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Background: Although diffuse alveolar damage and respiratory failure are the most common symptoms of coronavirus disease 2019,
other organ involvement, such as the kidney, has been reported. The incidence of acute kidney injury in COVID-19 patients has been
reported to vary greatly. In this study, we look at the magnitude and risk factors for acute kidney injury in COVID-19 patients in
Ethiopia, a developing country.

Methods: A hospital-based retrospective cross-sectional study design was conducted among admitted COVID-19 patients at Eka
Kotebe general hospital and Saint Peter COVID-19 treatment center by reviewing data from September 2020 to September 2021.
A random sampling technique with proportional size allocation was used to select a total sample of 402 patients (225 from Eka Kotebe
and 177 from St. Peter). Secondary data was collected from patient medical records using a standard, pre-tested data collection
checklist using the Kobo toolbox, which was then exported to SPSS version 25.0 for analysis. The association between dependent and
independent variables was analyzed using binary logistic regression. A statistical significance test was declared at a p value of <=0.05
with a 95% confidence interval.

Results: A total of 402 patient charts were reviewed, and the proportion of patients with acute kidney injury was found to be 18.9%.
After adjusting for potential confounders, age<=35 years (AOR = 0.23, 95% CI = 0.07-0.72), female gender (AOR = 0.51, 95% CI =
0.28-0.94), and isolation type ICU (AOR = 5.11, 95% CI = 1.44-18.06) were significantly associated with acute kidney injury.
Conclusion: Acute kidney injury is a common complication in hospitalized COVID-19 patients. The prevalence of acute kidney
injury in this study was 18.9%. Age, gender, and type of isolation were the factors that had a significant association with acute kidney
injury. Clinicians and other concerned parties should provide more care to ICU patients and COVID-19 patients who are older.
Keywords: acute kidney injury, COVID-19 patients, Addis Ababa

Introduction

Corona virus disease 2019 is a contagious infection caused by the Corona virus type 2 that causes severe acute
respiratory syndrome.' The disease was first identified in 2019 in Wuhan, China’s capital, and has since spread globally,
resulting in the 2019 Corona virus pandemic.’

The most common symptoms of COVID-19 are fever, dry cough, and difficulty breathing, but other symptoms such
as muscle pain, fatigue, sputum production, diarrhea, and a sore throat may also occur.’

The reverse transcription polymerase chain reaction (rRT-PCR) from a nasopharyngeal swab is the standard method
of diagnosis. A combination of symptoms, risk factors, and a chest CT scan showing features of pneumonia can also be
used to diagnose the infection.*

Although COVID-19 is most commonly associated with acute respiratory illness, it can also affect the kidney, heart,
digestive tract, and blood.” The mechanism of kidney involvement is unknown, but kidney injury in SARS-CoV-2
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infected patients is a major concern.® Because angiotensin converting enzyme-2 (ACE-2) is highly expressed in proximal
tubule cells and podocytes, the kidney may be a target for organ injury in COVID-19.”

AKI, the primary end point, was defined as per Kidney Disease Improving Global Outcomes (KDIGO) criteria:
a change in the serum creatinine of 0.3 mg/dl over a 48-hour period or a 50% increase in baseline creatinine. For patients
with a previous serum creatinine in the 7-365 days prior to admission, the most recent serum creatinine value was
considered the baseline creatinine. For patients without a baseline creatinine in the 7-365 days prior to admission, the
admission creatinine was imputed on the basis of a Modification of Diet in Renal Disease (MDRD) eGFR of 75 mL/min
per 1.73 m as per the KDIGO AKI guidelines.”

Despite initial reports of a low incidence, acute kidney injury (AKI) in COVID-19 patients is now recognized as
a serious disease complication.” The kidneys are the second most frequently affected organ by SARS-CoV-2, after the
lungs.” COVID-19 has affected millions of individuals worldwide, with considerable morbidity and mortality, and it
imposes a serious public health pandemic affecting the whole world. Besides its high infectivity, SARS-CoV-2 causes
multiple serious derangements.'®

The prevalence of AKI in COVID-19 was found to be 33.9% in Africa. In contrast, hemodialysis was required in 76%
of extreme ICU COVID-19 patients who developed AKI. Whereas the mortality rate in COVID-19 patients with or
without AKI was 15.4% and 4.8%, respectively.’

Overall AKI affects the prognosis of patients with COVID-19 especially in developing countries which increases the
morbidity and mortality rates and imposing a further burden on both patients and the healthcare system.” The impact of
AKI on patient outcomes may differ due to factors such as geographical area, differences of health-care systems or
hospital capacities.® Despite this fact there are no adequate studies done in Ethiopia assessing the prevalence of AKI and
its factors associated with it among COVID-19 patients.

Methods
Study Area

The study was conducted at Eka Kotebe general hospital COVID-19 treatment center and St. Peter COVID-19 treatment
center.

Study Design

A hospital based retrospective cross-sectional study was conducted.

Source Population
All confirmed COVID-19 cases with hospital admissions in Addis Ababa, Ethiopia.

Study Population
All confirmed COVID-19 positive patients who were admitted to Eka Kotebe General Hospital and Saint Peter COVID-
19 treatment center from September 1, 2020 to September 30, 2021.

Sample Size Determination
The sample size was calculated using the single population proportion formula for magnitude and the Open-epi software
for factors.

After adding 10% for chart loss, the final sample size was 402, which was the sample size calculated by the single
proportion formula.

Sampling Technique
There are a total of 4 COVID-19 treatment centers in Addis Ababa. A simple random sampling method was used to
select two hospitals, which were Eka Kotebe general hospital and St. Peter COVID treatment center. Then the number of
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study units to be sampled from each COVID-19 treatment center was determined using a proportional size allocation
formula.
ni x nf
N
Where ni= number of COVID-19 patients in each COVID-19 treatment center.
nf= Final sample size of the study
N= total number of COVID-19 patients in the selected treatment centers.
So for Eka Kotebe General Hospital, from a total of 3450 COVID-19 patients, 225 patients were selected, and for
St. Peter COVID-19 Treatment Center, from a total of 2700 COVID-19 patients, 177 patients were selected.
A simple random sampling technique was used to select COVID-19 patients from each COVID-19 treatment center.

Inclusion and Exclusion Criteria
Patients above 18 years old, a laboratory confirmed SARS-COV-2 infection, and patients admitted to the selected
COVID-19 treatment centers were the inclusion criteria for this study.

Patients, who developed CKD before admission, underwent maintenance dialysis or kidney transplantation before
admission, had an incomplete medical chart, had end-stage kidney disease (ESKD), and pregnant COVID-19 patients
were excluded from the study.

Data Collection Technique

A pre-developed data collection checklist was used to collect data from the patient’s medical record retrospectively,
which was developed after thoroughly reviewing previous relevant literature and modified after an intensive literature
review. Three data collectors, all Bsc nurses by profession, and one supervisor, an Msc nurse by profession, collected the
data. The checklist was filled out and collected by the data collectors from the patient’s medical record.

Study Variable
The dependent variable for this study was acute kidney injury in COVID-19 patients.

Socio-demographic (age, gender), comorbidities (DM, HTN, cardiac disease, asthma, liver disease, malignancy),
patients’ presentation (fever, cough, SOB, sore throat, fatigue, GI symptom), laboratory results (WBC, Hgb, Plt, CRP,
BUN, and serum Cr), medications taken (diuretics, glucosteriods, antivirals, penicillin, 1st and 2nd generation cepha-
losporin, NSIADS), and disease severity of COVID-19 were the independent variables.

Operational Definition
AKI: according to the KDIGO, AKI is defined as any of the following criteria’s:

1. Increase in serum creatinine (SCr) by > or= 0.3mg/dl within 48 hours OR

2. Increase in serum creatinine (SCr) > 1.5 times from the baseline, which is known or presumed to have occurred
within the prior 7 days OR

3. Urine volume < 0.5mL/kg/h for 6 hours.

But for this study we only use the serum creatinine as a measuring unit because we collected a secondary data, we could
not find the documented urine output.

A confirmed case of COVID-19: Is defined by a positive RT-PCR assay of a specimen collected through
a nasopharyngeal swab.

Ward isolated COVID-19 patient: - Includes all patients who had COVID-19 pneumonia diagnosed by a typical chest
computed tomography and a positive PCR of a nasopharyngeal sample for SARS-CoV-2 with mild symptoms and did not
need for supplementary oxygen.
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HDU isolated COVID-19 patient:- Includes all patients who had COVID-19 pneumonia diagnosed by a typical chest
computed tomography and a positive PCR of a nasopharyngeal sample for SARS-CoV-2 with requirement for supple-
mentary oxygen, furthermore, met any of the following criteria: (A) respiratory distress, defined as the respiratory rate
>30 times/min, with cyanosis; (B) arterial digital oxygen saturation <93% (at room air); (C) the ratio of the partial
pressure of oxygen to the fraction of inspired oxygen (PaO2/Fi02) <300 mmHg (1 mmHg = 0.133 kPa).

ICU COVID-19 patient: - Includes all patients of hospitalized group admitted to ICU stay and met any of the
following criteria: (1) respiratory failure that requires mechanical ventilation; (2) shock; and (3) multiple organ failure
that requires ICU life support.

Data Quality Control and Analysis

A half-day training was given to the data collectors and supervisor to ensure the validity and reliability of the data
collection tool, and a pre-test was done on 5% of the total sample size outside the selected COVID-19 treatment centers
before the actual data collection.

The data was collected and filled out on a software tool called Kobo Tool Box, checked for quality, and then exported
to SPSS V-25 for analysis. A binary logistic regression model was used to assess the association between the independent
variables and acute kidney injury. Odds ratio along with 95% confidence interval was estimated to assess the strength of
association and variables with p- value of < =0.05 was considered to declare statistically significant association in the
multivariable analysis.

Ethical Consideration

The study was conducted after obtaining ethical clearance from Gamby medical and business college review board.
A medical record number was used for the data collection, and patient names were not used in collecting data from the
medical files. Access to the collected information was limited to the principal investigator, and confidentiality was

maintained throughout the project.

Result

Socio-Demographic Characteristics of Study Participants
A total of 402 study participants’ charts were reviewed in this study. The mean age of the participants was 52.66 years
(SD = 17.60 years).

Majority 176 (43.8%) of the study participants were 35—60 years old, with >60 years 145 (35.1%) and <=35 years 85
(21.1%) following. Two hundred thirty-six (58.7%) of the study participants were male, and the rest, 166 (41.3%), were
female (Table 1).

Table |  Socio-Demographic
Characteristics of the Study
Participants (n=402)

Variables Frequency (%)
Age in years
<=35 years 85 (21.1)
35-60 Years 176 (43.8)
260 years 141 (35.1)
Sex
Female 166 (41.3)
Male 236 (58.7)
86 https: International Journal of Nephrology and Renovascular Disease 2023:16

Dove!


https://www.dovepress.com
https://www.dovepress.com

Dove Goffe et al

Comorbidity Status of Study Participants

The majority of the study participants, 279 (69.4%), did not have diabetes mellitus, while 123 (30.6%) did. One hundred
thirty-five (33.6%) of the study participants had hypertension, while the rest, 267 (66.4%), did not. The majority of 357
(88.8%) study participants did not have cardio-vascular disease, while only 45 (11.2%) did. Three hundred ninety-five
(98.3%) of the study participants did not have chronic obstructive pulmonary disease, while only seven (1.7%) of the

study participants had chronic obstructive pulmonary disease (Table 2).

Clinical Presentation of the Study Participants

Two hundred sixty-seven (66.4%) of the study participants had fever during their presentation to the hospitals, and the
rest 135 (33.6%) did not have fever during their presentation. Almost all of the study participants coughed during their
presentation, with the exception of two (0.5%) who did not. Two hundred and eighty-one (69.9%) of the study
participants did not have sore throats, and the remaining 121 (30.1%) of them had sore throats during their presentations.
Almost all 398 (99.0%) of the study participants had fatigue during their presentation, while only four (1.0%) of them did

not have fatigue during their presentation (Table 3).

Medication Status of the Study Participants

Of the study participants, 26 (93.5%) took diuretics during their hospital stay, while the rest, 376 (93.5%), did not take
diuretics during their hospital stay. Glucocorticoids were taken by almost all 409 (99.8%) of the study participants during
their hospital stay, with only 1 (0.2%) not taking them. Of the study participants 14 (3.5%) took anti-viral medication
during their hospital stay and 388 (96.5%) of the study participants did not took anti-viral medication during their
hospital stay. The majority, 371 (92.3%) of the study participants, took cephalosporin during their hospital stay, while
only 31 (7.7%) of them did not take cephalosporin during their hospital stay (Table 4).

Table 2 Comorbidity Status of the
Study Participant’s (n=402)

Variables Frequency (%)

DM

No 279 (69.4)

Yes 123 (30.6)

Hypertension

No 267 (66.4)

Yes 135 (33.6)

Asthma

No 382 (95.0)

Yes 20 (5.0)

COPD

No 395 (98.3)

Yes 7(1.7)

Malignant Cancer

No 386 (96.0)

Yes 16 (4.0)

CVD

No 357 (88.8)

Yes 45 (11.2)

CLD

No 393 (97.8)

Yes 9(22)
International Journal of Nephrology and Renovascular Disease 2023:16 https: 87

Dove:


https://www.dovepress.com
https://www.dovepress.com

Goffe et al

Dove

Table 3 Clinical Presentation of Study Participants’

(n=402)
Variables Frequency (%)
Fever
No 135 (33.6)
Yes 267 (66.4)
Cough
No 2 (0.5)
Yes 400 (99.5)
Shortness of breath
No 15 (3.7)
Yes 387 (96.3)
Sore throat
No 281 (69.9)
Yes 121 (30.1)
Fatigue
No 4 (1.0
Yes 398 (99.0)
Gastro-intestinal symptoms
No 181 (45.0)
Yes 221 (55.0)

Table 4 Medication Status of the

Study Participants (n=402)

Variables Frequency (%)
Diuretics

No 376 (93.5)
Yes 26 (6.5)
Glucocorticoids

No I (0.2)
Yes 401 (99.8)
Anti-viral

No 388 (96.5)
Yes 14 (3.5)
Penicillin

No 216 (53.7)
Yes 188 (46.3)
Cephalosporin

No 31 (7.7)
Yes 371 (92.3)
NSAID

No 401 (99.8)
Yes 1 (0.2)

Laboratory Findings and Severity Status of Study Participants

The mean hemoglobin count of the study participants was 14.23 g/dl with a standard deviation of 2.34 g/dl. The mean
WBC count of the study participants was 9404 per microliter with a standard deviation of 5480 per microliter. The
majority of the study participants (72.1%) had a normal platelet count; followed by those with a low platelet count

(24.1%) and a high platelet count (15.7%).
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Table 5 Laboratory Findings, Level of AKI, and
Severity Status of Study Participants (n=402)

Variables Frequency (%)
WBC count

Low 20 (5.0
Normal 214 (53.2)
High 168 (41.8)
Platelet count

Low 97 (24.1)
Normal 290 (72.1)
High 15 (3.7)
Severity status of COVID-19

Critical 46 (11.4)
Moderate/severe 356 (88.6)
Isolation type

High dependency unit 23 (5.7)
Intensive care unit 48 (11.9)
Ward 331 (82.3)
Outcome

Cure 371 (92.3)
Deaths 31 (7.7)
Acute kidney injury

No 326 (81.1)
Yes 76 (18.9)

Forty-six (11.5%) of the study participants had critical COVID-19 status, while 356 (88.5%) of them had moderate or
severe COVID-19 status. Of the study participants 31 (7.7%) were dead, while the rest 371 (92.3%) of study participants
were cured (Table 5).

Seventy-six (18.9%) of the study participants had acute kidney injury, whereas 326 (81.1%) of the study participants
did not have acute kidney injury.

Associated Factors
After adjustment for possible confounders in multivariable analysis, age, gender, and isolation type had significant
associations with the outcome variable in multivariable analysis at 95% CI (p <0.05) (Table 6).

Discussion

The magnitude of acute kidney injury in this study was found to be 18.9%. Comparable findings were observed in a study
conducted in Romania at two university hospitals (19.0%),"' Modena, Italy (22.4%)'? and Tehran, Iran (24.0%)."* The
finding of this study is lower than a study conducted at London, United Kingdom (76.7%),'* Brazil (55.9%),"> Mount
Sinai, Egypt (46.0%).'® This difference may be due to the difference in the study population (ICU and critically ill
patients), but the study participants for the current study are not only ICU patients or critically ill patients but also
moderate and severe COVID-19 patients. The finding of this study is also higher than a study conducted in Somalia,
Mogadishu (12.7%)."”

COVID-19 patients under the age of 35 were 77% less likely to develop acute kidney injury than COVID-19 patients
over the age of 60 (AOR = 0.23, 95% CI = (0.07-0.72)). Similar findings were also observed in a systematic review,
which is conducted based on Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA).'” The
possible explanation for this is that as we age, the rate of cellular apoptosis in the kidney increases, resulting in a lower
number of functional nephrons, which contributes to a decrease in GFR and creatinine clearance ratio, which induces
a decrease in renal functional reserve, making the kidney more susceptible to AKI.
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Table 6 Logistic Regression Analysis for Associated Factors (n=402)

Variables Acute Kidney Injury Frequency (%) COR (95% CI) AOR (95% CI
Yes No

Age

<= 35 years 4 (5.3) 8l (24.8) 0.11 (0.04-0.32) 0.23 (0.07-0.72)*

35-60 years 28 (36.8) 148 (45.8) 0.42 (0.24-0.71) 0.48 (0.26-0.89)"

2 60 years 44 (57.9) 97 (29.8) | |

Sex

Female 22 (28.9) 144 (44.2) 0.51 (0.30-0.88) 0.51 (0.28-0.94)*

Male 54 (71.1) 182 (55.8) | |

Diabetes mellitus

No 41 (53.9) 238 (73.0) 0.43 (0.26-0.72) 0.65 (0.34-1.21)

Yes 35 (46.1) 88 (27.0) | |

Hypertension

No 33 (434) 234 (71.8) 0.30 (0.18-0.50) 0.59 (0.31-1.10)

Yes 43 (56.6) 92 (28.2) | |

Cardio-vascular disease

No 60 (78.9) 297 (91.1) 0.37 (0.19-0.72) 0.98 (0.41-2.23)

Yes 16 (21.1) 29 (8.9) | |

Sore throat

No 46 (60.5) 235 (72.1) 0.59 (0.35-0.99) 0.69 (0.37-1.26)

Yes 30 (39.5) 91 (27.9) | |

Diuretics

No 63 (82.9) 313 (96.0) 0.20 (0.09-0.45) 0.43 (0.15-1.21)

Yes 13 (17.1) 13 (4.0) | |

COVID-19 severity

Critical 23 (50.0) 23 (50.0) 5.71 (2.99-10.92) | 1.07 (0.29-3.85)

Moderate/Severe 53 (14.9) 303 (85.1) | |

Isolation type

HDU 8 (10.5) I5 (4.6) 357 (1.43-893) | 2.62 (0.93-7.35)
IcU 25 (32.9) 23 (7.1) 7.28 (3.79-13.95) | 5.11 (1.44-18.06)
Ward 43 (56.6) 288 (88.3) [ [

Note: {P<0.05 =/} {P<0.0] =AA},

Another significant variable that showed a significant association with acute kidney injury was gender: female
COVID-19 patients were 49% less likely than male patients to have acute kidney injury (AOR = 0.51, 95% CI =
(0.28-0.94)). This could be because most of the study participant in this study were male (58.7%) and only 16.1% of
those male study participants were below 35 years.

A contrary finding was also observed in a study conducted in Somalia at Mogadishu, which revealed that female
COVID-19 patients were 17.05 times more likely to have acute kidney injury than male COVID-19 patients. The
difference in sample size and study population could explain this difference.'’

COVID-19 patients who were isolated in the ICU were 5.11 times more likely to have acute kidney injury than those
COVID-19 patients who were isolated in the ward (AOR = 5.11, 95% CI = (1.4418.06)). This could be because the
patients who were isolated in the intensive care unit (ICU) had a critical COVID-19 severity status. Similar findings were
observed in a study conducted in Somalia, Mogadishu.'” This similarity may be explained by the two populations’
similar lifestyles and economic status.
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Conclusion and Recommendation

AKI is a common complication in hospitalized COVID-19 positive patients. Acute kidney injury was found in 18.9% of
COVID-19 patients at Eka Kotebe General Hospital and Saint Peter Specialized Hospital COVID-19 treatment centers.
The factors that had a significant association with acute kidney injury among COVID-19 patients were age, gender, and
isolation type. Clinicians and other concerned parties should provide more care to ICU patients, and elderly COVID-19
patients and clinicians should raise their awareness of acute kidney injury in patients with severe COVID-19 and
prioritize primary prevention and community education in order to implement COVID-19 preventive measures. More
research studies need to be conducted, which can provide more detailed data which were not included in this study, ie,
urine output as a diagnosing criteria for AKI.

Abbreviations

ACE 2, angiotensin converting enzymes 2; AKI, acute kidney injury; ARF, acute renal failure; CKD, chronic kidney
disease; ESRD, end stage renal disease; HDU, high dependency unit; ICU, intensive care unit; KDIGO, kidney disease
improving global outcomes; NSAID, non-steroidal anti-inflammatory drugs; SPSH, Saint Peter Specialized Hospital;
WBC, white blood cell.
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