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Abstract

Background: There is a scarcity of data comparing the consequences of first and sec-

ond COVID-19 waves on kidney transplant recipients (KTRs) in India.

Methods: We conducted a single-centre retrospective study of 259 KTRs with

COVID-19 to compare first wave (March 15–December 31 2020, n = 157) and sec-

ond wave (April 1–May 31 2021, n = 102).

Results: KTRs during second wave were younger (43 vs. 40 years; p-value .04) and

also included paediatric patients (0 vs. 5.9%; p-value .003). Symptoms were milder

during the second wave (45 vs. 62.7%; p-value .007); COVID-19 positive patients

had less frequent cough (32 vs. 13.8%; p-value .001), fever was less frequent (58 vs.

37%; p-value .001), and we observed fewer co-morbidities (11 vs. 20.6%; p-value

.04). The percentages of neutrophils (77 vs. 83%; p-value .001) and serum ferritin

(439 vs. 688; p-value .0006) were higher during second wave, while lymphocyte

counts were reduced (20 vs. 14%; p-value .0001). Hydroxychloroquine (11 vs. 0%; p-

value .0001) and tocilizumab (7 vs. 0%; p-value .004) were more frequently pre-

scribed during first wave, while utilization of dexamethasone (6 vs. 27%; p-value

.0001) and remdesivir (47 vs. 65%; p-value .03) increased during the second wave.

Mucormycosis (1.3 vs. 10%; p-value .01) and ICU admissions (20 vs. 37.2%; p-value

.002) were more frequent during second wave. The 28-day mortality rate (9.6

vs. 10%; p-value 1) was not different.

Conclusions: There has been a different clinical spectrum of COVID-19 amongst KTR

with similar mortality between the two waves at a large Indian transplant centre.
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SUMMARY AT A GLANCE

A large single centre study from India reporting on the health outcomes of COVID-19 infected

kidney transplant recipients during the two waves of between 2020 and 2021. The rate of

Abbreviations: COVID-19, coronavirus disease-19; KTR, kidney transplant recipients; LDKT, living donor kidney transplant; RT-PCR, reverse real-time polymerase chain reaction; SARS-CoV-2,

severe acute respiratory syndrome coronavirus 2.
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intensive care admission was more frequent during the second wave of infection although mor-

tality rates were similar in both waves.

1 | INTRODUCTION

The timeline of COVID-19 waves varied amongst different geographic

regions of the world and even in different geographic areas/states within

the country. In India, the first wave commenced in March 2020 with

cases started dropping in September 2020 till December 2020, India

faced its COVID-19 second wave from March to June 2021.1 On May

1 2021, India reported more than 400 000 new daily COVID-19 cases.2

Several recent reports detail India's COVID-19 emergency during the

second wave3,4,5 with COVID-19 management depending on location,

resources and disease burden under very limited healthcare

resources. 6,7,8,9

Several differences have been reported between the first and

second waves, with a lower proportion of severe cases and younger

patients, including children10 affected by the second wave.11–18 Like-

wise, data comparing the characteristics of the infection in kidney

transplant recipients (KTR) between two COVID-19 waves are scarce.
19,20,21 There are reports on the effects of the first wave on KTR in

India;22,23,24,25 however, there are no data currently available on the

effects of the second wave from India.

The second wave raises several unanswered questions. Is there

any difference in demographics, immunosuppression regimen, clinical

profile, treatment and outcomes in KTR with severe acute respiratory

syndrome coronavirus 2 (SARS-CoV-2) infection compared to the first

wave? Is the mortality in KTRs with SARS-CoV-2 infection different

during the second wave? What is the impact of the second wave on

transplant activity and services, especially in public sector transplant

hospitals where the care of patients with COVID-19 has priority over

transplant activities? What is the impact of vaccination on KTRs with

SARS-CoV-2 infections during the second wave? Clearly, there is a

need to evaluate the second wave of COVID-19 in the KTR. Here, we

try to shed light on some of the open questions with information

gathered in 259 KTRs with SARS-CoV2 infections during the first and

second wave in India. We present our experience of SARS-CoV-2

infections in KTR during the second wave and show differences

between the first wave (March 15–December 31 2020, n = 157) and

second wave (April 1–May 31 2021, n = 102) in the largest public

sector transplant hospital in India.

2 | METHODS

We conducted a retrospective observational single-centre study in India

and identified 259 KTRs with real-time reverse transcription polymerase

chain reaction confirmed SARS-CoV2 infection. Of these 157(60.6%)

corresponded to the first wave and 102 (39.4%) to the second wave.

Ethical approval for this study was obtained from the Ethics Committee

of the Institute of Kidney Diseases and Research Centre, Dr HL Trivedi

Institute of Transplantation Sciences, Ahmedabad, India. All transplants

were performed based on local laws and regulations (Transplantation of

Human Organ Act, India). The study was conducted according to the

guidelines of the Declaration of Helsinki and the Declaration of Istanbul

principles. We detailed the demographics, immunosuppression regimen,

clinical profile, treatment and outcomes. KTRs diagnosed with COVID by

a positive RT-PCR assay of a specimen collected on a nasopharyngeal

swab and oropharyngeal swab were included. All treatments were per-

formed according to the National Organ and Tissue Transplant Organiza-

tion (NOTTO), Government of India guidelines for COVID-19.26,27

Immunosuppressive regimens for KTR with COVID-19 and management

protocols have been reported in our previous publication of KTR with

COVID-19 in the first wave.22,23

Policy change (or change to management/follow-up off transplant

recipients) between first and second waves:

Table 1 shows the differences in the management protocol of first

and second wave. The second wave was less severe but more conta-

gious and has been linked to a more pronounced burden on the

healthcare system with a limited number of hospital beds and deficit in

ICU beds and oxygen supply. It is worth noting that with experience

learned during the first wave, the second wave has been encountered

more prepared with more knowledge about the disease to trained health

care workers who were mostly vaccinated and less concerned about

acquiring COVID-19. Hospitals had adequate availability of personal pro-

tective equipment, better drug availability (e.g., plasma therapy and

remdesevir), more enhanced bed capacity, more ICU/ventilator beds and

better telemedicine utilization. During the second wave, there was easy

access to RT-PCR laboratory testing with rapid turnaround time, home

care medical teams, markedly reduced costs for testing, reduced treat-

ment cost, better knowledge about COVID-19, better access to health

care due to mini-lockdowns, night curfews, and micro containments

instead of national lockdown, and access to vaccines, which led to lower

death rates. These measures applied for better management of patients

in the second wave compared to the first one. Social distancing, hand

wash, mask/face cover and covid appropriate behaviour helped to pre-

vent infection rate outside the hospital.

Statistical analysis: Statistical analysis was performed using the

Statistical Package for Social Science (SPSS) version 17.0 (SPSS Inc.,

Chicago, IL). Continuous data are presented as median and inter-

quartile ranges (IQR) and mean ± SD, and student's t tests were used

to compare two groups. Categorical data were compared using the χ2

test or Fisher's exact test. Statistical significance was set at p < .05.

3 | RESULTS

Of the 259 KTRs with COVID-19 during both waves, 157 (60.6%) cor-

responded to the first wave and 102 (39.4%) to the second wave. We
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performed a comparative analysis of the profile of the first wave KTR

(n = 157) with the second wave (n = 102).

3.1 | Impact of the second wave of COVID-19 on
transplant activity

(Figure 1) Both waves had a drastic impact on transplant activity. Dur-

ing the first wave, DDKT was suspended between March 15 2020,

and June 3 2020, and LDKT was suspended between March

15 2020, and July 10 2020. The rapid expansion of the second wave

led to the collapse of healthcare systems, negatively affecting trans-

plant programmes. Our hospital was converted to a dedicated

COVID-19 hospital in the last week of March 2021 due to overflow

of cases in the nearby large dedicated COVID-19 centres. All routine

nephrology, urology services and living and deceased donor trans-

plants were suspended from April 1 2021 to May 31 2021.COVID-19

cases were in declining trend in Gujarat in last week of May 2021.

Our hospital is the only one public sector transplant hospital in our

State. Our hospital resumed its transplant and nephrology services in

a phased manner from June 2021. The second wave in Gujarat ended

in the second week of June 2021.

3.2 | Demographic and baseline characteristics of
COVID-19 positive transplant patients

Table 2 shows baseline demographics, co-morbidities and immuno-

suppression regimen of KTR with COVID-19 during both COVID-19

waves. The second wave cohort was younger (43 [32–50]

TABLE 1 Differences in the management protocol of first wave and second wave

First wave Second wave

National lock down, travel restrictions Yes No

Resource limitations Yes No

COVID-19 vaccination of HCW None Majority received at least first dose of

vaccine

HCW/hospital and ICU beds capacity Less More

PPE kits and training Shortage Adequate and no shortage

COVID PCR testing Shortage and higher turnaround time No shortage and results in 24 h

COVID-19 medications Shortage Adequate and no shortage

COVID-19 antibody test Not used Frequently done

Quarantine policy for HCW in COVID

ward

Mandatory Dissolved

Follow-up tele-consultation In few In majority

Dedicated mucormycosis ward No, not required Yes, required

COVID-19 follow-up OPD No Yes

COVID-19 management

Home treatment/quarantine Limited More for asymptomatic and mild cases

Main investigational therapies Hydroxychloroquine; azithromycin;

convalescent plasma and tocilizumab

Remdesivir

Radiology HRCT thorax was used in majority of the

cases with shortage of PCR and higher

turnaround time

HRCT in only moderate–severe cases

Criteria for hospital admission All RT-PCR positive irrespective of

symptoms were admitted in March–May

2020

Only symptomatic cases

Duration of hospital stay Prolonged, some cases were admitted till a

negative RT-PCR report

Short; home isolation with clinical recovery

discharged with positive RT-PCR report

in majority

Choice of steroids Methyl prednisolone Dexamethasone

Inflammatory markers Repeated frequently Not repeated in clinically responsive cases

Criteria for hospital discharge Two Negative RT-PCR test required in

March–May 2020, later patient can be

discharged after 10 days of symptom

onset and no fever for 3 days

Clinical recovery, no need for RT-PCR

testing prior to discharge

Abbreviations: COVID-19, coronavirus disease; CNI, calcineurin inhibitors; HCW, health care workers; HRCT, high-resolution computed tomography;

MMF, mycophenolic acid; OPD, outpatient department; PPE, personnel protective equipment; RT-PCR, real time polymerase test.
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vs. 40 [32–46] years; p-value .04), and the age differences further

increased amongst non-survivors (53 [41–56) vs. 42 [35–47.5]

years; p-value .015). There were significantly more paediatric trans-

plant cases who were infected in the second wave than in the first

wave (0% [0/157,] vs. 5.9% [6/102]; p-value .003). There were no

sex-specific differences in mortality between the two waves. Living–

related transplants were more frequent during both waves (n = 39,

25% vs. n = 18, 17.7%). There were no significant differences in

blood group or native kidney disease. Similarly, no difference was

observed in the induction agents used. The COVID-19 unimmunized

vaccination status (93.4 vs. 70%; p-value .04) was associated with an

increased mortality in the second wave. We also identified three

KTRs (2.9%) with repeated manifestations of SARS-CoV-2 during

the second wave. Cytomegalovirus co-infection was not associated

with increased mortality and reportedly declined (n = 18, 11.4% vs.

n = 2, 1.9%) during the second wave. Hypertension was the most

common comorbidity during both waves; however, fewer hyperten-

sive patients were seen during the second wave (n = 114, 72% vs.

n = 61, 59.8%; p-value .04). Additionally, there were more cases

without any comorbid conditions (n = 17, 11% vs. n = 21, 20.6%; p-

value .04) during the second wave. The proportion of obese patients

was similar in both waves (24 vs. 22.5%; p-value .88), but mortality

in obese KTR was higher during the first wave (21 vs. 54%; p = .01,

vs. 20.7 vs. 40%; p-value .22). Chronic allograft dysfunction was fre-

quent (n = 68, 43% versus n = 37, 36.2%) and was associated with

higher mortality (p-value .003 vs. .033) in both waves. The median

time from kidney transplantation to COVID-19 infection was similar

between the two waves.

3.3 | Clinical profile and laboratory analysis of the
two waves

Table 3 shows comparison of clinical spectrum and peak laboratory

details of KTR with COVID-19 during the two waves. The spectrum

of COVID-19 exposure changed from unknown (n = 59, 38% versus

n = 14, 13.8%; p-value .0001) to community exposure in the second

wave (n = 41, 26% vs. 62, 60.7%; p-value .0001). Hospital acquired

(10 vs. 5.9%; p-value .26) COVID-19 declined during the second wave,

although differences did not reach significance. Milder symptoms

were more frequent during the second wave (n = 71, 45% vs. 64,

62.7%; p-value 0.007). The proportion of severe COVID-19 cases was

similar (20 vs. 16.2%; p-value 1). Fever which was the prominent

symptom during the first wave was reported less frequently during

the second wave (n = 91, 58% vs. 38, 37.2%; p-value .001). Cough as

a symptom was more frequent in non-survivors of the second wave

(n = 8, 53% vs. n = 10 100%; p-value .02). Expectoration (n = 50,

32% vs. n = 14, 13.8%; p-value .001) was less frequent during the

second wave.

Ageusia (n = 3, 20% vs. n = 7, 70%; p-value .03) was more com-

mon in the second wave amongst the non-survivor cohort of the two

waves. Mortality associated with radiological changes was more fre-

quent during the first wave (p-value: 0.04 versus 0.11. Amongst the

laboratory parameters, neutrophil counts (77 [70–86] vs. 83 [74–

88.5]; p-value 0.001), serum ferritin (439 [196–998] vs. 688 [237–

1024] ng/ml; p-value .0006) were elevated during the second wave,

whereas lymphocytes (20 [12–26] vs. 14 [8–20.5] %; p-value .0001)

had declined. Only high-sensitive C-reactive protein (160 [87–178]

F IGURE 1 COVID-19 impact on Kidney transplant numbers in 2019–2021
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vs. 74.6 [43.18–169] mg/dl; p-value .003) was higher amongst the

non-survivor group of the first wave. While there were many differ-

ences in laboratory parameters between survivors and non-survivors

of the first wave, only Interleukin-6 (45 [19.1–119] versus 71.54

[20.77–540.9] pg/ml; p-value .0001) and lactate dehydrogenase

(345 [281–428] vs. 379 [260–845] IU/L; p-value .0001) were higher

amongst survivors of the second wave.

3.4 | Management and outcome of the cohort in
the two waves

Table 4 shows a detailed analysis of immune modulation, treatment

and outcomes comparing waves one and two. Patients who did not

require any oxygen support were more common in the second wave

(n = 78, 54.9% vs. n = 64, 69% p-value .02). Oxygen requirement

(n = 48, 30.6% vs. n = 21, 20.6%; p-value .08) was lower in COVID

patients of the second wave, although the difference was not statisti-

cally significant. In the second wave, a significant proportion of cases

were managed without any alteration of maintenance immunosup-

pression (n = 0, 0% vs. n = 25, 24.5%; p-value .0001). Similarly, anti-

metabolite discontinuation (n = 122, 80% vs. n = 42, 41.2%) was less

frequent during the second wave. Overall, the increase in steroids was

less pronounced during the second wave (n = 79, 50% vs. 38, 37.2%;

p-value .04). The choice of steroid shifted from methylprednisolone

(n = 70, 44.5% vs. 10, 9.8%; p-value .0001) to dexamethasone (n = 9,

5.7% vs. n = 28, 27.4%; p-value .0001) during the second wave.

Remdesivir (n = 74, 47% vs. 67, 65.6%; p-value .03) and anti-

coagulation (n = 79, 50.3% vs. n = 94, 92%; p-value .0001) were more

frequently used in the second wave. Various investigational therapies

used in the first wave, such as IV immunoglobulin (n = 35, 22% vs.

n = 5, 4.9%; p-value .0001), hydroxychloroquine (n = 18, 11% vs.

n = 0, 0%; p-value .0001), favipiravir (n = 36, 22% vs. n = 12, 11.8%;

p-value .032), convalescent plasma (n = 21, 13% vs. n = 3, 2.9%;

p-value .004) and tocilizumab (n = 11, 7% vs. n = 0.0%; p-value .004),

were not used during the second wave with a lack of evidence. There

is also a list of drugs that were more frequently utilized in the second

wave, including azithromycin (n = 84.53% vs. n = 68, 66.7%), antifun-

gals (n = 8.5% vs. n = 21 205%; p-value .0002), tofacitinib

(n = 8,7.9%), IV bevacizumab (n = 2,1.9%), IV itocilizumab

(n = 2,1.9%), nitazoxanide (n = 14, 13.7%), and ivermectin (n = 18,

17.7%). Allograft dysfunction measured by serum creatinine (n = 79,

50% vs. n = 67, 65.6%; p-value .015) in the second wave was higher

than that in the first wave. The median follow-up of the first wave

was 7 (6–9) months and of second wave was 2 (2, 3) months. Out of

nine breakthrough SARS-CoV2 infections after Oxford vaccine; two

fully vaccinated patients presented with COVID-19 after 20 and

8 days respectively and the other seven patients those who had only

one dose of vaccine presented with COVID-19 at a median of 14 days

(13–23). COVID-19 IgG spike protein antibody was done in five cases

and four had suboptimal response and three died due to COVID-19.28

We had around 400 chronic kidney disease patients on haemodialysis

(CKD-5D) on deceased donor waiting list. Fifty eight CKD-5D patientsT
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with RT-PCR confirmed COVID-19 admitted to our COVID-19 hospi-

tal during first wave.CKD-5D patients with COVID-19 were had

higher mortality (37.9%) compared to KTR (10%).

3.5 | Similarities and differences in risk factors for
mortality in the two waves

Overall, intensive care admissions were more frequent during the sec-

ond wave (n = 38, 37.2% vs. n = 31, 20%; p-value .002). The 28-day

mortality rates (n = 15, 9.6% vs. n = 10, 10%; p-value 1) were compa-

rable. Interestingly, the incidence of mucormycosis (n = 2, 1.3% vs.

n = 10, 10%; p-value .01) was disproportionately higher during the

second. During the first wave, older age was associated with higher

mortality (p-value .002 vs. 1). Sex did not affect the mortality rate.

The distribution of obese patients was comparable; however, obesity

was a risk factor for mortality during the first wave (p-value .01

vs. .22). Chronic allograft dysfunction was associated with augmented

(p-value .003 vs. .033) during both waves. The presence of more than

two co-morbidities (p-value .0001 vs. .70) and chest imaging changes

(p-value .04 vs. .11) were associated with a higher mortality during the

first wave. Cough was not a risk factor for mortality during the first

wave but during the second wave (p-value .79 vs. .016).Fatigue was

linked to mortality during both waves (p-value .0001 vs. .029).

Amongst the laboratory features, total leukocyte count (p-value .003

vs. .37), neutrophil count (p-value .013 vs. .13), lymphocyte percent-

age (p-value .023 vs. .13), procalcitonin (p-value .005 vs. .86), high-

sensitive C-reactive protein (p-value .0001 vs. .51), ferritin (p-value

.02 vs. .15), and D dimer (p-value .011 vs. .82) were risk factors for

mortality during the first wave. In both waves, allograft dysfunction

and the need for dialysis were associated with increased mortality (p-

value .001 vs. .01).

4 | DISCUSSION

Here, we present, to our knowledge, the first study to compare the

first and second waves of COVID-19 in Indian KTRs. Mortality was

not different (9.6 vs. 10%, p-value 1) in the two waves despite more

health resource limitations during the second wave. Our data concur

with the data from the Indian Council of Medical Research, suggesting

that there has been no significant change in the death rate in both

COVID-19 waves. The baseline characteristics and clinical presenta-

tions of COVID-19 were comparable during both waves. COVID-

positive KTRs were generally younger and included paediatric

patients. During the second wave, we observed milder cases, less

expectoration, less fever, fewer co-morbidities, and the impact on

transplant activities was less pronounced during the second wave,

possibly due to the less virulent mutant strain.29 We have docu-

mented an important decrease in the use of hydroxychloroquine and

tocilizumab, which were often prescribed during the first wave, while

dexamethasone and remdesivir prescriptions increased in the second

wave. A recent study from Madrid reported six blood testsT
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(neutrophil-to-lymphocyte ratio, C-reactive protein, LDH, IL-6, urea

and d-dimer) as predictors of severe COVID-19 in both waves.16 In

our study, we identified IL6 level, LDH and allograft dysfunction as

predictors of mortality in both waves.

The overall patient mortality rates were 11.6 and 14.5% in hospi-

talized patients, 47% in intensive care unit patients, and 96.7% in

patients requiring ventilation in our previous Indian cohort study of

250 KTR with RT-PCR-confirmed COVID-19 during the first wave.23

COVID related mortality was 1.2% in the general population in India

as on June7 2021.2 A single centre study from Belgium reported simi-

lar survival of hospitalized KTR during the first (n = 18) and second

waves (n = 27), despite high rates of ICU admission and more com-

orbidities in second wave. Dexamethasone was commonly used dur-

ing the second wave in India, while hydroxychloroquine was more

frequently applied during the first wave.19 The analysis of the Spanish

Registry (n = 1011) reported advanced age, a recent kidney trans-

plant, and pneumonia as predictors of mortality, whereas gastrointes-

tinal symptoms were protective. KTRs were significantly younger, had

less pneumonia and received less frequently anti-COVID-19 treat-

ment in the second wave, and the overall mortality was lower but sim-

ilar in critical patients.20 The observed high-case fatality in the elderly

transplant recipients could be due to age-associated comorbidities.30

Our study had findings similar to this analysis of the Spanish Regis-

try.20 The interaction between age and time post-kidney transplant

should be considered when selecting recipients for transplantation in

the COVID-19 pandemic. Advanced age and a recent KT should foster

strict protective measures, including vaccination. The recent study

from European transplant centre described similar mortality rates in

both waves, which is similar to our report.31 In their report, there was

no difference in clinical spectrum except the significant high number

of cases being managed as outpatients in the second wave. Older age

and chronic graft dysfunction was associated with mortality similar to

our study.

Mucormycosis has emerged as an epidemic during the COVID-19

pandemic in the general population, including the KTR in India. Possi-

ble contributing factors for significantly increased mucormycosis dur-

ing the second wave in India are the improper use of steroids amongst

diabetic COVID-19 patients, uncontrolled diabetes, improper use of

broad-spectrum antibiotics, zinc supplements, iron tablets, failure to

use sterile water in oxygen concentrators, genetic predilection, steam

inhalation abuse, poor oro-nasal hygiene in hospitalized patients,

reuse of masks for prolonged periods, and use of steroids with other

immunomodulators;32,33 thus, there seems to be a need for urgent

investigation to delineate contributing factors.

India began administration of COVID-19 vaccines on 16 January

2021 in phased manner. In the initial first phase, COVID-19 vaccine

was provided to the priority group—Health Care and Front-line

workers. The second phase vaccinations, which started on March

1 2021 allowed for all Indians above the age of 60 and Indians

between the age of 45 and 59 with comorbidities to be vaccinated.

From April 1 2021, People above the age of 45 years are eligible to

get the COVID-19 vaccine. From May 1 2021, all eligible citizens

above the age of 18 years can get the COVID-19 vaccine. The median

transplant age of our cohort was below 45 years, and was few had

vaccination.2In our centre, very few post transplants patients had vac-

cination (around 100 of 5000 follow-up patients) at the start of the

second wave and till May 2021, as COVID-19 surge further decreased

the vaccination rate along with shortage of vaccine during the

second wave.

Implications: This comprehensive analysis of the COVID-19 first

and second waves in India provides a better understanding of the

nature of the pandemic in the KTR. KTRs with risk factors for mortal-

ity should foster strict protective measures; vaccination should be a

priority for transplant recipients. COVID-19 vaccination for children

has not yet started in India, and more vigilance is needed to prevent a

future COVID-19 surge in this population.

Limitations: A single-centre study was a limiting factor. The low

rate of asymptomatic or mild patients is likely an under-reported.

There is no facility available for virological sequencing and testing of

mutant strains of COVID-19 in resource-limited settings. We reported

mainly hospitalized patients, and thus conclusions may not be broadly

applicable to all asymptomatic patients and those diagnosed and man-

aged in the outpatient setting and multicentre studied are required to

validate our findings for the entire country.

5 | CONCLUSIONS

There was no difference in the mortality between the two waves.

Mortality in KTRs with COVID-19 (10%) was higher than that in non-

immunosuppressed patients (1.2%) in our study.
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