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Introduction
The rapid progression of the severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) 
pandemic is a global challenge.1,2 The new evidence of coronavirus disease 2019 (COVID-19) is 
constantly closing the gap between pathogenesis and variability in the clinical presentation.3,4 
Coronavirus disease 2019 presented in a wide range from asymptomatic to severe forms of the 
disease with multisystem failure.5,6 The respiratory system involvement is the main feature of 
COVID-19 and lung involvement in the form of severe viral pneumonia characterised by a 
massive inflammatory infiltrate and endothelial damage resulting in acute respiratory distress 
syndrome (ARDS).1,7 The full spectrum of SARS-CoV-2 impact on other organs, including the 
kidney, is not well understood.2,8

The new evidence is emerging with variable kidney involvement and substantial geographic 
difference.2,6 The kidney involvement has not been well understood, but acute kidney injury 
(AKI) in COVID-19 patients is of great concern.9 There are various theories regarding the cause of 
AKI in patients with COVID-19 infection. It is believed that the virus-mediated injury and the 
dysregulation of the angiotensin II pathway are the factors that trigger this condition. However, 
the exact management of AKI in these patients remains unclear.10,11

The incidence of AKI among COVID-19 hospitalised patients has ranged from 5% to 29%, with 
high mortality.6,12,13 The clinical course of kidney involvement is utterly unpredictable, from 
asymptomatic infection to multi-organ system failure.11,14 The mortality rate among patients 
with COVID-19 with superimposed AKI remains exceptionally high.15,16 There is a need to 
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understand the different clinical presentations of COVID-19 
and its impact on clinical outcomes. There is currently no 
evidence supporting the idea that the management of 
COVID-19 associated AKI should be different from other 
causes of AKI.

A few studies from the United States, Europe and China 
described the characteristics and outcomes of AKI among 
COVID-19 hospitalised patients.12,17,18 The evidence of 
COVID-19-associated AKI and its effect in South Africa have 
been limited.8 The incidence of AKI among people with 
COVID 19 substantially varies between different populations 
and geographic regions.2,6 The specific effect of SARS-CoV-2 
on the kidney is not yet fully understood and to what extent 
it increases the risk of AKI.8,19,20 More evidence on clinical 
characteristics and outcomes of COVID-19-associated AKI is 
needed to optimise the management and prevention of these 
complications.

Understanding the epidemiology of COVID-19 in patients 
with different AKI stages is vital to identifying potential 
risk factors and improving the clinical management of this 
disease. Current literature suggests that the kidney is 
vulnerable in COVID-19 patients, but there is a lack of 
available data regarding its incidence and outcomes in 
South Africa.8,14 This study provides insight into the 
planning and resources needed for the subsequent phases 
of the pandemic. The study aimed to determine the 
incidence of AKI in a hospitalised patient who died due to 
COVID-19 in a regional hospital in the Eastern Cape 
province of South Africa.

Methods
Study design and settings
Retrospective record review of the first 100 patients who 
died due to COVID-19 between 10 July 2020 and 31 January 
2021 was conducted at Mthatha Regional Hospital (MRH) 
in the Eastern Cape province of South Africa. Patients 
were admitted to an isolation ward after confirming a 
positive result of reverse-transcriptase polymerase chain 
reaction (RT-PCR) or rapid antigen test for SARS-CoV2 
virus from a nasopharyngeal swab. Mthatha Regional 
Hospital is a 302-bed referral hospital designated for 
COVID-19 management. The hospital has a 36-bed 
isolation unit to accommodate COVID-19 patients, and 
additional beds were repurposed during the pandemic’s 
peak to accommodate the other COVID-19 patients. The 
hospital provides level one and two care to approximately 
half a million people in King Sabata Dalindyebo (KSD) 
sub-district municipality.

King Sabata Dalindyebo is one of the rural municipalities in 
the Eastern Cape province of South Africa. The community 
heavily depends on social welfare grants, with about a 35% 
unemployment rate. About 4.5% of the population can afford 
private medical insurance, and most people utilised state 
health facilities for healthcare needs.21

Data were manually collected from clinical health records by 
a trained research assistant and included demographic 
characteristics, comorbid conditions and AKI. Comorbid 
conditions derived from the patients were abstracted from 
the documentation on the clinical health records. An Excel 
spreadsheet was used to extract the data, and every 10th 
entry was rechecked by the researcher for accuracy and 
quality assurance.

Definition of acute kidney injury
The current study adopted the criteria of the Kidney Disease 
Improving Global Outcome (KDIGO) and International 
Society of Nephrology guidelines to classify the case 
definition of AKI. The AKI was defined as an increase in 
serum creatinine level more than 1.5 times from baseline 
value within a week or an increase in the absolute values of 
serum creatinine by 26.5 µmol/L within 48 h.20

Most of the patients did not have preadmission baseline 
creatinine values; therefore, the first creatinine value recorded 
during admission was considered baseline. The study did 
not include urine output to determine the case definition of 
AKI. Patients with end-stage renal disease and only one 
reading of serum creative before they died were excluded 
from the study.

Outcome measures and analyses
Demographic factors (age, gender and employment status) 
and significant comorbid conditions (diabetes, hypertension, 
diabetes and cardio-respiratory diseases) were extracted 
from clinical records. In addition, baseline data of vital 
signs and oxygen mode were recorded. The study 
describes the mean, standard deviation for continuous 
variables and frequency and proportion for categorical 
variables as descriptive statistics. Chi-squared test was 
used to analyse the associations between demographic 
factors, comorbid conditions and AKI incidence, and a 
two-sided p < 0.05 was considered statistically significant. 
Data were analysed using Statistical Package for Social 
Sciences (SPSS) version 18.0.

Ethical considerations
The study was carried out under the Declaration of Helsinki 
and was approved by the Human Research and Ethics 
Committee of the Walter Sisulu University (reference 
number: 098/2020). In addition, the Eastern Cape Department 
of Health (reference number: EC_202010_027) and hospital 
management also approved this study.

Results
The study analysed the clinical records of first 100 COVID-19 
deaths at MRH during the study periods. The majority were 
female (57%) with a mean age of 63.3 ± 16 years. The incidence 
of AKI was 38% among hospitalised patients who died due to 
COVID-19. Shortness of breath was the most common 
presenting symptom of COVID-19, followed by weakness, 
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cough and fever. Half of the hospitalised patients who died 
from COVID-19 had hypertension (50%), followed by 
diabetes mellitus (37%), HIV (15%), and TB (11%) comorbidity. 
About one third (34%) of patients had more than one 
comorbidity and majority of them had diabetes and 
hypertension coexist. The mean oxygen saturation (SpO2) at 
admission was 75.5 ± 17 on pulse oximetry. The majority of 
the patient received supplementary oxygen by facemask 
(66%) followed by nasal high flow (28%), continuous positive 
airway pressure (CPAP) (3%) and 3% were on room air. The 
demographic and clinical characteristics of hospitalised 
patients who died due to COVID-19 are demonstrated in 
Table 1.

About two-thirds (60%) of hospitalised patients who died 
due to COVID-19 illness were above 60 years, and 13% were 
above 80 years of age. Table 2 demonstrates the age 
distribution across the gender, and most of those above 80 
years were female. 

Figure 1 demonstrates the relationship between age and AKI 
among hospitalised people who died due to COVID-19. 

There was no significant age difference between AKI and 
non-AKI groups in both males and females.

There was no significant difference between mean oxygen 
saturation by pulse oximetry at the time of admission in the 
non-AKI group. However, further gender analysis among 
AKI group male patients has lower mean saturation at the 
time of admission than their non-AKI counterparts, but 
the  difference was not statistical significant. Figure 2 
demonstrates the relationship between oxygen saturation 
and AKI among male and female hospitalised patients who 
died due to COVID-19.

There was no significant association between mean blood 
pressure and AKI among hospitalised patients who died due 
to COVID-19, except that the AKI group had a wide blood 
pressure distribution. Figure 3 demonstrates the distribution 
of blood pressure between AKI and non-AKI groups.

Only one-third (32%) of diabetic patients developed AKI, 
whereas about half (46%) of hypertensive patients had AKI 
who died due to COVID-19. There was a negative correlation 
between diabetes control and AKI among hospitalised 
COVID-19 patients. Figure 4 demonstrates the incidence of 
AKI among COVID-19 patients with comorbidity of diabetes 
and hypertension.

TABLE 1: Clinical characteristics of the hospitalised patient who died due to 
COVID-19.
Characteristics Number

Gender (n = 100)
Male 43
Female 57
Presenting symptoms (n = 100)
Shortness of breath 91
Weakness 87
Cough 68

Fever 33
Loss of test 7
Loss of smell 4
Comorbidity (n = 100)
Hypertension 50
Diabetes 37
HIV 15
TB 11
CVA 5
CKD 4
COPD 3
Epilepsy 3
Supplementary oxygen methods (n = 100)
Face mask 66
Nasal high flow 28
CPAP 3
Room air 3

Note: Mean age ± s.d. 63.3 ± 16. 
TB, tuberculosis; HIV, human immunodeficiency virus; CVA, cerebrovascular accident; CKD, 
chronic kidney disease; COPD, chronic obstructive pulmonary disease; CPAP, continuous 
positive airway pressure. 

TABLE 2: Age and gender distribution of hospitalised patients who died due to 
COVID-19.
Age (years) Male % Female % Total %

≤ 20 1 2.3 0 0.0 1 1
21–40 2 4.7 9 15.8 11 11
41–60 11 25.6 17 29.8 28 28
61–80 27 62.8 20 35.1 47 47
> 80 2 4.7 11 19.3 13 13

FIGURE 1: Age, gender and acute kidney injury distribution among hospitalised 
patients who died due to COVID-19.
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FIGURE 2: Oxygen saturation, gender and acute kidney injury distribution 
among hospitalised patients who died due to COVID-19.
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Coronavirus disease 2019 patients with high blood sugar had 
a lower risk of AKI than those with normal blood sugar. A 
statistically significant difference was found between AKI 
and serum blood sugar at admission (χ2 = 3.2, p = 0.04). 
Patient who presented with blood sugar > 11.1 mmol/L at the 
time of admission had lower incidence of AKI compare to 
their counterpart who presented with blood sugar 
< 11.1 mmol/L. Figure 5 demonstrates the relationship 
between AKI and serum blood sugar level at the time of 
admission among hospitalised patients who died due to 
COVID-19.

Discussion
This study identified a significant proportion of AKI among 
hospitalised COVID-19 patients in a regional hospital. The 
incidence of AKI was 38% among hospitalised patients who 
died due to COVID-19. Several studies reported the incidence 
of AKI was associated with an increased mortality rate 
within 30 days following admission.6,9,12 Compared with 
patients who did not have AKI, those with AKI were more 
likely to experience a worse prognosis.6 Acute kidney injury 
was an independent risk factor of COVID-19 mortality 
among hospitalised patients.1 The link between poor 
prognosis and AKI has been well established by several 
studies during the COVID-19 pandemic.1,9 Although our 
study’s findings did not establish the causal relationship 
between AKI and mortality but high incidence of AKI among 
COVID-19 patients was consistent with current literature 

findings. The high AKI rates in these patients are consistent 
with the large United States patient population study (32% 
– 46%) and United Kingdom cohort study (39%).9,11 A study 
by Chen et al. revealed that AKI was prevalent in 30% of the 
hospitalised patients, and it increased to more than 45% in 
those requiring admission to the ICU.7 The various factors 
such as the quality of healthcare and the cost and availability 
of kidney replacement therapy in different countries are also 
known to have a significant impact.14

The most common comorbidities reported in this study 
were hypertension, diabetes mellitus, HIV and pulmonary 
tuberculosis (TB). The results of this study suggest that 
diabetes and hypertension are independent factors that can 
increase the risk of AKI among COVID-19 hospitalised 
patients. Several studies demonstrated that diabetes and 
hypertension were associated with an increased AKI rate 
among COVID-19 hospitalised patients.7,9 The current 
evidence supports the link between these conditions and 
the development of AKI in COVID-19 patients.18 It has 
been reported that multiple factors such as smoking, high 
body mass index (BMI) and diabetes are known to increase 
the risk of developing AKI.9

Interestingly, there was no link between the mean age, blood 
pressure and oxygen saturation at the time of admission and 
the development of AKI among COVID-19 hospitalised 
patients. It was possible that these factors could aggravate 
the risk of COVID-19 mortality. On the contrary, a study 
from two tertiary centres in South Africa reported that AKI 
patients were older and more likely to have pre-existing 
hypertension.8 Age has not been shown as a risk factor for 
the development and severity of COVID-19-related AKI in 
our study. The statistical difference between the two groups 
was not significant.

Due to the emergence of multiple mechanisms that can cause 
AKI, non-dialytic management is becoming more critical in 
delaying the start of renal replacement therapy.5 The lack of 
resources during the pandemic has severely affected the 
treatment of AKI.8 In addition, patients who received more 
than 2 L of crystalloid fluids during hospital admission had a 
lower incidence of AKI. During the pandemic, there was a 
concern that COVID-19 patients might develop a capillary 
fluid leak that could lead to a clinical condition known as a 

FIGURE 3: Mean blood pressure, gender and acute kidney injury distribution 
among hospitalised patients who died due to COVID-19.
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FIGURE 4: Comorbidity and acute kidney injury distribution among hospitalised 
patients who died due to COVID-19. 
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FIGURE 5: Blood glucose and acute kidney injury distribution among hospitalised 
patients who died due to COVID-19. 
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hyper-inflammatory state.8,17 This concern prompted many 
clinicians to be cautious about performing the excess fluid 
replacement.5 However, as the COVID-19 pandemic 
progressed, the clinical community became more aware of the 
increasing volume depletion and AKI rates. In addition, the 
clinician became more experienced in managing these patients. 
As a result, it shifted towards a more liberal, fluid strategy.5,8

Acute kidney injury increases the risk of death in critically ill 
patients, such as COVID-19. It is also known to have a poor 
prognosis even if the initial COVID-19 severity is not severe 
enough to trigger kidney involvement.8,19 Early detection and 
treatment of renal dysfunction can improve the prognosis of 
COVID-19 patients.17 The study findings highlighted the 
importance of increasing awareness regarding the seriousness 
of AKI prevention among COVID-19 patients. In addition, 
these findings recommend specific treatment approaches 
such as judicious fluid management in COVID-19 patients 
that can prevent AKI-induced mortality.

Limitation of the study
The data collected from this study were limited to a single 
public health facility. Therefore, the findings of the study 
could not be generalised. Also, the data are only limited to 
patient-specific observations. This means that a healthcare 
professional performs the diagnosis and assessment of 
patients. This study did not include the patients who 
recovered from COVID-19 and had AKI during hospitalisation. 
Also, the study did not consider the clinical parameters 
affecting the disease’s severity. Therefore, the study findings 
cannot distinguish deaths from COVID-19 or underlying 
AKI or other medical conditions.

Conclusion
The study revealed that AKI was common among 
hospitalised patients who died due to COVID-19 in a 
regional hospital setting. This condition can be prevented 
during the early stage of COVID-19 infection in a resource-
poor setting through adequate fluid resuscitation. Further 
research is needed to explain various factors that can affect 
the development and prognosis of AKI in COVID-19 
patients.
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