Retrospective China 191 119 56 13 (High)
Liu et all™!, 2020 Dec 2019- Jan 2020 Retrospective China 78 39 38 12 (High)
Queet all", 2020 Dec 2019- Jan 2020 Retrospective China 30 16 50.5 13 (High)
Wu et all'™], 2020 Dec 2019- Jan 2020 Retrospective China 201 128 51 12 (High)

MINORs: Methodological index for non-randomized studies.

1.19); and (c) Elevated C-reactive protein (CRP): OR = 13.2 (2.84-61.23) and OR = 4.81
(1.52-15.27); and (3) Reported by one study: (a) Decreased monocyte ratio: OR = 18
(2.03-159.1); (b) Decreased lymphocyte ratio: OR = 7.6 (2.48-23.28); (c) Increased
procalcitonin: OR = 7.989 (2.426-26.305); (d) Decreased oxyhemoglobin saturation: OR
= 8.329 (2.483-27.933); (e) Platelet lymphocyte ratio: OR = 0.993 (0.983-1.003); (f)
Reduced CD3: OR = 0.83 (0.72-0.96); (g) Reduced CD4: OR = 0.74 (0.59-0.93); (h)
Increased bilirubin: OR = 1.05 (1.02-1.08); (i) Elevated AST: OR = 1.02 (1.01-1.03); (j)
Hypoalbuminemia: OR = 0.49 (0.37-0.66); (k) Hyperglobulinemia: OR = 2.32 (1.45-
3.71); (1) Decreased prealbumin: OR = 0.99 (0.98-0.99); (m) Increased urea: OR = 1.13
(1.09-1.18); (n) Increased creatinine: OR = 1.05 (1.01-1.10); (o) Hypoglycemia: OR =
1.13 (1.08-1.19); (p) Increased cholinesterase: OR = 1.13 (1.08-1.19); (q) Increased
cystatin: OR = 1.69 (1.31-2.19); (r) Increased LDH: OR = 1.61 (1.44-1.79); (s) Increased
alpha HBDH: OR = 1.74 (1.52-1.99); (t) Increased LDL: OR = 0.63 (0.44-0.88); and (u)
Increased serum ferritin: OR = 3.53 (1.52-8.16).

Radiologic parameters in CT scanning: (1) Bronchial wall thickening: OR = 32.593
(7.876-134.880); (2) CT score > 7: OR = 19.200 (5.820-63.336); (3) Linear opacities: OR =
10.016 (2.160-46.454); (4) Consolidation: OR = 6.387 (1.720-23.719); (5) Right upper lobe
affection: OR = 5.603 (1.195-26.277); and (6) Crazy paving pattern: OR = 3.341 (1.257-
8.878).

Development of a prognostic scoring system

The odds ratios of all predictive factors of severe COVID-19 found after literature
search were reviewed and the factors that had the highest odds (OR > 10) were
selected to construct a prognostic scoring system. Each predictive factor was given
points according to its relative weight and OR. The prognostic score ranged from 0 to
16. According to the probability to develop severe COVID-19, the outcome of the
score was summarized as: Low probability (0-5 points), moderate probability (6-10
points), and high probability (11-16 points, Table 4).

DISCUSSION

As the COVID-19 pandemic is one the rise, the numbers of people with critical illness
increase and so does the pressure on hospitals and intensive care units!'®l. Since the
disease tends to progress rapidly once pulmonary affection has occurred, there is a
pressing need to predict which patients are more vulnerable to succumb into critical
illness and may require mechanical ventilation.

The present systematic review aimed to explore the available literature on COVID-
19 on the risk factors for developing critical illness that may result in fatality. Several
predictive factors were found and were classified into clinical, laboratory, and
radiologic parameters.

Among the important demographic and clinical factors, older age was reported by
almost all the studies reviewed. The cut-off point for age varied between 50, 60, and
65 years among the studies!""***. This observation can be attributed to the effect of
aging on the respiratory system. This effect includes chest wall and thoracic spine
deformities that tends to impair the total respiratory system compliance, loss of
supporting structure of the lung causing dilation of air spaces, weakness of
respiratory muscles that impairs effective cough and airway clearance, and
diminished ventilatory response to hypoxia and hypercapnia, making elderly more
prone to respiratory failure during high demand states!"”l. In addition, impaired
immune functions in individuals > 65 years, known as immunosenescence, is
associated with increased susceptibility to diseases, infections and poor response to
treatments!"*.
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Table 2 Clinical symptoms of the patients, n (%)

Study Fever Cough Dyspnea Abdominal Myalgia Headache Critical cases
Li et all'"l, 2020 72 (86.7) 65 (78.3) 9 (10.8) 7 (8.4) 15 (18.1) 9 (10.8) 25 (30.1)

Zhou et all"?!, 2020 180 (94.2) 151 (79) NA 9 (4.7%) 29 (15.1) NA 119 (62.3)

Liu et all™!, 2020 NA 34 (34.6) NA NA NA NA 11 (14.1)

Qu et al™l, 2020 NA NA NA NA NA NA 3 (10)

Wu et all'™], 2020 188 (93.5) 163 (81.1) 80 (39.8) NA 65 (32.3) NA 84 (41.8)

NA: Not applicable.

Medical comorbidities are strongly linked to poor outcome with COVID-19 as
reported by several investigators!''>'°l. Patients with poor state of health may have
weakened immunity against the SARS-COV2 as compared to other healthy
individuals. A recent analysis demonstrated the impact of comorbidity on COVID-19
patients in China and reported that patients with comorbidities such as diabetes
mellitus, hypertension, COPD, and malignancy had greater disease severity
compared with those without comorbid conditions and the greater the number of
comorbidities the greater the severity of COVID-191"1.

Smoking appeared to increase the odds of progression to critical illness 14 times as
compared to non-smokers!"”l. Smoking predisposes to COPD and small airway disease
and has well-documented effects on the pulmonary functions that include decreased
forced vital capacity (FVC), forced expiratory volume in one second (FEV1),
FEV1/FVC, and forced expiratory flow!™]. Therefore, rapid progression of respiratory
infection in active smokers into critical lung disease with impaired ventilation may be
reasonable.

Some clinical symptoms including dyspnea, chest pain, and fever were also
associated with more severe COVID-19. Chest pain is usually caused by inflammation
of the pleural membrane. Dyspnea can be attributed to damage of the alveoli in severe
illness and elevated temperature may indicate high activation of the immune system
towards the intrusive pathogen!"'l.

Laboratory parameters can help inform the clinical about the progression of
COVID-19 towards critical illness. Parameters reported in more than one study were
lymphopenia, increased D-dimer and elevated CRP. Lymphopenia can be an
important prognosticator of COVID-19 as it reflects poor immune response to the
infection. The primary target cells of viral infection in general are lymphocytes and
hence when viral infection starts to induce damage to the immune system it usually
presents as a decrease in the absolute number of lymphocytes!. One study!'!l
concluded that COVID-19 patients with lymphopenia are 12 times more likely to
develop critical illness as compared to people with normal lymphocyte count.
Decreased lymphocyte count could be used as an important index of evaluation of
severity of COVID-19,

Elevation of C-reactive protein along with increased neutrophil ratio and
procalcitonin were associated with higher odds of developing more severe disease.
These parameters may be related to the cytokine storm syndrome induced by viral
infection. Increased D-Dimer implies a coagulation dysfunction that is related to the
development of ARDS and progression from ARDS to death. This may suggest that
disseminated intravascular coagulation is a step on the pathway to death in some
patients!”l.

Findings in CT scanning of the lungs can greatly help clinicians understand the
current disease state and possible outcome. Li et all'l found that patients with severe
disease have lung consolidation secondary to complete filling of the alveoli with
inflammatory exudate. Extrapulmonary lesions including pleural and pericardial
effusion and enlarged lymph nodes may indicate more severe inflammation.
Moreover, the overall CT scores of patients with severe/critical illness were
significantly higher than the patients with mild disease.

Limitation of the present review includes the small number and retrospective
nature of the studies included. Owing to the statistical heterogeneity and lack of
essential data, the conduction of formal meta-analysis was not possible. Given the
limitations with regards to study execution and article selection, no solid conclusions
can be reached.

In conclusion, several demographic, clinical, laboratory, and radiologic factors may
help predict severe and critical COVID-19 along with the potential need for
mechanical ventilation. Factors that were more commonly reported were older age,
medical comorbidities, lymphopenia, increased neutrophil ratio, elevated C-reactive
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Table 3 Complications and mortality of coronavirus disease 2019 in the studies

Study Complications ARDS Mortality
Li et all'l, 2020 25 25 NA

Zhou et all'!, 2020 493 162 54

Liu et all", 2020 20 20 2

Qu et all™, 2020 NA NA NA

Wu et all'”], 2020 84 84 44

ARDS: Acute respiratory distress syndrome.

protein, and increased D-dimer. As CT scanning has paramount importance in the
making the diagnosis and assessment of COVID-19, it may also have a role in
predicting more severe course of COVID-19. Nonetheless, as more studies on the
COVID-19 pandemic are being conducted, more data on the predictors assessed in
this review in addition to other predictors may be obtained.
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Table 4 Prognostic scoring system to predict severe coronavirus disease 2019

Predictive factor Odds ratio Score points
Bronchial wall thickening in CT scan 32.593 3
CT score > 7 19.200 2
Elevated D-dimer 18.42 2
Decreased monocyte ratio 18 2
Smoking 14.285 2
Elevated C-reactive protein 13.2 1
Lymphopenia 12 1
Dyspnea 10.899 1
Chest pain 10.85 1
Medical comorbidities 10.607 1

CT: Computed tomography.Probability of severe COVID-19: Low (0-5 points), moderate (6-10 points), high (11-16 points).

ARTICLE HIGHLIGHTS

Research background

Coronavirus disease 2019 (COVID-19) has been declared by the World Health Organization as a
global pandemic. Although the majority of patients have mild or no symptoms, about 10% of
patients may present with severe or critical disease that necessitates mechanical ventilation and
may progress to death.

Research motivation

Patients who develop severe/critical COVID-19 disease have higher morbidity and mortality
rates. Predicting which patients who are more likely to develop severe COVID-19 is highly
required in order to implement more aggressive treatment measures to prevent potential
deterioration.

Research objectives
The main objectives of the study were the incidence of severe COVID-19, mortality rate, and
predictive factors of severe/ critical disease.

Research methods

A Preferred Reporting Items for Systematic Reviews and Meta-Analyses-compliant systematic
review of the existing literature was conducted. Three databases were searched and the articles
reporting the predictors of severe/critical COVID-19 were retrieved. The quality of the articles
was assessed with the methodological index for non-randomized studies index. Outcomes were
summarized in a qualitative form.

Research results

Five studies including 583 patients of a median age of 50.5 years were included. 242 (41.5%) of
583 hospitalized patients had critical illness. Acute respiratory distress disease occurred in 291
patients, accounting for 46.7% of total complications. The most commonly reported predictors of
severe COVID-19 were older age, medical comorbidities, lymphopenia, elevated C-reactive
protein, increased D-dimer, and increased neutrophil ratio. Findings on computed tomography
(CT) scanning predictive of severe disease were bronchial wall thickening, CT score > 7, linear
opacities, consolidation, right upper lobe affection, and crazy paving pattern.

Research conclusions

Several factors may help predict severe/critical COVID-19. Factors that were more commonly
reported were older age, medical comorbidities, lymphopenia, increased neutrophil ratio,
elevated C-reactive protein, and increased D-dimer. As CT scanning has paramount importance
in the making the diagnosis and assessment of COVID-19, it may also have a role in predicting
more severe course of COVID-19.
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