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Background: Identifying clinical-features or a scoring-system to predict a benefit

from hospital admission for patients with COVID-19 can be of great value for the

decision-makers in the health sector. We aimed to identify differences in patients’

demographic, clinical, laboratory, and radiological findings of COVID-19 positive cases

to develop and validate a diagnostic-model predicting who will develop severe-form and

who will need critical-care in the future.

Methods: In this observational retrospective study, COVID-19 positive cases (total 417)

diagnosed in Al Kuwait Hospital, Dubai, UAE were recruited, and their prognosis in terms

of admission to the hospital and the need for intensive care was reviewed until their

tests turned negative. Patients were classified according to their clinical state into mild,

moderate, severe, and critical. We retrieved all the baseline clinical data, laboratory, and

radiological results and used them to identify parameters that can predict admission to

the intensive care unit (ICU).

Results: Patients with ICU admission showed a distinct clinical, demographic as well

as laboratory features when compared to patients who did not need ICU admission. This

includes the elder age group, male gender, and presence of comorbidities like diabetes

and history of hypertension. ROC and Precision-Recall curves showed that among all

variables, D dimers (>1.5 mg/dl), Urea (>6.5 mmol/L), and Troponin (>13.5 ng/ml) could

positively predict the admission to ICU in patients with COVID-19. On the other hand,

decreased Lymphocyte count and albumin can predict admission to ICU in patients

with COVID-19 with acceptable sensitivity (59.32, 95% CI [49.89–68.27]) and specificity

(79.31, 95% CI [72.53–85.07]).

Conclusion: Using these three predictors with their cut of values can identify patients

who are at risk of developing critical COVID-19 and might need aggressive intervention

earlier in the course of the disease.
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BACKGROUND

The pandemic of (COVID-19), which began at the end of 2019,
represents an international public health emergency (1). Most
patients with this disease suffer from mild to moderate illnesses
(2). However, a small percentage of those patients suffer from
more severe illnesses that can rapidly progress into a more
critical form. This includes ARDS and acute respiratory failure,
in addition to metabolic acidosis, coagulopathies, and septic
shock (3). Depending on patient characteristics and the studied
population, ICU admission varies between 5 and 16% of the total
number of patients (4). The widespread of the disease led to
a rapid overwhelming of the public health system of different
countries, including the intensive care units (5), with some
countries reaching a critical care crisis (6).

The current pandemic increased the burden substantially
on acute and critical care services exceeding existing hospital
capacity around the world (7). Managing the expected surges in
intensive care capacity requires focused intensive care abilities
and requirements to minimize loss of life and maintain control
(8). Due to the increasing numbers of recorded positive COVID-
19 cases, the medical teams in the front line are in urgent need of
a tool that helps their clinical judgment to identify the few that
will progress to critical cases.

A stratification tool for non-severe COVID-19 patients at
admission can direct the resources and control the spread more
efficiently and persevere the health team’s power (9). The use of
prediction models for COVID-19 will support medical decision
making but are still poorly reported (10). The decisions of easing
the preventive measures in countries that passed the peak of
transmission are complicated with the anticipation of a second
wave that necessitates a sufficiently prepared action plan for
handling cases on admission (11). Identifying clinical features or
a scoring system to predict a benefit from hospital admission for
patients with COVID-19 can be of great value for the decision-
makers in the health sector.

Right now, there are few reliable, applicable, or useable clinical
models or scoring systems to predict if a tested positive for
COVID-19 should be admitted to the hospital or asked to stay
home especially in regions like the middle east using local
patients parameters for prediction (12). During the manuscript
writing, a scoring system of COVID-19 (CSS) was suggested
that could help clinicians to identify high-risk patients with
poor prognosis (13). Another promising predictive tool PREDI-
CO score was suggested to be useful in resource allocation
and treatment prioritization during the COVID-19 pandemic
(14). We aimed to identify differences in patients’ demographic,
clinical, laboratory, and radiological findings between mild,
severe, and critical cases of COVID-19 positive cases to develop
and validate a diagnostic model predicting who will develop
severe form and who will need critical care throughout the course
of the disease.

MATERIALS AND METHODS

Patients Data Collection
In this observational retrospective study, COVID-19 positive
patients (total 417) admitted between January to June 2020 were

recruited from Al Kuwait Hospital, Dubai, UAE. Those patients
are consecutive patients approaching the hospital for COVID-
19 related symptoms and were enrolled with the following
inclusion criteria: Adult patients (above 18 years) with COVID-
19 (confirmed by nasopharyngeal polymerase chain reaction;
PCR positive sample). Complete current and past medical
history, along with their demographic data, a history of a
recent travel or contact with a confirmed or suspected case
were documented.

The cohort was divided into two subgroups, the training group
to identify predictors of ICU admission (n = 128) who were
admitted between January and February and the validation group
(n = 289) who were admitted in March till June 2020. The
study was approved by the Ministry of Health and Prevention
(MOHAP) Research Ethics Committee number (MOHAP/DXB-
REC/MMM/NO.44/2020). The main presenting symptoms were
enlisted, including [fever, cough, fatigue, anorexia, shortness
of breath (SOB), sputum production, myalgias, headache,
confusion, rhinorrhea, sore throat, hemoptysis, vomiting,
diarrhea, nausea, anosmia, and ageusia]. Risk factors for severe
illness were examined, including old age, cardiovascular diseases
(CVD), diabetes mellitus (DM), hypertension (HTN), prior
stroke and or transient ischemic attack, cancer, chronic lung
disease, and chronic kidney disease (CKD).

Patients Classification
Patients were classified according to “Clinical Management of
Critically Ill COVID-19 Patients” guidelines (Version 1- April
15, 2020) issued by MOHAP (6). Accordingly, patients were
classified into mild illness, pneumonia, and severe pneumonia
(fever or suspected respiratory infection, plus one of the
following: respiratory rate >30 breaths/min, severe respiratory
distress, and SpO2 ≤ 93% on room air). Severe cases that needed
oxygen therapy with no response to titrated oxygen therapy will
require ICU treatment.

Criteria for ICU Admission
All patients were managed by same protocol and were evaluated
by the same intensivists available during their admission
period. Admission criteria for ICU followed the hospital policy
ABH/CLN/033/V02, 2017, revised 2020. All physicians followed
the same protocol. Severity at the time of admission (as per
the criteria already defined): Severe disease: 9/39, and Critical
disease: 30/39.

Blood and Radiological Tests
Laboratory tests were retrieved that include (1) complete
blood count, including neutrophil count lymphocyte count,
heamoglobin; Hb, white cell count; WCC, and platelets count,
(2) coagulation profile, including interenational normalized
ratio; INR, Prothrombin time; PT, (3) electrolytes, including
sodium; Na and potassium; K, (4) renal function tests, including
urea, creatinine, and estimated glomerular filtration rate;
eGFR, (5) liver function tests, including total serum bilirubin,
alanine aminotransferase; ALT, aspartate aminotransferase; AST,
alkaline phosphatase; ALP, and albumin, (6) inflammatory
markers, including C-reactive protein; CRP, D-dimers, lactate
dehydrogenase; LDH, procalcitonin and ferritin. For risk of
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severe cases, the presence of lymphopenia, neutrophilia, high
ALT/AST, high LDH, high CRP, high ferritin, high d-dimer,
and high pro-calcitonin, above the age and gender-matched
references were used as indicators of risk. Admission chest X-
Ray (presence of bilateral air consolidation), and computerized
tomography (CT) scan (presence of bilateral peripheral ground-
glass opacities) were documented.

Statistical Analysis
For all statistical analyses and tests, SPSS was used (Released
2019. IBM SPSS Statistics for Windows, Version 26.0. Armonk,
NY: IBM Corp). The Chi-Square Test of Independence was
used to examine the association between categorical variables
while student’s t-test was used for continuous variables groups
means comparison.

Patients were grouped into those that didn’t need ICU and
those who needed it. ROC Curve, Precision-Recall Curve, and
Overall model quality options in SPSS were used to identify
predictors of ICU admission and their cutoff values.

The normality test for all groups was done by Shapiro-Wilk
tests using SPSS, and sig. of all independent variables> 0.05
means that all groups were normally distributed.

RESULTS

Patients Needed ICU Were Older Men With
Less Contact History
Training cohorts (n = 128) were divided into those who needed
ICU (n = 39, 30.5%) “ICU” and those who didn’t need ICU
(n = 89, 69.5%) “No ICU.” Patients who needed ICU were older
(57 ± 13 years old) than No ICU patients (44 ± 15 years old)
(p= 0.0001). 36 (92.3%) of the ICU group were males compared
to 66 (74.2%) in the No ICU group (p = 0.019). Documented
contact history with a positive case of COVID-19 was more
prevalent in the No ICU group (n = 26, 29.2%) compared to
(n = 3, 7.7%) in ICU patients, as shown in Table 1. There was
no difference in their BMI (28.42–27.49) or Duration of illness
before approaching the hospital (5–7± 3 days).

Patients Needed ICU Presented More With
SOB and Fever
Patients needed ICU admission presented more SOB (n = 29,
74.4%) than No ICU (n = 33, 37.1%), P < 0.001 and with fever
(n= 30, 76.9%) compared to No ICU (n= 53, 59.6%), p= 0.05),
as shown in Table 2.

Patients Needed ICU Showed Distinct
Laboratory Findings
Patients needed ICU admission showed a higher Neutrophil
count, WCC, Urea, creatinine, AST, CRP, D Dimer, LDH,
Ferritin, and Troponin but lower Hb, eGFR, and albumin
compared with No ICU patients, as shown in Table 3.

Patients Needed ICU Showed More CXR
and Less CT Scan Opacities
Patients needed ICU admission showed more frequency of
consolidations identified by chest X-Ray (n = 32, 82.1%) than

No ICU group (n = 43, 57.3%), p = 0.001. Bilateral peripheral
ground-glass opacities (GGO) documented by chest CT scan was
higher in No ICU patients (n= 64, 71.9%) compared to (n= 23,
59.0%) in ICU patients, as shown in Table 4.

Patients Needed ICU Required Multiple
In-patient Treatments
More patients needed ICU admission were treated with
Lopinavir-ritonavir (n = 32, 82.1%); p = 0.05, Favipiravir
(n = 19, 48.7%); p = 0.024, intravenous (IV) AB(n = 38, 97.4%);
P < 0.001, IV steroids (n = 32, 100%); P < 0.001, Tocilizumab
(n = 26, 66.7%); P < 0.001, and Antifungal (n = 10, 25.6%);
P < 0.001 than No ICU patients, as shown in Table 5.

Patients Needed ICU Showed a Higher
Rate of Clinical Complications and Death
Patients needed ICU admission developed more complications
like Acute cardiac injury, Acute kidney injury, acute liver injury,
Acidosis, Ventilated, Acute Respiratory Distress Syndrome
(ARDS), Septic shock with higher mortality when compared to
No ICU patients, as shown in Table 6.

High D Dimer, Troponin, and Urea Can
Positively Predict the Admission to ICU in
Patients With COVID-19
Probabilistic forecasts for binary classification (ICU vs. NO ICU)
predictive modeling using ROC Curves and Precision-Recall
curves showed that among all variables D dimers (>1.5 mg/dl),
Urea (>6.5 mmol/L), and Troponin >13.5 ng/ml) can positively
predict the admission to ICU in patients with COVID-19. On
the other hand, decreased Lymphocyte count and albumin can
predict admission to ICU in patients with COVID-19, as shown
in Table 7 and Figure 1.

Validation of the Three Predictors on a
Larger Cohort of COVID-19 Patients
In order to validate the performance of these three markers in a
larger cohort, we explored the Sensitivity and Specificity of using
these parameters in the 289-validation cohort who attended the
hospital between March and June 2020. Patients who showed D
dimers (>1.5), Urea (>6.5 mmol/L), and Troponin >13.5 ng/ml
were checked whether they would need ICU admission or not.
Using the three markers gave low sensitivity (30.25%; 22.17–
39.35%) but high specificity (93.10%; 88.26–96.39%) to predict
ICU admission. Using any two of the three markers gave
moderate sensitivity (59.32%, 49.89–68.27%) but high specificity
(79.31%; 72.53–85.07%) to predict ICU admission. Using any
one of the three markers gave high sensitivity (85.47%; 77.76–
91.30%) but low specificity (45.98%; 38.41–53.68%) to predict
ICU admission, as shown in Table 8.

DISCUSSION

Better understanding and identification of risk factors that might
predispose for ICU admission might be essential for more active
medical decision-making that might lead to optimal clinical
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TABLE 1 | Demographic characteristics of the training and validation cohort.

Training cohort ICU_Admin

No ICU ICU P-value

Count Row N % Column N % Count Row N % Column N %

Sex F 23 88.5 25.8 3 11.5 7.7 0.019*

M 66 64.7 74.2 36 35.3 92.3

Travel history No 83 68.6 93.3 38 31.4 97.4 0.339b

Yes 6 85.7 6.7 1 14.3 2.6

Contact history No 63 63.6 70.8 36 36.4 92.3 0.007*

Yes 26 89.7 29.2 3 10.3 7.7

Validation cohort ICU_Admin

No ICU ICU P-value

Count Row N % Column N % Count Row N % Column N %

Sex F 70 89.7% 30.3% 8 10.3% 6.3% 0.000*

M 161 57.5% 69.7% 119 42.5% 93.7%

Travel history No 211 62.8% 91.3% 125 37.2% 98.4% 0.008*

Yes 20 90.9% 8.7% 2 9.1% 1.6%

Contact history No 165 59.6% 71.4% 112 40.4% 88.2% 0.000*

Yes 66 81.5% 28.6% 15 18.5% 11.8%

Pearson Chi-Square Tests.

*The Chi-square statistic is significant at the 0.05 level.

N, number; F, females; M, males; ICU, intensive care unit; ICU_Admin, admission to the ICU.

practice to improve patients outcomes. Our results showed a
significant difference in the pre-admission demographic, clinical,
as well as laboratory characteristics of the ICU, admitted group
when compared to non-admitted group.

Our study showed that patients needed ICU were older
men with less contact history. Indeed, the association between
ICU admission and elder age group was previously described
in several reports that also showed the median age of
critical/death groups to be higher than that of non-critical group
groups (15–17). Older age and male sex were found to be
independent risk factors for poor outcome of the illness in
many reports (18). Specifically, older patients (>65 years) with
comorbidities are at increased risk of death (19) where older
age can independently predict the 60-day mortality after ICU
admission (20). Such patients need careful observation and early
intervention to prevent the potential development of severe
COVID-19 (21).

On the other hand, disparities in the sex and gender observed
in COVID-19 vulnerability was documented in many parts of the
world (22). The majority of affected patients have been male who
had more refractory disease and death (23). Gender differences
in the COVID-19 outbreak should be taking into consideration
in understanding the disease burden and dynamics of health
emergency on individuals and communities (24). Male patients
with heart injury, hyperglycemia, and high-dose corticosteroid
were shown to have a high risk of death (21).

Our note that documented contact history with a positive
case of COVID-19 was more prevalent in the No ICU group
compared to ICU patients brings attention to the importance of

the part of the asymptomatic carrier of the stories. Having contact
with such asymptomatic carriers might be long enough to have
more chances to present with the severe disease than the COVID-
19 patients who came with known contact history as he will seek
help earlier in the course of the disease. Asymptomatic carriers
are prone to be mildly ill with the communicable period up to
3 weeks, and the communicated patients could develop severe
illness (25).

Patients needed ICU admission presented more SOB and
fever than No ICU patients. A systematic literature review and
meta-analysis showed that among clinical manifestations, like
fever, shortness of breath, or dyspnea, were associated with
the progression of the disease (15). It is widely accepted that
most of the COVID-19 patients will present with fever, cough,
fatigue, and dyspnea, and fever is the most common symptom
in patients with COVID-19 (26). Patients with severe COVID-
19 are reported to have more silent hypoxemia, and coronavirus
was suspected of having an idiosyncratic action on receptors
involved in chemosensitivity to oxygen (27). Additionally, higher
ferritin was higher in our cohort, which needed ICU admission
compared to the No ICU group. Some reports document that
high serum ferritin is a poor prognostic factor (28) as it represents
a crucial mediator of immune dysregulation, contributing to the
cytokine storm with fatal outcomes in COVID-19 (29).

Patients needed ICU admission showed a lower hemoglobin
level compared with No ICU patients. So another explanation
was linked to a hemoglobinopathy, hypoxia, and cell iron
overload in COVID-19 patients due to direct SARS-CoV-
2 interaction with hemoglobin molecule or hepcidin-mimetic
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TABLE 2 | Chief presentation in the training cohort.

ICU_Admin

No ICU ICU P-value

Count Row N % Column N % Count Row N % Column N %

SOB No 56 84.8 62.9 10 15.2 25.6 0.000*

Yes 33 53.2 37.1 29 46.8 74.4

Fever No 36 80.0 40.4 9 20.0 23.1 0.058

Yes 53 63.9 59.6 30 36.1 76.9

Cough No 43 70.5 48.3 18 29.5 46.2 0.822

Yes 46 68.7 51.7 21 31.3 53.8

Fatigue No 81 68.1 91.0 38 31.9 97.4 0.191

Yes 8 88.9 9.0 1 11.1 2.6

Anorexia No 88 69.8 98.9 38 30.2 97.4 0.545

Yes 1 50.0 1.1 1 50.0 2.6

Sputum production No 87 69.6 97.8 38 30.4 97.4 0.913

Yes 2 66.7 2.2 1 33.3 2.6

Myalgias No 74 67.3 83.1 36 32.7 92.3 0.170

Yes 15 83.3 16.9 3 16.7 7.7

Headache No 82 68.9 92.1 37 31.1 94.9 0.577

Yes 7 77.8 7.9 2 22.2 5.1

Rhinorrhea No 85 69.1 95.5 38 30.9 97.4 0.604

Yes 4 80.0 4.5 1 20.0 2.6

Sore throat No 82 68.9 92.1 37 31.1 94.9 0.577

Yes 7 77.8 7.9 2 22.2 5.1

Vomiting No 88 69.3 98.9 39 30.7 100.0 0.506

Yes 1 100.0 1.1 0 0.0 0.0

Diarrhea No 85 69.1 95.5 38 30.9 97.4 604

Yes 4 80.0 4.5 1 20.0 2.6

Nausea No 87 69.0 97.8 39 31.0 100.0 0.345

Yes 2 100.0 2.2 0 0.0 0.0

Pearson Chi-Square Tests.

*The Chi-square statistic is significant at the 0.05 level.

N, number; ICU, intensive care unit; ICU_Admin, admission to the ICU; SOB, shortness of breath.

action of a viral spike protein leading to an oxygen-deprived
blood disease, with iron metabolism dysregulation (30). In
a case study, recombinant human erythropoietin (rhEPO)
was suggested to attenuate respiratory distress syndrome by
enhancing leukocyte release from bone marrow and iron
redistribution away from the intracellular virus (31).

Patients needed ICU admission showed a higher Neutrophil
count and WCC compared with No ICU patients. Autopsy
of COVID-19 patient’s lungs showed infiltration of neutrophils
with an aberrant neutrophil extracellular traps (NETs) formation
that correlates with the clinical severity of COVID-19 (32).
Enhanced neutrophil infiltration can induce necroinflammation
that contributes to the higher mortality of COVID-19 in patients
with underlying comorbidities (33). Recently, it was suggested
that SARS-CoV2 could evade the innate immune response,
causing uncontrolled NETs formation that leads to multi-organ
failure (34).

Higher urea, creatine, and lower eGFR in ICU patients
indicate the well-documented impact of COVID-19 on renal
functions. Preexisting kidney disease on admission and/or the
development of acute kidney injury (AKI) in patients with
COVID-19 during hospitalization is high and is associated with
in-hospital mortality (35). Usually, such AKI is resolved within 3
weeks after the onset of symptoms, but renal complications will
lead specifically to higher mortality (36).

Patients needed ICU admission showed a higher AST
and lowered albumin compared with No ICU patients that
might indicate a hepatic injury. Digestive symptoms and
liver injury have been reported during the course of the
COVID-19 (37). It is well–known that patients with COVID-
19 had liver comorbidities or reported abnormal levels of
alanine aminotransferase and aspartate aminotransferase (AST)
during disease progression (38). It is uncertain whether the
COVID-19-related liver damage/dysfunction is caused by direct
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TABLE 3 | Laboratory parameters in the training cohort.

ICU_Admin

No ICU ICU P-value

Mean Standard error of mean Mean Standard error of mean

Neutrophil count (× 10(3)/mcL) 5.44 0.38 8.46 0.74 P < 0.05

Hemoglobin (gm/dL) 13.56 0.21 12.58 0.27 P < 0.05

WBC (× 10(3)/mcL) 7.69 0.39 9.93 0.83 P < 0.05

Urea (mmol/L) 4.90 0.26 11.60 2.53 P < 0.05

Creatinine (umol/L) 86.214 5.076 174.188 57.107 P < 0.05

eGFR (mL/min/1.73m2 ) 95.6 3.1 70.8 5.3 P < 0.05

AST (U/L) 44 3 61 6 P < 0.05

Albumin (gm/L) 33.1 0.7 25.8 1.1 P < 0.05

CRP (mg/l) 64.65 14.48 161.85 16.45 P < 0.05

D-dimers (mg/dL) 2 1 7 2 P < 0.05

LDH (IU/L) 346 20 530 41 P < 0.05

Ferritin (mcg/L) 933 137 1,773 295 P < 0.05

Troponin (ng/ml) 25 10 234 122 P < 0.05

ALP (IU/L) 87.56 5.26 105.49 10.17 ns

Lymphocyte count (× 10(3)/mcL) 3.62 2.05 0.91 0.07 ns

Platelet count (× 10(3)/mcL) 239 10 243 14 ns

INR (seconds) 1 0 1 0 ns

Prothrombin time (seconds) 13 0 13 0 ns

Na (mmol/L) 136.8 0.4 136.9 0.9 ns

K (mmol/L) 4.09 0.06 4.21 0.12 ns

S bil (µmol/L) 17.3 4.8 17.8 2.1 ns

ALT (IU/L) 62 5 58 6 ns

Procalcitonin (ug/L) 1 1 3 2 ns

Lactic acid 2 0 2 0 ns

Hba1c (%) 7.9 0.3 8.2 0.3 ns

ICU, intensive care unit; ICU_Admin, admission to the ICU; p-value significant> 0.05, WCC, white cell count; eGFR, estimated glomerular filtration rate; AST, Aspartate aminotransferase;

CRP, C-reactive protein; LDH, lactate dehydrogenase; ALP, Alkaline phosphatase; INR, international normalized ratio; Na, sodium; K, potassium; S bil, serum bilirubin; ALT, Alanine

aminotransferase; HbA1C, glucosylated hemoglobin.

T-test was used to compare means between the groups.

TABLE 4 | Chest X-Ray and CT Scan on admission in the training cohort.

ICU_Admin P-value

No ICU ICU

Count Row N % Column N % Count Row N % Column N %

CXR Consolidation 43 57.3 48.3 32 42.7 82.1 0.001*

Normal 33 91.7 37.1 3 8.3 7.7

NOT Done 13 76.5 14.6 4 23.5 10.3

CT chest: Bilateral peripheral ground-glass opacities. 64 73.6 71.9 23 26.4 59.0 0.000*

Normal 23 85.2 25.8 4 14.8 10.3

NOT Done 2 14.3 2.2 12 85.7 30.8

Pearson Chi-Square Tests.

*The Chi-square statistic is significant at the 0.05 level.

N, number; ICU, intensive care unit; ICU_Admin, admission to the ICU; CXR, chest X-ray; CT, computed tomography.

viral infection, as a consequence of the use of potentially
hepatotoxic drugs, or as part of the multiple organ dysfunction
in COVID-19 (39).

Patients needed ICU admission showed a higher C-reactive
protein (CRP) and LDH compared with No ICU patients. This
goes with the reports that found that the level of plasma CRP
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TABLE 5 | Major medications used in the training cohort.

In-patient treatment ICU_Admin P-Value

No ICU ICU

Count Row N % Column N % Count Row N % Column N %

Lopinavir-ritonavir No 31 81.6 34.8 7 18.4 17.9 0.054

Yes 58 64.4 65.2 32 35.6 82.1

Favipiravir No 64 76.2 71.9 20 23.8 51.3 0.024*

Yes 25 56.8 28.1 19 43.2 48.7

IV antibiotics No 47 97.9 52.8 1 2.1 2.6 0.000*

Yes 42 52.5 47.2 38 47.5 97.4

IV steroids No 57 89.1 64.0 7 10.9 17.9 0.000*

Yes 32 50.0 36.0 32 50.0 82.1

Tocilizumab No 83 86.5 93.3 13 13.5 33.3 0.000*

Yes 6 18.8 6.7 26 81.3 66.7

Antifungal No 84 74.3 94.4 29 25.7 74.4 0.000*

Yes 5 33.3 5.6 10 66.7 25.6

Chl/HQ No 4 44.4 4.5 5 55.6 12.8 0.090

Yes 85 71.4 95.5 34 28.6 87.2

Interferon No 67 72.8 75.3 25 27.2 64.1 0.195

Yes 22 61.1 24.7 14 38.9 35.9

Pearson Chi-Square Tests.

*The Chi-square statistic is significant at the 0.05 level.

N, number; ICU, intenseive care unit; ICU_Admin, admission to the ICU; IV, intravenous; Chl/HQ, chloroquine/hydroxychloroquine.

TABLE 6 | In-hospital complication developed in the training cohort.

Complications ICU_Admin P-value

No ICU ICU

Count Row N % Column N % Count Row N % Column N %

Acute cardiac injury No 85 87.6 95.5 12 12.4 30.8 0.000*

Yes 4 12.9 4.5 27 87.1 69.2

Acute kidney injury No 86 89.6 96.6 10 10.4 25.6 0.000*

Yes 3 9.4 3.4 29 90.6 74.4

Acute liver injury No 81 78.6 91.0 22 21.4 56.4 0.000*

Yes 8 32.0 9.0 17 68.0 43.6

Acidosis No 89 89.0 100.0 11 11.0 28.2 0.000*

Yes 0 0.0 0.0 28 100.0 71.8

Ventilated No 88 88.0 98.9 12 12.0 30.8 0.000*

Yes 1 3.6 1.1 27 96.4 69.2

ARDS No 82 94.3 92.1 5 5.7 12.8 0.000*

Yes 7 17.1 7.9 34 82.9 87.2

Septic shock No 88 88.0 98.9 12 12.0 30.8 0.000*

Yes 1 3.6 1.1 27 96.4 69.2

Death No 89 89.0 100.0 11 11.0 28.2 0.000*

Yes 0 0.0 0.0 28 100.0 71.8

Pearson Chi-Square Tests.

*The Chi-square statistic is significant at the 0.05 level.

N, number; ICU, intensive care unit; ICU_Admin, admission to the ICU; ARDS, acute respiratory distress syndrome.

was positively correlated to the severity of COVID-19 pneumonia
and can be useful as an earlier indicator for severe illness
(40). In severe COVID-19 patients, CRP increased significantly

before CT findings. Importantly, CRP, which was associated with
disease development (41). Patients with positive RT-PCR had a
significantly higher neutrophil count, CRP, lactate dehydrogenase
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TABLE 7 | Probabilistic forecasts for binary classification (ICU vs. NO ICU) predictive modeling using ROC Curves and Precision-Recall curves.

Area under the ROC curve

Test result variable(s) Area Std. error Asymptotic Sig. Asymptotic 95% confidence interval

Lower bound Upper bound

Troponin 0.804 0.048 0.000 0.709 0.899

D dimers 0.744 0.053 0.000 0.639 0.848

Urea 0.726 0.056 0.000 0.616 0.836

Lymphocyte count 0.252 0.050 0.000 0.154 0.349

Albumin 0.256 0.056 0.000 0.146 0.366

The test result variable(s): Troponin (high sensitivity troponin I) ND, not done; D, dimers; Urea, Lymphocyte count, albumin has at least one tie between the positive actual state group

and the negative actual state group. Statistics may be biased+.

FIGURE 1 | Probabilistic forecasts for binary classification (ICU vs. NO ICU) predictive modeling using ROC Curves, Precision-Recall curves of the significant

parameters and Overall Model Quality.

TABLE 8 | Validation of the three predictors on a larger cohort (n = 289) of COVID-19 patients suing to show different Sensitivity, Specificity, Positive Likelihood Ratio, and

Negative Likelihood Ratio.

Using the 3 markers Using any 2 of the markers Using any 1 of the markers

Statistic Value 95% CI Value 95% CI Value 95% CI

Sensitivity 30.25 22.17–39.35 59.32 49.89–68.27 85.47 77.76–91.30

Specificity 93.10 88.26–96.39 79.31 72.53–85.07 45.98 38.41–53.68

Positive likelihood ratio 4.39 2.38–8.08 2.87 2.07–3.98 1.58 1.35–1.85

Negative likelihood ratio 0.75 0.66–0.85 0.51 0.41–0.65 0.32 0.20–0.50
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(LDH), and Urea levels in serum (42). Serum LDH decline
was shown to predict a favorable response to the treatment of
COVID-19 infection (43).

Patients needed ICU admission showed more frequency of
consolidations identified by chest X-Ray than the No ICU group.
Bilateral peripheral GGO documented by chest CT scan was
higher in No ICU patients compared to ICU patients. Chest CT
is well-accepted as a standard method for the rapid diagnosis of
COVID-19 (44). Typically COVID-19 pneumonia CT imaging
abnormalities vary from focal unilateral to diffuse bilateral
GGO that can be detected even in asymptomatic patients (45).
Identification of GGO and a single lesion on the initial CT scan
might suggest early-phase disease (46). So the lower incidence of
GGO in the ICU group might indicate either it is not specific to
severe cases or might indicate a false indication that the cases are
not severe and might delay the actions needed.

Our results showed that patients who showed D dimers
(>1.5 mg/dl), Urea (>6.5 mmol/L), and Troponin >13.5 ng/ml
will have a higher chance of developing critical COVID-19
and will need ICU admission with higher complications and
mortality. Using any two of the three markers gave moderate
sensitivity (59.32%; 49.89–68.27%) but high specificity (79.31%;
72.53–85.07%) to predict ICU admission. High serum levels
of D-Dimers and LDH in the absence of anticoagulation were
associated with 1-month mortality among older inpatients with
Covid-19 (47). Du et al. recently identified age ≥65 years,
and cardiac troponin I ≥ 0.05 ng·mL-1 as two of four risk
factors and predictors for mortality of COVID-19 pneumonia
patients (48).

Using those bedside tests that can be done even outside the
emergency department can save lives and resources by directing
the service provider about the group of patients that might
deteriorate and need admission to ICU. Directing such patients
earlier to hospital with ICU might decrease the mortality and
control the spread.

CONCLUSION

This demonstrated the accuracy of our approach in identifying
factors that can predict the COVID 19 patient outcome. For that
reason, the stratification of patients according to the parameters

discovered by our model might provide a simple and efficient

system for patients’ risk stratification. This system might help
clinicians and health care providers to deliver more efficient
medical care for COVID 19 patients. Those factors, in addition to
the fact that this report is the first report that uses in house patient
cohort from UAE highlight the importance of implementation of
such a method in the stratification of our own patients into high
or low-risk groups for ICU transfer might be essential for more
efficient use of our own resources and infrastructures available to
deal with the COVID 19 outbreak.
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