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Abstract

Background: Corona Virus Disease 2019 (COVID-19), an infection caused by the SARS-CoV-2 virus, has been the largest
global pandemic since the turn of the 21st century. With emerging research on this novel virus, studies from the African
continent have been few. Corona Virus Disease 2019 has been shown to affect various organs including the lungs, gut,
nervous system, and the kidneys. Acute kidney injury (AKI) is an independent risk factor for mortality and increases the
health care burden for patients with persistent kidney dysfunction and maintenance dialysis. Sub-Saharan Africa has a high
number of poorly controlled chronic illnesses, economic inequalities, and health system strains that may contribute to higher
cases of kidney injury in patients with COVID-19 disease.

Objectives: The objective of this study was to determine the incidence, associated factors, and outcomes of AKl in patients
hospitalized with COVID-19 in Kenya.

Methods: This retrospective cohort study included 1366 patients with confirmed COVID-19 illness hospitalized at the
Aga Khan University Hospital in Nairobi, Kenya, between April 1, 2020 and October 31, 2021. Data were collected on age,
sex, the severity of COVID-19 illness, existing pregnancy and comorbid conditions including human immunodeficiency virus
(HIV), diabetes mellitus, hypertension, and functioning kidney transplant patients. Univariate analysis was carried out to
determine the association of clinical and demographic factors with AKI. To determine independent associations with AKI
incidence, a logistic regression model was used and the relationship was reported as odds ratios (ORs) with a 95% confidence
interval (Cl). The outcomes of AKI including the in-hospital mortality rate, renal recovery rate at hospital discharge, and the
duration of hospital stay were reported and stratified based on the stage of AKI.

Results: The median age of study patients was 56 years (interquartile range [IQR] = 45-68 years), with 67% of them being
male (914 of 1366). The AKl incidence rate was 21.6% (n = 295). Patients with AKI were older (median age = 64 years vs 54
years; P < .001), majority male (79% of men with AKI vs 63.6% without AKI; P < .001), and likely to have a critical COVID-19
(OR = 8.03,95% CI = 5.56-11.60; P < .001). Diabetes and hypertension, with an adjusted OR of 1.75 (95% CI = 1.34-2.30;
P <.001) and 1.68 (95% Cl = 1.27-2.23; P < .001), respectively, were associated with AKI occurrence in COVID-19. Human
immunodeficiency virus, pregnancy, and a history of renal transplant were not significantly associated with increased AKI
risk in this study. Patients with AKI had significantly higher odds of mortality, and this effect was proportional to the stage of
AKI (OR = 11.35,95% Cl = 7.56-17.03; P < .001). 95% of patients with stage | AKI had complete renal recovery vs 33% of
patients with stage 3 AKI. Of the patients with stage 3 AKI (n = 64), 10 underwent hemodialysis, with | recovery in renal
function and 3 patients requiring ongoing dialysis after discharge.

Conclusions: This study was conducted at a single private tertiary-level health care facility in Kenya and only up to the
time of hospital discharge. It is one of the first large studies from sub-Saharan Africa looking at the associated factors and
outcomes of AKI in COVID-19 and forms a foundation for further analysis on the long-term consequences of COVID-19 on
the kidneys. A major limitation of the study is the lack of baseline pre-admission creatinine values for most patients; thus, the
impact of chronic kidney disease/baseline creatinine values on the incidence of AKI could not be established.
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Introduction

Corona Virus Disease 2019 (COVID-19), a novel infection
caused by the SARS-Cov-2 virus, was first reported in the
Wuhan area of China in late 2019 and rapidly spread world-
wide. On March 11, 2020, COVID-19 was declared a global
pandemic by the World Health Organization.! Three years in,
global reported infections have surpassed 700 million, with
almost 7 million related deaths.! Despite daily emerging evi-
dence on this novel virus, there has been a paucity and leth-
argy of studies from the African continent. Kenya announced
its first case of confirmed COVID-19 on the March 13, 2020.
Three years later, the country had reported 350000 con-
firmed cases, with 5700 related deaths.? This number is,
however, likely to be higher given the poor health-seeking
behavior and a lack of confirmatory tests for COVID-19 in
most hospitals across the country.

The SARS-CoV-2 virus has been shown to bind to recep-
tors in the lungs, gut, nervous system, and kidneys, causing
symptoms related to these organs.>> Studies suggest that up
to 75% of patients with COVID-19 have a derangement in
their kidney function.®’ Acute kidney injury (AKI) is associ-
ated with increased mortality rates and a longer duration of
hospital stay, with higher odds noted in COVID-19
patients.®!" Acute kidney injury in COVID-19 may result in
poor renal recovery rates and a faster progression into chronic
kidney disease, which places an additional burden on a coun-
try’s health care system. !>

The incidence of AKI has varied greatly across popula-
tions, ranging from 9% to 55% depending on the geographi-
cal area, differences in COVID-19 severity, race, age, and
the socio-economic status of the patient population.'®!3-20
Being of African descent in particular has been identified as
an independent risk factor for AKI, with reasons ranging
from socio-economic advantages limiting access to health
care services, to poor health seeking behavior, the presence
of comorbid conditions, and genetic factors increasing the
AKI risk.!%!1:21-23 The emergence of different variants of the
SARS-CoV-2 virus, including the Delta and Omicron vari-
ants, in the background of vaccine introduction in late 2020
to 2021, has altered the course and severity of COVID-19
illness and its related complications.?*?

This study aims to assess the impact of COVID-19 infec-
tion on the kidneys in patients hospitalized at a tertiary-level
facility in Nairobi, Kenya, in the course of 4 COVID-19
waves. We determined the incidence and the factors associ-
ated with AKI. We also looked at the outcomes of AKI at the
time of hospital discharge, which include the mortality rate,
the duration of hospital stay, and the status of renal recovery.

Methods
Study Population

This retrospective cohort study included all patients hos-
pitalized at the Aga Khan University Hospital, Nairobi

(AKUHN), Kenya, between April 1, 2020 and October 31,
2021. The AKUHN is a tertiary-level 260-bed private
teaching hospital located in Nairobi, Kenya, that also
admits patients from across Kenya and sub-Saharan Africa
as witnessed during the COVID-19 pandemic. Patients
with a COVID-19 diagnosis were identified from the
Electronic Health Records (EHR) database unique to and
maintained by AKUHN, wusing the International
Classification of Diseases 10th Edition (ICD-10) 2005
version diagnostic codes B97.2 (“Coronavirus as the
cause of diseases classified elsewhere”) and B34.2
(“Coronavirus infection: unspecified site”). Due to the
strain on hospital resources at this time, only patients who
met a pre-set admission criteria that included a require-
ment for oxygen supplementation to maintain oxygen
saturation (spO2) above 94%, or the presence of comorbid
conditions in stable patients, were hospitalized (see
Supplemental Information). Patients requiring in-patient
care for other ailments, but with an incidental finding of
COVID-19, were also coded as COVID-19 positive and
included in the study.

Inclusion Criteria

All patients above the age of 18 years with a confirmed
COVID-19 diagnosis were said to meet the inclusion criteria.
The diagnosis of COVID-19 infection was confirmed based
on a positive RT-PCR (reverse transcription-polymerase
chain reaction) test of nasopharyngeal swabs performed on
all patients on the day of admission. The hospital laboratory
utilizes 2 analyzer machines that identify 2 of the genes
within the SARS-CoV-2 virus (Allplex SARS-CoV-2 assay,
Seegene RealStar SARS-CoV-2 RT-PCR kit 1.0, Altona
Diagnostics, Germany). The RT-PCR test for COVID-19
infection has been shown to have a 99% sensitivity.2%%’

In addition, patients who may have tested negative on
RT-PCR but had a high clinical suspicion for COVID-19
infection were included in this study based on chest com-
puted tomography (CT) scan findings suggestive of COVID-
19 (24 of 1366). The COVID-19 Reporting and Data System
(CO-RADS) classification system was used in reporting
images, where patients with a CO-RADS 4 and 5, corre-
sponding to high and very high suspicion for COVID-19
infection, were included in this study. The CO-RADS clas-
sification system allows for standardized reporting of chest
images in suspected COVID-19 cases, with utility reported
in various studies, including 1 study done at the AKUHN.?
31 The hospital uses a 256 slice multidetector dual-energy
and dual-source CT scan machine, with chest images
reviewed by 2 qualified hospital radiologists.

'"The Aga Khan University, Nairobi, Kenya

Corresponding Author:
Susan Cheruiyot, The Aga Khan University, 30270-00100 Nairobi, Kenya.
Email: dr.susancheruiyot@gmail.com



Cheruiyot et al

Exclusion Criteria

Patients in whom a diagnosis of AKI could not be made due
to lack of serial creatinine levels and those on maintenance
dialysis were excluded from this study.

Data Collection

Data were manually extracted from the hospital EHR system
by the primary investigator and independently reviewed for
accuracy by other authors (J.S., C.G., A.S.). These records
included uploaded discharge summaries, clinical notes,
patient vital signs, and laboratory investigations. Information
was collected on demographic data (age and sex), comorbid
conditions including human immunodeficiency virus (HIV),
diabetes mellitus, hypertension, post-renal transplant and
pregnancy states, and laboratory values including creatinine
values, HIV viral load, and glycated hemoglobin levels.

Description of Patient Characteristics and
Outcomes

Acute kidney injury is defined using the 2012 Kidney
Disease: Improving Global Outcomes (KDIGO) criteria as
an increase in serum creatinine by 26.53 micromole/L (0.3
mg/dL) or more within 48 hours or a 50% or more increase
in serum creatinine within the last 7 days.>? Preadmission
baseline creatinine values were missing for most patients;
the baseline creatinine was taken to be the median of creati-
nine values during admission (used to calculate AKI based
on 7-day definition). Urine output was not used in this study
to diagnose AKI due to missing data for most patients. The
incidence of AKI was assessed, with occurrence within or
after 48 hours of admission based on an early (admission)
elevated creatinine value. Using the KDIGO criteria, AKI
was further characterized into stages based on severity: stage
1 as an increase in serum creatinine level by 1.5 to 1.9 times
baseline, stage 2 as an increase in serum creatinine by 2.0 to
2.9 times the baseline, and stage 3 as an increase in serum
creatinine level to 3.0 times the baseline or greater, or an
increase by 353.68 micromole/L (4.0 mg/dL) or greater, or
the initiation of renal replacement therapy (RRT).

Once a diagnosis of COVID-19 was made, patients were
then classified using the National Institute of Health (NIH)
clinical spectrum of SARS-CoV-2 infection, adapted by the
Kenya Ministry of Health, as mild to moderate disease, severe
disease, or critical illness.>* Patients with mild to moderate
disease have clinical and/or radiological features of pneumo-
nia and SpO, at or greater than 94% on room air. Severe ill-
ness is defined as an SpO, less than 90% on room air, and
critical illness as the presence of respiratory failure, septic
shock, or multiorgan dysfunction in severely ill patients.

Hypertension is defined based on the European Society of
Cardiology (ESC)/European Society of Hypertension (ESH)

guidelines as a blood pressure greater than 140/90 mm Hg in
2 or more readings taken 4 or more hours apart.** Patients
were said to be hypertensive if they were on treatment for
hypertension prior to admission or were newly diagnosed
based on in-patient blood pressure readings keeping with this
definition.

A new diagnosis of diabetes mellitus was made based on
the 2017 International Diabetes Federation (IDF) Clinical
Practice Recommendations for managing type 2 diabetes®
which have been adopted in the Kenya Diabetes Management
guidelines and include a fasting plasma glucose level of 7
mmol/L (126 mg/dL) or higher or a random plasma glucose
of 11.1 mmol/L (200 mg/dL) or higher in a patient with clas-
sic symptoms of hyperglycemia, or a hemoglobin Alc
(HbA1c) level of 6.5% (48 mmol/mol) or higher. All admit-
ted patients had an HbA 1c level and a random/fasting plasma
glucose level done at the time of admission.

The study assessed outcomes during the hospital stay, up
until the time of in-hospital mortality or hospital discharge.
These outcomes include the mortality rate, the rate of renal
recovery, and the RRT rate. In-hospital mortality rate was
calculated as the number of patients with AKI who died dur-
ing the hospital stay. The definition of recovery of kidney
function is derived from 2012 KDIGO AKI guidelines as
independence from dialysis therapy or a return to baseline
kidney function in patients younger than 65 years.*? Partial
renal recovery is defined by consensus in KDIGO guidelines
as recovery in kidney function by >50% without a return to
initial baseline values. Patients were categorized as having
either complete or partial renal recovery at hospital discharge
based on the latest creatinine values. Transient AKI was
recovery in renal function within 48 hours of an AKI
diagnosis.

Statistical Analysis

Baseline characteristics were reported using medians and
interquartile ranges (IQRs) for continuous variables and
counts and percentages for categorical variables. Acute kid-
ney injury incidence was calculated as the fraction of patients
with AKI to all admitted COVID-19 patients and stratified
according to the severity of COVID-19 disease. Chi-square
test and Mann-Whitney tests were used for comparison
between percentages and medians, respectively. The rela-
tionship between comorbid conditions and AKI was assessed
by age-sex adjusted models using logistic regression models.
A P < .05 was considered statistically significant. Results of
significant relationships were reported as odds ratios (ORs)
with a 95% confidence interval (CI). The outcomes of AKI,
including the in-hospital mortality rate, RRT rate, and renal
recovery rate, were calculated and stratified based on AKI
severity. The median duration of hospital stay was calculated
for each stage of AKI. Statistical analysis was performed
using SPSS (IBM version 20).
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1964 patients admitted in the study period with a
diagnosis of COVID-19

90 patients did not have a
confirmatory COVID-19 test or had

negative results

l

487 patients did not have serial
creatinine levels on record

final study

1366 patients included in

21 patients had pre-existing ESRD

295 patients with AKI
/ v \

170 Stage 1 64 Stage 3 AKI
AKI

61 Stage 2 AKI

~

1071 patients without AKI

Figure |. Patient flow chart showing the patient selection process, number of patients with AKI diagnosis, and their AKI severity

staging.
Note. AKI = acute kidney injury; ESKD = end-stage kidney disease.

Results

Patient Demographic Characteristics

A total of 1366 patients were included in the final analysis
after application of inclusion and exclusion criteria as shown
in Figure 1.

The median age of study patients was 56 years (IQR =
45-68), with 34 patients aged 30 years and below and 9
patients above the age of 90 years (see Table 1 below). Two
thirds of all the patients were male (n = 914). Fifteen patients
were pregnant on admission (3.3% of females). Of the 1366
admitted patients, slightly more than half had mild to moder-
ate disease (n = 791), whereas 199 (15%) patients required
mechanical ventilation. The most common comorbid condi-
tions in this study were hypertension and diabetes mellitus,
present in 32% (n = 441) and 40% (n = 548) of all admitted
patients, respectively. Five patients admitted with COVID-
19 illness had undergone a kidney transplant in the past.
Approximately 50% of all admitted patients were not tested
for HIV, either due to a lack of provider-initiated testing and
counseling or due to test decline. Of the 24 patients with an
HIV-positive diagnosis, 7 were newly diagnosed (0.01% of
all tested). Of the 17 patients already on treatment, 15 were
virally suppressed.

AKI Incidence and Factors Associated

The AKI incidence rate in our study is 21.6% (n = 295); 170
patients (57.6%) had stage 1 AKI, 61 (20.7%) had stage 2
AKI, and 64 (21.7%) had stage 3 AKI. There was a higher
AKI occurrence during the fourth COVID-19 wave character-
ized by the global emergence of the Delta SARS-CoV-2 vari-
ant, as shown in Table 2 and Figure 2.

Patients with AKI were older (median age = 64 years vs
54 years; P < .001) and more likely to be male (P < .001).
After adjustment for age and sex, patients with severe
COVID-19 disease were 1.92 times more likely to develop
an AKI compared with patients with mild to moderate dis-
ease (95% CI = 1.38-2.68; P < .001), with the odds increas-
ing to 8.03 with critical disease (95% CI = 5.56-11.60; P <
.001). The incidence rate ratio for AKI in hypertension was
1.68 (95% CI = 1.27-2.23; P < .001) and 1.75 in diabetic
patients (95% CI = 1.34-2.30; P < .001) as shown in Tables
3 and 4. Human immunodeficiency virus, pregnancy, and a
history of renal transplant were not significantly associated
with a higher AKI incidence.

48% of the cases of AKI occurred in the first 48 hours of
admission (n = 144); 71% of these were stage 1 AKI (n =
102), 17% of these were stage 2 AKI (n = 25), and 12% of
these were stage 3 AKI (n = 17). A total of 148 patients
developed AKI 48 hours after admission; it includes 59% of
patients with stage 2 AKI and 73% of patients with stage 3
AKI and as shown in Table 5.

Outcomes of AKI

The in-hospital mortality rate for COVID-19 patients with
AKI in our study was 36.9% (n = 109). 18% of patients with
stage 1 AKI (n = 34) died compared with 51% of patients
with stage 2 (n = 33) and 64% of patients with stage 3 AKI
(n = 42). Patients with AKI had 11.35 higher odds of mortal-
ity compared with non-AKI patients (95% CI = 7.56-17.03;
P < .001). After adjustment for age, sex, COVID-19 sever-
ity, and comorbid conditions, the odds for mortality in AKI
patients were 3.5 (95% CI = 3.5-9.53; P < .001) as shown in
Table 6.



Cheruiyot et al

Table I. Patient Characteristics.

Patient characteristics All patients (n = 1366) With AKI (n = 295) Without AKI (n = 1071) P
Age, y, median (IQR) 56 (45-68) 64 (53-75) 54 (44-65) <.001
Sex, n (%) <.001
Male 914 (66.9) 233 (79.0) 681 (63.6)
Outcome <.001
Died, n (%) I51(I1.1) 109 (36.9) 42 (3.9)
Use of contrast (CT/MRI), n (%)
Yes 444 (32.5) 97 (32.9) 347 (32.4) 956
COVID-19 severity, n (%):
Mild to moderate 791 (57.9) 97 (32.9) 694 (64.8) <.001
Severe 376 (27.5) 84 (28.5) 292 (27.3)
Critical 199 (14.6) 114 (38.6) 85 (7.9)
Comorbidities, n (%):
Hypertension 441 (32.3) 141 (47.8) 300 (28.0) <.001
Diabetes 548 (40.1) 160 (54.2) 388 (36.2) <.001
HIV positive 24 (3.4) 2 (0.7) 22 (2.1) A
Pregnant 15 (3.3) 2(3.2) 13 (3.3) .999
Post-renal transplant 5(0.4) 2 (0.7) 3(0.3) 296
Hospital duration, days, median (IQR) 8 (5-13) 10 (5-18) 8 (5-12) <.001

Note. AKI = acute kidney injury; CT = computed tomography; IQR = interquartile range; MRI = magnetic resonance imaging.

Table 2. Incidence of AKI According to the COVID-19 Waves.

Time period COVID-19 patients (n = 1366) AKI patients (n = 295) AKl incidence rate (%)
May to September 2020 278 55 19.78
October 2020 to January 2021 317 63 19.87
February to June 2021 461 100 21.69
July to October 2021 310 77 24.84
Total 1366 295 21.60
Note. AKI = acute kidney injury.
admission and received dialysis shortly after admission. Out
8 . of all dialysis patients, 4 were discharged alive; 3 of the 4
S_ s patients required ongoing dialysis after hospital discharge.
& 90% of patients with stage 1 AKI who were discharged alive
g 2K had complete renal recovery (n = 122), compared with 82%
§ of stage 2 (n = 23) and only 32% of stage 3 patients (n = 7)
S 1k (see Figure 3 below).
§ The duration of hospital stay ranged from 1 to 79 days for
P P N patients admitted with COVID-19 infection. The median
\c,?&&?'“ﬂ:c,”&&“'&&% ?“2,.@1@?&{,?&\&& "&\«, s “‘&\J& duration of hospital stay was higher in patients with AKI
S HEF VP IS TEF YA compared with non-AKI patients (8 days vs 10 days; P <

Figure 2. The average daily new COVID-19 cases in Kenya
(April 2020 to October 2021).

Source. https://www.worldometers.info/coronavirus/country/kenya/.
Accessed May 20, 2023.

Ten out of 64 patients with stage 3 AKI underwent hemo-
dialysis, representing an RRT rate of 3.4%. Nine out of these
10 patients had an AKI diagnosis within 48 hours of

.001); 9 days for stage 1 AKI (IQR = 6-13 days), 11 days for
stage 2 AKI (IQR = 7-9 days), and 12 days for stage 3 AKI
(IQR = 8-18 days) (see Figure 4 below).

Discussion

In our study that included 1366 patients admitted in the
course of 4 country COVID-19 waves, the AKI incidence
rate was 21.6%. Demographic and clinical factors like male
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Table 3. Factors Associated With AKI in Univariate Analysis.

Acute kidney injury

Yes (N = 295) No (N = 1071) OR (95% ClI) P
Age, y, (median [IQR]) 64.0 [53.0-75.0] 54.0 [44.0-65.0] 1.042 (1.032-1.052) <.001
Sex
Female 62 21.0% 390 36.4% 0.465 (0.342-0.631) <.001
Male 233 79.0% 681 63.6% Reference
Outcome
Alive 186 63.1% 1029 96.1% 0.070 (0.047-0.103) <.001
Dead 109 36.9% 42 3.9% Reference
HRCT (n = 1361)
Not done 44 14.9% 152 14.3% Reference 776
Done 251 85.1% 914 85.7% 0.949 (0.660-1.364)
Severity
Mild to moderate 97 32.9% 694 64.8% Reference <.001
Severe 84 28.5% 292 27.3% 2.058 (1.491-2.842)
Critical 114 38.6% 85 7.9% 9.596 (6.747-13.647)
Hypertension
Yes 141 47.8% 300 28.0% 2.353 (1.806-3.066) <.001
No 154 52.2% 771 72.0% Reference
Diabetes
Yes 160 54.2% 388 36.2% 2.086 (1.607-2.708) <.001
No 135 45.8% 683 63.8% Reference
HIV
Positive 2 0.7% 22 2.1% 0.325 (0.076-1.392) A1
Negative 293 99.3% 1049 97.9% Reference
ARVs
Yes | 50.0% 16 72.7% 0.375 (0.020-6.997) .507
No | 50.0% 6 27.3% Reference
Viral suppression
Yes | 50.0% 14 53.6% 0.571 (0.031-10.435) 1.000
No | 50.0% 8 36.4% Reference
Pregnant
Yes 2 3.2% 13 3.3% 0.967 (0.213-4.391) 1.000
No 60 96.8% 377 96.7% Reference
Post-renal transplant
Yes 2 0.7% 3 0.3% 2.430 (0.404-14.611) 296
No 293 99.3% 1068 99.7% Reference
Hospital duration (days) (median [IQR]) 10.0 [5.0-18.0] 8.0 [5.0-12.0] 1.045 (1.032-1.058) <.001

Note. AKI = acute kidney injury; Cl = confidence interval; HRCT = high-resolution computerized tomography; IQR = interquartile range;

OR = odds ratio.

Table 4. Age-Sex Adjusted Model for Significant Factors

Associated With AKI.

Patient characteristics IRR 95% Cl P
COVID-19 severity
Severe 1.92 (1.38-2.68) <.001
Critical 8.03 (5.56-11.60) <.001
Hypertension 1.68 (1.27-2.23) <.001
Diabetes mellitus 1.75 (1.34-2.30) <.001

Note. AKI = acute kidney injury; Cl = confidence interval; IRR =

incidence rate ratio.
Adjusted for age and sex.

sex, increasing age, diabetes, and hypertension were associ-
ated with an increased risk of AKI in COVID-19.
Furthermore, the overall mortality rate was high at 36.9%,
whereas many patients discharged alive did not fully recover
renal function at the time of hospital discharge.

The AKI incidence in our study is lower than the 40% to
60% reported from studies with a similar socio-demographic
population.!"!®2! That said, it is still higher than initial
reports from China and Europe.*?° Compared with pre-
COVID-19 Kenyan studies on AKI incidence, this figure is
5 times higher. The greater AKI rate in COVID-19-infected
persons may be explained by the pathological effects of the
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Table 5. Incidence of and Time to Resolution of AKI.

Development of AKI Stage | (n = 170) Stage 2 (n = 61) Stage 3 (n = 64)

Within 24 hours of admission 102 (60) 25 (41) 17 (27)
Resolution within 48 hours 63 61.8) 3 (12.0) 0 0)
Resolution takes longer than 48 hours 28 (27.4) 17 (68.0) 8 (47.1)
Mortality I (10.8) 5 (20.0) 6 (35.3)
Ongoing dialysis 3 (17.6)

After 48 hours of admission 68 (40) 36 (59) 47 (73)
Resolution within 48 hours 32 (47.1) 2 (5.6) 3 (6.4)
Resolution after 48 hours 13 (19.1) 6 (16.7) 8 (17.0)
Mortality 23 (33.8) 28 (77.7) 36 (76.6)
Ongoing dialysis 0 0)

Note. AKI = acute kidney injury.

Table 6. Associations Between AKI and Mortality Risk.

Outcome Odds ratio 95% CI P

Mortality I1.16 (adjusted for age and sex) 7.45-16.70 <.001

Mortality 3.5 (adjusted for age, sex, hypertension, diabetes, and COVID-19 severity) 3.5-9.53 <.001

Note. AKI = acute kidney injury; Cl = confidence interval.

180
160 —
140
120
100

122
80

40

20

stage 1 AKI

60 o

stage 2 AKI stage 3 AKI

M Dead complete renal recovery M partial renal recovery M Dialysis

Figure 3. A graphical representation of the outcomes of AKl in COVID-19, including mortality, renal recovery, and dialysis rates

stratified by stage of AKI.

Note. Most patients had stage | AKI (column ). Mortality rates were higher in patients with stage 3 AKI compared with stage | and stage 2 AKI (third

column, red brown box). AKI = acute kidney injury.

SARS-CoV-2 virus on the kidneys, the immune system, and
cardiovascular stability, manifesting as pre-renal and intrare-
nal causes of kidney injury. This argument is further strength-
ened by the rise in AKI cases with emergence of SARS-CoV-2

virus variants.?*?* The difference in AKI staging between our
study and related studies, including comparably fewer stage
1 AKI patients, may be explained by the exclusion of patients
without serial creatinine levels (repeat tests are not routinely
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Stages of AKI; median and interquartile range

]
l 1
Stage 3 AKI No AKI

Figure 4. The median duration of hospital stay with interquartile ranges for all study patients (COVID-19 positive patients with and

without AKI).

Note. The length of hospital stay is represented by the black vertical line. The boxes represent the interquartile ranges, whereas the median duration of
hospital stay is shown by the line (demarcation) between the red and brown boxes. For example, patients with stage 3 AKI (third line) had a hospital stay
ranging from | to 79 days, a median duration of hospital stay of 12 days, and an interquartile range of 8 to 18 days. AKI = acute kidney injury.

done in relatively stable patients) and the hospital admission
criteria that excluded “well” patients who may have had
stage 1 AKI.

Age and sex as factors associated with AKI are in keeping
with previous studies by Fisher et al'® and Hirsch et al.!! The
higher risk may be attributable to more men presenting with
comorbid conditions and a higher COVID-19 disease sever-
ity compared with women. In our study, 70% of patients with
diabetes and hypertension were male, whereas the men con-
stituted 68% of patients with severe and critical COVID-19.
Increasing age is accompanied by a higher incidence of
chronic illnesses, which are poorly controlled in many areas
of sub-Saharan Africa, Kenya included.?”-*8

In this study, the mortality rate for patients with AKI in
COVID-19 was similar to that reported in 2 studies with simi-
lar socio-demographic characteristics,''? but higher than
findings in an early meta-analysis that featured mainly studies
from China.** When compared with the pre-COVID-19 era,*-
43 the current rates in patients with COVID-19 have been on
average 3 times higher. This higher mortality may be attribut-
able to increased virus infectivity, a strain in the health system
attributed to the COVID-19 pandemic, admission of rather
sick patients who met the hospital admission criteria, and late
presentation of critically ill patients to the hospital. The mor-
tality rate was also noted to be higher with increasing severity
of AKI; two thirds of the patients with stage 3 AKI had criti-
cal COVID-19 illness, a known risk factor.

Of the 4 patients who were discharged alive after dialysis, 3
required continuous renal replacement therapy (CRRT). This
incidence is high compared with similar studies where only
approximately 30% of patients required ongoing dialysis.***
That said, the hospital dialysis rates in our study were compara-
tively low at 3.4% of all AKI patients. Interestingly, 90% of
patients who underwent dialysis had an AKI diagnosis within
48 hours of admission, which may point to a lapse in identifica-
tion and early RRT in COVID-19 patients with a later AKI
diagnosis, probably due to strains in the health system.

The strengths of our study include a large sample size of
1366 patients. This is also one of the first few studies from
sub-Saharan Africa evaluating the impact of COVID-19 on
the kidneys.

A few limitations exist. First, this study assessed the
impact of COVID-19 on the kidneys in patients who were
hospitalized at 1 private health facility based on pre-set
admission criteria to ensure only sick high-priority patients
would get admitted. In addition, 487 patients with COVID-
19 infection were excluded from the analysis by the
absence of serial creatinine results. Due to these 2 reasons,
the study results are not generalizable. Second and impor-
tantly, most patients were admitted for the first time at our
hospital during the COVID-19 pandemic, thus missing
pre-admission baseline creatinine values. Due to this, the
impact of chronic kidney disease/baseline creatinine val-
ues on the incidence of AKI could not be established.
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Finally, patients who were transferred out of the hospital to
continue care at other facilities were said to be discharged
alive, and the outcomes of AKI were assessed at the point
of hospital transfer, which may not have been their ulti-
mate outcome.

Conclusions

This study demonstrates the relationship between AKI and
COVID-19 infection in Kenya. It assessed the AKI incidence
and the association between AKI and demographic and clini-
cal risk factors, with age, sex, hypertension, and diabetes
being significantly associated with increased AKI risk in
COVID-19 infection. In addition, the outcomes of AKI in
COVID-19 infection were determined and noted to be more
pronounced in AKI patients compared with non-AKI
patients. These included a longer hospital stay, higher mor-
tality rates, and lower renal recovery rate after dialysis.

Evaluation of the impact of early RRT on outcomes in
patients with stage 3 AKI and COVID-19 infection can add
to the knowledge of RRT timing. This study also forms a
foundation for further research on the intermediate and long-
term outcomes of COVID-19 infection on the kidneys.
Information on renal recovery and progression in kidney dis-
ease is necessary to guide health policy formulation as coun-
tries across the globe shift focus to the long-term consequences
of the COVID-19 pandemic.
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