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 Abstract   
Background: The effectiveness of COVID-19 vaccination 
determines the resource allocation for saving lives in this 
pandemic. Certainly, the efficacy of all vaccines has been studied 
in laboratory situations. However, the present study aims to 
estimate the effectiveness of vaccination in real conditions of 
Iranian populations by controlling the effect of demographic 
factors and the history of chronic diseases. 
Methods: This historical cohort study used information on 1988 
hospitalized COVID-19 patients with less than 93% blood oxygen 
levels. Cox regression, Survival Tree, and Forests were applied 
to estimate the effect of immunity from vaccination on survival, 
while the effect of demographic characteristics and history of 
chronic diseases was controlled.
Results: The analysis showed that 10% of the patients were 
immunized, while the Sinopharm vaccine and the rest by 
Sputnik induced 86% of the immunity. Although there was no 
difference in the effectiveness of the vaccines, it was found that 
the immunity from each vaccine increased survival. Patient age 
was identified as the most influential factor in survival. Other 
contributing factors include the history of opium/smoking, 
cancer, the history of chronic lung disease, kidney disease, high 
blood pressure, and cardiovascular problems.
Conclusion: Although age is the most influential factor in patient 
survival, immunity can control the risk of COVID-19. Therefore, 
it is recommended to prioritize the old and patients with any 
of the above underlying problems for vaccination and timely 
treatment.
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Introduction

The pandemic disease SARS-COV2 (COVID-19) is 
still rapidly intensifying worldwide.1, 2 According to the 
World Health Organization (WHO), Globally, as of 17 
August 2022, there have been 589,680,368 confirmed 
cases of COVID-19, including 6,436,519 deaths, 
reported to WHO. As of 8 August 2022, a total of 
12,355,390,461 vaccine doses have been administered.3 
In Iran, from 3 January 2020 to 17 August 2022, there 

have been 7,488,493 confirmed cases of COVID-19 with 
143,093 deaths reported to WHO. As of 26 July 2022, 
152,446,648 vaccine doses have been administered.2 
Common symptoms of COVID-19 include fever, cough, 
fatigue, shortness of breath, muscle aches, and other 
symptoms, including sore throat, chest tightness, nausea, 
vomiting, diarrhea, headache, and so on . Also, it must 
be noted that about 80% of patients have no symptoms 
or mild disease in a way that can be cured only by self-
medication.4, 5 Most disease transmission occurs at the 
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onset of the disease in the infected person, although the 
disease is transmitted before the onset of symptoms.6 So 
far five variants of COVID-19, including Alpha (Date 
of designation-Dec-2020), Beta (18-Dec-2020), Gamma 
(11-Jan-2021), Delta (11-May-2021), and Omicron (26-
Nov-2021) have been identified. Despite global efforts 
to develop vaccines and widespread vaccinations, viral 
mutations and the emergence of new virus strains, such 
as the recent strain of Omicron, have negatively affected 
this viral disease control.7

Studies around the world have shown that there 
are several risk factors, including high blood pressure 
and old age, male gender, and comorbidities such as 
diabetes, chronic lung disease, heart, liver, kidney 
problems, tumors, immunodeficiency, and pregnancy, 
which affect the exacerbation of COVID-19 disease.8-13 
In other studies, with the Random Survival Forest 
algorithm, factors like old age, cardiovascular disease,14 
respiratory distress, and kidney problems15, 16 are 
known to be important risk factors. In another study 
by Survival Tree, age over 65 years and female gender 
were identified as important factors in patient survival.17

Previous clinical trials have reported a positive 
effect of COVID-19 vaccination on survival, reduction 
of severe disease, and transmission to others.18-20 
What seems important is the need for vaccination to 
manage the pandemic.20 However, the effectiveness 
of vaccines in clinical trial studies may differ from 
their effectiveness in community and field studies.21 
Therefore, further observational studies are needed 
to investigate the effect of vaccination on the field 
and the actual conditions of communities. Therefore, 
the present study aims to determine the effect of 
vaccination on the survival of Iranian COVID-19 
patients. Multivariate models and algorithms are 
often used to provide a more accurate estimation 
and control for confounding effects, especially when 
health predictors such as COVID-19 symptoms and 
comorbidities are included in the models. Likewise, 
to control the confounders, an appropriate statistical 
model is required for accurate estimation of vaccines’ 
effects. Therefore, three different models, including 
Cox regression, Survival Tree, and Random Survival 
Forest, are compared in this study. It is worth noting 
that no study has used conditional survival trees 
and random survival forests to estimate vaccination 
efficacy.

Methods

Study Population
This study was performed as a Historical Cohort 

on hospitalized patients with COVID-19 symptoms 
referred to Vali Asr Hospital of Fasa, southern Iran. 
From March 11, 2020, to December 11, 2021, 6543 
(87%) out of 7511 patients with COVID-19 symptoms 
were referred to this hospital, with positive PCR test 

result. Among patients with COVID-19 positive tests, 
patients with blood oxygen saturation levels less 
than 93% were 2641 (40%). From this final set, 1988 
patients with complete information about the length 
of hospital stay, patient’s final status (death/discharge), 
and vaccination status, were included in the analysis. 
The hospitalization time was considered the starting 
point of the follow-up; and the patients were followed 
until death/discharge. In this study, individuals whose 
vaccination was done two weeks before considered 
fully vaccinated. It is worth mentioning that the entire 
population was vaccinated with only two types of 
vaccines, including Sinopharm and Sputnik V.

Inclusion criteria: All patients hospitalized in Vali 
Asr Fasa Hospital due to Coronavirus (COVID-19) 
from March 11, 2020, to December 11, 2021, were 
included in the study.

Exclusion criteria: patients whose information 
(status: death/discharge, duration of hospitalization) 
was not recorded were excluded from the study. 
Also, the variables with more than 20% missing were 
removed.

Measured Variables
The variables used in this study are immunity 

from vaccination (or fully vaccinated), age, history 
of opium/smoking, cancer, history of chronic lung 
disease, kidney disease, high blood pressure, 
cardiovascular problems, chronic liver disease, blood 
problems, pregnancy, diabetes history, gender, length 
of hospital stay, and date of death or discharge.

Survival Tree Algorithm
Survival Tree is a common type of decision tree. 

Growth in this tree takes place in such a way that 
patients with the same survival probability would be 
classified in the same nodes. According to the log-
Rank test, if patients’ survival is at different variable 
levels, that variable is considered a split variable or 
tree branch, and the tree grows based on it. Therefore, 
tree growth is based on variables that affect survival. 
In other words, tree branches can be considered 
variables affecting survival. Indeed, the effect of 
each variable in the tree algorithm is estimated by 
conditional inference. To control family-wise error 
due to applying multiple tests, the authors used 
Bonferroni adjustment.22

Random Survival Forest Algorithm
It should be noted that an ensemble of trees forms 

a Forest. Each tree in the forest is formed based on 
Bootstrap sampling. The data used to grow the trees 
are varied because 37% of the data in each Boot strap 
sample is duplicated, so different trees are formed in 
a forest. Forest estimates have less variance than the 
trees’. Therefore, the forest is a good algorithm for 
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estimating the importance of variables. To estimate the 
importance of each variable, the forest is firstly grown 
with the actual data and then with the permuted data 
on the desired variable. The difference in the accuracy 
of predictions in these two conditions determines the 
importance of the variable.

Statistical Analysis
To analyze, the first variables with more than 

20% missing values were excluded.23 The remaining 
missing values were then imputed using a random 
survival forest algorithm. In addition to t-test, Chi-
square and Fisher’s exact test, the analytical methods 
used included a survival tree and forest consisting 
of 1000 trees. The tree was pruned to prevent over-
fitting. Furthermore, the Cox regression has been the 
most widely used regression in survival analysis.22 
Indeed, stepwise variable selection, according to 
Akaike Information Criterion (AIC), is used to 
finalize Cox regression. Stepwise variable selection is 
a repetitious algorithm in that the addition/removal of 
every variable is assessed in consecutive steps. Also, 
Proportional Hazard assumption, a preconception 
assumption for fitting Cox regression is assessed in 
the analysis. 

It is worth noting that to estimate the effect of 
vaccination immunity accurately, other demographic 
variables and comorbidities have been adjusted in all 
three models. The variables used in the models are 

age, history of opium/cigar use, cancer, immunity, 
history of chronic lung disease, kidney disease, high 
blood pressure, cardiovascular problems, chronic 
liver disease, blood problems, pregnancy, history of 
diabetes, and gender. 

Harrell’s Concordance (C) index was used to 
compare the performance of random survival forest 
and Cox regression. Finally, P<0.05 was considered 
statistically significant, and all the analysis was 
performed in R (R Core Team (2020). R: A language 
and environment for statistical computing. R 
Foundation for Statistical Computing, Vienna, Austria. 
URL https://www.R-project.org/.)version 3.1.0, a freely 
available software. The packages mainly used include 
openxlsx, party, randomForestSRC, and survival. 

Results

Data from 1988 hospitalized COVID-19 patients with 
less than 93% blood oxygen levels showed that 386 (19%) 
patients died. The median duration of hospitalization 
was seven days, and the mean blood oxygen level was 
86%±9%. Due to vaccination, 10% of patients were 
immunized. The death rate in the immune patients was 
12% and 20% in the others (P=0.008). Notably, 86% of 
the injected vaccines were Sinopharm, and the rest were 
Sputnik V, but no differences were observed in hazard 
reduction for these two vaccines (P=0.90). Death hazard 
for patients receiving Sinopharm and Sputnik V vaccines 

Table 1: Demographic Variables of Hospitalized Covid-19 Patients with Blood Oxygen Levels Less than 93%
Variables Group Final Statue of Covid-19 Patients P value

Dead
N (%)

Survived
N (%)

Sex Male 180 (46.63) 710 (44.32) 0.412a

Female 206 (53.37) 892 (55.68)
Vaccination Immunity No 361 (93.52) 1426 (89.01) 0.008a

Yes 25 (6.48) 176 (10.99)
Hist. Chronic Pulmonary Dis. No 368 (95.34) 1591 (99.31) <0.001b

Yes 18 (4.66) 11 (0.69)
Hist. Chronic Kidney Dis. No 374 (96.89) 1597 (99.69) <0.001b

Yes 12 (3.11) 5 (0.31)
Hist. Hypertension No 213 (55.18) 1206 (75.28) <0.001a

Yes 173 (44.82) 396 (24.72)
Hist. Cardiovascular Dis. No 318 (82.38) 1491 (93.07) <0.001a

Yes 68 (17.62) 111 (6.93)
Hist. Diabetes No 285 (73.83) 1347 (84.08) <0.001a

Yes 101 (26.17) 255 (15.92)
Hist. Chronic liver Dis. No 384 (99.48) 1599 (99.81) 0.251b

Yes 2 (0.52) 3 (0.19)
Cancer No 379 (98.19) 1591(99.31) 0.036a

Yes 7 (1.81) 11 (0.68)
Opium/Cigar smoking No 380 (98.44) 1595 (99.56) 0.026b

Yes 6 (1.55) 7 (0.44)
Pregnancy No 385 (99.74) 1594 (99.50) 0.999b

Yes 1 (0.26) 8 (0.50)
Blood Dis. No 384 (99.48) 1590 (99.25) 0.999b

Yes 2 (0.52) 12 (0.75)
Age (years) Mean±SD Mean±SD <0.001c

67.49±15.97 54.30±16.58
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was 63% and 55% lower, respectively (all P<0.05). The 
mean age in the whole population was 57±18 years. The 
mean age of expired patients (67±16 years) was higher 
than the mean age of discharged ones (54±17 years) 
(P<0.05). Table 1 presents the comparison of discharged 
and expired patients. This comparison showed that 
the history of opium/cigar smoking, cancer, chronic 
lung disease, kidney disease, high blood pressure, 
cardiovascular problems, and diabetes in expired patients 
was more than in discharged patients (all P<0.05). 

Kaplan–Meier Plot 
Figure 1 shows the Kaplan–Meier survival 

curve of the whole population. Accordingly, the 
cure rate was 65%. Survival rates at 7, 14, and 21 
days were 88%, 78%, and 70%, respectively. After 
21 days, the plot’s slope was very smooth, and there 
wasno significant decline in the plot. Figure 2 shows 

patients’ Kaplan–Meier survival curve according to 
their immune status. As can be seen in the figure, 
the survival of immune patients is higher than that 
of the other patients. Notably, the Log-Rank test also 
confirmed this difference (P<0.05).

Survival Tree
Figure 3 illustrates the survival tree. The 

first variable on which the tree grew was the age 
of the patients. Therefore, according to the tree 
algorithm, age can be considered the most important 
covariate in determining patients’ survival. After 
the age of patients, the tree grew based on the 
variables of immunity, history of hypertension, and 
cardiovascular problems.

Random Survival Forest 
It should be noted that the tree’s all-recognized 

Figure 1: The Kaplan–Meier survival curve of the whole 
population of patients 

Figure 2: The Kaplan–Meier survival curve of patients according 
to their immune status. 

Figure 3: Conditional survival tree of hospitalized COVID-19 patients with blood oxygen level less than 93%
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variables, are also important in the forest algorithm. 
Forest respectively recognized age, history of opium 
use, and cancer as the most important variables in 
predicting survival (Figure 4). The immunity variable 
from vaccination is the fourth most important, 
followed by the history of chronic lung disease, kidney 
disease, high blood pressure, and cardiovascular 
problems. The history of chronic liver disease, blood 
diseases, pregnancy, history of diabetes, and gender 
were less important.

Stepwise Proportional Hazard Cox Regression
Table 2 presents the results of the final Cox 

regression. The last column of Table 2 represents 
the P values regarding the Proportional Hazard 
(PH) assumption. For all variables and the model, 
all P values are greater than 0.05; therefore, the 
proportional hazards assumption is established for 
each of the variables and generally accepted for the 
Cox regression. The variables of gender, pregnancy, 
and history of blood disease were removed from the 

model according to the step-by-step variable selection 
method and did not remain in the final model. The 
results showed that the hazard of death increases by 
4% for every one year rise in age.

The history of opium/cigar use and cancer 
increases the hazard by 6 and 3 times, respectively. 
COVID-19 immunity reduces the risk of death by 
70%; in other words, the lack of immunity increases 
the hazard of death more than three times. A history of 
chronic lung and kidney disease increases the hazard 
more than twice. A history of high blood pressure 
and cardiovascular disease increases the risk by 
40% and 70%, respectively (all P<0.05). A history of 
chronic liver disease increases the hazard by 3.8 times 
(P=0.062). A history of diabetes increases the hazard 
by 26%; however, the p-value related to this factor 
is 0.062 and is not significant. To further analyze 
diabetes’ effect, this variable was exclusively included 
in the Cox model, showing that diabetes increases the 
hazard of death by 85% (P<0.05). In addition, Figure 5 
depicts a survival tree that is fitted only in the presence 

Figure 4: Variable’s importance in survival of COVID-19 hospitalized patients by Random Survival Forest (RSF) algorithm. 

Table 2: Cox regression for modelling the survival of COVID-19 patients with low blood oxygen level at the time of admission to the 
Vali-Asr Fasa Hospital
Factor Coefficient S.E. HR* 95%CI for HR P value P value of 

PH**Lower Upper
Age 0.038 0.003 1.039 1.032 1.046 <0.001 0.982
Opium/Cigar 1.793 0.434 6.009 2.564 14.085 <0.001 0.527
Cancer 1.098 0.384 2.998 1.413 6.363 <0.001 0.127
Vaccination Immunity -1.176 0.210 0.308 0.204 0.465 <0.001 0.940
Hist. Chronic Pulmonary Dis. 0.910 0.247 2.483 1.523 4.032 <0.001 0.081
Hist. Chronic Kidney Dis. 0.801 0.299 2.229 1.240 4.005 0.007 0.430
Hist. Hypertension 0.335 0.114 1.398 1.116 1.750 0.003 0.320
Hist. Cardiovascular Dis. 0.533 0.139 1.704 1.297 2.239 0.001 0.797
Hist. Chronic liver Dis. 1.331 0.712 3.786 0.936 15.305 0.062 0.888
Hist. Diabetes 0.231 0.124 1.260 0.988 1.609 0.062 0.067
Model <0.001 0.248
*Hazard Ratio; **Proportional Hazard
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of the diabetes variable. It is clear that the tree’s 
growth based on the diabetes variable and the split 
of the mother node showed the effect of diabetes on 
the survival of patients using this technique (P<0.05). 

Specific Analysis Regarding the Effect of Diabetes
To further analyze and find out the reason for the 

insignificance of diabetes in multiple analyzes, the 
independence of diabetes and cardiovascular disease 
was examined, strongly rejecting the hypothesis 
of independence (P=0.025). Further investigation 
showed that the concordance between diabetes and 
cardiovascular disease was 77%, so 77% of patients 
have had the same status for both variables.

Comparison of Applied Models
Finally, Figure 6 displays the C-index to compare 

the performance of random forest and Cox regression. 
As can be seen, the Randon survival forest’s C-index 
has been higher for the whole duration. 

Discussion

The results of the present study on COVID-19 patients 
with blood oxygen levels less than 93% showed that 
the injection of both Sinopharm and Sputnik vaccines 
increased survival. Cox regression models, survival tree, 
and random survival forests identified patients’ age as 
the most important covariate affecting patients’ survival. 
The immunity from vaccination was another factor 
whose effectiveness was confirmed by all methods. 
Before immunity, the most important variables that 
affected the survival of patients were the history of 
opium/smoking use and cancer. In agreement with the 
survival forest, in the Cox regression, a history of chronic 
lung disease, kidney disease, high blood pressure, and 
cardiovascular problems were found to be hazardous. 

The history of liver disease, blood problems, pregnancy, 
history of diabetes, and gender were insignificant in the 
Cox model and less important in the survival forest.

As mentioned, the age of patients was determined 
as the most important covariate in patient survival by 
all methods used. Perhaps the primary cause of this 
problem is the changes in the immune system during 
old age. The ability of the immune system to control 
the viral load determines whether the patient becomes 
sick slightly or severely. This ability is reduced in 
old age due to changes in immune function called 
immunosenescence. These changes prevent pathogen 
detection, alert signaling, and pathogen clearance.24-26 
Therefore, the severity and outcome of COVID-19 
disease largely depend on the patient’s age. Other 
studies have found that people over the age of 65 form 
80% of inpatients and are 23 times more likely to 
die.24, 27 It is noteworthy that the fitted survival tree in 
the present study also found the age of 66 years as the 
cut-point in determining the risk factor of age and then 
spontaneously selected 79 years as the second cut-
point; however, these cut-points have been recognized 
as important in the previous studies.24

According to tree growth after age, factors 
including immunity, history of high blood pressure, 
and cardiovascular problems were identified as the 
most important variables affecting patients’ survival. 
It should be noted that all the variables identified in the 
tree were significant in regression and also important 
based on the random survival forest algorithm. The 
immunity variable was only involved in tree at older 
ages. It is necessary to point out that according to the 
procedure of the National Anti-Corona Headquarters 
in Iran, the priority of vaccination in the general 
population has been with older people. In other words, 
due to the low number of young immune patients, the 
immunity factor is split only in the old.

Figure 5: Survival tree of COVID-19 hospitalized patients that is 
fitted only in the presence of the diabetes variable

Figure 6: Concordance Index to compare Cox Regression and 
Random Survival Forests for modeling the survival of COVID-19 
hospitalized patients with blood oxygen less than 93% 
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The results of this study also showed that 
immunity, regardless of the vaccine type, increases 
survival. This is evident in the higher Kaplan-Meier 
curve of immune patients. In addition, no significant 
difference was observed between the immunity caused 
by Sinopharm and Sputnik vaccines in the Iranian 
population. However, most of the immunized patients 
had been vaccinated with the Sinopharm vaccine, 
and based on the current data, the ideal condition for 
comparison is unavailable. On the other hand, a study 
in Bahrain found that in addition to the effectiveness 
of both vaccines in reducing the risk of death, people 
vaccinated with Sinopharm are at a higher risk of 
death. However, in the mentioned study, to compare 
vaccines, only age and sex variables were controlled 
in the model; while in the present study, in addition to 
more demographic variables, the history of underlying 
diseases has also been controlled.28

It should be noted that the efficacy of the COVID-
19 vaccine is defined as the prevention of death, 
severe disease, or disease transmission, and any 
vaccine that can fulfill this need can be considered 
effective. Regarding efficacy against COVID-19 
variants, it has been reported that vaccination was 
85% effective against Alpha, 75% against Beta, 54% 
against Gamma, and 74% against Delta variant.29 
The present study also confirmed the effectiveness 
of Sinopharm. According to other studies reported 
by the World Health Organization (WHO), immunity 
from Sinopharm would prevent 78.1% of infection 
and 78.7% of hospitalization.30, 31 Another study on 
hospitalized patients who were fully vaccinated with 
mRNA COVID-19 found that the odds of death and 
intubation were 67% lower.32 Importantly, SARS-
CoV-2 vaccines can effectively reduce deaths, severe 
cases, cases with symptoms, and the spread of SARS-
CoV-2 infections worldwide. Therefore, the most 
important and urgent action in preventing the global 
pandemic is accelerating vaccination and improving 
vaccination coverage.

In the present study, the history of opium use 
was also identified to be associated with survival. 
Consistent with this study, there is general agreement 
on the effect of opium and long-term cigar smoking 
history on the conversion of COVID-19 disease into 
a severe form of the disease and higher mortality 
rates among drug users. Previous studies have 
shown that opium and its derivatives can reduce the 
immune system’s strength by increasing cytokine 
secretion, especially interleukin. Long-term use of 
opium also affects the respiratory system, making 
addicts more susceptible to structural lung disease 
and dysfunction.33 Although some previous studies 
have shown that the production of pro-inflammatory 
cytokines in opium addicts decreases, there are four 
reasons for the increase in mortality in COVID-19 
infected opium addicts, including decreased IFNs 

expression, pulmonary edema, increased thrombotic 
factors, increased expression of Angiotensin-
converting enzyme 2 (ACE2).34

In line with the present study, previous studies 
have shown that cancer patients with COVID-19 have 
a higher mortality rate.35 This can be attributed to the 
suppression of the immune system, the concurrence 
of therapeutic conditions, and the dysfunction of the 
lungs, which is often present in lung malignancy. 
Patients with hematologic cancer and those undergoing 
chemotherapy were also at higher risk of death due to 
increased immune suppression.36

Consistent with the present study, other studies 
have found high blood pressure and cardiovascular 
disease, diabetes, chronic lung disease, kidney and 
liver disease to affect the covid-19 patients’ survival 
and hospitalization.37, 38 Therefore, people with these 
underlying diseases should be carefully monitored 
and prioritized in allocating preventive measures, 
including vaccination.

Gender, pregnancy, and blood disease history were 
removed from tree growth and the stepwise regression, 
having the least importance in the forest. This finding 
indicates the agreement of all three methods in 
estimating the variables’ effect on survival. Although 
previous studies have looked at gender differences 
in incidence, hospitalization, and mortality, most 
studies have not examined the interaction between 
gender and smoking or drug use. In China, higher 
death rates in men have been attributed to a higher 
prevalence of smoking and alcohol consumption.39 
Further, the difference in the prevalence of chronic 
and underlying diseases between the two sexes should 
also be noted. In most previous studies, the incidence 
and mortality of COVID-19 in men have been reported 
more than in women due to the higher prevalence of 
related risk factors such as smoking, alcohol, and lack 
of hand hygiene, and the non-use of masks in men.40 
Therefore, more caution should be exercised when 
interpreting the role of gender in the incidence severe 
disease, hospitalization, and death from COVID-
19 disease. The previous studies that examined the 
incidence, hospitalization, and death from COVID-19, 
from the perspective of biological gender differences, 
have attributed this difference to the predominant 
expression of the ACE2 enzyme in men.41

In addition, diabetes has been identified in most 
studies as a risk factor for COVID-19,42, 43 whereas, 
in the present study, the effect of diabetes was 
insignificant in the multiple models. More examination 
of this variable in simple models that included only 
diabetes showed that this factor affects survival. 
Therefore, it can be concluded that the concurrence 
of diabetes and cardiovascular problems has led to 
a strong correlation between these two variables, 
confounding the relationship between diabetes and 
the survival of Covid-19 patients in multiple analyses.
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In the Kaplan–Meier diagram of total patient 
survival, the chart’s slope was very gentle after 
twenty-one days, indicating that after approximately 
three weeks, most patients experienced the outcome 
(including death/discharge). In a study in Italy on 
patients hospitalized from COVID-19, 22% of deaths 
occurred in the first 14 days after hospitalization 
and 27.6% after 30 days.44 In other studies, median 
survival times of 13 and 20 days have been reported.45 
These differences can be due to the severity and 
type of virus variants, the condition of patients at 
the time of admission, having underlying diseases, 
and demographic factors, such as age and gender. 
In addition, the median length of hospital stay in 
the present study was estimated to be seven days. 
Other studies have reported different median and 
mean of hospital stays (in Ghana 13.8 days, in France 
15.9 days,46, 47 in China (Wuhan) 10-13 days, and in 
Vietnam 21 days.48, 49 The characteristics of patients 
and different admission criteria in each country can 
be the reason for the different lengths of hospital 
stay. However, the short hospital stay in the present 
study compared to other areas can be attributed to 
the implementation of educational programs, active 
patient care, referral in the first days of the disease, 
and the implementation of telemedicine.50

Comparing the models, C-index depicted better 
performance for random survival forest. Furthermore, 
the variables identified in the random survival forest 
included those existing in the final Cox regression 
model. It is necessary to pay attention that the 
variables of little importance in the forest were not 
significant in the regression or did not stay in the final 
stepwise regression at all. The survival conditional 
tree branches were also a subset of variables identified 
by forest and Cox regression methods. Finally, 
there was general agreement among all methods 
in determining the effective variables, although the 
random survival forest identified a larger number of 
effective variables, which has been proven in other 
previous studies.50

Conclusion

The results of the present study showed that although 
age is the most effective factor in the survival of patients 
with COVID-19, immunity can control the hazard of this 
covariate. Notably, both Sinopharm and Sputnik vaccines 
reduced the hazard, and no significant difference was 
observed in their efficacy in real conditions. All models 
also identified individuals at higher risk with underlying 
diseases, including cancer, a history of chronic lung 
disease, kidney disease, high blood pressure, and 
cardiovascular disease. Therefore, it is recommended that 
prevention and treatment measures such as vaccination, 
disease detection, active care, hospitalization, and timely 
treatment of the older people and patients with any of the 
above underlying problems be prioritized.

Strong Points

The simultaneous application of three models of Cox 
regression, conditional tree, and random survival forest, 
which has made it possible to compare models, is the strong 
point of this study. So far, no studies have used survival 
tree and forest to estimate vaccination effectiveness. 

Limitations of the Study

Lack of access to some clinical variables and missing 
data can be considered limitations of this study. Due 
to missing values, especially in length of hospital stay, 
patient’s final status (death/discharge), and vaccination 
status, the data of 25% of hospitalized patients with low 
blood oxygen levels were not included in the analysis.
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