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Background:  The  infection  of Corona  Virus  Disease  (Covid-19)  is  challenging  health  problems  worldwide.
COVID-19  pandemic  is  spreading  all over  the world  with  the  number  of  infected  cases  increased  to  54.4
million  with  1.32  million  deaths.  Different  types  of statistical  models  have  been  developed  to predict  viral
infection  and  multiple  studies  have  compared  the  performance  of  these  predictive  models,  but  results
were  not  consistent.  This  study  aimed  to develop  and  provide  easy  to use  model  to  predict  the Covid-19
infection  severity  in  the  patients  and  to help  understanding  the  patient’s  condition.
Methods: This  study  analyzed  simulated  data  obtained  from  the large  database  for  340  patients  with  an
active  Covid-19  infection.  The  study  identified  predictors  of Covid-19  outcomes  that  may  be  measured
in  two  different  ways:  the total T-cell  levels  in  the  blood  with  T-cell  subsets  and  number  of  cells  in the
blood  infected  with  virus.  All  measures  are  relatively  unobtrusive  as they  only  require  a blood  sample,
however  there  is  a significant  laboratory  cost  implications  for measuring  the number  of  cells  infected
with  virus.  This  study  used  methodological  approach  using  two different  methods  showing  how  multiple
regression  and  logistic  regression  can  be used  in  the  context  of Covid-19  longitudinal  data  to  develop  the
prediction  models.
Results: This  study  has  identified  the  predictors  of Covid-19  infection  outcomes  and  developed  prediction
models.  In  the  regression  model  of Total  T Cell,  the  predictors  BMI,  comorbidity  and  Total  Tcell  were  all
associated  with  increased  levels  of infection  severity  (p <  0.001).  For  BMI,  the  mean  % of  unhealthy  cells
increased  by  0.42  (95%  CI  0.24  to 0.60)  and comorbidity  predictor  has  on  average  8.3%  more  unhealthy
liver  cells  than  without  comorbidity  (95%  CI  — 2.9%–1.29%).  The  results  of  multivariate  logistic  regres-
sion  model  predicting  the Covid-19  Infection  severity  were promising.  The  significant  predictors  were
observed  such  as  Age (OR 0.95,  p = 0.02,  95% CI: 0.91–0.99),  Helper  T cells  (OR  O.93,  p =  0.03,  95% CI:
0.87–0.99),  Basic  Tcell  (OR 1.11,  p =  0.001,  95%  CI:  1.06–1.71)  and Comorbidity  (OR  0.41,  p  =  0.05,  95%  CI:
0.16–1.07).

Conclusions:  In  this  study  recommendation  has  been  provided  to  clinical  researchers  on  the best  way  to
use the  various  Covid-19  infections  measures  along  with  identifying  other  possible  predictors  of  Covid-
19  infection.  It  is  imperative  to  monitor  closely  the  T-cell  subsets  using  prediction  models  that  might
provide  valuable  information  about  the  patient’s  condition  during  the treatment  process.

© 2021  The  Author(s).  Published  by  Elsevier  Ltd on  behalf  of King  Saud  Bin  Abdulaziz  University  for
Health  Sciences.  This  is an  ope

Abbreviations: PatientID, patient identification; Covid19Cells, liver cells infected
by Covid-19 (%); Covid-19Inf, binary variable (1 = Discharge from hospital, 0 =
Death); BMI, body mass index (kg/m2); Age, age of the patients in years; Alcohol,
alcohol consumption; Comorbidity, binary variable (diabetes, CVD: 0 — absent, 1 —
present); Basic Tcell, Level of Covid-19 specific Tcells in blood (per million Tcells);
Helper Tcell, level of Helper Tcells in blood sample; Supp Tcell, level of Suppres-
sor  Tcells in blood sample; Total Tcell, Total Tcells in blood sample; Infect Tcell,
Infected T-cells with Covid-19 in blood sample; AIC, Akaike information criterion;
BIC, Bayesian information criterion.

∗ Corresponding author.
E-mail addresses: rashid.ansari@uqconnect.edu.au (R.M. Ansari),

p.baker1@uq.edu.au (P. Baker).

I

W
a
2
2
c
w
t
t

https://doi.org/10.1016/j.jiph.2021.03.006
1876-0341/© 2021 The Author(s). Published by Elsevier Ltd on behalf of King Saud Bin Ab
BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
n  access  article  under  the  CC  BY-NC-ND  license  (http://creativecommons.
org/licenses/by-nc-nd/4.0/).

ntroduction

The coronavirus disease (COVID-19) was first reported in
uhan, China, in December 2019 [1]. Later on, it was declared

 “public health emergency of international concern” in January
020, by the World Health Organization. It was  reported in June
020 that the virus was spread all over the world covering 213

ountries and territories with almost 7 million cases of COVID-19,
ith over 400,000 deaths [2]. The latest statistics of Covid-19 infec-

ions reported in November 2020 are 54.4 million infected cases in
he world with 1.32 million deaths [3].
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average level of Covid-19 specific T-cells in the blood is 64.42;
whereas the minimum value is 3.23 and maximum value is 88.95. In
R.M. Ansari, P. Baker 

There was an immediate concern to identify the factors asso-
ciated with adverse outcomes for people with COVID-19. The two
main factors or predictors were considered that may  contribute to
the severity of this infection such as age and comorbidities (diabetes
and cardiovascular disease). The survey of literature revealed that
older age is the most consistent risk factor for severity of COVID-19
infection [4,5]. We  found in literature some evidence to suggest that
comorbidities might be an important predictors associated with
increased Covid-19 severity and mortality [5,6].

McKeigue et al. [7] have reported that the most common comor-
bidities in the UK population were cardiac disease, diabetes, chronic
pulmonary disease. It has been difficult to quantify the risk associ-
ated with comorbidities due to lack of comparisons with a specified
population [5,8].

Two recent studies in the UK have included population com-
parators and have reported associations of hospitalization with
COVID-19 or death from COVID-19 with comorbidities including
diabetes, and heart disease [9,10]. However, the impact of comor-
bidities on Covid-19 patients is not clearly illustrated and reported,
therefore more studies are required to be conducted to find out the
evidence of strong correlation between comorbidity and COVID-
19 infection [7]. In addition, these studies should also explore the
association between cardiovascular and kidney diseases and the
severity of the infection with COVID-19 in patients suffering with
these diseases [11].

The association between obesity and mortality has been
explored in this current study by investigating the associa-
tion of body mass index with the outcome variable (Covid-
19Inf) and the results are in agreement with the UK-based
study [12].

The body mass index as a predictor contributed to the model
significantly (p = 0.03). However, we did not carry out the regres-
sion analysis based on BMI  classification in this study. It has been
reported by Ortiz et al. [13] that BMI  25 kg/m2 was associated
with progression of fibrosis. In addition, obesity was  associ-
ated with a poor response to combination therapy and increased
fibrosis [14].

In the process of predictive model development, multiple items
might be of prognostic value. These multiple items are mostly
correlated, therefore, the predictive model should take this depen-
dency into account. For example, if clinicians are capable of
predicting those patients who are at high risk of disease progres-
sion, then expensive and time consuming therapies may  be directed
to the patients requiring urgent treatment [15]. Therefore, these
risk predictive models will be useful to provide clinicians vital infor-
mation to guide them to perform clinical monitoring of the patients
[16].

The aim of this study is to identify the predictors of Covid-19
virus infection and to develop prediction models by evaluating the
various predictive modelling approach. In this study, the associa-
tions between the predictors and outcome variable were modelled
and causality was not implied.

The predictors such as T-Cells, Subset of T-cells, Infected cells are
viral-related as well as patient-related and have been evaluated to
predict the outcome of the model that is predicting the Covid-19
infection in patients.

Therefore, various models which have been developed in this
study are based on these predictors. Among these, we  found
that T Cell is the most important predictor to predict Covid-
19 infection severity in patients [17]. These Covid-19 prediction
models were refined so that these can be used by clinicians to
predict the T cells in patients and use that valuable informa-

tion to perform clinical monitoring and timely treatment to these
patients.
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ethods

ata source

The simulated data for 340 patients with an active Covid-19
nfections was obtained from the large data base of Wuhan Pul-

onary Hospital, China [17] and the data obtained represent closely
he original database. Out of this data set, there were 310 patients
ho were discharged after the recovery from Covid-19 episode

nd 30 patients died of the infection. Using simulation to create
ata that serves as a foundation for research of diagnostic tools for
egression analysis is a powerful tool [18]. The “simstudyp̈ackage
as used to generate the simulated data for modelling purposes.

he means and covariances were calculated within the data set
nd samples data were obtained from the multiple normal dis-
ribution from those means and covariances. Also, any categorical
ariable such as comorbidity (diabetes) in the dataset was  declared
s ordered factors [18]. Therefore, the simulated data have main-
ained the same, variable names, level names (for ordered factors),
attern of missing data and frequency counts for each observed
ategory for ordered factors.

tatistical analysis

The statistical analysis was performed using STATA 15 software
StataCorp. 2015. Stata Statistical Software: Release 15. College Sta-
ion, TX: StataCorp LP). A p-value < 0.05 was considered as criterion
f statistical significance. In order to assess the demographic char-
cteristics and clinical measurements between Covid-19 positive
ases, a Student t-test was  performed and multiple and logistic
egression models were developed and used to evaluate the pre-
ictors and their association with Covid-19 infections. Quantitative
nivariate analysis was carried out and identified any obvious

ssues with the dataset.
Logistic regression model was  used to assess the association

etween Total T-cells, Infected cells and the subset of T-cells pre-
ictors. Also performed likelihood ratio test to assess the statistical
ignificance of adding these predictors in the model. The Hosmer &
emeshow test was used to evaluate how the model fits the data.

thics approval

The study does not require any ethical approval as the simulated
ata was used in this study from a large database which was  already
pproved by the Ethics committee of Wuhan Pulmonary Hospital
WPE 2020–8), China [17].

esults

Descriptive statistics for predictors and outcome variables in
he data set of 340 patients is shown in Table 1. The dependent
r outcome variable (Covid19Cells) had an average percentage of
nhealthy liver cell estimated from the biopsy was  47.49% with the
tandard deviation of 12.60 with minimum and maximum values
f 19.28%–78.7%.

From Table 1, it can be seen that the average alcohol consump-
ion per week is highly variable with a mean of around 7 standard
rinks and minimum of 0 and maximum of 33. Ages ranged from
1 to 86 years.

The results from the Basic Tcell (baseline T-cells) show that the
ddition, the data set contains only 140 patients with comorbidity
nd remaining 200 patients are without comorbidity.
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Table  1
Descriptive statistics of predictors and outcome variables (n = 340).

Variables Observation Mean SD Min  Max

Age (in years) 340 59.32 13.79 21 86
<60  years 155 46.82 8.85 21 59
≥60 years 185 69.79 6.55 60 86

Comorbidity Patients 140
Non-comorbidity 200 0.41 0.49 0 1
Body mass index [kg/m2] 340 27.72 5.80 17.07 45.15
Alcohol consumption 340 7.11 5.52 0 33
Covid19Cells (outcome) 340 47.49 12.60 19.28 78.7
Basic TCell 340 64.42 13.39 3.23 88.95
Helper TCell 340 37.95 11.16 1.86 70.04
Supp T cell 340 24.93 9.04 1.46 57.44
Total T cell 340 2024.20 397.21 533 3142
Infect Cell 340 101 18.86 35 162

Table 2
Logistic regression models parameters of individual predictors vs outcome.

Predictors Odds ratios 95% CI Log likelihood p-Values

Age (years) 0.93 0.89–0.96 −91.21 <0.001
Alcohol 0.87 0.82−0.92 −90.02 <0.001
BMI  (kg/m2) 1.09 1.01–1.18 −98.61 0.026
Comorbidity 0.22 0.09−0.52 −94.48 <0.001
Basic Tcell 1.07 1.04−1.10 −88.40 <0.001
Helper Tcell 1.04 1.00–1.07 −99.14 0.031
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Note: n = number of patients; SD = standard deviation; the outcome variable
“Covid19Cells” levels.
given in %. Comorbidity is a binary variable (0 = absent; 1 = present).

The univariate regression analysis of each predictor in data set
of 340 patients was carried out to see their association with the
outcome variable (Covid19Cells) and we have found that all the pre-
dictors were associated with the Covid19Cells variable (p < 0.01).

Multivariable regression models

The multiple linear regression equation used for regression
modelling is expressed as:

Yi = ˇ0 + ˇ1x1 + ˇ2x2.......... + ˇnxn + εi (1)

where, i = 1, 2, . . ..  . ..,  n and Yi is the observed value of the random
variable and x1, . . ...,  xn are the various predictors. ˇ0 is an intercept
and ˇ1 is a slope of the regression line and εi is a random error.
All assumptions of linear regression models such as normality of
residuals, linearity and homoscedasticity have been addressed and
satisfied in the analysis.

We developed two multivariable regression models called
Total Tcell and Infect Cells. These models were fitted with only
Total Tcell or Infect Cells in the model, the other covariates
remained the same in the modelling phase. From a clinical point of
view, we have decided not to consider Infect Cells model and pre-
ferred Total Tcell model as there is a significant cost implications
associated with measuring the number of infected cells.

The Total T-cell model is appropriate as this model is capable
of capturing the information on Covid-19 infection severity, it is a
simple model with less variables and all contribute significantly (p <
0.001) towards the overall model’s performance. Most importantly,
the model is cost effective and easy to use to predict the Covid-19
infections among the patients.

In the final Total T Cell Model, the predictors BMI, Alcohol,
comorbidity and Total Tcell were all associated with increased lev-
els of unhealthy cells (p < 0.001). After adjusting for other factors,
for every 1 kg/m2 increase in BMI, the mean % of UnHlthCells is
expected to increase by 0.42 (95% CI 0.24–0.60). Those with Comor-
bidity have on average 8.3% more unhealthy liver cells than those
without Comorbidity (95% CI — 2.9%–1.29%). For every 10 copies
per ml  increase in Total-Tcells levels in the blood, the percentage
of unhealthy liver cells is expected to increase by 0.07% (95% CI
0.05% to 0.09%).

Tcell model for Covid-19 infected patients
Liu et al. [17] observed in their study that T cells were correlated
with the viral infection. The authors mentioned that as the baseline
T cells tests were conducted at the time of the patient’s admission
in the hospital, there was some evidence of T cells decreasing in
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Supp Tcell 1.17 1.10–1.24 −84.26 <0.001
Total Tcell 1.00 0.99–1.00 −99.65 0.050

he sample of blood of 340 patients. The patient’s condition further
mproved with the increase in T cells levels and deteriorated with
he decline in T cells [17].

We considered T-cell application to Covid-19 infection with only
 few strong predictors in the model. Logistic regression was used
o assess whether there was an association between the predictors
nd the outcome variable in the data set of 340 patients infected
ith Covid-19. The data set of 340 patients with infection consists of

10 patients who  were discharged after the recovery from Covid-19
pisode and 30 patients in this data set died of Covid-19 infection.

The multiple logistic regression model used in this study is rep-
esented as follows:

og
(

�/ (1 − �)
)

=  ̨ + ˇ1x1 + ˇ2x2........ + ˇkxk (2)

here

� = probability of infection = response
�1 = log risk of infection without exposure
X = exposure level as a numerical variable (x1,. . ..  . ...,xk, are dif-
ferent predictors)
�2 = change in log risk for each unit increase in exposure level
� = The intercept alpha, is the log (probability of infection)
Log is a link function

The logistic regression models included binary and predictors
nd the models were fitted with all predictors as independent vari-
bles. In order to dichotomise the outcome variable, a cutoff value
as  selected for this variable to convert the outcome variable to a

inary variable to be used in logistic regression analysis. The cutoff
robability value, say C was selected as a minimum value to dis-
inguish high risk from low risk patients. If Prob < C, the patient is
ow risk and if Prob ≥ C, the patient is at high risk. Therefore, all
atients with this cutoff score C were classified as potential candi-
ates for high or low risk. The probability for high risk and low risk
atients were calculated: Prob (high risk) |Covid-19) = sensitivity;
rob (high risk) |no Covid-19) = 1-specificity.

We fitted a logistic regression model to assess the association
etween age and Covid-19 infection in this sample of 340 patients
nd found strong evidence of an association between age and
ovid-19 infected patients (p < 0.001). For every 1-year increase

n age, the odds of Covid-19 infection increase by 9.3% (odds ratio
.93, 95% confidence interval 0.9–0.96, p < 0.001).

The other logistic regression models were developed based on
ll the individual predictors with the outcome variable “Covid-
9Inf.” The adjusted odds ratios, log likelihood, p-values and
onfidence intervals for all predictors from the logistic regression
odel are shown in Table 2.
The Table 2 shows that individually all predictors are associated

ith the outcome variable (Covid-19 infection) and contribute to

he model (p < 0.001, for most of the predictors). The other pre-
ictors such as BMI  with p = 0.026 and Helper Tcell with p = 0.031
re also statistically significant and provide evidence of association
ith Covid-19 infection (outcome variable).
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Fig. 1. ROC curves showing the area under the curve for Model 1 (0.84).

Table 3
Multivariable logistic regression statistics for Covid-19 infection models.

Logistic models AIC BIC X2 Deviance R2

Model 1 0.48 −1797.00 53.09 149.85 0.26
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Fig. 2. ROC curves showing the areas under the curves for other predictors
(Basic Tcell = 0.72; Helpe Tcell = 0.60; Total Tcell = 0.62).

Multivariable logistic regression model 1

The logistic regression models included binary and predictors
and the models were fitted with all predictors as independent vari-
ables. In order to dichotomise outcome variable, a cutoff value was
selected for this variable to convert the outcome variable to a binary
variable to be used in logistic regression analysis.

For the likelihood function of logistic regression, the probability
function for the binomial distribution was selected and represented
as follows:

p (y) =
(

n

y

)
�y(1 − �)n−y, y = 0, 1, 2, . . .,  n, (3)

and the binomial log likelihood function is given by:

L (�) = log
[
�y(1 − �)n−y

]
= y log (�) + (n − y) log (1 − �) (4)

Logistic regression was used to assess whether there was  an
association between the predictors and the outcome variable in
this data set of 340 patients infected with Covid-19. The estimated
coefficients, odds ratios and confidence intervals were interpreted
for all the predictors.

The multivariable logistic regression analysis was  performed
using generalized liner modelling method to develop model using
predictors such as Age, Comorbidity (underlying disease status), the
baseline T cell, Helper Tcell and Total Tcell to predict the patient
outcome (Covid-19Inf).

The significant predictors were observed such as Age (OR 0.95, p
= 0.02, 95% CI: 0.91–0.99), Helper T cells (OR O.93, p = 0.03, 95% CI:
0.87–0.99), Basic Tcell (OR 1.11, p = 0.001, 95% CI: 1.06–1.71) and
Comorbidity (OR 0.41, p = 0.05, 95% CI: 0.16–1.07). However, Total
T cells (p = 0.148) was not significant predictors in the multivariable
logistic regression model.

The Receiver Operating Curve (ROC) of the logistic regression

model was constructed to evaluate the predictions of COVID-19
virus severity. ROC showed that the area under the curve equal to
0.84 (Fig. 1), indicating the good predictive power of the logistic
model [19]. Fig. 2 shows the areas under ROC curves for other pre-

c
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Model 2 0.51 −1790.78 41.02 161.91 0.20
Model 3 0.54 −1786 24.60 178.34 0.12

ictors. The ROC curves for other two models were constructed and
he area under the curve was 0.80 for Model 2, and for Model 3 the
rea under the curve was 0.77.

It was  also important to assess how this multivariable logistic
egression model fits the data of 340 covid-19 infected patients. For
his purpose, Hosmer-Lemeshow test with 10 groups was  carried
ut. The results of Hosmer-Lemeshow test indicated a good fit of
he data (X2 = 7.47, df = 8, p = 0.49).

We  have considered another two  cases to develop multivariable
ogistic regression models called “Model 2” and “Model 3” for these
ases. For “Model 2”, we  have included all the predictors related to
otal Tcell and its subsets and for “Model 3”, we considered the
wo most important predictors “Age” and “Comorbidity” which are
ignificantly associated with the Covid-19 infected patients. The
utcome variables used in these cases were “Discharge” (patients
ecovered from Covid-19 infection) and “Death” (patient died in the
ospital).

The Table 3 provides a comparison between the deviance,
earson X2, AIC, BIC and R2 for all three models: Model 1 (Age,
omorbidity, T cell, Helper Tcell, Total Tcell); Model 2 (Total Tcell
nd all its subsets) and Model 3 (Age and Comorbidity).

The quality of the three models was compared by using the com-
arison criteria of AIC and BIC. The best model is the one which has
he lowest values of AIC and BIC. Therefore, model 1 is preferred
ver model 2 and Model 3 based on the selection criteria. The other
election criteria is based on the goodness of fit measures such as
2 and Deviance (lower the statistics, the more preferred is the
odel). In this case, model 1 is preferred as Pseudo R2 values of
odel 1 (R2 = 0.26) explains slightly better variability of the data

s compared to other two models.
We  have also examined the scatter plots between Hosp Time

Duration of stay in hospital) and Age for the outcome variables
Discharge’ and Death” (Covid-19Inf) in Fig. 3. It may  be observed
rom these plots that older patients have more comorbidities prob-
em as compared to younger patients. Also, the Hospital Time is
onger among the older infected patients. The straight lines pass-
ng through the data points in the plots show the regression line. In
Death” group, older patients died more quickly than the younger
nes.

rediction capability (Logistic regression model)

The prediction capability is based on the multivariable logis-
ic regression Model 1 (Age, Comorbidity, T cell, Helper Tcell,
otal Tcell). The model equation can be used to predict the prob-
bility of Covid-19 infection for a patient of any age group. For a
ogistic regression model, the predicted probability can be calcu-
ated using the formula:

i =
exp

(
ˇ1 + ˇ2xi2 + ˇ3xi3 + . . .

)
1 + exp

(
ˇ1 + ˇ2xi2 + ˇ3xi3 + . . .

) (5)

y using the coefficients from the model and inserting in the for-
ula.
onstant = ˇ1 = 0.979, coefficient for Age ˇ2 = − 0.053

oefficient for Comorbidity ˇ3 = −0.893, coefficient for Basic Tcell ˇ4 = 0.107
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Fig. 3. Scatter plots between Hosp Time

coefficient for Helper Tcell ˇ5 = −0.071, coefficient for Total Tcell

ˇ6 = 0.001

Discussions

In this study we have used methodological approach by using
two different modelling approach to develop the prediction models
such as multivariable regression and logistic regression models.

The predictive models used frequently are the logistic regres-
sion models when the outcome is a binary variable [20]. These
models predict the infected patient’s health condition based on
the level of Tcells in the blood. However, there are many other
modelling approach in literature such as classification and regres-
sion trees (CART) and the Spiegel halter-Knill-Jones (SKJ) approach
[21,22]. There are many other studies which have compared the
performance of different predictive models, but results were not
consistent [23,24].

In this study, a wide range of predictors have been discussed that
are used to develop the prediction models. Of particular mention
are the predictors such as Age, Gender, BMI  (Body Mass Index),
Alcohol, Comorbidity (diabetes, CVD), Infected cells (number of
infected cells), T-cell (level of specific T-Cells), and the subsets of
T-cells. Initial descriptive and regression analysis were carried out
on the most important predictors “Age” and “Comorbidity”.

We have found a very strong evidence of an association between
age and Covid-19 infected patients (p < 0.001). Liu et al. [17] also
reported that the duration of hospitalization was  increased with
elderly patients infected with Covid-19. The older patients had
a higher probability to have comorbidities (underlying diseases)
and the death event occurred more quickly among elderly patients
[17]. Co-morbidities such as cardiovascular disease, diabetes and
obesity are some of the most common underlying conditions asso-
ciated with worse clinical outcome for severe infection of COVID-19
[25,26].

Moreover, older patients experience greater clinical severity of
COVID-19 [17], males may  experience more severe disease than
females and genetic variations have been reported to affect the
clinical outcomes for patients with COVID-19 [27]. However, how
these co-morbidities are associated with T-cell responses during
COVID-19 remains largely unknown.

We have performed multivariable logistic regression analysis
to develop various models using predictors in different combina-
tions and found the best logistic regression model using different

comparison criteria. The best model was based on the predictors
such as Age, Comorbidity (underlying disease status), the baseline
T cell, Helper Tcell and Total Tcell to predict the patient outcome
(Covid-19Inf). The significant predictors were observed such as Age

y
t
o
p

755
ge for “Discharge’ and Death” variables.

OR 0.95, p = 0.02, 95% CI: 0.91–0.99), Helper T cells (OR O.93, p =
.03, 95% CI: 0.87–0.99), Basic Tcell (OR 1.11, p = 0.001, 95% CI:
.06–1.71) and Comorbidity (OR 0.41, p = 0.05, 95% CI: 0.16–1.07)

tudy limitation

The main limitation of our study is the small sample size (n =
40) with only one clinical site of data collection, used to carry
ut the analysis of Covid-19 infected patients. The results of this
tudy are applicable to specific group of 340 patients from a Wuhan
ulmonary Hospital. While these results may  not be widely gener-
lizable, we would expect these results to apply to patients with
imilar characteristics to those described here. In its present form,
he predictive models developed may  be used successfully as clin-
cal decision tool for certain population and its application should
e considered with a limited scope.

However, developing these models as universally accessible
eb-based tool would further increase their accessibility and
sefulness in clinical practice. The other limitation, as an epidemi-
logical study is the lack of specifying the entry criteria of the study
opulation and the need to provide causal relationship analysis.

ecommendations

It is recommended for future research to use longitudinal data
or the development of prediction model as these models are more
ractical in clinical settings as they can incorporate nonlinear dis-
ase progression in Covid-19 infection and therefore outperform
asic prediction models. In addition, artificial intelligence approach
or developing the models is very useful as it captures complex
elationships between predictors and outcomes, yielding more
ccurate predictions as the models can help to guide the intensity
f clinical monitoring required, and provide prognostic information
o patients.

onclusions

The study has identified the predictors of Covid-19 virus infec-
ion outcomes and developed logistic regression models which can
e used by clinicians to predict T cells in patients infected with
ovid-19 and use that valuable information to perform clinical
onitoring and timely treatment to these patients. The study has

emonstrated that the predictors age and comorbidity played an
mportant and significant role in Covid-19 infected patients. The
lder patients had more comorbidities problem as compared to

ounger patients and therefore, spent more time in the hospital
o recover than the younger patients. In addition, the death rates of
lder patients with Covid-19 infection was  higher than the younger
atients.
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