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Background: COVID-19 is one of the leading causes of morbidity and mortality and is caused by Severe Acute Respiratory
Syndrome Coronavirus 2 (SARS-CoV-2). A patient infected with SARS-CoV-2 is said to be recovered from the infection following
negative test results and when signs and symptoms disappear. Different studies have shown different median recovery time of patients
with COVID-19 and it varies across settings and disease status. This study aimed to assess time to recovery and its predictors among
severely ill COVID-19 patients in Tigray.

Methods: A total of 139 severely ill COVID-19 patients who were hospitalized between May 7, 2020 and October 28, 2020 were
retrospectively analyzed. Cox proportional hazard regression model was fitted to identify the risk factors associated with the time
duration to recovery from severe COVID-19 illness.

Results: The median age of the patients was 35 years (IQR, 27-60). Eighty-three (59.7%) patients recovered with a median time of 26
days (95% CI: 23-27). The results from the multivariable analysis showed that the recovery time was lower for severely ill patients
who had no underline comorbidity diseases (AHR=2.48, 95% CI: 1.18-5.24), shortness of breath (AHR=2.08, 95% CI: 1.07-3.98) and
body weakness (AHR=2.62, 95% CI: 1.20-5.72). Moreover, COVID-19 patients aged younger than 40 years had lower recovery time
compared to patients aged 60 and above (AHR=4.09, 95% CI: 1.58-10.61).

Conclusion: The median recovery time of severely ill COVID-19 patients was long, and older age, comorbidity, shortness of breath, and
body weakness were significant factors related with the time to recovery among the severely ill COVID-19 patients. Therefore, we
recommended that elders and individuals with at least one comorbidity disease have to get due attention to prevent infection by the virus.
Moreover, attention should be given in the treatment practice for individuals who had shortness of breath and body weakness symptoms.
Keywords: COVID-19, comorbidity, cox proportional hazard regression, adjusted hazard ratio

Introduction

COVID-19 is one of the leading causes of morbidity and mortality globally. It is caused by Severe Acute Respiratory
Syndrome Coronavirus 2 (SARS-CoV-2) and was first identified in Wuhan, China in early December 2019. It can cause
fever, headache, shortness of breath, coughing, body weakness, sore throat, pain, and severe respiratory syndrome in
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human beings and is mainly transmitted by respiratory droplets and close contact with an infected human being.! On
January 30, 2020, the outbreak was declared a public health emergency of international concern by the WHO. According
to the WHO daily situation report, currently the transmission is classified as community transmission and the total cases
of COVID-19 are increasing worldwide; there were a total of 538,321,874 confirmed cases and 6,320,599 deaths as of
June 22, 2022.°

In Ethiopia, the first case of COVID-19 was confirmed on March 13, 2020 and the infection has been spreading to all parts of
the country, including Tigray region, wherein this research was conducted. According to the WHO, Ethiopia reported a total of
484,536 confirmed cases and 7524 deaths as of June 22, 20222

The infection fatality rates of COVID-19 patients, patient outcomes and related complications reported so far have varied
considerably between countries. Previous studies showed that the overall mortality rate of COVID-19 patients is 3.77% —5.4%,>
and 41.1% - 61.5%"® among critical ill and severe patients. To reduce the infection fatality rate, understanding the factors
associated with the duration of viral ribonucleic acid (RNA) shedding, the time from infection to viral RNA-negative conversion
in COVID-19 patients is urgently needed.” Moreover, it is also important to evaluate the testing time in order to reduce the
infection fatality rate.'”

Reports from previous studies indicated that the median duration of viral shedding in COVID-19 patients ranged from
8—47 days.”"' 7 Most of the studies conducted on the duration of SARS-COV-2 shedding among COVID-19 patients are
from China and Europe. The recovery time among severely ill patients is limited and different factors might hasten
recovery or delay of the disease. Evidences reveal that older age, the time lag from illness onset to hospital admission and
underlying comorbidities are associated with prolonged duration of viral RNA shedding in COVID-19 patients.”'¢°
However, the epidemic in high income countries seems to be different from that of low and middle income countries in
the risk factors, speed of the spread of the virus, and the record of the death toll related to the duration of SARS-COV-2
shedding.

Understanding the average time of recovery and its predictors is crucial for the decision making process at national
and international levels in order to formulate preventive measures and optimize treatment options. Different studies have
shown that the median time to recovery from COVID-19 patients varies across settings and disease status. The present
study aimed to estimate the time to recovery and identify its associated factors among severely ill COVID-19 patients
admitted to treatment centers in Tigray, Northern Ethiopia. This study provided useful information to predict the recovery
time of severely ill COVID-19 patients through this retrospective cohort study.

Methods
Study Design and Settings

A retrospective cohort study was analyzed that involved 139 severely ill COVID-19 patients admitted to isolation and
treatment centers in Tigray, northern Ethiopia. Regardless of signs or symptoms development, all individuals with
laboratory confirmed SARS-CoV-2 infection were admitted to the isolation and treatment centers within 24 hours.
Anyone who has contact with confirmed COVID-19 case was being isolated for 14 days. Persons who failed to develop
symptoms within 14 days were discharged from the isolation centers. Cases were confirmed by polymerase chain
reaction (PCR) in the treatment centers.

Study Participants and Study Period
All laboratory-confirmed positive COVID-19 severely ill patients admitted to treatment centers in the region between
May 7 and October 28, 2020 with a definite outcome (recovered or dead) were designated as study participants.

Data Source and Sample

The data were collected using a standardized form from electronic medical records. The data set contains demographic
characteristics such as age, gender and occupation, clinical information of the patients contains temperature at admission,
sign and symptoms status (such as fever, cough, shortness of breath, pain, sore throat, headache, body weakness), and
presence of comorbidity (such as cardiovascular disease, diabetes mellitus, renal disease, respiratory disease) and patient
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outcomes (recovered or died). All severely ill COVID-19 patients admitted to the treatment centers between May 7 and
October 28, 2020 were included in this study. Those severely ill patients with incomplete demographic and treatment
outcome were excluded from the study.

Study Variables

Dependent Variable

In this study, the dependent variable was time to recovery from COVID-19 among severely ill patients and recovery is
the event of interest. The time was estimated in days and recovery time was defined as the number of days it takes from
the day the PCR test was positive until the patient is diagnosed negative for COVID-19 and discharged from treatment
centers. The confirmed COVID-19 patients in the treatment centers were retested when symptoms subside and the body
temperature remains at the normal range for at least three days and they were considered as recovered only after
receiving two consecutive laboratory tests negative.

Independent Variables
The independent variables considered in this study were sex, age, occupation, symptoms, comorbidity and type of
comorbidity, temperature, travel history and source of infection.

Operational Definitions

The COVID-19 cases were all individuals tested positive for SARS-CoV-2 by PCR. Symptomatic cases were defined as
any SARS-CoV-2 positive individual by PCR with at least one sign or symptom for COVID-19, including but not limited
to: cough, fever, shortness of breath, headache, sore throat, and pain. Cases with comorbidity are COVID-19 patients
with at least one known preexisting chronic medical illness. Severely ill COVID-19 patients: These patients with clinical
signs of pneumonia and have at least one of the following conditions i) respiratory rate interval > 30 breaths/min; ii)
SpO2 (saturation of peripheral oxygen) < 93% at rest; iii) severe respiratory distress, and iv) oxygenation index (artery
partial pressure of oxygen/inspired oxygen fraction, PaO,/FiO,) < 300 mmHg.

Statistical Data Analysis

The data were coded, cleaned, and checked for inconsistencies and completeness. STATA version 16 software was used for data
processing and data analysis. Summary measures such as counts, percentages, means, medians and IQRs were calculated. The
Log rank test was applied to compare the survival time between different predictors. A cox proportional hazard regression model
was used to determine the potential risk factors associated with the duration time to recovery among severely ill COVID-19
patients. Factors associated with outcome at p-value < 0.20 in bivariate Cox regression were selected for multivariable Cox
regression analysis. An adjusted hazard ratio (AHR) with 95% confidence interval was computed and statistical significance was
declared at p-value < 0.05. Cox proportional hazards assumption was checked using the Schoenfeld residual test.

Ethical Consideration

The ethics committee of Mekelle University, College of Health Sciences approved the current study with the ethical
clearance registration number of IBR1826/2021. The study was conducted in accordance with the Declaration of
Helsinki. Consent to participate was fully waived as the study participants were not directly involved in the study (ie
an already existing data were utilized for analysis in the current study). The confidentiality of data was kept as there were
no personal identifiers used and neither the raw data nor the extracted data were passed to a third person.

Results

Socio-Demographic Characteristics of Severely Ill COVID-19 Patients

A total of 139 severely ill COVID-19 patients were included in this study that was reported from May 7, 2020 to October 28,
2020. The median age of the patients was 35 years (IQR, 27—60). A total of 55.4% of patients were younger than 40 years, and
25.9% were older than 59 years. The patients in the non-survivor group were much older than those in the survivor group
[median = 57 years (IQR, 29.5-72 years) versus median = 30 years (IQR, 25-40 years), p-value < 0.001]. Of the non-survival
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patients (56 (40.3%) of 139), 48.2% of the patients were older than 59 years. The majority of COVID-19 patients (77.0%)
were males and 73.2% of COVID-19 deaths were in men. Majority (60.4%) of the severely ill COVID-19 patients their
sources of infection were from the community and 18% were imported. Among the study patients in our study, 20.1% of the
patients had travel history and 40.3% were died (Table 1).

Clinical Characteristic of Severely Il COVID-19 Patients

Of the total study patients, 61.2% were symptomatic. The most common symptoms at the onset of disease reported were
shortness of breath 57.5%, and cough 52.5%. This is followed by body weakness 36.7%, fever 32.4% and pain 28.1%.
Among the non-survival patients (56 (40.3%) of 139), 78.6% had shortness of breath and 71.4% had cough symptoms.
Moreover, 28.8% patients had one or more coexisting medical conditions alongside COVID-19. The comorbidity rate in
the non-survivor group was higher than that of the survivor group (44.6% versus 18.1%, p-value < 0.001). Based on the
body temperature on admission, 71.9% of the patients had temperature < 37.3°C and 28.1% had elevated temperature
>37.3°C (Table 2). The most frequent comorbidities were cardiovascular diseases (50%), diabetes mellitus (20%) and
respiratory diseases (18%) (Figure 1).

Survival Estimates of Time to Recovery of Severely Il COVID-19 Patients

A total of 139 severely ill COVID-19 patients were followed for a minimum of 1 and a maximum of 37 days with
median follow-up of time 18 days (IQR: 11-27). Eighty-three patients were recovered with median time of 26 days (95%
CI: 23-27 days). The overall incidence recovery rate was 3.1 (95% CI: 2.5 —3.9) per 100 person-days of observations.
The incidence recovery rate among male and female severely ill patients was 3.1 per 100 person-day (95% CI: 2.5-4.0)
and 3.2 per 100 person-day (95% CI: 2.0-5.1) respectively. In this study, the recovery rate from COVID-19 among
severely ill patients with and without comorbidity was found to be 2.1 (95% CI: 1.3-3.5) and 3.5 (95% CI: 2.8-4.4) per
100 person-day respectively. Log Rank test was used to compare survival time between categories of different predictors.
The survival estimates of severely ill patients varied in relation to age, fever, cough, shortness of breath, headache, body
weakness, pain, and underline comorbidity (Tables 1 and 2). The survival status of severely ill COVID-19 patients was
also estimated by the Kaplan—Meier survival curve. The overall graph of Kaplan—-Meier survival function depicted that
the curve tends to decrease rapidly in between 18 and 26 days indicating that most severely ill COVID-19 patients
recovered within this time (Figure 2). A separate Kaplan—Meier survivor functions curve was constructed to estimates the

Table | Background Characteristics of 139 Severely Il COVID-19 Patients Admitted to Treatment Centers of Tigray,
Northern Ethiopia, 2020

Variables Recovered Dead Total Median Recovery Time Log Rank Test
(n=83) (n=56) (n=139) Point Estimate (days) (P-value)
Total 83(59.7%) 56(40.3%) 139(100.0%) 26(24, 27)
Age in years 0.003
<40 60(79.5%) 17(30.4%) 77(55.4%) 24(19, 26)
40-59 14(16.9%) 12(21.4%) 26(18.7%) 28(27, 29)
60+ 9(10.8%) 27(48.2%) 36(25.9%) 28(26, 34)
Gender 0.259
Female 17(20.5%) 15(26.9%) 32(23.0%) 21(18, 27)
Male 66(79.5%) 41(73.2%) 107(77.0%) 27(25, 28)
Travel history 0.480
No 64(77.1%) 47(83.9%) 111(79.9%) 26 (24, 27)
Yes 19(22.9%) 9(16.1%) 28(20.1%) 24 (18, 29)
Source of Infection 0.081
Community 42(50.6%) 42(75.0%) 84(60.4%) 27(26, 28)
Contact 24(28.9%) 6(10.7%) 30(21.6%) 21 (18, 26)
Imported 17(20.5%) 8(14.3%) 25(18.0%) 24(18, 30)
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Table 2 Clinical Characteristics of 139 Severely Il COVID-19 Patients in Tigray, Northern Ethiopia, 2020

Variables Recovered Dead Total Median Recovery Time Point Log Rank Test
(n=83) (n=56) (n=139) Estimate (95% CI) (p-value)
Total 83(59.7%) 56(40.3%) 39(100.0%) 26(23, 27)
Temperature at admission 0.095
<373 71(85.5%) 29(51.9%) 100(71.9%) 25(23, 27)
=373 12(14.5%) 27(48.2%) 39(28.1%) 28(26, 30)
Sign or symptom status <0.001
No 42(50.6%) 12(21.4%) 54(38.8%) 18(18, 22)
Yes 41(49.4%) 44(78.6%) 85(61.2%) 28(27, 28)
Fever symptom 0.003
No 61(73.5%) 33(58.9%) 94(67.6%) 23(18, 27)
Yes 22(26.5%) 23(41.1%) 45(32.4%) 28(26, 29)
Cough symptom <0.001
No 50(60.2%) 16(28.6%) 66(47.5%) 21(18, 24)
Yes 33(39.8%) 40(71.4%) 73(52.5%) 28(27, 28)
Shortness of breath <0.001
symptom
No 47(56.6%) 12(21.4%) 59(42.5%) 18(18, 22)
Yes 36(43.4%) 44(78.6%) 80(57.5%) 28(27, 29)
Sore throat symptom 0.076
No 70(84.3%) 40(71.4%) 110(79.1%) 25(21, 27)
Yes 13(15.7%) 16(28.6%) 29(20.9%) 28(26, 29)
Headache symptom 0.002
No 66(79.5%) 41(73.2%) 107(77.0%) 24(21, 27)
Yes 17(20.5%) 15(26.8%) 32(23.0%) 28(26, 30)
Body weakness symptom <0.001
No 62(74.7%) 26(46.4%) 88(63.3%) 23(18, 26)
Yes 21(25.3%) 30(53.6%) 51(36.7%) 27(27, 30)
Pain symptom <0.001
No 63(75.9%) 37(66.1%) 100(71.9%) 23(19, 26)
Yes 20(24.1%) 19(33.9%) 39(28.1%) 28(27, 30)
Presence of comorbidity <0.001
No comorbidity 68(81.9%) 31(55.4%) 99(71.2%) 24(21, 27)
At least one comorbidity 15(18.1%) 25(44.6%) 40(28.8%) 32(29, 25)

survival time based on different covariates to see the existence of difference in recovery rate between categories of
individual covariates. There was a significant difference in the time of recovery between patients with and without
previous medical conditions or comorbidity, where patients without comorbidity recovered faster (Figure 3).
A significant difference in the recovery rate among the two groups is also found by the Log rank test (Table 2). The

median recovery times of the patients with and without comorbidity were 32 days and 24 days, respectively.

Predictors of Recovery Time of Severely Ill COVID-19 Patients

Predictors that had association at a p-value of <0.20 in bivariate Cox regression were included in multivariable Cox
regression. Age, fever, coughing, shortness of breath, sore throat, headache, body weakness, pain, comorbidity, and
temperature were statistically significant at a p-value of < 0.20 level of significance. In the multivariable cox regression
model only age, shortness of breath, body weakness and comorbidity were found to have statistically significant
association with recovery time among the severely ill COVID-19 patients. Severely ill COVID-19 patients who were
aged < 40 years had 4.1 times higher rate of recovery as compared to patients who were aged 60 and above years
(AHR=4.09, 95% CI: 1.58-10.61). In addition, the recovery rate was higher for patients who had no underline
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Renal diseases - 5%
Respiratory diseases -_ 18%
Diabetes mellitus -_ 20%
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Figure | Types of underline comorbidity of severely ill COVID-19 patients in Tigray, 2020. *Cardiovascular diseases included hypertension and heart failure. **Other
diseases include traumatic injury, HIV, malignancy, hepatitis, cancer, rabies, smoker, peptic ulcer disease.
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Figure 2 Kaplan-Meier survival estimate for time to recovery among severely ill COVID-19 patients in Tigray, Northern Ethiopia.

comorbidity diseases (AHR = 2.48, 95% CI: 1.18-5.24), shortness of breath (AHR = 2.07, 95% CI: 1.08-3.98) and body
weakness (AHR = 2.62, 95% CI: 1.20-5.72) (Table 3). The Schoenfeld residual test results confirmed that the
proportional hazard assumption satisfies.

Discussion

This study comprised 139 severely ill COVID-19 patients who were admitted to treatment centers in Tigray region. Our
study shows that the overall median time to recovery among severely ill COVID-19 patients was 26 days, which is
consistent with some previous research study.''*' ** However, the median recovery time was lower in many other
previous studies. For instance, a study done in Eka Kotebe General Hospital, Ethiopia (19 days),”’ Guangzhou Eighth
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Figure 3 Kaplan-Meier survival estimate for time to recovery among patients with and without comorbidity.

People’s Hospital, China (12 days),” Singapore (12 days),?* University of California San Diego (7 days)** and Wollega
Referral Hospital, Ethiopia (18 days).?® The discrepancy of the findings could be the differences in the composition of
study participants, sample size and severity of the disease. In addition, the fact that the recovery time was shorter
among patients treated in China, Singapore and the United States of America could be due to the availability of
advanced medical technologies and medications and effective COVID-19 patients management approach and con-
ducive hospital setting. The selected study participants in most of these studies were all COVID-19 cases, whereas our
study was conducted among severely ill COVID-19 patients admitted to intensive care units. Evidences have shown
that severely ill patients stay longer to recover from COVID-19.%” The time at which the first swab is taken and the
criteria for considering patient recovered can also influence the recovery time. Moreover, in the current study,
a significant number of the patients had previous medical conditions or comorbidity, which might have affected to
delay recovery.

This study revealed that cardiovascular diseases and diabetes mellitus were the most common comorbidities, which is
consistent with the previously reported research studies.’** >* Moreover, in this study 61% of the patients had signs and
symptoms on admission. The most common symptoms were shortness of breath and cough. This finding is in line with
most previous studies.*>>* The result of this study showed that there was no difference between males and females in the
recovery period in bivariate analysis. This was consistent with some previous studies.*>** However, other studies have
found that male patients had longer duration of viral RNA shedding than female patients with COVID-19.'74!

The multivariable cox proportional hazard regression analysis demonstrated that age, comorbidity, shortness of breath
and body weakness were risk factors for time to recovery among severely ill COVID-19 patients. We found that older age
was associated with high risk of delayed viral clearance. The younger patient’s recovery rate is significantly higher than
those older than 59 years. This finding was in line with previous studies.”'”?"*>*® This might be attributed to the
severity progression of COVID-19 among older age cases compared to the younger cases which in turn leads to either
death or delayed duration of viral clearance in elderly patients.** Moreover, it could be due to the life style of old aged
patients in that they might not have a regular physical exercise or could have additional underlying disease conditions
like chronic illnesses and may also have the habit of consuming lifesaving and life prolonging drugs.

The current study has demonstrated that patients with comorbidity condition had higher risk of delayed viral
clearance from COVID-19 compared to their counterparts. The existing facts are supporting the present study finding
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Table 3 Predictors of Time to Recovery Among Severely lll COVID-19 Patients in Tigray

Region, 2020

Variables

CHR (95% CI)

P-value

AHR (95% CI)

P-value

Sex
Female
Male(ref.)
Age in years
<40
40-59
60+ (ref.)
Presence of fever
No
Yes(ref.)
Presence of cough
No
Yes(ref.)
Presence of shortness of breath
No
Yes(ref.)
Presence of sore throat
No
Yes(ref.)
Presence of headache
No
Yes(ref.)
Presence of body weakness
No
Yes(ref.)
Presence of pain
No
Yes(ref.)
Presence of comorbidity
No
Yes(ref.)
Temperature
<373
2 37.3(ref.)

1.33(0.78, 2.27)
[

2.50(1.23, 5.09)
1.36(0.58, 3.17)
[

1.99(1.21, 3.28)
|

2.02(1.29, 3.17)
|

401(2.46, 651)
|

1.63(0.90, 2.95)
|

2.12(1.23, 3.64)
|

3.21(1.88, 5.50)
|

2.29(1.36, 3.87)
|

3.48(1.88, 6.45)
|

1.64(0.87, 3.10)
|

0.300

0.011
0.480

0.007

0.002

<0.001

0.107

0.006

<0.001

0.002

<0.001

0.129

4.09(1.58, 10.61)
1.86(0.84, 3.80)
[

1.79(0.84, 3.80)
[

0.60(0.29, 1.22)
[

2.07(1.08, 3.98)
[

0.87(0.33, 2.31)
|

0.56(0.23, 1.35)
[

2.62(1.20, 5.72)
[

2.03(0.97, 4.26)
|

2.48(1.18, 5.24)
[

0.83(0.41, 1.70)
|

0.004
0.224

0.129

0.159

0.028

0.781

0.194

0.016

0.061

0.017

0.618

that comorbidity conditions majorly cardiovascular diseases attributed to the high risk of delayed viral clearance from
COVID-19 cases.'”*7***7 Moreover, this study revealed that the recovery rate was higher for patients who had no
shortness of breath and body weakness. The limitation of the present study is the retrospective study design and finding
the whole array of COVID-19 patient information from the electronic medical record was a challenge.

Conclusion

The median of recovery time from severely ill COVID-19 patients was long. The study revealed that older age, having at
least one comorbid condition, shortness of breath and body weakness were significant factors related with the time to
recovery among the severely ill COVID-19 patients. Therefore, elders and individuals with at least one comorbid
condition has to get due attention to prevent infection by the virus. Moreover, attention should be given in the treatment
practice for individuals who had shortness of breath and body weakness symptoms.
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Accessibility of Data and Materials
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