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Abstract

Background: Renal transplant recipients are particularly vulnerable to severe viral 
infections due to chronic immunosuppression and a high burden of comorbidities. 
Coronavirus disease 2019 (COVID-19) has been associated with poor outcomes in solid 
organ transplant recipients, especially among those requiring intensive care unit (ICU) 
admission. However, data regarding prognostic factors associated with mortality in 
critically ill renal transplant patients with COVID-19 remain limited.

Materials and Methods: This retrospective, single-center cohort study included adult 
renal transplant recipients admitted to the ICU with confirmed COVID-19. Demographic 
characteristics, comorbid conditions, and laboratory parameters obtained at ICU admission 
were analyzed. The primary outcome was in-hospital survival status. Secondary outcomes 
included the requirement for invasive mechanical ventilation, vasopressor support, renal 
replacement therapy, development of secondary infections, and length of ICU stay.

Results: Seventeen renal transplant recipients with severe COVID-19 were included. Non-
survivors required invasive mechanical ventilation more frequently than survivors (85.7% 
vs. 20.0%, p=0.015) and had a higher requirement for vasopressor support (p=0.004). In 
addition, serum interleukin-6 (IL-6) levels measured at ICU admission were significantly 
higher in non-survivors compared with survivors (p=0.014). Baseline demographic 
characteristics, comorbidities, and most conventional laboratory parameters did not differ 
significantly between the groups.	

Conclusion: In critically ill renal transplant recipients with COVID-19, the need for 
advanced organ support and elevated IL-6 levels at ICU admission were significantly 
associated with in-hospital mortality. Conventional clinical characteristics and routine 
laboratory markers demonstrated limited discriminative value in this high-risk population. 
Although the acute phase of the COVID-19 pandemic has passed, these findings provide 
clinically relevant insights into the vulnerability of renal transplant recipients during severe 
viral infections and may inform future risk assessment and preparedness strategies.
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Introduction

Coronavirus disease 2019 (COVID-19) poses a severe 
threat to immunocompromised individuals, particularly 
solid organ transplant recipients. Although SARS-CoV-2 
primarily targets the respiratory system, the abundance 
of Angiotensin-Converting Enzyme 2 receptors in the 
kidney makes renal tissue a key target for infection [1,2]. 
Consequently, renal transplant recipients face a unique 
clinical dilemma: the necessity of immunosuppression 
to prevent graft rejection versus the need for a robust 
immune response to clear the virus.

While early reports in the general population suggested 
a mortality rate of 1–5%, mortality in renal transplant 
recipients has been reported as high as 28% [3]. The 
clinical picture in these patients is often complicated by 
acute kidney injury and proteinuria, which may result 
from direct viral toxicity, hemodynamic instability, 
or cytokine release syndrome [4,5]. Furthermore, 
endothelial cell inflammation in the transplanted kidney 
has been documented, raising concerns about whether 
COVID-19 triggers acute rejection or if the reduction 
of immunosuppressive drugs predisposes patients to 
immune-mediated injury [6,7]. 

The management of immunosuppressive agents during 
COVID-19 remains complex, as the optimal strategy 
for dosage reduction is not fully established. Clinicians 
must balance the risk of severe viral pneumonia and 
superinfection against the risk of graft loss [8]. Given the 
scarcity of specific prognostic markers in this population, 
identifying clinical and laboratory indicators of poor 
outcome is essential for guiding management.

The aim of this study was to evaluate clinical and laboratory 
parameters associated with in-hospital mortality in renal 
transplant recipients admitted to the intensive care unit 
with COVID-19, and to assess the prognostic value of 
inflammatory markers.

Materials and methods

Study Design and Setting

This study was designed as a single-center, retrospective 
observational study. Adult renal transplant recipients 
admitted to the intensive care unit (ICU) with a confirmed 
diagnosis of COVID-19 were retrospectively evaluated.

The study was conducted in the ICU of a tertiary care 
hospital and included patients hospitalized between March 
2020 and July 2022. Ethical approval was obtained from 
the local ethics committee on 27 July 2022 (Protocol No: 
E1–22–2605), and the study was performed in accordance 
with the Declaration of Helsinki.

Study Population

Adult patients (≥18 years) with a history of renal 
transplantation who were admitted to the intensive care 
unit with a confirmed COVID-19 diagnosis based on 
reverse transcription–polymerase chain reaction (RT-
PCR) positivity and/or radiologically compatible chest 
computed tomography findings were included in the 
study.

Patients younger than 18 years of age or those with 
neither RT-PCR positivity nor COVID-19–compatible 
radiological findings were excluded. A total of 20 patients 
were initially identified; however, three patients were 
excluded due to missing laboratory data, resulting in a 
final study population of 17 patients.

Data Collection

Demographic characteristics, comorbid conditions, 
and clinical data were obtained retrospectively from 
electronic medical records. Recorded comorbidities 
included diabetes mellitus, hypertension, coronary artery 
disease, and congestive heart failure.

Clinical management variables such as corticosteroid 
use, anti-cytokine therapy, requirement for invasive 
mechanical ventilation, high-flow nasal oxygen therapy, 
non-invasive mechanical ventilation, vasopressor 
support, and renal replacement therapy (hemodialysis) 
were documented. The presence of secondary infections 
and length of ICU stay were also recorded.

Laboratory parameters including white blood cell count, 
lymphocyte count, platelet count, urea, creatinine, 
aspartate aminotransferase, ferritin, C-reactive protein, 
D-dimer, procalcitonin, and interleukin-6 (IL-6) levels
were retrieved from the hospital electronic database.
Laboratory values corresponded to measurements
obtained at ICU admission.
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Outcomes

The primary outcome of the study was in-hospital survival 
status of renal transplant recipients with COVID-19 
admitted to the intensive care unit.

Secondary outcomes included the requirement for 
invasive mechanical ventilation, vasopressor support, 
renal replacement therapy, development of secondary 
infections, and length of ICU stay.

Statistical Analysis

Normality of continuous variables was assessed 
using the Shapiro–Wilk test. Given the small sample 
size, continuous variables were presented as median 
(minimum–maximum) or mean ± standard deviation (SD) 
according to their distribution characteristics. Categorical 
variables were expressed as counts (n) and percentages 
(%). Between-group comparisons were performed using 
the Independent-samples t test for normally distributed 
variables and the Mann–Whitney U test for non-normally 
distributed variables. Fisher’s exact test was used for 
comparisons of categorical variables. Statistical analyses 
were conducted using IBM SPSS Statistics for Windows 
(Version 26.0; IBM Corp., Armonk, NY, USA). A p-value 
< 0.05 was considered statistically significant.

Results

Demographic and clinical characteristics of the study 
population according to survival status are summarized 
in Table 1. No statistically significant difference was 
observed between survivor and non-survivor groups 
with respect to age or the prevalence of major comorbid 
conditions, including diabetes mellitus, hypertension, 
coronary artery disease, and congestive heart failure.

The median age was 47 years (39–64) in the non-survivor 
group and 53 years (48–75) in the survivor group 
(p=0.315). The prevalence of fatigue and secondary 
infections did not differ significantly between the two 
groups.

Regarding ICU-related interventions, all patients in the 
non-survivor group received corticosteroid therapy, while 
anti-cytokine therapy was administered to a minority of 
patients in both groups. The requirement for invasive 
mechanical ventilation and vasopressor support was 
markedly higher among non-survivors. Specifically, 
85.7% of non-survivors required endotracheal intubation 
compared with 20.0% of survivors, and vasopressor 
therapy was required in 85.7% versus 10.0% of patients, 
respectively.

In addition, the need for renal replacement therapy 
(hemodialysis) was numerically higher in the non-survivor 
group (71.4% vs. 20.0%), although this difference did not 
reach statistical significance.

No statistically significant differences were detected 
between the groups with regard to high-flow nasal oxygen 
therapy or non-invasive mechanical ventilation.

Overall, intubation and vasopressor requirement emerged 
as the only clinical variables that differed significantly 
between survivor and non-survivor renal transplant 
patients with COVID-19 (p=0.015 and p=0.004, 
respectively).

Among the evaluated inflammatory and biochemical 
markers, only serum IL-6 levels differed significantly 
between the groups. The mean IL-6 level was higher in 
non-survivors compared with survivors (96.71 ± 43.60 pg/
mL vs. 42.86 ± 36.03 pg/mL, p = 0.014). The distribution 
of IL-6 values across groups is presented in Figure 1.

In contrast, no statistically significant differences were 
observed between the groups with respect to other 
laboratory parameters, including white blood cell count, 
lymphocyte count, platelet count, renal function tests, 
aspartate aminotransferase, ferritin, C-reactive protein, 
D-dimer, and procalcitonin levels (all p > 0.05). Although
CRP levels tended to be higher in non-survivors, this
difference did not reach statistical significance.

The mean duration of intensive care unit stay was 12.0 ± 
10.68 days in the non-survivor group and 12.30 ± 10.58 
days in the survivor group, with no statistically significant 
difference between the groups (p = 0.955).
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Parameters Non-survivor 
(n=7) 

Survivor 
(n=10) 

P Value 

Age (years),  median (min–max) 47(39-64) 53(48-75) 0.315a 
Diabetes mellitus, n (%) 1(14.29) 3(30) 0.603b 
Hypertension, n (%) 2(28.57) 5(50) 0.622b 
Coronary artery disease, n (%) 0 3(30) 0.228b 
Congestive heart failure, n (%) 0 1(10) >0.99b

Reverse transcription–polymerase chain reaction results for SARS-CoV-2
Positive, n (%) 7(100) 9(90) >0.99b 

Negative, n (%) 0 1(10) 
Chest computed tomography (CT) findings 
COVID-19–compatible, n (%) 7(100) 9(90) >0.99b

COVID-19–incompatible,  n (%) 0 1(10) 
Fatigue,  n (%) 7(100) 9(90) >0.99b

Secondary infection, n (%) 6(85.71) 6(60) 0.338b 
Corticosteroid therapy, n (%) 7(100) 9(90) >0.99b

Anti-cytokine therapy, n (%) 1(14.29) 3(30) 0.603b 

Endotracheal intubation, n (%) 6(85.71) 2(20) 0.015b 
High-flow nasal oxygen therapy, n (%) 7(100) 7(70) 0.228b 

Non-invasive mechanical ventilation, n (%) 3(42.86) 0 0.051b 

Vasopressor requirement, n (%) 6(85.71) 1(10) 0.004b 

Hemodialysis, n (%) 5(71.43) 2(20) 0.058b 

a: Mann Whitney U test, b: Fisher’s Exact test 
 

Table 1: Comparison of demographic and clinical characteristics according to survival status

Parameters Non-survivor 
(n=7) 

Survivor 
(n=10) 

P Value 

WBC count (cells/µL), 
median (min–max) 

9640 (1970-11850) 9330 (3650-26700) 0.526a 

Lymphocyte count (cells/µL), 
median (min–max) 

310 (190-1630) 705 (80-1220) 0.475a 

Platelet count (cells/µL),  mean ± SD 258714.29±106304.15 209000±91188.45 0.317c 
Urea (mg/dL), median (min–max) 122 (77-332) 65 (32-298) 0.109a 
Creatinine (mg/dL), median (min–max) 1.90 (1.17-7.07) 1.74 (0.80-9.93) 0.436a 
AST (U/L), median (min–max) 21 (11-83) 33.50 (10-144) 0.532a 
Ferritin (µg/L) mean ± SD 1188.86±642.79 1059.60±754.69 0.718c 
CRP (mg/L) mean ± SD 27.0±2.1 11.0±0.8 0.091c 
IL–6 (pg/mL) mean ± SD 96.71±43.60 42.86±36.03 0.014c 
D–dimer (mg/L) median (min–max) 2.14 (0.42-6.60) 1.03 (0.36-11.51) 0.475a 
PCT (µg/L) median (min–max) 0.72 (0.07-31) 0.34 (0.08-31) 0.536a 
WBC: White blood cell; AST: Aspartate aminotransferase; CRP: C-reactive protein; IL-6: Interleukin-6: PCT: 
Procalcitonin. a: Mann Whitney U test,  c: Independent-samples t test 

Table 2: Comparison of laboratory parameters according to survival status
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Discussion

The prognosis of COVID-19 in renal transplant recipients 
remains a major clinical concern due to the complex 
interplay between immunosuppression, infection 
severity, and graft preservation. In this retrospective 
cohort of critically ill renal transplant patients, we 
observed that the requirement for invasive mechanical 
ventilation and vasopressor support, along with elevated 
serum IL-6 levels at ICU admission, were significantly 
associated with in-hospital mortality. In contrast, baseline 
demographic characteristics, comorbid conditions, and 
most conventional laboratory parameters did not differ 
significantly between survivors and non-survivors. 
Similar observations have been reported in critically ill 
COVID-19 populations, where commonly used clinical 
and laboratory parameters failed to reliably discriminate 
mortality risk in the intensive care setting [9]. 

Our findings regarding mechanical ventilation are 
consistent with previous reports indicating that 
respiratory failure is the primary driver of mortality in 
renal transplant recipients with COVID-19 [10, 11]. In 
our cohort, 85.7% of non-survivors required endotracheal 
intubation, whereas this requirement was observed in 
20% of survivors (p=0.015). Similarly, the need for 
vasopressor support emerged as a strong predictor of 
mortality (p=0.004).

While earlier studies have identified comorbid conditions 
such as hypertension, diabetes mellitus, and obesity 
as important risk factors for adverse outcomes in this 
population [12, 13], our study did not demonstrate 
a statistically significant difference in baseline 
comorbidities between survivors and non-survivors. This 
finding may be partly attributable to the limited sample 
size of the present study, as well as the high prevalence of 
chronic comorbid conditions across the entire transplant 
cohort, a pattern that has been reported in previous single-
center experiences involving kidney transplant recipients 
with COVID-19 [3, 14].

Beyond baseline comorbid conditions, in this retrospective 
cohort of renal transplant recipients with severe 
COVID-19 requiring intensive care, serum IL-6 levels at 
ICU admission were significantly higher in non-survivors 
compared with survivors. In contrast, other inflammatory 
and biochemical markers, including C-reactive protein, 
did not differ significantly between the groups. These 
findings suggest that early elevation of IL-6 may reflect a 
more pronounced inflammatory response associated with 
poor outcomes in this immunocompromised population. 
This observation is in line with current evidence indicating 
that dysregulated cytokine responses play a central role 
in severe COVID-19 and multi-organ dysfunction [7]. 
Given the small sample size and retrospective design, the 
observed association should be interpreted with caution; 

Figure 1. Distribution of serum interleukin-6 (IL-6) values in survivors and non-survivors
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however, the results are consistent with the proposed role 
of IL-6 as an early marker of disease severity in critically 
ill COVID-19 patients, as also reported in solid organ 
transplant recipients with COVID-19 in previous single-
center clinical experiences [15].

Regarding immunosuppression management, 
modification of the treatment regimen remains 
controversial. Consistent with the existing literature, 
corticosteroid use was high across our entire cohort 
(100% in non-survivors and 90% in survivors), reflecting 
standard clinical practice involving stress-dose steroids 
or continuation of maintenance therapy during acute 
infection [16]. While various strategies for adjusting 
immunosuppressive therapy during COVID-19 have been 
discussed in the literature, there is currently no universally 
accepted approach, and management decisions continue 
to rely on individualized clinical judgment [11, 17].

Limitations

This study has several limitations that should be 
considered when interpreting the results. First, the 
retrospective and single-center design limits the 
generalizability of the findings and precludes causal 
inference. Second, the relatively small sample size may 
have reduced the statistical power to detect differences 
in certain clinical variables, particularly those showing 
borderline significance. Finally, detailed data regarding 
immunosuppressive dose modifications and long-term 
graft outcomes were not available.

Given that the COVID-19 pandemic has largely subsided, 
these findings should be viewed as reflective of the 
clinical challenges encountered during a defined period 
of widespread viral infection. Nevertheless, the insights 
gained remain valuable for informing preparedness and 
clinical decision-making in renal transplant recipients 
during future outbreaks of severe viral respiratory 
infections.

Conclusion

In conclusion, this study demonstrates that the need for 
invasive mechanical ventilation and vasopressor support, 
as well as elevated serum IL-6 levels at ICU admission, 
were significantly associated with in-hospital mortality 
in renal transplant recipients with severe COVID-19. In 
contrast, baseline demographic characteristics, comorbid 
conditions, and most conventional laboratory parameters 
were not discriminative between survivors and non-
survivors.

Although the acute phase of the COVID-19 pandemic has 
passed, these findings provide important insights into the 
vulnerability of renal transplant recipients during severe 
viral infections. Identification of early markers of disease 
severity, such as IL-6, may support more accurate risk 
stratification and contribute to a better understanding 
of clinical trajectories in this high-risk population, 
particularly in the context of potential future pandemics 
or emerging infectious threats.

Ethics / Informed Consent

Ethical approval for this study was obtained from the 
local Ethics Committee on 27 July 2022 (Protocol No: 
E1–22–2605). The study was conducted in accordance 
with the principles of the Declaration of Helsinki. Written 
informed consent was obtained from all participants or 
their legal representatives.

Data Availability Statement 

The data supporting the findings of this study are available 
from the corresponding author upon reasonable request.

Disclosure

The authors declare that they have no competing interests. 
Editorial support for this article was provided by QA 
Executive Consultancy (Ozan Batigun MD, MBA) in 
2022.

Financial Disclosure

This research did not receive any specific grant from 
funding agencies in the public, commercial, or not-for-
profit sectors.



56

COVID-19 in Renal Transplantat on  

References 

1. Matsuyama S, Nao N, Shirato K, Kawase M, Saito
S, Takayama I, et al. Enhanced isolation of SARS-
CoV-2 by TMPRSS2-expressing cells. Proc Natl
Acad Sci. 2020;117(13):7001-7003.

2. Hassanein M, Radhakrishnan Y, Sedor J, Vachharajani
T, Vachharajani VT, Augustine J, et al. COVID-19
and the kidney. Cleve Clin J Med. 2020; 87:10.

3. Akalin E, Azzi Y, Bartash R, Seethamraju H,
Parides M, Hemmige V, et al. Covid-19 and kidney
transplantation. N Engl J Med. 2020;382(25):2475-
2477.

4. Banerjee D, Popoola J, Shah S, Ster IC, Quan V,
Phanish M. COVID-19 infection in kidney transplant
recipients. Kidney Int. 2020; 97:1076–1082.

5. Richardson S, Hirsch JS, Narasimhan M, Crawford
JM, McGinn T, Davidson KW, et al. Presenting
characteristics, comorbidities, and outcomes among
5700 patients hospitalized with COVID-19 in the
New York City area. JAMA. 2020; 323:2052–2059.

6. Varga Z, Flammer AJ, Steiger P, Haberecker
M, Andermatt R, Zinkernagel A, et al. Electron
microscopy of SARS-CoV-2: a challenging task -
Authors’ reply. Lancet. 2020;395: e100.

7. Vardhana SA, Wolchok JD. The many faces of
the anti- COVID immune response. J Exp Med.
2020;217: e20200678.

8. Fishman JA. The immunocompromised transplant
recipients and SARSCoV-2 infection. J Am Soc
Nephrol. 2020; 31:1147–1149.

9. Ceylan İ, Sayan HE, Ökmen K, Güler G, Karakoç E.
Pulse dose glucocorticosteroid therapy in COVID-19
pneumonia patients in an intensive care unit. J Clin
Med Kazakhst. 2022;19(3):55–59.

10. Abrishami A, Samavat S, Behnam B, Arab-Ahmadi
M, Nafar M, Taheri MS. Clinical course, imaging
features, and outcomes of COVID-19 in kidney
transplant recipients. Eur Urol. 2020; 78:281-6.

11. Pereira MR, Mohan S, Cohen DJ, Husain SA, Dube
GK, Ratner LE, et al. COVID-19 in solid organ
transplant recipients: Initial report from the US
epicenter. Am J Transplant. 2020; 20:1800-8.

12. Fung M, Babik JM. COVID-19 in
Immunocompromised Hosts: What We Know So Far.
Clin Infect Dis. 2020; ciaa863.

13. Kates OS, Haydel BM, Florman SS, Rana MM,
Chaudhry ZS, Ramesh MS, et al. COVID-19 in solid
organ transplant: A multi-center cohort study. Clin
Infect Dis. 2020; ciaa1097.

14. Akdur A, Karakaya E, Ayvazoglu Soy EH, Alshalabi
O, Kirnap M, Arslan H, et al. Coronavirus Disease
(COVID-19) in Kidney and Liver Transplant Patients:
A Single-Center Experience. Exp Clin Transplant.
2020; 18:270-4.

15. Fernández-Ruiz M, Andrés A, Loinaz C, Delgado JF,
López-Medrano F, San Juan R, et al. COVID-19 in
solid organ transplant recipients: A single-center case
series from Spain. Am J Transplant. 2020; 20:1849-
58.

16. Johnson KM, Belfer JJ, Peterson GR, Boelkins
MR, Dumkow LE. Managing COVID-19 in Renal
Transplant Recipients: A Review of Recent Literature
and Case Supporting Corticosteroid-sparing
Immunosuppression. Pharmacotherapy. 2020;
40:517-24.

17. Colmenero J, Rodríguez-Perálvarez M, Salcedo M,
Arias-Milla A, Muñoz-Serrano A, Graus J, et al.
Epidemiological pattern, incidence and outcomes of
COVID-19 in liver transplant patients. J Hepatol.
2020; S0168-8278(20)30521-3.




