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Aims Acute kidney injury patients with COVID‐19 have worse outcomes than those without 
such complications. This study aimed to evaluate acute kidney injury in adult Iraqi patients 
with COVID‐19. 
Methods This prospective study was performed on 250 patients with COVID‐19. Laboratory 
parameters and chest computed tomography scan findings were gathered from the patient’s 
records. Patients were followed up for one week after hospital admission. According to Kidney 
Disease Improving Global Outcomes criteria, patients were categorized with and without 
acute kidney injury. The mortality rate, ICU admission, need for dialysis, and discharging 
well were recorded. 
Findings Incidence of acute kidney injury was 23.2% and had a significant correlation 
with older age (p=0.006) and hypertension (p=0.034). Chest and abdominal pain were 
more common in patients with acute kidney injury. The mean serum concentration of 
inflammatory markers (D-dimer and C-reactive protein) in acute kidney injury patients was 
1863.60±1599.00ng/ml and 66.65±60.81ng/ml, compared with 1387.30±1099.00ng/ml and 
42.95±34.35ng/ml, respectively in patients without acute kidney injury (p<0.05). 41.38% 
acute kidney injury patients and 59.38% without acute kidney injury were discharged well 
after one week, with a significant difference. The mortality rate was significantly higher in 
acute kidney injury patients, 12.07% versus 4.17% (p=0.026). 
Conclusion Old age, hypertension, chest and abdominal pain were more common in acute 
kidney injury patients with COVID‐19. High D‐dimer and CRP at presentation may be 
considered as good indicators for the possibility of acute kidney injury in patients with 
COVID‐19. Acute kidney injury patients with COVID‐19 have a low rate of discharging well & 
a higher mortality rate, and 10% need dialysis. 
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Introduction 
Severe acute respiratory coronavirus-2 (SARS-CoV-
2) has recently emerged as a life-threatening virus 
causing COVID-19. However, the respiratory system 
is the major target of COVID-19. Reports indicate 
that kidney involvement is frequent and ranges from 
mild proteinuria to an advanced acute kidney injury 
(AKI) [1]. Epidemiology Data from China and the USA 
suggest that male sex, older age, black race, diabetic 
patients, CKD, hypertension, cardiovascular disease, 
congestive heart failure, and higher body mass index 
are associated with COVID-19 AKI [2]. AKI rates vary 
considerably between geographic regions and 
between different health systems. Data from China 
suggest that AKI is less common among patients in 
China [3] than among patients in the USA [4] and 
Europe [5].  
This difference may be attributed to differences in 
the patient population studied; for example, patients 
in the Chinese studies had fewer comorbidities and 
were admitted to hospitals with less severe 
respiratory disease or acute respiratory distress 
syndrome (ARDS) than patients in other cohorts. 
Studies in Europe and the USA reveal that Covid-19 
induces AKI in 20-40% of the patients admitted to 
the intensive care unit (ICU). AKI is deemed a 
negative prognostic factor and an indicator of 
disease severity [6]. Urinalysis and biomarkers of AKI 
are frequently abnormal in patients with COVID-19 
and could be used to characterize AKI in these 
patients [7]. For example, one study reported that 
among the 32% of patients hospitalized with COVID-
19 for whom urinalysis was available, 42.1% had 
significant proteinuria, with leukocyturia and 
haematuria in 36.5% and 40.9%, respectively [2]. 
Similarly, in a study of urinalysis data from 442 
hospitalized Chinese patients with COVID-19, 
proteinuria was present in 43.9% (with 30% having 
≥2+ on dipstick) with haematuria in 11.3% [7].  
Patients with COVID-19 AKI have also been reported 
to have higher systemic markers of inflammation, 
particularly ferritin, C-reactive protein, 
procalcitonin, and lactate dehydrogenase, than 
patients with COVID-19 and normal kidney  
function [6].  
The exact mechanism of kidney damage caused by 
COVID-19 is unclear [8]. It may be caused by many 
factors (figure 1-1). These factors include the Direct 
Effect of SARS-CoV-2 on kidney proximal tubule 
cells; it is assumed that the direct impact of the virus 
on the renal tubules reflects the kidney damage 
according to several findings [9]. First, the presence 
of viral fragments in urine either indicates a direct 
interaction with renal tubules or indicates a possible 
exposure of the tubules to the virus [10]. Second, the 
expression pattern of ACE2 is limited to proximal 
tubular cells [11]. Finally, between the second and 
third week of infection linked with the onset of AKI, 
SARS-CoV shedding was detected in the urine [12]. 
The possible hemodynamic, proinflammatory, and 

proapoptotic consequences of lung inflammation, 
cytokine release syndrome, and hypercoagulability 
on renal function and potential organ support 
options are shown [13].  
The direct impact of SARS-CoV-2 on the kidney is 
mediated by an ACE2 pathway that leads to acute 
tubular necrosis, protein leakage in Bowman's 
capsule, collapsing glomerulopathy, and 
mitochondrial impairment [14]. Viral antigens or 
virus-induced immune responses may damage the 
kidneys. When viruses and other pathogens infect 
the body, they release pathogen-associated 
molecular patterns (PAMPs, including the nucleic 
acid, protein, and metabolic intermediates of 
pathogenic microorganisms. Activated immune cells 
in tissues and organs secrete many cytokines and 
chemokines, leading to cytokine storms [15]. Clinical 
studies have shown that the levels of inflammatory 
mediators interleukin-2 (IL-2), IL-7, and IL-10, 
interferon-inducible protein 10 (IP-10), granulocyte 
colony-stimulating factor (GCSF), macrophage 
inflammatory protein 1α (MIP1A), tumor necrosis 
factor-α (TNF-α), and monocyte chemoattractant 
protein1 (MCP1) and are significantly higher in 
patients with severe COVID-19 than in mild patients 
[16].  
A report on 5700 patients with COVID-19 in the New 
York area also reported a significant increase in CRP, 
ferritin, and pro-calcitonin [7]. Hypoxemia, 
respiratory failure, shock, or hypotension can cause 
insufficient oxygen supply to the myocardium. After 
infection, the body's metabolism becomes more 
active, increasing the burden on the heart, leading to 
an unbalanced oxygen supply in the body [17].  
Although there are no effective antiviral drugs for 
COVID-19, many patients in this outbreak have used 
antiviral drugs such as lopinavir, abide, and 
ritonavir. The kidney participates in the metabolism 
of antiviral drugs, which affects or aggravates kidney 
damage [18]. As outlined, renal involvement is 
common in patients with COVID-19 and may occur 
at any time before or during hospital admission. 
Initial assessment should include a full medical 
history and comorbidities, including factors that 
further increase the risk of acute kidney injury 
(chronic kidney disease, heart failure, liver disease, 
diabetes, previous history of acute kidney injury, age 
65years or over) [19]. 
 

Clinical assessment should record fluid status by 
clinical examination (for example, peripheral 
perfusion, capillary refill, pulse rate, blood pressure, 
postural hypotension, jugular venous pressure, or 
pulmonary or peripheral edema) as well as fluid 
balance (fluid intake, urine output, and weight). 
Baseline investigations include complete blood 
count, blood urea, serum creatinine, and electrolytes 
(sodium, potassium, bicarbonate).  
Medication review should be performed, and those 
that can cause or worsen the kidney injury should be 
stopped during the acute illness unless essential. 
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This study aimed to evaluate the incidence, 
manifestations, association, and outcome of Acute 
Kidney Injury in Patients with COVID-19 infection 
during the first week of hospital admission.  
 
Materials and Methods 
This is a prospective cross-sectional study and 
includes 250 patients infected with SARS-CoV-2 
(COVID-19), admitted and treated at the Emergency 
Department and isolation rooms of Baghdad 
Teaching Hospital, Iraq, from 1st October 2020 to 
1st April 2021. The diagnosis of COVID-19 infection 
was based on clinical features, detection of viral RNA 
by using Reverse Transcription Polymerase Chain 
Reaction, and chest computed tomography (CT) 
scan. Inclusion Criteria were all adult patients 
confirmed with SARS-CoV-2 (COVID-19) infection. 
Exclusion criteria were age <18 years and patients 
known to have CKD (Chronic Kidney Disease) before 
admission. 
The study was approved by the Iraqi Council of 
Medical Specializations. Written consent from each 
participant was obtained after informing them of the 
aim of the study. Each patient was given the 
complete unconditioned choice to withdraw 
anytime. The confidentiality of data throughout the 
study was guaranteed, and the patients were 
assured that data would be used for research 
purposes only. Patient demographics (age, gender), 
comorbidities and main complaints, vital signs 
(Blood pressure, Pulse Rate, Respiratory Rate, 
Temperature, O2 saturation with clinical 
manifestations) were collected through check-ups. 
Laboratory parameters included Total white blood 
cell count, absolute lymphocyte count, hemoglobin 
concentration, platelets count, serum creatinine, and 
blood urea. Urine analysis was the presence of 
proteinuria or hematuria. Also, we measured the 
inflammatory biomarkers (CRP, LDH, S. Ferritin, and 
D-dimer). Findings of Chest CT scan were collected 
from patients' recorded documents. AKI was defined 
according to both urine output and serum 
creatinine. According to Kidney Disease Improving 
Global Outcomes criteria [20], patients were 
categorized with and without acute kidney injury. 
(Table 1). Patients were stratified according to the 
highest AKI stage attained during the first seven 
days of ICU stay. 
Patients were followed for one week after hospital 
admission. After one week of patient follow-up, we 
looked for the following outcomes: discharge well, 
ICU admission, need for dialysis & mortality. 
The continuous variables with a normal distribution 
were presented as mean ± standard deviation. 
Categorical variables were presented as 
percentages. Comparisons between continuous 
variables were performed by the Student t-test. 

Comparisons between categorical variables were 
performed by the Chi-square test. All data were 
analyzed with Statistical processing of the data with 
SPSS 25 software. 
 
Findings 
The mean age of the patients was 57.31±14.05 years 
(range 22-98 years). Males represented 58.8% of the 
patients. Hypertension and diabetes mellitus were 
common comorbidities accounting for 44.81% and 
41.49% of the patients, respectively (Table 2).  
Of 250 patients, 58 patients (23.2%) developed AKI. 
The mean age of patients with AKI was higher than 
that of patients without AKI. Likewise, hypertension 
was more in patients with AKI than those without it 
(Table 2). 
Based on results that showed in Table 3, the 
frequency of most complaints (fever, cough, and 
shortness of breath) had no statistical difference 
between patients with and without AKI (p>0.05). 
However, chest pain and abdominal pain were more 
frequent among the AKI group. Blood urea and 
serum creatinine showed a significant difference 
between patients with and without AKI (p<0.05). 
Serum concentrations of D-dimer and CRP in 
patients with AKI were significantly higher than 
those without AKI (p<0.05). Blood urea and serum 
creatinine were higher in patients with AKI. 
Although the involvement of more than 50% of the 
lung was more common among patients with AKI 
than those without AKI, the difference was not 
significant (p>0.05). The majority of patients 
without AKI were discharged well with better 
conditions than patients with AKI. On the other 
hand, the proportion of patients admitted to ICU was 
almost identical in the two groups with no 
significant difference. However, the death rate in 
patients with AKI was higher than in patients 
without AKI. Finally, none among patients without 
AKI needed for dialysis compared with 10.34% of 
patients with AKI required such intervention (Table 
3). 
 
Table 1) Kidney Disease Improving Global Outcomes criteria [20] 
Stage  Serum creatinine Urine output 
1 1.5-1.9 times baseline;  

or, 
≥0.3 mg/dl (≥26.5 µmol/l) increase 

<0.5 ml/kg/h for 
6-12 hours 

2 2.0-2.9 times baseline <0.5 ml/kg/h for 
≥12 hours 

3 3.0 times baseline;  
or, 
increase in serum creatinine to ≥4.0 
mg/dl (≥353.6 µmol/l);  
or, 
initiation of renal replacement therapy; 
or, 
in patients < 18 years, decrease in eGFR 
to <35 ml/min per 1.73 m2 

<0.3 ml/kg/h for 
≥24 hours; 
Or, 
Anuria for ≥12 
hours 
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Table 2) results of demographic characteristics and association with AKI 
Variables Total With AKI (n=58) Without AKI (n=192) p-value 

Mean±SD (Range) N (%) Mean±SD N (%) Mean±SD N (%) 
Age (years) 57.31± 14.05 (22-98)  61.66±13.94 - 58.86±13.92 - 0.006 
SBP (mmHg) 139.75±14.24 (90-170)  135.0±17.1 - 129.44±13.0 - 0.011 
DBP (mmHg) 76.84±11.57 (60-100)  80.19±11.89 - 76.23±10.15 - 0.017 
PR (beats/minute) 81.95±16.24 (56-130)  83.26±16.17 - 80.57±15.41 - 0.266 
RR (beats/minute) 26.74±5.45 (19-36)  29.17±7.19 - 27.22±7.1 - 0.153 
SPO2 (%) 84.89±10.93 (50-98)  76.42±12.1 - 82.23±54.96 - 0.429 
Temperature (°C) -  37.93±0.57 - 37.95±0.6 - 0.825 
Gender 
Male 
Female 

 
- 
- 

 
147 (58.8) 
103 (41.2) 

 
- 
- 

 
34 (58.62) 
24 (41.38) 

 
- 
- 

 
113 (58.85) 
79 (41.15) 

 
0.937 
- 

Comorbidities 
HTN 
DM 
Malignancy 
No comorbidity 

 
- 
- 
- 
- 

 
108 (44.81) 
100 (41.49) 
13 (5.94) 
87 (36.1) 

 
- 
- 
- 
- 

 
35 (60.34) 
21 (36.21) 
5 (8.62) 
17 (29.31) 

 
- 
- 
- 
- 

 
73 (38) 
79 (43.17) 
8 (4.37) 
70 (38.25) 

 
0.034 
0.348 
0.212 
0.225 

 
 
Table 3) Association of chief complaints, laboratory parameters, kidney function parameters, radiological findings with AKI, and the 
outcomes of patients with and without AKI 
Variables With AKI (n=58) Without AKI (n=192) p-value 

Mean±SD N (%) Mean±SD N (%) 
Chief complaints 
Fever 
Shortness of breath 
Cough 
Chest pain 
Diarrhea 
Vomiting 
Abdominal pain 

  57 (98.28) 
56 (96.55) 
50 (86.21) 
20 (34.48) 
12 (20.69) 
6 (10.34) 
6 (10.43) 

 179 (93.23) 
178 (92.71) 
160 (83.33) 
36 (18.75) 
46 (23.96) 
18 (9.73) 
6 (3.13) 

0.143 
0.295 
0.601 
0.02 
0.605 
0.826 
0.032 

Laboratory Parameters 
Total WBC (×103/ml) 
Lymphocyte (×103/ml) 
Hb (g/dl) 
Platelets (×103/ml) 
D-dimer (ng/ml) 
CPR (ng/ml) 
Ferritin (ng/ml) 
LDH (U/L) 
Potassium (mEq/L) 

 12.77±5.42 
0.73±0.37 
12.14±1.68 
256.31±94.10 
1863.60±1599.00 
66.65±60.81 
940.00±593.70 
629.22±214.40 
4.61±0.92 

 12.06±5.18 
0.87±0.82 
12.60±1.84 
244.19±99.80 
1387.30±1099.00 
42.95±34.35 
881.58±451.00 
673.68±736.40 
4.33±0.83 

 0.366 
0.207 
0.96 
0.425 
0.011 
0.007 
0.434 
0.659 
0.617 

Kidney Function Parameters 
Urea (mg/dl) 
Creatinine (mg/dl) 
Urinary output (ml/day) 

 82.12±74.81 
1.27±1.05 
892.80±338.20 

 47.12±19.20 
0.82±0.44 
2227.70±693.60 

 <0.001 
<0.001 
<0.001 

Proteinuria Yes 
No 

 24 (41.38) 
34 (58.62) 

 36 (18.75) 
156 (81.25) 

0.012 
 

Hematuria 
 

Yes 
No 

 17 (29.31) 
41 (70.69) 

 1 (0.52) 
191 (99.48) 

<0.001 

Radiological findings 
Anatomical site involved 
 
 
Lesion percentage 
 

Unilateral 
Bilateral 
 
≤50% 
>50% 

 11 (18.97) 
47 (81.03) 
 
18 (31.03) 
40 (68.97) 

 51 (26.56) 
141 (73.44) 
 
89 (46.35) 
103 (53.65) 

0.816 
 
 
0.119 

Outcomes 
Discharged well 
ICU admission 
Need for dialysis  
Mortality 

  24 (41.38) 
21 (36.21) 
6 (10.34) 
7 (12.07) 

 114 (59.38) 
70 (36.45) 
0 
8 (4.17) 

0.016 
0.772 
<0.001 
0.026 

 
Discussion  
This study was designed to evaluate the incidence, 
manifestations, association, and outcome of AKI in 
patients with COVID-19 infection in the first week of 
hospital admission.  
According to our study, the incidence of AKI was 
found in 58 (23.2%) patients with COVID-19 
infection in the first week of hospital admission. The 
incidence of kidney involvement varies widely 

among different Studies. This rate is relatively high 
compared with other global studies. An early study 
of 138 COVID-19 patients reported that about 4% of 
them developed AKI [21]. In comparison, Huang et al. 
[16] found a 10% increase in serum Creatinine on 
admission and a 7% incidence of AKI in their series 
of 41 COVID-19 patients.  
 

Recently published studies on COVID-19 worldwide 
reported AKI rates in hospitalized patients of 17.9% 
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to 72.7% in Italy, [22, 23], 9.2% to 18.3% in Korea, [24, 

25], 19.7% to 69.2% in Spain, [26, 27] 5.8% to 56.9% in 
the United States, [28, 29] 52.2% to 74.6% in Germany, 
[30, 21] and 4.7% to 55.9% in France and Belgium [32, 

33].  
This variation among different studies can be 
attributed to several factors, the most important of 
which are health system facilities, level of 
complexity of the center, epidemiologic strategy 
with viral testing, local protocols, available 
therapies, restrictive hospital admission policy or 
AKI definitions and time of hospital admission [34]. 
The relatively high rate in the present study 
compared to other studies is mainly due to the older 
ages included in this study, the high prevalence of 
comorbidities, especially DM and hypertension, and 
most cases were severe cases since mild or 
moderate cases usually are not admitted to hospital. 
In this regard, cumulative evidence suggests that the 
disease likely affects >20% of hospitalized patients 
and >50% of patients in the ICU [35-37].  
In this study, AKI was found in patients 61 years 
versus 58 with a P-value of 0.006. 
Hypertension was significantly associated with the 
development of AKI in patients with COVID-19. It is 
similar to a Chinese study on 394 patients. The 
authors revealed that HTN was significantly 
associated with AKI development [38].  
This association may be because HTN and AKI may 
be explained based on two facts: firstly, 
hypertension is associated with more severe COVI-
19. Supporting this fact are many studies worldwide. 
In a cohort of 1389 patients, a history of 
hypertension was more common among those who 
had severe than COVID-19 [39]. Similarly, in a 
separate cohort of 1590 hospitalized patients in 
China, underlying hypertension was independently 
associated with severe COVID-19 [40]. The second 
most interesting fact is that medications based on 
RAAS inhibition, such as ACE inhibitors and ARBs, 
can upregulate the expression of ACE2 in the kidney 
tubules [41] and could hypothetically increase the 
targeting of kidney virus. Chest pain and abdominal 
were more in patients with AKI. Regarding 
abdominal pain, it mostly results rather than risk 
factors for AKI. On the other hand, chest pain may 
reflect the severity of lung involvement. In the same 
context, Pei et al. [35] investigated 333 patients for 
AKI and reported that the severity of pneumonia 
was the most common risk factor for AKI. Hirsch et 
al. [42] found that 90% of patients who developed 
AKI needed invasive mechanical ventilation and that 
AKI developed in temporal association with 
respiratory failure. This study also showed that D-
dimer and CRP serum concentration in patients with 
AKI were significantly higher than those without (p-
value 0.011, 0.007 respectively. Other authors 
reported that CRP >10 mg/L was significantly 
associated with AKI. In another study, Zheng et al. 
[43] retrospectively studied 555 patients, which 

demonstrated that AKI patients had a higher level of 
D-dimer and CRP. The high D-dimer level in AKI may 
reflect the severity of the disease, reduce its 
elimination by the kidneys, and the activation of 
coagulation in patients with renal diseases. Indeed, 
decreasing renal function has also been shown to be 
associated with increasing levels of other hemostatic 
markers, such as soluble thrombomodulin, soluble 
tissue factor, von Willebrand factor, factor VIII 
levels, fibrinogen, and thrombin-antithrombin 
complex [44]. The association of CRP with AKI is 
rather complex. Some evidence indicated that CRP 
activates the mitogen-activated protein kinase 
(MAPK) pathway and upregulates T cell expressed 
and secreted (RANTES) expression, which plays a 
key role in recruiting leukocytes into inflammatory 
sites human renal distal tubular cells in a dose-
dependent manner [45].  
All kidney function-related variables in the current 
study were, per se, more in patients with AKI and 
statistically significant than those without AKI. In a 
retrospective observational study of 3993 
hospitalized adult patients aged> 18 years, the urine 
analysis of acute kidney injury patients shows 
proteinuria in 84%, hematuria in 81%, and 60% had 
leukocyturia [46]. Leukocyturia was not investigated 
in the present study, while K level did not differ 
significantly between patients with and without AKI.  
Kidney damage associated with COVID-19 typically 
exhibited tubular damage with noticeable urinalysis 
abnormalities [47]. Proteinuria is common in patients 
with kidney damage caused by COVID-19, while 
proteinuria is often mild. The same study revealed 
that 27% of the 59 COVID-19 patients (including 28 
severe patients) had elevated urea nitrogen levels, 
and the serum creatinine level was elevated in 19% 
of the patients [48]. Another research displayed that 
4.3% of 173 patients with severe infection and only 
1% of 926 patients with mild infection had serum 
creatinine >133μmol/L [2]. A study on 99 patients 
showed that 6% elevated serum urea nitrogen, 3% 
presented with elevated serum creatinine, while the 
incidence of AKI was only 3% [49]. A Chinese study 
including 710 COVID-19 patients indicated that 
proteinuria is present in slightly less than half of 
patients. At the same time, hematuria was reported 
in 26.9% of the patients. on the other hand, 15.5% 
presented with raised serum creatinine, and 14.1% 
of the patients had raised urea nitrogen levels.  
This study shows that AKI was more common in 
COVID-19 patients with bilateral lung involvement 
by chest CT scan 80% versus 73%, and more 
common in patients with more than 50% of lung 
involvement, 68% versus 53%. However, both of 
these findings are statistically not significant.  
This study showed the outcomes of a patient with 
AKI, more need for ICU admission, need dialysis with 
higher mortality. Kidney involvement should be 
investigated in patients with COVID-19 infection, 
especially those presented with old age, 
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hypertension, chest pain, high serum level of D-
dimer, and CRP. Further studies are needed in the 
future with a large sample and a specific one for AKI 
in pediatric patients with COVID-19 infection. 
 
Conclusion 
In the first week, the incidence of AKI among Iraqi 
patients with COVID-19 infection was 23.2%. Old-
Age, Hypertension, chest pain, abdominal pain, high 
D-dimer, and CRP may be markers for possible 
association with AKI in COVID-19 infection. COVID-
19 patients with AKI have a low rate of discharging 
well & a higher mortality rate, and about 10% of 
them need dialysis. 
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