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1 | INTRODUCTION
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Abstract

The coronavirus disease 2019 (COVID-19) has affected more than a hundred million
individuals and caused more than three million deaths worldwide. Specific risk
groups were defined for increased risk of mortality and morbidity in COVID-19, and
renal transplant recipients are at a significantly increased risk regarding outcomes
due to their immunosuppressed conditions. This study evaluated the general char-
acteristics of kidney transplant recipients with COVID-19 infection. Among 1257
transplant cases, 56 had COVID-19 infection, and 23 (41%) were hospitalized during
the 9-month study period. Among all COVID-19 cases, 58% were male with a mean
age of 45.5 (+13.2, 19-71) years, and the most frequent comorbidities were hy-
pertension (70.9%) and diabetes (23.6%). Hospitalized patients were older (p = 0.03)
and had higher rates of hypertension (p = 0.008), diabetes (p = 0.002), and ischemic
heart disease (p=0.03). Therapeutic management included antimetabolite with-
drawal and prednisolone increase in 71%, calcineurin inhibitor withdrawal in 8% and
decrease in 58%, hydroxychloroquine in 17%, tocilizumab in 3%, and antivirals in
67% of patients. Acute kidney injury and respiratory failure developed in 34% and
85%, respectively. The mortality rate was 23%. These results emphasized that the
COVID-19 infection in renal transplant recipients significantly increases the risk of
morbidity and mortality. Therefore, these patients should be intervened earlier and

monitored closely to prevent poor outcomes.
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number of confirmed cases, approximately 3.5 million as of April

2021.2 Considering these strikingly high numbers, identification of

The world had witnessed a major health crisis caused by the severe
acute respiratory syndrome coronavirus 2 (SARS-CoV-2) in the last
year. Following the first case report in Wuhan city of Hubei District
of China, in December 2019, the World Health Organization declared
a pandemic in March 2020 due to the widespread outbreak and se-
vere mortality rates worldwide. Since then, the number of confirmed
cases of coronavirus disease 2019 (COVID-19) has increased to 128
million, and the total number of casualties has reached almost 3
million by the end of March 2021." Turkey has the eighth highest

high-risk groups and implementing intense prevention and treatment
strategies became a topic with significant importance. Specialized
populations like older ages, pregnant women, and patients with
chronic diseases or multiple comorbidities were initially defined as
the high-risk groups.®>*

Inclusion of renal transplant recipients among the high-risk
groups is an intuitive approach concerning immunosuppression or
multiple comorbid situations that these patients might have. More-
over, COVID-19 itself poses a significant risk on the kidneys by
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causing cytokine storm, hypoxia, or rhabdomyolysis, which all may
trigger a kidney injury even without transplantation.” Nevertheless,
there is still uncertainty about the effects of COVID-19 on patient
outcomes in renal transplant recipients. In a study from Italy, they
reported that more than 75% of 20 renal transplant recipients with
COVID-19 pneumonia had rapid progression with 25% mortality
during a follow-up of 7 days.® Another study from New York showed
a mortality rate of 21% among hospitalized renal transplant
recipients.” The primarily suspected mechanism of poor outcomes is
immunosuppression; nevertheless, several studies reported that im-
munocompromised status is not a risk factor for COVID per se.?
According to these, immunosuppression could protect the patients
against severe immunologic response, viral replication, and cytokine
storm. Moreover, data accumulated on the outcomes of COVID-19 in
renal transplant recipients is not sufficient to make neater conclu-
sions on the topic.” On this background, this study aimed to con-
tribute to the available evidence by evaluating the general
characteristics and disease outcomes of renal transplant recipients
diagnosed with COVID-19.

2 | METHODS

This study was conducted at the Organ Transplantation Department
of the Acibadem International Hospital in Istanbul, Turkey. Our
transplantation center maintains a follow-up of more than 1200 renal
transplant recipients, and all patients in our database were evaluated
regarding the diagnosis of COVID-19 for this study. The study pro-
tocol was approved by the Ethical Committee of Acibadem University
on April 7, 2021 with approval number 2021-07/30.

The confirmed diagnosis of COVID-19 was based on positive
polymerase chain reaction analyses. Once the patient was diagnosed
positive, clinical presentation, laboratory assessments, immunosuppres-

sion, and treatment strategies were recorded for analyses.

2.1 | Statistical analyses

Descriptive statistics of continuous variables were presented with
mean and standard deviation. Categorical variables were presented
using frequency and percent. The comparisons of continuous and
categorical variables between independent study groups were made
with the Mann-Whitney U test and the x? test, respectively. A type-I
error level of 5% was considered as the upper limit of statistical

significance. All analyses were done in SPSS 23 software (IBM Inc).

3 | RESULTS

Among 1257 kidney transplant recipients in our center, 56 were
identified as COVID-19 positive, 23 (41%) were hospitalized due to
COVID-19 during the 9-month study period. Of the 56 patients,
58% were male (n=33) with a mean age of 45.5 (+13.2, 19-71) years.

MEDICAL VIROLOGY
TABLE 1 Descriptive characteristics
Age (year) 455+ 13.2
Gender, n (%)
Female 23 (42)
Male 33 (58)
Comorbidities, n (%)
HT 39 (70.9)
DM 13 (23.6)
Obesity 12 (21.8)
IHD 10 (18.2)
HT + DM 7 (12.5)
HT +IHD 4 (7)
HT + DM + [HD 4(7)
Epilepsy 1(1.7)
SSC 1(1.7)
AS 1(1.7)
MS 1(1.7)
Hospitalization, n (%) 23 (41.07)

Therapeutic management, n (%)

Antimetabolite withdrawal and prednisolone increase 40 (71.4)
Calcineurin inhibitor withdrawal 5(8.9)
Calcineurin inhibitor dosage decrease 33 (58.9)
Hydroxychloroquine 10 (17.8)
Tocilizumab 2 (3.5)
Favipiravir 38 (67.8)
Remdesivir 3(5.3)

Abbreviations: AS, Ankylosing spondylitis; DM, diabetes mellitus;
HT, hypertension; IHD, ischemic heart disease; MS, multiple sclerosis;
SSC, squamous cell carcinoma of the skin.

Prevalent comorbidities included hypertension (70.9%, n = 39), diabetes
(23.6%, n=13), obesity (21.8%, n=12), ischemic heart disease (18.2%,
n=10), hypertension + diabetes (12.5%, n=7), hypertension + ischemic
heart disease (7%, n=4), hypertension + diabetes + ischemic heart
disease (7%, n = 4), epilepsy (1.7%, n = 1), squamous cell carcinoma of the
skin (1.7%, n = 1), ankylosing spondylitis (1.7%, n = 1), multiple sclerosis
(1.7%, n = 1), and hyperlipidemia (1.7%, n=1; Table 1).

Among 23 hospitalized kidney transplant recipients with a mean
age of 50.3 (£13.3) years, 78% (n=18) were male, while 33 non-
hospitalized ones with a mean age of 42.3 (+12.4) years included 15
male patients. Hospitalized patients were older (p =0.03) and male
dominance was significant (p =0.07). Compared to nonhospitalized
patients prevalent comorbidities, including hypertension (90%,
n=20; p=0.008), diabetes (45%, n=10; p=0.002), and ischemic
heart disease (31%, n=7; p =0.03) were determined to be higher in
hospitalized ones (Table 2).
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TABLE 2 Descriptive characteristics of hospitalized and
nonhospitalized patients

Hospitalized
patients (n = 23)

Nonhospitalized
patients (n = 33)

Gender, n (%)

Female 5(22) 18 (55)
Male 18 (78) 15 (45)
Age (year) 50.3 (+13.3) 42.3 (£12.4)
Comorbidities, n (%)
HT 21 (90) 19 (57.5)
DM 10 (45) 309
Obesity 6 (26) 12 (18)
IHD 7 (31) 3(9)
Posttransplant time to 56 44
diagnosis of
COVID-19 (month)
Common symptoms, n (%)
Respiratory symptoms 23 (100) 27 (82)
Mialgia 15 (65) 12 (36)
Diarrhea 2(9) 2 (6)
Fever 16 (69) 11 (33)
Ageusia and anosmia 1(4.3) 1(3)
AKI, n (%) 14 (60) 5 (15)
Exitus, n (%) 11 (47) 2 (6)

Abbreviations: AKI, acute kidney injury; COVID-19, coronavirus disease
2019; DM, diabetes mellitus; HT, hypertension; IHD, ischemic heart
disease.

Therapeutic management included antimetabolite withdrawal
and prednisolone increase in 40 (71%), calcineurin inhibitor with-
drawal in 5 (8.9%), decrease in 33 (58.9%), hydroxychloroquine in 10
(17.8%), tocilizumab in 2 (3.5%), and favipiravir in 38 (67.8%) patients;
3 (5.3%) of these patients who had favipiravir also had remdesivir.

During a median follow-up period of 89 days (interquartile range:
10-304 days), 14 of these patients were admitted to the intensive
care unit. Acute kidney injury (AKI) occurred in 34% (n=19) cases,
with respiratory failure requiring intubation in 85% (n = 12), and the
mortality rate was 23% (n = 13). The patients who died with a mean
age of 54.4 (+12.6) were older (p =0.13).

4 | DISCUSSION

This study evaluated renal transplant recipients' general character-
istics with COVID-19 and compared the hospitalized and non-
hospitalized patients as a surrogate marker of advanced disease to
evaluate the factors possibly associated with poor prognosis. As an
overall interpretation of our findings, the prevalence of COVID-19

among our patients was about 4.5%. Increased age and comorbidities
like cardiovascular events and diabetes were associated with
advanced disease, and AKI and respiratory failure emerged as sig-
nificant risk factors that increased mortality. The overall mortality
rate was 23% among COVID-19 cases.

The results of this study were generally in accordance with the
previous reports. In one of those, Alberici et al.° reported their ex-
perience and short-term outcomes on 20 kidney transplant recipients
with COVID-19 pneumonia. The mortality rate was 25%, and the
worsening of the respiratory functions despite aggressive im-
munosuppression and antiviral therapy as in our study was noted for
the mortality. In another report by Akalin et al.,'° 36 kidney trans-
plant recipients who tested positive for COVID-19 were evaluated,
and the mortality rate was reported as 28%, which was also similar to
our results. Another study by Rahimzadeh et al.” reported slightly
higher mortality rates, 33%, among their case series of six renal
transplant recipients with COVID-19 infection. The authors under-
lined the development of AKI for poor prognosis in these patients.
Some other studies reported significantly higher mortality rates.
Abolghasemi et al.'’ reported a mortality rate of 41.6% in their
case series which is, including 24 renal transplant recipients with
COVID-19. When the ultimate endpoint was considered, the mor-
tality in this patient group, basal characteristics, and treatment stra-
tegies play a significant role in the outcomes. We found that
increased age, cardiovascular comorbidities, and diabetes are critical
basal characteristics associated with poor prognosis. A similar high-
risk pattern is also observed in the general population, and older age,
hypertension, chronic respiratory disorders, and cardiovascular dis-
eases were reported as significant risk factors. Nevertheless, parti-
cularly the increased age among kidney transplant recipients should
not be confused with its definition in the general population. The
mean age of patients who died in our study was approximately
55 years, which is considered low-risk in the general population.
Thus, a proactive approach should be taken in this patient group,
which may include early initiation of therapy or hospital admission
for more intense follow-up and treatment to prevent further
complications.

The AKI was developed in 34% (n=19) of our cases. Reduced
renal perfusion, multiorgan failure, and cytokine storm are the causes
of AKI in COVID-19 patients. The accumulated evidence on the
progression of AKI showed that angiotensin-converting enzyme 2
(ACE2) is responsible for virus entrance and increases susceptibility
to infection in target cells, mainly the brush border of proximal tub-
ular cells and the podocytes.'? Moreover, studies showed that the
kidney is a specific target of COVID-19 infection.’®> However, low
AKI rates, such as 3%-9%, were reported among COVID-19 patients
in the general population.’* The significantly higher rates among
kidney transplant recipients with COVID-19 should signal physicians
that these patients are at a very high risk of developing AKI, which
may proceed to death. In our study, graft failure occurred in two of
these patients who developed AKI. One of these patients died and
the other one returned to hemodialysis. Of 11 (57%) patients who
developed AKI needed mechanical ventilation and 12 (63%) of our
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patients who developed AKI died. Several previous studies also re-
ported the high AKI rates among COVID-19 patients with renal
transplants. In one of those, Banerjee et al.'” reported an AKI rate of
57%, which is also higher than our results. In another study by Nair
et al.,'® 50% of renal transplant recipients with COVID-19 infection
were reported to develop AKI, which is also higher than our results.
A total of 26 (46%) of 56 patients had respiratory symptoms but
12 of these patients needed mechanical ventilation. All of the pa-
tients who needed mechanical ventilation died. We can also report
that AKI and requiring mechanical ventilation are associated with
higher mortality. As these figures suggest, these patients should be
closely monitored for the development of AKI, which is closely as-
sociated with poor prognosis.

The general treatment strategy in our study was accordant with
the literature data. Accordingly, we stopped the antimetabolites, in-
creased steroids, administered antivirals, hydroxychloroquine, and
tocilizumab in suitable cases. In our study, therapeutic management
included antimetabolite withdrawal and prednisolone increase in 40
(71%), calcineurin inhibitor withdrawal in 5 (8.9%), decrease in 33
(58.9%), hydroxychloroquine in 10 (17.8%), tocilizumab in 2 (3.5%),
and favipiravir in 38 (67.8%) patients; 3 (5.3%) of these patients who
had favipiravir also had remdesivir.

It is known that inflammatory cytokines induce the rapid pro-
gression of COVID-19 pneumonia. Therefore, glucocorticoids are seen
to be a therapeutic agent for these patients. A study by Wu et al.”
showed that treatment with methylprednisolone decreased the fatality
risk of COVID-19 patients. But in another study, a meta-analysis of
21350 patients with COVID-19, it is reported that mortality was
greater among patients who were receiving corticosteroids than those

there were not.'® On the contrary, Fernandez-Cruz et al.*?

reported
that the mortality rate was lower in patients with ARDS or hyperin-
flammatory syndrome who were treated with methylprednisolone.
Conversely, a study from Wuhan by Yuan et al.?’° demonstrated that
patients with nonsevere COVID-19, who were treated with corticos-
teroids were associated with a higher risk of progression of the disease
and prolonged hospital stay. All of our renal transplant recipients were
receiving glucocorticoids and 40 (71%) patients' glucocorticoid
dosages were increased during therapy.

Hydroxychloroquine is also proposed to control the cytokine
storm in COVID-19 patients.”" Inhibition of phospholipase A2, in-
hibition of toll-like receptor signals, T- and B-cell receptors, and de-
creasing interleukin (IL)-1 and IL-6 are some of its effects to decrease
the inflammatory response.?? Gautret et al.>® reported that hydroxy-
chloroquine treatment is significantly associated with viral load re-
duction in COVID-19 patients. Meo et al.>* also reviewed in vitro and
in vivo studies, clinical trials, and consensus reports that were con-
ducted to evaluate the antiviral activities of chloroquine and hydro-
xychloroquine and, they reported that these drugs are effective in the
treatment of COVID-19. A total of 10 (17.8%) of our patients received
hydroxychloroquine and we also saw that it was effective to decrease
the inflammatory response.

Immunosuppression seems to be effective for protecting the

lungs from cytokine storms by reducing the inflammatory response.?”

MEDICAL VIROLOGY

But it is known that the mortality rate is higher in patients who are
receiving immunosuppressive drugs. So calcineurin inhibitor and an-
timetabolite withdrawal or dose decreasing are recommended for
COVID-19 patients.

Favipiravir is a RNA polymerase inhibitér and it blocks viral RNA
synthesis. It is shown that favipiravir reduces viral load and provides
an improvement in clinical and radiological outcomes of COVID-19
patients.?® In another study that compared the effectiveness of fa-
vipiravir and lopinavir/ritonavir on disease progression and viral
clearance, it was reported that favipiravir was more effective than the
others.?” A total of 38 (67.8%) patients received favipiravir. Favipir-
avir was effective in 35 of these patients, but three of the patients
also received remdesivir because of the progression of the disease.

Remdesivir is a phosphoramidite prodrug of adenosine
C-nucleoside and it has been found to inhibit the replication of
SARS-CoV-2 in human lung cells.”® A trial of intravenous remdesivir
in COVID-19 patients documented faster recovery time (11 vs. 15
days) and reduced mortality by 14 days.?’ In another study, Wang
et al.*° reported that patients who received remdesivir had a shorter
recovery time compared to those who received placebo. In our study,
three (5.3%) of the patients received remdesivir after favipiravir be-
cause of the inadequate recovery with favipiravir and after remdesivir
administration, they had faster recovery.

The treatment approaches were similar in previous studies, in-
cluding stopping the immunosuppressive treatment and using ster-
oids for antirejection and administering antivirals to stimulate the
specific antiviral immune response.*’ However, there is no single or
standard treatment for all, and a therapeutic approach should be
tailored to specific clinical conditions of the patients.*?

This study is not without limitations. First, the median follow-up
was relatively short and limited to report the long-term outcomes of
COVID-19 in renal transplant recipients. Second, the sample size was
limited to conduct multivariable analyses for identifying the in-
dependent prognostic factors in this clinical entity. Third, the changes
in the genomic pattern of the SARS-CoV-2 were not considered
during assessments, but the clinical outcomes might be affected by
the new mutated virus strains. However, we believe that these lim-
itations do not deescalate the value of our results. To the best of our
knowledge, the number of patients included in our study is one of the
highest reported in a study in the literature. Moreover, a similar ap-
proach administered to this high number of patients made our results
more robust on this topic.

5 | CONCLUSION

To conclude, COVID-19 infection in renal transplant recipients sig-
nificantly increases the risk of poor outcomes. Early hospitalization,
close monitoring, and aggressive treatments may be employed to
prevent excess mortality and morbidity in these patients. Since AKI
and respiratory failure emerge as the precipitators of mortality, fur-
ther clinical interventions should be evaluated for their long-term

efficacy.
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