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Introduction

Kidney transplant recipients (KTR) are at increased susceptibility to many viral infections because of their immunosuppressive treatments, and this led to justifiable anxiety about the effect of COVID-19 on them. [START_REF] Devresse | Immunosuppression and SARS-CoV-2 infection in kidney transplant recipients[END_REF][START_REF] Mahalingasivam | A systematic review of COVID-19 and kidney transplantation[END_REF] As mentioned by Vart et al, [START_REF] Vart | Informing clinical decision making during a pandemic -a call for better preparedness[END_REF] KTR were quickly identified as a vulnerable population, prompting tremendous efforts from the nephrology community to gather data informing clinical practice in record time. Reviews examined studies which collected and reported such data on KTR, [START_REF] Mahalingasivam | COVID-19 and kidney disease: insights from epidemiology to inform clinical practice[END_REF][START_REF] Kremer | A systematic review and meta-analysis of COVID-19 in kidney transplant recipients: Lessons to be learned[END_REF][START_REF] Chung | Incidence and outcomes of COVID-19 in people with CKD: A Systematic Review and Meta-analysis[END_REF][START_REF] Caillard | COVID-19 vaccination in kidney transplant recipients[END_REF] and indicate that documenting the direct impact of COVID-19 in KTR raised many concerns. The issues addressed evolved with time and may be roughly categorized according to whether these studies were conducted before or after the availability of vaccines against COVID-19. Before vaccine availability, a major concern was the mortality of KTR with COVID-19, and a review based on 74 studies totalizing 5,559 KTR estimated this risk at 23% [95% confidence interval: 21%-27%]. [START_REF] Kremer | A systematic review and meta-analysis of COVID-19 in kidney transplant recipients: Lessons to be learned[END_REF] A study based on the 87,809 hospital admissions with COVID-19 that occurred in France until June 15, 2020, reported that compared to the general population, KTR had a 4.6-fold higher risk of being hospitalized with COVID-19, and a 7.1-fold higher risk of in-hospital mortality. [START_REF] Semenzato | Chronic diseases, health conditions and risk of COVID-19related hospitalization and in-hospital mortality during the first wave of the epidemic in France: a cohort study of 66 million people[END_REF] After vaccination roll-out, a major concern was assessing the protection provided by the vaccines, [START_REF] Caillard | COVID-19 vaccination in kidney transplant recipients[END_REF] including a personalization of the vaccination schedule in KTR in order to take into account their decreased immune response. [START_REF] Levin | Waning immune humoral response to BNT162b2 Covid-19 vaccine over 6 Months[END_REF][START_REF] Russo | SARS-COV-2 vaccination with BNT162B2 in renal transplant patients: Risk factors for impaired response and immunological implications[END_REF] A French national study conducted in the earliest period of the vaccination period, when two doses constituted a complete vaccination schedule, reported that compared to the persons vaccinated in the general population, vaccinated KTR had a 5.9-fold higher risk of hospitalization for COVID-19 and a 6.3-fold higher risk of in-hospital mortality.

In contrast with the great interest brought to documenting the direct impact of COVID-19 on KTR, the indirect impact of the pandemic on the health of KTR is a more complex topic to investigate. More precisely, although most KTR did not experience a severe episode of COVID-19, to our knowledge no study has yet addressed the following important issue: were the pandemic-related changes in healthcare organization simultaneously associated with a higher mortality in KTR who did not experience a severe episode of COVID-19? Indeed, in many countries, healthcare systems were reorganized during the COVID-19 pandemic in order to manage symptomatic cases of COVID-19 and such a reorganization may have indirectly impacted the health outcomes of those who did not experience a severe COVID-19 episode but who suffered from other diseases, particularly persons with chronic diseases including KTR. For example, in France, intensive care capacity was prioritized and extended during the pandemic, with a maximum of 10,000 beds available while the national capacity of such beds was 5,080 before the pandemic. [START_REF] Lefrant | ICU bed capacity during COVID-19 pandemic in France: From ephemeral beds to continuous and permanent adaptation[END_REF] Conversely, the activity of kidney transplantation was totally suspended between March 10 and May 15, 2020.
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In order to investigate the indirect impact of the pandemic on KTR, we undertook a national observational study in France comparing the survival (all-cause mortality) in this population before and during the pandemic. 

Methods

This observational study was conducted according to STROBE guidelines. The study took advantage of the G9 mapping, a useful tool provided within the SNDS which allows an automatic selection of individuals labelled with a given chronic disease in a given year. [START_REF]Etudes et des Statistiques -Département des Etudes sur les Pathologies et les Patients de la Caisse National d'Assurance Maladie. Méthodologie médicale de la cartographie des pathologies et des dépenses, version G9[END_REF] Several pathologies have been considered in the G9 mapping including persons with end stage kidney disease (ESKD) and we used this mapping for selecting the persons included in the study. This selection is therefore reproducible and based on an algorithm developed by experts of the SNDS and which was extended to all persons in the database from 2015 and onwards.

Patients included in the study

First, prevalent persons with ESKD during any year between 2015 and 2020 were selected in the SNDS using G9 mapping. These included any individual who had spent more than 45 days on haemodialysis or had peritoneal dialysis or had benefited from a kidney transplant or was followed-up after transplantation. Second, among this prevalent population, incident persons in a given year were identified as follows: prevalent patients in year n and n-1 were compared and a person identified for the first time in year n was considered as incident this year n. Considering the special case of year 2015, initial year of the study, we reproduced the algorithm of the G9 mapping, and followed the same incident persons with a transplantation is a critical characteristic of the study, and was adopted in order to guarantee that the history of the disease was duly documented for each individual included in the study, especially the delay between ESKD onset and transplantation date.

Pre-pandemic and pandemic periods of the study

We set the beginning of the pandemic period on March 1, 2020: the number of nationally reported cases rose from 100 to 1000 between February 29 and March 8, with a first lockdown starting on March 17. Pre-pandemic period was therefore defined between January 1, 2015 and February 29, 2020. The pandemic period was censored on December 31, 2021 considered as the end date of the study. In France, the roll-out of COVID-19 vaccination began on December 27, 2020.

Statistical analyses

The date of transplantation was considered as the initial time (t 0 ) of the corresponding individual follow-up. The investigations on KTR survival during the pre-pandemic and pandemic periods also considered the following additional covariates that we deemed important to simultaneously study:

COVID-19-related hospitalization event(s) (COVID-19 as the principal or related code for hospitalization was considered as a proxy for a severe COVID-19 episode), COVID-19 vaccination, time spent on dialysis before transplantation date, mode of entry into transplantation (pre-emptive, i.e., without prior dialysis, or not), age and sex. In addition, the two most relevant comorbidities among KTR that were available in the G9 mapping of the diseases in the SNDS, namely diabetes and chronic cardiovascular diseases (defined in the G9 mapping as the presence of at least one of the following features: stroke sequelae, chronic heart failure, coronary diseases, peripheral arterial obliterative disease), were also considered as additional covariates. We also explored the effect of the vaccine for Analyses of KTR survival during the pre-pandemic and pandemic periods were conducted using a Cox modeling approach with time-dependent covariates. Therefore, depending on the timing of event and censoring features, some KTR had their period status (either pre-pandemic or pandemic) changed along their follow-up, while other did not (Figure 1). Kaplan-Meier estimates usually used for displaying the cumulative risk according to time in different groups might be inappropriate when group belonging is a time-dependent covariate. [START_REF] Simon | A non-parametric graphical representation of the relationship between survival and the occurrence of an event: application to responder versus non-responder bias[END_REF] Therefore, graphical representations of cumulative risks were based on the method of Snapinn et al. [START_REF] Snapinn | Illustrating the Impact of a Time-Varying Covariate With an Extended Kaplan-Meier Estimator[END_REF] In addition, the study design required censoring the follow-up duration of individuals at five years because there was no control observation for longer durations of follow-up. Several statistical models were fitted: a univariable model (with no covariate), a multivariable model adjusted only for COVID-19-related hospitalizations, and finally a model adjusted for all covariates except vaccination. Furthermore, analyses also investigated if the pandemic period was associated with modifications in the difference of KTR survival between the first and subsequent years post-transplant, a difference documented in many studies long before the pandemic.
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Additional analyses detailed the schedule of vaccination doses received by the individuals included in this study, and also investigated the relationship between this vaccination and two events: hospitalization for COVID-19 and death.

Analyses were performed using R version 4.1.2. A P value < 0.05 was considered statistically significant.

Ethics statement

The analyzed in this study. Table 1 presents the characteristics of the KTR included in the study at the time of transplantation (baseline). The median age at kidney transplantation was 54 years old (interquartile range (IQR): 43-66), 54 years old (IQR: 42-65) and 56 years old (IQR: 45-67) for KTR whose transplantation date was within the pre-pandemic period and the pandemic period, respectively; 64%

Results

Study population

were males and 44% presented with a comorbidity (diabetes, a chronic cardiovascular disease, or both). The median duration of pre-transplant dialysis was 1.21 year (IQR: 0.18-2.33), 0.89 year (IQR: 0.00-1.87) and 2.24 years (IQR: 1.15-3.62) for KTR whose transplantation date was within the prepandemic and pandemic period, respectively.

Population flow

Transition flows along the follow-up of the 10,637 KTR of the study (Figure 3) indicate that during the 15,115 person-years followed up in the pre-pandemic period, 324 death events were observed, while during the 14,657 person-years followed-up in the pandemic period, 430 death events were observed, including 127 deaths observed among the 659 KTR hospitalized for COVID-19. The upper panel of 2, model M1). However, the excess mortality was concentrated in KTR with COVID-19-related hospitalization (red curve in the bottom panel of Figure 4).

Conversely, during the pandemic period, survival of KTR without COVID-19-related hospitalization (mauve curve in the bottom panel of Figure 4) was similar to that of KTR during the pre-pandemic period (green curve in the bottom panel of Figure 4).

Multivariable analysis

This finding is supported by the multivariable analysis when considering whether individuals experienced COVID-19-related hospitalization (Table 2, model M2): when adjusting for this factor, the risk of death during the pandemic period was not different from that during the pre-pandemic period (HR [95% CI] = 1.15 [0.97-1.35]), while in contrast, experiencing COVID-19-related hospitalization was associated with a dramatic higher risk of death (HR = 13.59 [11.15-16.57]). Therefore, the analysis of model M2 suggests that the excess mortality during the pandemic period in the univariable model M1 was primarily driven by the KTR with COVID-19-related hospitalizations. Nevertheless, in the adjusted model M2, an excess risk of death remains observed in KTR experiencing the pandemic during the first year after their transplantation date (HR = 1.28 [1.00-1.97]), while the very high risk of death in individuals with COVID-19-related hospitalization was stable whether considering the first year after the transplantation date or considering the following years (Table 2, model M2). Table 3 presents the HR issued from a third model (model 3) which extends the adjustment made in model 2 to additional relevant covariates: as observed with model 2, the risk of death during the pandemic period was similar to that observed during the pre-pandemic period, and experiencing COVID-19related hospitalization dramatically increased the risk of death. There were 71 patients in whom COVID-19-related hospitalization events occurred before transplantation date, and excluding such events from the analyses would not modify the patterns observed (data not shown). Model 3 further indicates that the risk of death was higher in the presence of chronic diseases, and this risk also increased with age. The risk of death was not associated with sex or dialysis duration, whereas preemptive transplantation was associated with a higher post-transplantation survival (HR 0.71 [0.56-0.89]).

Vaccination

Additional analyses presenting the dynamics of COVID-19 vaccination and investigating the impact of vaccination are shown in the Supplementary Material: Supplementary Figure S1 shows the schedule of vaccination in KTR in France. Landmark analyses in Supplementary Figure S2 and Supplementary Table S1 detail how the course of vaccination status in KTR was associated with the probability of hospitalization for COVID-19. Supplementary Table S2 also shows that adjusting for the vaccination status rather than for a history of hospitalization in the Cox model did not modify the patterns of the HRs estimated in model 3, except for dialysis duration before transplantation that became associated with the risk of death. While the first and second doses of vaccine were not associated with the risk of death, receiving three doses or more was associated with a 58% decrease in the risk of death (HR 0.42 [0.30-0.58]).

Discussion

The study reported here addresses four main issues considering the whole French subpopulation of persons who benefited from a kidney transplant since year 2015: the indirect impact of the pandemic period on the survival of persons with no severe COVID-19-related event, the impact of experiencing COVID-19-related hospitalizations, the course and impact of vaccination, and the global relationship between various relevant factors and survival.

First, to our knowledge, this study is the first to investigate the indirect impact of the pandemic on the health status of KTR. Indeed, several features specific to the pandemic period such as the prioritization of hospital beds for patients with severe COVID-19 [START_REF] Lefrant | ICU bed capacity during COVID-19 pandemic in France: From ephemeral beds to continuous and permanent adaptation[END_REF][START_REF] Annane | Intensive care units, the Achilles heel of France in the COVID-19 battle[END_REF] and modifications of immunosuppressive regimen [START_REF] Bae | Early changes in kidney transplant immunosuppression regimens during the COVID-19 pandemic[END_REF] have contributed to modify the standard care management of KTR.

Such modifications might result in decreasing the long-term kidney function and overall survival of KTR. Long-term effects of the pandemic period could not be investigated during the limited follow-up of our study, but these effects would also be impossible to measure in any study to date since the pandemic period is too recent for observing real-world data on future long-term outcomes of KTR.

Nevertheless, the present study demonstrates that no excess mortality was yet observed during the pandemic period (bottom panel of Figure 4, model 3 in Table 3) in the whole national French subpopulation of persons having benefited from a kidney transplant since 2015 and with no history of COVID-19-related hospitalization. Such an important result indicates that despite the disruptions in the French healthcare system related to the pandemic, the survival of the persons living with a kidney transplant has not been worsened. Nevertheless, this result contrasts with the dramatic increase in mortality observed when considering the remaining individuals studied, i.e., KTR who experienced COVID-19-related hospitalizations. Unfavorable outcomes in KTR hospitalized for COVID-19 when compared to persons without solid organ transplant have been previously reported. [START_REF] Danziger-Isakov | Impact of COVID-19 in solid organ transplant recipients[END_REF][START_REF] Goffin | COVID-19-related mortality in kidney transplant and haemodialysis patients: a comparative, prospective registry-based study[END_REF] However, these results differ from those reported in other studies based on propensity-matched cohort analyses. [START_REF] Swan | Hospitalization and survival of solid organ transplant recipients with coronavirus disease 2019: A propensity matched cohort study[END_REF][START_REF] Rinaldi | COVID-19 in solid organ transplant recipients: No difference in survival compared to general population[END_REF][START_REF] Linares | A propensity score-matched analysis of mortality in solid organ transplant patients with COVID-19 compared to non-solid organ transplant patients[END_REF] Our large-scale study further quantifies the excess mortality specifically related to such hospitalizations in KTR when compared to KTR not hospitalized for COVID-19 at the national level (bottom panel of Figure 4, model 2 in Table 2, and model 3 in Table 3). Our analyses indicate that the development of severe COVID-19 in KTR dramatically worsened their prognosis, as compared to those who did not experience such COVID-19-related hospitalizations. Furthermore, survival patterns in the pre-pandemic and pandemic periods were similar, considering either the first or subsequent years post-transplant. Importantly, these results do not mean that the risk of death is similar in the first and subsequent years post-transplant, but indicate that during the pandemic period, the well-knownand substantially documented long before the COVID-19 pandemic- [START_REF] Wolfe | Comparison of mortality in all patients on dialysis, patients on dialysis awaiting transplantation, and recipients of a first cadaveric transplant[END_REF][START_REF] K C Y O K Y W Y O C C J | c r analysis of survival of patients on dialysis and after kidney transplantation[END_REF][START_REF] Foster | Change in mortality risk over time in young kidney transplant recipients[END_REF][START_REF] Gill | Quantification of the Early Risk of Death in Elderly Kidney Transplant Recipients[END_REF][START_REF] Tonelli | Systematic Review: Kidney Transplantation Compared With Dialysis in Clinically Relevant Outcomes[END_REF] lower survival in the first year post-transplant has not been exacerbated.

Third, the present study details the dynamics of the COVID-19 vaccination in KTR at the national level, and investigates how vaccination has impacted COVID-19-related hospitalizations and survival (see Supplementary Figure S2, Table S1 and Table S2). In our study, a second and a third vaccine dose were associated with 35% and 67% decreases in the risk of COVID-19-related hospitalization, respectively. A Danish study reported that a second dose of vaccine was not associated with a lower risk of hospitalization.
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A recent French study showed a strong association between immunosuppressant consumption and being hospitalized with COVID-19 after a full vaccination. [START_REF] Semenzato | Characteristics associated with the residual risk of severe COVID-19 after a complete vaccination schedule: A cohort study of 28 million people in France[END_REF] We found that the first and second doses of vaccine were not associated with the risk of death, while a third dose or more was associated with a 58% decrease in the risk of death. Another limitation of the study is the lack of individual socioeconomic data in the SNDS database, precluding investigations on such aspects. However, the study design allowed us to consider factors such as the mode of entry into the transplant, the duration of dialysis and retrieve comorbidities with G9 mapping, including the incidence of comorbidities which are updated every year. Another limitation of the study is due to its observational nature which raises usual critical concerns. We tried to mitigate as much as possible the inherent flaws of this observational study by taking into account timedependence of covariates, adjusting the estimates with features that we deemed relevant.

Nevertheless, as underlined by others, [START_REF] Vart | Informing clinical decision making during a pandemic -a call for better preparedness[END_REF][START_REF] Mahalingasivam | COVID-19 and kidney disease: insights from epidemiology to inform clinical practice[END_REF] exposure to the different variants of the virus, mitigation measures, health care system reorganization, vaccination schedules, and unknown confounding factors likely varied from one setting to another and with time, while additional methodological issues relating to the data collected and reported (e.g., various biases, relatively limited sample sizes) were not rare, globally yielding most caution about the generalizability of studies' findings. In regards to generalizability issues, the main lines of the methodological framework proposed in the present study could be replicated by others for investigating the impact of the pandemic on other diseases and in other countries. One may consider that using COVID-19-related hospitalization as a proxy for severe COVID-19 episodes is another limit of the study. Direct COVID-19-related deaths that potentially occurred at home with no corresponding COVID-19-related hospitalization might have resulted in underestimating the direct COVID-19-related deaths in the analyses. Nevertheless, all death events that occurred during the study period were included and appropriately handled in the analyses.

In conclusion, this national observational study based on the follow-up of 29,772 person-years in 10,637 KTR showed a high excess mortality during the pandemic period in KTR with COVID-19related hospitalization.

However, in contrast with this dramatic direct impact of the disease, no indirect impact of the pandemic period on the survival of KTR was detected during study follow-up. Addressing the question of which specific patterns of the French healthcare system potentially blunted excess mortality in KTR would be hazardous and raise concerns on causality issues. Nevertheless, the present study may be useful in the perspective of preparedness and mitigation measures for future pandemics. In France, at least, in addition to obvious measures aimed at reducing KTR exposure to the virus as much as possible, the study especially advocates the design of strengthened vaccination campaigns targeted to KTR. 

  identification procedure: only patients present in 2015 but not in 2014 were considered incident in 2015. Third, considering each incident person in years 2015 to 2020, the first ESKDdate. Finally, we only selected incident persons who received a kidney transplant before year 2022, and were aged between 18 and 85 years at the date of transplantation. This restriction to

preventing COVID- 19 -

 19 related hospitalization. The value of some covariates might have varied along the longitudinal follow-up of the individuals, and accordingly, the following variables were appropriately handled as time-dependent variables in the analyses: period (pandemic versus pre-pandemic), diabetes and cardiovascular comorbidities (baseline presence or incidence versus absence), age, history of COVID-19-related hospitalization, and COVID-19 vaccination. The age variable was transformed into an ordinal variable handled according to the following breakdown: 18-44 (reference), 45-54, 55-64, 65-74 and 75-84 years. COVID-19-related hospitalization was also considered as an not any missing variable value in our database queries, and therefore, analyses assumed the absence of missing data.

  National Health Data System (SNDS) is a set of strictly anonymous databases comprising all mandatory national health insurance reimbursement data. Since June 30, 2021 INSERM has direct access to the SNDS. This permanent access is given according to French Decree No. 2016-46 -1325 and 14. This study was declared prior to its initiation at the CépiDc-INSERM registry of studies requiring the use of the SNDS. In accordance with national legislation, written informed consent for participation was not required for this study

Figure 2

 2 Figure 2 details the study profile: considering the whole population of adult persons living with ESKD in France each year, from 2015 to 2020 (prevalent cases), the selection of incident ESKD cases occurring each year resulted in a total of 62,827 persons, with eventually 10,637 of them (nearly 17%) who benefited from a first kidney transplant at an age < 85 years old between 2015 to 2021. The

Figure 4

 4 Figure 4 shows how the cumulative probability of death during the pre-pandemic and pandemic periods evolved according to time since transplantation date. The crude HR [95% confidence interval] of death during pandemic period versus pre-pandemic period was 1.59 [1.37-1.86] globally, 1.78 [1.42-2.23] when restricted to the first year after transplantation, and 1.45 [1.18-1.78] when considering only the following years (Table2, model M1). However, the excess mortality was

  out a study, research, or an evaluation of public interest (https://www.snds.gouv.fr/SNDS/Contexte-etperspectives-reglementaires#).

  Our main goal was to investigate if there was an excess mortality in KTR not hospitalized with COVID-19 during the pandemic. The longitudinal analyses performed took into account the potential role of relevant covariates such as comorbidities, age, time between the initiation of dialysis and the transplantation date, and time since transplantation date. Assessing the indirect impact of the pandemic on the survival of KTR also required estimating the direct effect of COVID-19.

Therefore, this study also details the dynamics of COVID-19 vaccination in KTR in France, and investigates how vaccination may have impacted COVID-19-related hospitalizations and survival in KTR.

  , and percentage of males, at 2.3yr [IQR = 1.3-4.1], 50.5yr ± 13.4, 14%, and 59%, respectively, while in the present study population, the corresponding numbers were 1.21yr [0.18-2.33], 54.0yr ± 15.1, 22%, and 64%. Such differences constitute a limitation of the present study: one cannot exclude a potential indirect impact of the pandemic period on KTR not included in this study, especially on those with a long dialysis duration before transplantation, likely more vulnerable. In addition, medical/clinical information is limited in the SNDS, and the absence of individual data on BMI and renal function prevented from including such information in the analyses.

		Since most of the KTR
	vaccinated received two doses of BNT162b2 (see Supplementary material), our results are in
	agreement with those of a national study on solid organ transplant recipients in England which
	reported a similar absence of association between two vaccine doses of BNT162b2 and the risk of
	death (HR 0.97 [0.71-1.31]). 36 Moreover, our study further indicates that additional dose(s) of
	BTN162b2 were associated with lower risks of COVID-19-related hospitalization and death in KTR,
	and advocates for an enhanced vaccination process (schedule and doses) in KTR whose
	immunosuppressant consumption increases risks of hospitalization and death. Our results are also in
	agreement with a recent study reporting that booster vaccination correlates with protection against
	SARS-CoV-2 breakthrough infection in KTR.	37
	Our study has several limitations. A major limitation is inherent to the SNDS data: the study design
	implied that only incident ESKD patients between January 1, 2015 and December 31, 2020 nationwide
	and who received a transplant between January 1, 2015 and December 31, 2021 were included, and
	therefore KTR who had spent more than 5 years on dialysis were not considered in this study. Overall,

there are substantial differences between the study population and the entire population of French KTR. A French national study including 99.7% of all first KTR transplants between 2002 and 2012 38 reported median [IQR] duration of dialysis before transplant date, mean age ± SD, percentage of preemptive transplant
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