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Abstract

Introduction: Follow-up studies of severe acute respiratory syndrome coronavirus 2

(SARS-CoV-2) in kidney transplant recipients (KTR) are scarcely reported.

Methods:We studied 142 hospitalized KTR for a median (interquartile range) follow-

upof 9 (8–11)monthswho recovered fromSARS-CoV-2duringMay2020 toDec2020.

The outcomes were to assess persistent symptoms post-discharge; EuroQoL visual

analogue score (EQ-VAS); EuroQoL 5-dimension score (E5-QD-5L) score andmodified

medical research dyspnea score (mMRC) at 1 month, 3-month, and beyond 6 months.

Graft outcomewas also analyzed.

Results: The age of the cohort was 43 (34–69) years and COVID-19 severity ranged

from asymptomatic (4%), mild (50%), moderate (35%) to severe (12%).

Themost commonpersistent symptomwas fatiguewhich significantly decreased in the

follow-up (n = 45 [32.3] vs. 10 [7.4] vs. 4 [2.9]; p-value = 0.001) at 1-month, 3-month,

and beyond 6 months respectively. Decrement in the mean (standard deviation) EQ-

VAS score from baseline was also improved (28.6 [13] vs. 10.4 [12.5] vs. 7.5 [12.0]; p-

value = 0.012). There was significant improvement in all EQ-5D-5L scores in follow-

up. There was no deterioration in mMRC scores during the follow-up (n = 4, 3% vs. 7,

5% vs. 3, 2%; p-value = 0.86). Cases requiring oxygen had significantly poorer overall

scores initially, but there was no difference at 6 months. All 10 graft losses had oxygen

requirement and chronic graft dysfunction at baseline.

Conclusion: Our initial assessment reports significant improvement in the quality of

life in follow-up. The majority recovered from allograft dysfunction. Further research

is warranted to study the full spectrum of follow-up.
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1 INTRODUCTION

Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) has

devastated all health communities across the globe. The issue of

long-term effects of coronavirus disease (COVID-19) on survivors is

incompletely understood,1 and the data are still emerging. In the gen-

eral population, there are various studies of post-COVID-19 seque-

lae demonstrating functional disability after recovery.2–4 Organ trans-

plant recipients are more severely affected by COVID-195,6 as com-

pared to the general patients,7–10 and hence studies demonstrating

long-term SARS-CoV-2 sequelae should trigger an alarm for the need

of similar studies in transplant recipients. This entity may require a
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protocol for post-COVID-19 follow-up and rehabilitation clinic. A

recent study raised concerns about chronic COVID-19 in patients

on chronic immunosuppression.11 The questions which need to be

answered are as follows: What is the burden and spectrum of per-

sistent symptoms in the transplant population? How does COVID-19

affect the quality of life of kidney transplant recipients (KTR) in follow-

up?What is the long-termgraft outcomeofCOVID-19-recoveredKTR?

Are there anymultisystem complications during follow-up?

Thus, we investigated the short-term and long-term follow-up

course of hospitalized KTR discharged from our center. The novelty of

this study lies in the fact that comprehensive follow-up of COVID-19-

recovered KTR has been scantly described in the literature so far. This

studywill further help transplant physicians across theworld in under-

standing SARS-CoV-2 sequelae and guide them in further planning and

management for potential future waves.

2 METHODOLOGY

2.1 Design, settings, and ethics

This is a retrospective cohort study conducted from May 2020 to

27July 2021 at the Institute of Kidney Diseases and Research Cen-

tre, Dr. HL Trivedi Institute of Transplantation Sciences (IKDRC-ITS),

Ahmedabad, India. This study was approved by the institutional ethics

board (ECR/143/Inst/GJ/2013/RR-19) and conducted as per the rules

of declaration of Helsinki and declaration of Istanbul.

2.2 Study participants

SARS-CoV-2-affected KTR patients who tested positive by reverse

transcriptase-polymerase test on the nasopharyngeal sample (nRT-

PCR) and had survived the acute COVID-19 phase (defined as period

from hospital admission to discharge) were included for analysis in the

study. A total of 142 hospitalized COVID-19 survivors were analyzed,

and their clinical course, treatment modalities, inflammatory profile,

and other relevant data were retrieved from electronic institutional

records and case files. The patientswere classified based onCOVID-19

severity as follows: Mild: No need of oxygen therapy; Moderate: Main-

tainingoxygen saturationof90%–94%at roomair; Severe:Maintaining

oxygen saturation of below 90% at room air.12

2.3 Follow-up testing in SARS-CoV-2-discharged
KTR

The institutional protocol was to do a follow-up at 1-month, 3-month,

and beyond 6 months. A dedicated team of doctors conducted the

follow-up of discharged patients through telephonic and in-person vis-

its as feasible. A comprehensive evaluationof physical, clinical, andpsy-

chological domains was done on follow-up visits. Routine tests which

include complete blood counts, random blood sugar, blood urea, serum

creatinine, electrocardiogram, and liver functions test were done in

all cases. Urine analysis was performed in every visit for detection

of any new onset hematuria or albuminuria. In the case of a sensi-

tized patient, donor-specific antibody (DSA) testing was done. DSA

testing was done cases with incomplete recovery (declining creatinine

but not reaching baseline) of acute kidney injury (AKI) in follow-up.

Cytomegaloviruses, BK polyomavirus (BKV), Epstein Barr virus, Par-

vovirus B19 were screened for the cases which had concomitant viral

infections with COVID-19 or had a history of these viral infections

in past.

Repeat Chest x-ray was done for all in the first follow-up visit and

on subsequent visits based on any symptoms. A repeat high resolu-

tion computed tomography (HRCT) thorax was done only in cases with

complaints of breathing difficulty or worsening report in chest imaging

done in the follow-up.

nRT-PCR repeat testing was not mandatory, and there was no fixed

protocol on the timing of a repeat test, as it was logistically not pos-

sible and clinically not meaningful. For measuring the quality of life,

EuroQoL5-dimension score (EQ-5D-5L)13 and EuroQoL visual ana-

logue score (EQVAS) score were used. The modified medical research

council14 scale (mMRC) for breathlessness was used for assessing dys-

pnoea. In patients scoring poorly on mMRC scale, pulmonary func-

tion tests were done. In case of any significant psychiatric problems,

patients underwent counselling and were referred to the psychiatry

unit for expert review and further management.

2.4 Statistical analysis

For analysis of data, patients were grouped based on the duration

of follow-up, and three groups were formed: 1-month, 3-month, and

≥6months follow-up. Categorical datawere expressed as numbers and

percentages in parenthesis, and continuous data were expressed as

mean, range,median, standard deviation, and interquartile range (IQR).

A t-test was used to compare the median baseline creatinine of graft

loss and normal grafts in the cohort. The three group variables were

compared with the analysis of variance (ANOVA) test for paramet-

ric variables and the Kruskal–Wallis test for non-parametric variables.

For assessing the graft outcome, a spaghetti plot, scatter plot, Kaplan–

Meier plot, and box whisker plots are derived. A two-tailed p-value of

less than 0.05 was considered statistically significant. Statistical analy-

sis was done using IBM SPSS 21 software.

3 RESULTS

FromMay 2020 toDecember 2020, a total of 142KTRwithCOVID-19

were discharged ofwhom the follow-upwas done fromdischarge to 27

July 2021.

A total of 139, 134, and 128 KTR completed 1-month, 3-month,

and ≥6-month follow-up, respectively. The median (IQR) follow-up
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F IGURE 1 Summary of the cases

duration of the cohort was 9 (8–11) months. Figure 1 summarizes

the course of the study. One case died at home before 1 month

of discharge. Two deaths occurred as aspergillus pneumonia within

3 months. One case of re-infection resulted in death. Two deaths

occurred as post-COVID-19 mucormycosis.15 There were no admis-

sions for the viral infections which were screened in selected cases.

3.1 Baseline characteristics and acute COVID-19
course

Tables S1 and S2 demonstrate the baseline and demographic features

of the cohort and acute COVID-19 course, respectively. The median

age of the cohort was 42 (32–49) years with a predominance of male

sex (84%). The bulk of the cohort was live-related transplants (n= 120,

84%) and only a few cases (n = 22, 16%) presented with COVID-19

within 1 year of transplantation. The comorbid conditions reported

werehypertension (n=104, 73%) as themost common followedbydia-

betes (n= 33, 23%), heart disorders (n= 14, 9.8%), and obesity (n= 30,

21%).

The COVID-19 severity during the admission spanned from asymp-

tomatic (n = 9, 4%), mild (n = 71, 50%), moderate (n = 46, 35%) to

severe (n = 18, 12%). The cohort had no mechanical ventilation cases,

as all admissions with mechanical ventilation had mortality. Radiologi-

cal changes (n= 96, 68%) were observed inmost of the cases. Allograft

dysfunction (n=64, 45%)was reported inalmosthalf of the cases.Most

patients were treated with steroids (n = 64, 45%) and remdesivir (n =

63, 44%). Antimetabolite was discontinued (n = 108, 72%) or reduced

(n = 31, 22%) in most of the cohort. Calcineurin inhibitors (CNIs) was

stopped (n = 19, 16%) or reduced (n = 26, 21%) in moderate to severe

cases. The protocol for the timing of reintroduction for antimetabolite

was 7–10 days post-discharge, while CNI was resumed on the day of

discharge in a half dose.

3.2 Clinical symptoms post-discharge

Table 1 describes the clinical signs and symptoms of the cohort dur-

ing the follow-up. Overall, 37.5% of the cohort reported one or more

than 1 symptom at 1-month follow-up. The most common symptoms

observed were fatigue (n = 45, 32.3%), muscle pain (n = 35, 25.1%),

decreased appetite (n = 24, 17.2%), and altered sleep (n = 22, 15.8%)

at 1-month follow-up. Fatigue (n= 45, 32.3% vs. 10, 7.4% vs. 4, 2.9%; p-

value = 0.001) and muscle pain (n = 35, 25.1% vs. 10, 7.4% vs. 3, 2.2%;

p-value = 0.002) which were the main symptoms at 1-month resolved

significantly at longer follow-up. Overall, there were very less symp-

toms at extended follow-up. Disturbed sleep (n= 9, 6.6%) and appetite

loss (n= 7, 5.1%)weremost common symptom at≥6-month follow-up.

3.3 Quality of life assessment and perceived
breathing

Table 1 also shows the results of screening tests performed in the

follow-up. Overall, there was an improvement in all of the domains

of EQ-5D-5L. The most affected parameter at both 1-month and

≥6 months was anxiety/depression, although the severity was less in

majority and improved significantly at extended follow-up (n=51, 37%

vs. 22, 16% vs. 18, 14%; p-value = 0.001). As described in E5QD5L

scores, only a few cases had slight difficulty in walking at home at 1-

month which improved significantly at ≥6-months (n = 31, 22% vs. 4,

3% vs. 3, 2%; p-value = 0.004). There was slight problem in routine

activities which also resolved at extended follow-up (n = 24, 17% vs.

n= 3, 2% vs. n= 2, 1%; p-value= 0.03). There were only a few cases of

difficulty in breathing in the cohort assessed throughmMRC, and there

was no increase in the number of such cases in subsequent follow-up

(n=4, 3% vs. 7, 5% vs. 3, 2%; p-value= 0.86). All such patients had graft

loss. Decrement in the EQ-VAS score from baseline was improved in
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TABLE 2 Graft loss and rejection episodes

Number Age/Sex

Baseline

creatinine

(mg/dl)

eGFR

ml/min/

1.73m2

COVID-19

severity

Time from

transplant to

COVID-19

(years) Course

1 31/M 4.5 16 Moderate 2 HD requirement since COVID-19, biopsy showed chronic

rejection changes only

2 35/M 7 9 Moderate 2.5 HD requirement since COVID-19

3 54/M 9 6 Severe 7 HD requirement since COVID-19

4 32/M 4.2 17 Severe 3 HD requirement since COVID-19

5 49/M 3.4 20 Moderate 4 1.5months post-discharge: Biopsy showed FSGS similar to

previous biopsy/chronic changes

6 29/M 8 8 Severe 1.5 HD requirement since COVID-19

7 25/M 1.9 48 Severe 2 Pseudo pancreatic cyst infection with severe pancreatitis

post-discharge requiring prolonged hospital stay, graft loss,

re-infection at 10-month follow-upwithmild COVID-19.

8 38/M 1.79 47 Moderate 2 Invasive aspergillus, post-discharge, prolonged hospital stay

9 36/F 6 8 Moderate 3 Chronic rejection at baseline

10 44/M 3 24 Severe 5 Drug non-adherence, already had chronic graft dysfunction.

Biopsy not done, no DSA

Note: Bold cases underwent biopsy.

Abbreviations: DSA, donor-specific antibodies; eGFR, estimated glomerular filtration rate; F, female; FSGS, focal segmental sclerosis; HD, hemodialysis; M,

male.

subsequent follow-up (28.6 [13] vs. 10.4 [12.5] vs. 7.5 [12.0]; p-value:

0.012). After stratification of scores by oxygen requirement, it was

observed that cases with oxygen need during COVID-19 had poorer

scores at 1 month and 3months, but no significant differences at more

than 6-month follow-up

4 GRAFT OUTCOME DURING FOLLOW-UP

Table 2 describes the summary of cases with graft losses or rejection.

Sixty-four (45%) cases developed AKI during COVID-19 admission, of

which 10 resulted in graft loss in follow-up. Half of the cases which

were dialysis-dependent during COVID-19 admission never had any

renal improvement. The baseline creatinine and estimated glomeru-

lar filtration rate (eGFR) of the cases with graft loss was 4.3 (3.1–

6.75)mg/dl and16.5 (8.2–23)ml/min/1.73m2 respectively.All graft loss

cases had significantly higher baseline serum creatinine compared to

the remaining cohort (4.3 [3.1–6.75] mg/dl vs. 1.4 [2–1.1]; p value =

0.01).

Figure 2 shows the detailed analysis of the graft outcome in the

study. Half of the cases with graft losses had severe COVID-19, and

the other half had moderate COVID-19. No graft loss was reported

in mild or asymptomatic cases. The plasma levels of CNI were mea-

sured routinely, and in all cases their values was optimal. Graft biopsy

was performed in two (Table 2) of the 10 cases (one case showed focal

segmental glomerulosclerosis which had already a history of similar

biopsy reports; the second case showed chronic antibody rejection).

The cohort who did not develop AKI (55%) had normal graft function

throughout the follow-up. DSA was tested in 23 (16%) patients who

had a prior history of antirejection therapy and none showed the devel-

opment of antibodies. Urine routine and microscopy were done in the

entire cohort during every visit, and none reported new-onset protein-

uria/hematuria.

5 DISCUSSION

The study reports the follow-up outcome of SARS-CoV-2 survivors in

KTR. Initially, when reports of COVID sequelae were published, we

decided to do the follow-up of recovered patients, a dedicated team

of doctors was assigned for follow-up of the patients. We explore here

the follow-up course of post-transplant SARS-CoV-2 survivors with all

grades of severity anddurationof follow-up from1month tomore than

6months. The authors have previously documented the acute COVID-

19 course of KTR from the center.16

Even in mild cases, there are reports of persistent symptoms.17–19

The most common persistent symptoms in our study were fatigue and

malaise as reported in the general population. Chronic fatigue syn-

drome (CFS) has been linked with survivors of the SARS pandemic,20

but it was not observed in our study in COVID-19. The symptoms

and signs resolved before 6 months, so none fulfilled the criteria for

CFS. As contrary to concerning reports of persistent cough, breathless-

ness previously described in general patients, we did not find any evi-

dence of these persistent symptoms in our study. Our report is sim-

ilar to the long-term report of a 6-month follow-up of a large study

from China.21 Duration from the onset of COVID-19 symptoms to

symptom-free was 14 days. In our report, there were no complaints

of parosmia or anosmia at 1-month discharge unlike reported in the
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F IGURE 2 (A) Spaghetti plot showing trend of serum creatinine of individual cases. The cases with incomplete recovery or non-recovery of
acute kidney injury had higher baseline serum creatinine. (B) Box andwhisker plot showing the differences in median (IQR) serum creatinine levels
with follow-up. Note themedian creatinine at follow-up nearing baseline levels (x-axis values in graphs (A) and (B) depict 1 as serum creatinine
value prior to COVID-19, 2 as the peak creatinine levels, and 3 as the last follow-up creatinine levels. Themedian follow-up was 9months). (C)
Correlationmatrix analysis of baseline and last follow-up creatinine. Note a linear trend especially in cases with baseline creatinine below 2mg/dl.
(D) Kaplan–Meier curve for analysis of graft loss in two divided groups based on baseline serum creatinine of 2mg/dl

general population.22,23 A recent meta-analysis24 reported a high pos-

sibility of anxiety and depression in COVID-19 survivors which simu-

lates our report in both initial and later stages of follow-up. In our cen-

ter, all cases with anxiety and depression were given counselling and

psychiatric consultation, but only four cases required anti-depressants

for improvement. The high rate of anxiety/depression was mostly con-

tributed to unprecedented times of COVID-19, fear of graft loss, and

vaccine hesitancy.

In our report, we have found that the majority of the cases showed

improvement in their quality-of-life scores as the follow-up duration

was increased.

Anxiety/depression was the worst affected component in the long-

term follow-up. Themental well-being of surviving KTR should be con-

sidered for the rehabilitative measures. This problem is similar to that

reported in the general population.31,23 Likewise, the KTRs should also

be assessed for physical rehabilitativemeasures especially in the initial

month of discharge. The quality-of-life parameters in the first 3months

of discharge were most severely affected in COVID-19 cases which

required oxygen therapy and in those which suffered graft losses. Our

study highlights the progress in the quality of life with time and pro-

vides acceptable reassurance that a significant number of cases will

improve irrespective of the disease severity.
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AKI has been found in almost half the cases of SARS-CoV-2 in KTR

in most of the published literature; however, follow-up recovery and

graft outcome are less extensively studied.With reports of renal injury

among COVID-19 survivors case series before,25,26 rigorous follow-up

of graft function needs to be done. In our center, most of the patients

had normal graft functions in the follow-up. We did screen for any de

nova or increase in previous titres of DSA also and found no increased

incidenceof antibodies as such. Theoretically, due to stoppingor reduc-

ing immunosuppression during acute COVID-19 and delay in restora-

tion to baseline can cause the development of antibodies. Still, these

are early days to call that there will be no sequelae of the allograft

dysfunction in SARS-CoV-2. A recent study showed an association of

lower eGFR at baseline with incomplete graft recovery following AKI

in follow-up27 Our report also showed similar findings,with graft losses

occurring in caseswith statistically significant baseline creatinine com-

pared to patients with the favourable course. In our center, a previ-

ous study of invasive fungal infection reported 25% graft loss.28 Sim-

ilarly dengue cohort29 from our center reported 6.4% acute rejection

and 6.4% graft loss. Our preliminary report hence do not suggest any

increased risk of graft loss or rejection compared to other infections

Recently, a few studies in general patients have shown pul-

monary sequelae in considerable cases.30,31 Initial reports in the

general population warned the global health system about the risk

of pulmonary complications in COVID-19 survivors like persistent

breathing difficulty and non-resolution or progression of radiological

abnormalities.32,33 In our cohort, the proportion of patients with radi-

ological abnormality at acute COVID-19 admission was high, but in

follow-up, we had only one case of pulmonary fibrosis. Due to resource

limitations and unprecedented second COVID-19 wave, HRCT scans

and pulmonary function testing surveillance in all cases were not done.

We did a subjective screening throughmMRC, clinical screening, and a

repeat x-ray chest at a regular follow-up to rule out any evidenceof pul-

monary fibrosis, and hence the likelihood ofmissing pulmonary fibrosis

cases is less. A large population-based study has reported neurological

and psychiatricmanifestations inCOVID-19 survivors.34 In our cohort,

therewere no neurological events like stroke, new-onset tremor disor-

der, or Parkinsonism. We did not specifically screen for a possibility of

the thromboembolic episode, but there were no such obvious reports

during the study period.

The strength of the study is enlisted. Firstly, this is the first study

of its kind in KTR to describe the follow-up course of post-COVID-19.

Secondly, a large sample size was studied, so the applicability of results

in other settings is considerable. Thirdly, all grades of COVID-19 sever-

itywere explored, so the study canbe interpolated for asymptomatic to

critical cases. Fourthly, we did not fix a particular time frame to collect

data, so the results encompass follow-up duration of diverse lengths,

which further adds to the power of the study.

The study has few inherent and worth mentioning limitations.

Firstly, the sample size was small, and also the number of severe and

critical cases was relatively less in the cohort, so the results should

be very cautiously applied in severe cases. Secondly, the study did not

objectively assess for pulmonary functions or thromboembolic phe-

nomena. However, no clinical symptoms in follow-up were suggestive

of such complications. There could be also some reporting bias in the

subjective assessment. Thirdly, protocol biopsy was not done in acute

COVID-19 to see anydirect effect of the virus in the graft. The justifica-

tion behind this was the initial observations of recovering graft shortly

after discharge; hence we waited for the kidney function to normal-

ize within few weeks of discharge. Fourthly, the immune response to

COVID-19was not studied.

CONCLUSION

We describe the largest cohort of SARS-CoV-2 sequelae in KTR with

the longest follow-up of 9 (8–11) months. Fatigue was themost promi-

nent symptom post-discharge. Oxygen requiring cases had poorer

quality of life compared to non-oxygen requiring cases, but the assess-

ment scores significantly improved during the follow-up course. Ten

graft losses reported were mostly in patients with chronic graft dys-

function.Our initial reports are having reassuring outcomes. Still, these

are early days to cut loose, and the follow-up studies should be contin-

ued in the transplant population to avoid any possible complications till

further high-level scientific data are available.

ACKNOWLEDGMENTS

Wewould like to express our sincere gratitude to the hospital staff for

their committed efforts inmanaging the patients during theCOVID-19

crisis.

CONFLICT OF INTEREST

The authors declare that there is no conflict of interest that could be

perceived as prejudicing the impartiality of the research reported.

ORCID

Sanshriti Chauhan https://orcid.org/0000-0001-7385-5614

Hari ShankarMeshram https://orcid.org/0000-0001-9148-8168

VivekKute https://orcid.org/0000-0001-6549-4505

HimanshuPatel https://orcid.org/0000-0002-8922-0864

SudeepDesai https://orcid.org/0000-0001-5038-8857

RuchirDave https://orcid.org/0000-0003-0569-7188

REFERENCES

1. Iqbal FM, Lam K, Sounderajah V, Clarke JM, Ashrafian H, Darzi

A. Characteristics and predictors of acute and chronic post-COVID

syndrome: a systematic review and meta-analysis. EClinicalMedicine.
2021;36:100899.

2. Hay JW, Gong CL, Jiao X, et al. A US population health survey on

the impact of COVID-19 using the EQ-5D-5L. J Gen Intern Med.
2021;36(5):1292-1301.

3. OrrùG, BertelloniD,Diolaiuti F, et al. Long-COVIDSyndrome?A study

on the persistence of neurological, psychological, and physiological

symptoms.Healthcare (Basel). 2021;9(5):575.
4. Nasserie T, Hittle M, Goodman SN. Assessment of the frequency and

variety of persistent symptoms among patients with COVID-19: a sys-

tematic review. JAMANetwOpen. 2021;4(5):e2111417.
5. Moris D, Kesseli SJ, Barbas AS. Kidney transplant recipients infected

byCOVID-19: Review of the initial published experience. Transpl Infect
Dis. 2020;22(6):e13426.

https://orcid.org/0000-0001-7385-5614
https://orcid.org/0000-0001-7385-5614
https://orcid.org/0000-0001-9148-8168
https://orcid.org/0000-0001-9148-8168
https://orcid.org/0000-0001-6549-4505
https://orcid.org/0000-0001-6549-4505
https://orcid.org/0000-0002-8922-0864
https://orcid.org/0000-0002-8922-0864
https://orcid.org/0000-0001-5038-8857
https://orcid.org/0000-0001-5038-8857
https://orcid.org/0000-0003-0569-7188
https://orcid.org/0000-0003-0569-7188


10 of 10 CHAUHAN ET AL.

6. Moosavi SA, Mashhadiagha A, Motazedian N, Hashemazar A, Hovei-

daei AH, Bolignano D. COVID-19 clinical manifestations and treat-

ment strategies among solid-organ recipients: a systematic review of

cases. Transpl Infect Dis. 2020;22(6):e13427.
7. Caillard S, Chavarot N, Francois H, et al. Is COVID-19 infec-

tion more severe in kidney transplant recipients?. Am J Transplant.
2021;21(3):1295-1303.

8. Kute VB, Bhalla AK, Guleria S, et al. Clinical profile and outcome of

COVID-19 in 250 kidney transplant recipients: a multicenter cohort

study from India. Transplantation. 2021;105(4):851-860.
9. Jager KJ, Kramer A, Chesnaye NC, et al. Results from the ERA-

EDTA Registry indicate a high mortality due to COVID-19 in dialysis

patients and kidney transplant recipients across Europe. Kidney Int.
2020;98(6):1540-1548.

10. Coll E, Fernández-Ruiz M, Sánchez-Álvarez JE, et al. COVID-19

in transplant recipients: the Spanish experience. Am J Transplant.
2021;21(5):1825-1837.

11. Abbasi J. Researchers tie severe immunosuppression to chronic

COVID-19 and virus variants. JAMA. 2021;325:2033-2035.
12. Clinical management protocol: covid-19. Government of India Min-

istry of Health & Family Welfare Directorate General of Health

Services (EMRDivision). June 13, 2020. Accessed July 27, 2021. https:

//www.mohfw.gov.in/pdf/ClinicalManagementProtocolforCOVID19.

pdf

13. Cleemput I, Kesteloot K, Moons P, et al. The construct and concurrent

validity of the EQ-5D in a renal transplant population. Value Health.
2004;7(4):499-509.

14. Mahler DA, Wells CK. Evaluation of clinical methods for rating dysp-

nea. Chest. 1988;93(3):580-586.
15. Meshram HS, Kute VB, Chauhan S, Desai S. Mucormycosis in post-

COVID-19 renal transplant patients: a lethal complication in follow-

up. Transpl Infect Dis. 2021;23:e13663.
16. Meshram HS, Kute VB, Patel H, et al. Feasibility and safety of

remdesivir in SARS-CoV2 infected renal transplant recipients: a

retrospective cohort from a developing nation. Transpl Infect Dis.
2021;23:e13629.

17. Havervall S, Rosell A, Phillipson M, et al. Symptoms and functional

impairment assessed 8 months after mild COVID-19 among health

care workers. JAMA. 2021;325:2015-2016.
18. Carvalho-Schneider C, Laurent E, Lemaignen A, et al. Follow-up of

adults with noncritical COVID-19 two months after symptom onset.

Clin Microbiol Infect. 2021;27(2):258-263.
19. Xiong Q, Xu M, Li J, et al. Clinical sequelae of COVID-19 survivors in

Wuhan, China: a single-center longitudinal study. Clin Microbiol Infect.
2021;27(1):89-95.

20. Lam MH, Wing YK, Yu MW, et al. Mental morbidities and chronic

fatigue in severe acute respiratory syndrome survivors: long-term

follow-up. Arch InternMed. 2009;169(22):2142-2147.
21. Huang C, Huang L, Wang Y, et al. 6-month consequences of COVID-

19 in patients discharged from hospital: a cohort study. Lancet.
2021;397(10270):220-232.

22. Hopkins C, Surda P, Vaira LA, et al. Six month follow-up of self-

reported loss of smell during the COVID-19 pandemic. Rhinology.
2021;59(1):26-31.

23. Makaronidis J, Firman C, Magee CG, et al. Distorted chemosensory

perception and female sex associatewith persistent smell and/or taste

loss in peoplewith SARS-CoV-2 antibodies: a community based cohort

study investigating clinical course and resolution of acute smell and/or

taste loss in people with and without SARS-CoV-2 antibodies in Lon-

don, UK. BMC Infect Dis. 2021;21(1):221.
24. Rogers JP, Chesney E, Oliver D, et al. Psychiatric and neuropsychi-

atric presentations associated with severe coronavirus infections: a

systematic review and meta-analysis with comparison to the COVID-

19 pandemic. Lancet Psychiatry. 2020;7(7):611-627.
25. Akilesh S, Nast CC, Yamashita M, et al. Multicenter clinicopatho-

logic correlation of kidney biopsies performed in COVID-19 patients

presenting with acute kidney injury or proteinuria. Am J Kidney Dis.
2021;77(1):82-93.e1.

26. Sharma P, Uppal NN, Wanchoo R, et al. COVID-19-associated kid-

ney injury: a case series of kidney biopsy findings. J Am Soc Nephrol.
2020;31(9):1948-1958.

27. Bajpai D, Deb S, Bose S, et al. Recovery of kidney function after

AKI due to COVID-19 in kidney transplant recipients. Transpl Int.
2021;34:1074-1082.

28. PatelMH,Patel RD,VanikarAV, et al. Invasive fungal infections in renal

transplant patients: a single center study. Ren Fail. 2017;39(1):294-
298.

29. MeshramHS, KuteV, Patel H, Banerjee S, Chauhan S, Desai S. Success-

ful management of dengue in renal transplant recipients: a retrospec-

tive cohort from a single center. Clin Transplant. 2021;35(7):e14332.
30. LiuM, LvF,HuangY,XiaoK. Follow-up studyof the chestCTcharacter-

istics of COVID-19 survivors seven months after recovery. Front Med
(Lausanne). 2021;8:636298.

31. Bellan M, Soddu D, Balbo PE, et al. Respiratory and psychophysical

sequelae among patients with COVID-19 four months after hospital

discharge. JAMANetwOpen. 2021;4(1):e2036142.
32. Han X, Fan Y, Alwalid O, et al. Six-month follow-up chest CT find-

ings after severeCOVID-19pneumonia.Radiology. 2021;299(1):E177-
E186.

33. Guler SA, Ebner L, Aubry-Beigelman C, et al. Pulmonary function and

radiological features 4 months after COVID-19: first results from the

national prospective observational Swiss COVID-19 lung study. Eur
Respir J. 2021;57(4):2003690.

34. Taquet M, Geddes JR, Husain M, Luciano S, Harrison PJ. 6-month neu-

rological and psychiatric outcomes in 236379 survivors of COVID-19:

a retrospective cohort study using electronic health records. Lancet
Psychiatry. 2021;8(5):416-427.

SUPPORTING INFORMATION

Additional supporting information may be found in the online version

of the article at the publisher’s website.

How to cite this article: Chauhan S,MeshramHS, Kute V,

Patel H, Desai S, Dave R. Long-term follow-up of SARS-CoV-2

recovered renal transplant recipients: A single-center

experience from India. Transpl Infect Dis. 2021;23:e13735.

https://doi.org/10.1111/tid.13735

https://www.mohfw.gov.in/pdf/ClinicalManagementProtocolforCOVID19.pdf
https://www.mohfw.gov.in/pdf/ClinicalManagementProtocolforCOVID19.pdf
https://www.mohfw.gov.in/pdf/ClinicalManagementProtocolforCOVID19.pdf
https://doi.org/10.1111/tid.13735

	Long-term follow-up of SARS-CoV-2 recovered renal transplant recipients: A single-center experience from India
	Abstract
	1 | INTRODUCTION
	2 | METHODOLOGY
	2.1 | Design, settings, and ethics
	2.2 | Study participants
	2.3 | Follow-up testing in SARS-CoV-2-discharged KTR
	2.4 | Statistical analysis

	3 | RESULTS
	3.1 | Baseline characteristics and acute COVID-19 course
	3.2 | Clinical symptoms post-discharge
	3.3 | Quality of life assessment and perceived breathing

	4 | GRAFT OUTCOME DURING FOLLOW-UP
	5 | DISCUSSION
	CONCLUSION
	ACKNOWLEDGMENTS
	CONFLICT OF INTEREST
	ORCID
	REFERENCES
	SUPPORTING INFORMATION


