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Abstract

:

The Coronavirus disease 2019 (COVID-19) has significantly affected kidney transplantation activities around the world, thus resulting in a substantial decrease in both deceased and living transplants. This study presents a COVID-19 overview from the perspective of the Brazilian kidney transplant program by comparing its differences or similarities with the situations observed in other countries. During the first year of the pandemic, there was a 40% reduction in the number of kidney transplants worldwide. A similar scenario was observed in Brazil, which has the world’s largest public transplantation program. Beyond its effect on transplant activity, COVID-19 has influenced the outcomes of prevalent kidney transplant recipients (KTRs) because the prolonged use of immunosuppressive drugs and comorbidities increase the susceptibility of such patients to severe disease and death. In the pre-vaccination era, almost two-thirds of KTRs required hospitalization, more than 20% required dialysis, and one-third was admitted to the intensive care unit. In the pre-vaccination period in Brazil, 15% and 21% of KTRs died within 28 and 90 days of COVID-19 diagnosis, respectively. Although high vaccination coverage rates have altered the COVID-19 landscape in many populations, persistently low immunogenicity rates following sequential vaccination shots and the absence of targeted treatments for severe cases continue to classify KTRs as highly vulnerable, thus warranting significant concern.
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1. Introduction


Since the World Health Organization declared the arrival of the Coronavirus disease 2019 (COVID-19) a pandemic, the disease has significantly affected transplant programs worldwide [1,2]. Such consequences began with the impairment of transplant activity, such as delays in notifying recipients and reductions in the capacity of centers to perform transplants. The pandemic has also compromised regular outpatient follow-up and compelled services to adopt different forms of remote follow-up. Furthermore, COVID-19 is more aggressive in kidney transplant recipients (KTRs), with fatality rates that are seven to eight times higher than in patients who are immunocompetent [3]. Owing to the prolonged use of immunosuppressive drugs, KTRs receive reduced efficacy from vaccines and require additional doses to reach the seroconversion percentages observed in the general population [4,5]. We aimed to present a COVID-19 overview from the perspective of the Brazilian kidney transplant program by comparing its differences or similarities with the situations observed in other countries. We present the impact of the pandemic on transplant activity, several aspects of COVID-19, information on vaccine immunogenicity, and the new scenario after the predominance of the Omicron variant from the perspective of kidney transplantation with a focus on Brazilian data.




2. Effect of the Pandemic on Transplant Activity


In terms of the absolute number of annual transplants, Brazil has the fourth-largest kidney transplant program and the largest public program in the world [6]. In 2019, the Brazilian transplant program showed continuous and progressive growth, reaching 18.1 donors per million population (pmp) and 6296 kidney transplants annually (Figure 1). The objectives of the program for 2020 were to reach 20 donors pmp and maintain this pace of growth. However, the pandemic has significantly reduced the number of deceased donors; consequently, the number of transplants with this type of donor has also decreased.



Globally, all solid organ transplant activities decreased in the first year of the pandemic, although a variation was observed according to the organ type and country [1]. In a population-based, before-and-after observational study that collected the data of consecutive kidney, liver, lung, and heart transplants from nationwide cohorts in 22 countries (January 2020 to December 2020), an overall decrease of 16% was observed in all transplant activities. This decrease was more concentrated in the first three months of 2020 and was higher for kidney transplants (19.1%) than for liver, lung, and heart transplants (10.6%, 15.5%, and 5.4%, respectively) [1]. Additionally, a 40% reduction was observed in living-donor transplantation globally [1,7].



The effect of the pandemic on living-donor transplants was even more significant owing to their elective nature (Figure 1) [8]. Early in the first year of the pandemic, concerns regarding living-donor transplantation activity were evident, as measured in an international survey comprising 33 questions that collected data from 204 centers in 16 countries across 5 continents. For instance, the participant centers in Brazil and the United States represented 39% and 61% of all transplant activities, respectively. Living-donor transplants were held on by 75% of centers, and new donor evaluations were interrupted in 59%. Among the centers that conducted donor evaluations, most centers transferred appointments to virtual platforms, 68% used videos, and 42% used telephones. The safety of donors and recipients was highlighted as the most relevant barrier to transplant activity, and in some countries, it was government restrictions [8].



Consequently, the waiting list increased despite a reduction in the entry of new patients owing to the compromised flow of care in pre-transplant outpatient clinics [9]. Figure 2 illustrates the routine flow of events in a transplant program and the events that prevented its full functioning during the pandemic. In a nationwide program with a high number of transplants with deceased donors, one of the most important chains in the whole process is donor identification and notification. As demonstrated in Figure 2A, all other essential chains are required to reach outpatients in the follow-up phase with exams, medical appointments, and eventual hospital readmission. As detailed in Figure 2B, the pandemic affected all processes, from pre-transplant preparation and donor selection to hospitalization for transplant surgery.



In Brazil, the transplantation process was not equally affected in all parts of the country. This can be explained by the migratory nature of COVID-19, particularly in 2020, thus allowing centers in less-affected regions to maintain momentary transplant activity. Hospitals dedicated to transplantation played a fundamental role in this period by ensuring that transplants were performed safely and in a controlled environment [1,10]. For example, although several transplant centers had declared a transplant moratorium using strategic and coordinated decisions, Hospital do Rim continued some transplant activities and served as a national hub for kidney transplantation. Hospital do Rim, which is a 151-bed tertiary hospital located in São Paulo (the most populous city in Brazil), performs almost 1000 kidney transplants annually, which represents 20% of all kidney transplants in Brazil [11].



In addition to performing kidney transplants for recipients on its list, Hospital do Rim took over transplants from other hospitals dedicated to COVID-19 care and accepted kidneys from practically all states of the federation and those that were refused by other transplant centers. By the end of 2022, 1038 kidneys from other states were offered to Hospital do Rim: 73% (n = 762) of the kidneys were transplanted, and 13% were discarded. It is also important to emphasize that over time, owing to a better understanding of the disease and adequate resources, transplant services have adopted measures that allow better control of the disease and the safe resumption of activities [12].




3. COVID-19 in Kidney Transplant Recipients


KTRs have a unique condition characterized by a combination of continuous and prolonged use of immunosuppressive drugs and the sum of morbid conditions. Immunosuppressive drugs modulate the clinical response and outcomes of infectious diseases by inhibiting the action of T and B lymphocytes and antibody production. Approximately two-thirds of KTRs have impaired renal function, and this condition alone is already associated with a worse prognosis after COVID-19. In addition to renal dysfunction, KTRs are often affected by hypertension, dyslipidemia, diabetes, cardiovascular diseases, and frailty syndrome, all of which further exacerbate the likelihood of poor outcomes [13].



3.1. Susceptibility


In a study that compared the pre-vaccination COVID-19 landscape of 11,715 KTRs among 2.63 million people living in São Paulo (March 2020 to March 2021), 11.7% of outpatient KTRs were diagnosed with COVID-19 versus 5.8% of the general population, thus suggesting that KTRs have a higher susceptibility to COVID-19 than other people [14]. KTRs are closely monitored and have easier access to health services and diagnostic tests than the general population. Furthermore, patients with chronic kidney disease on dialysis seem more susceptible to COVID-19 than KTRs, which could be justified by greater exposure resulting from dialysis sessions [15,16]. This pattern was exemplified in initial reports from the Spanish Society of Nephrology Registry (March 2020 to April 2020), where only one-third of patients diagnosed with COVID-19 were KTRs (vs. 63% from hemodialysis centers) [15]. Similar results were observed in an Italian registry, where the frequency of COVID-19 in April 2020 was fourfold higher for patients undergoing hemodialysis (3.55% vs. 0.86%) [16].



Among KTRs, patients who are non-white, are elderly, have pulmonary disease, and are obese, belong to blood group A and are homozygotes at the human leukocyte antigen (HLA) A locus, which is associated with increased susceptibility to the disease [17,18,19]. In our center, we conducted a single-center, observational case–control study that included 720 KTRs with COVID-19 between March 2020 and December 2020 and 1680 KTRs who underwent transplantation in 2018 and 2019. We analyzed 21 HLA-A, 35 HLA-B, and 13 HLA-DRB1 allelic groups and their ABO phenotypic frequencies. No associations were observed between the homozygosities of HLA-A, HLA-B, or HLA-DRB1 and disease severity. However, the probability of COVID-19 was 20% higher for the ABO type A group (odds ratio [OR] = 1.2, 95% CI = 1.0–1.5) and 40% higher for homozygosity at HLA-A (OR = 1.4, 95% confidence interval [CI] = 1.0–1.8) [19].




3.2. Clinical Presentation and Complementary Exams


The first reports from Wuhan provided an overview of the most frequent symptoms of COVID-19 in the general population, including fever (>95%), cough (79%), sputum (23%), fatigue (23%), and myalgia (15%) [20]. A similar pattern was observed in the first report from New York City [21]. The clinical presentation of COVID-19 in KTRs is similar to that of healthy individuals in the pre-vaccination era, with fever, cough, myalgia, anosmia, headache, and fatigue as the most frequently described symptoms. The TANGO International Transplant Consortium described the clinical presentations of the first cases of COVID-19 in KTRs from 12 transplant centers in the United States, Italy, and Spain [22]. Among patients who required hospitalization (March 2020 to May 2020), fever, dyspnea, and myalgia were present in 67%, 68%, and 53%, respectively. The mean time from symptom onset to admission was six days. Interestingly, the frequency of diarrhea was 38%.



The first report from a Brazilian multicenter study that analyzed the data of adult KTRs diagnosed with COVID-19 (March 2020 to November 2020) showed that they were 50 years old on average; 60% and 40% were male and female, respectively, and 89% were non-Afro-Brazilian. Recipients had a long transplantation vintage (5.9 years on average) [3]. The clinical presentation of COVID-19 (Table 1) was consistent with previous reports, with common symptoms including cough (54%), myalgia (40%), dyspnea (37%), and diarrhea (31%). Fever (61%) and hypoxemia (13%) were among the notable clinical signs observed. Attention was drawn to the high occurrence of diarrhea (reported in 30% of patients), which was sometimes the only or predominant symptom [3].



Regarding the findings of complementary examinations, a high incidence of renal dysfunction has been consistently reported even in patients with mild COVID-19. In the TANGO cohort, the baseline estimated glomerular filtration rate (eGFR) among KTRs requiring hospitalization was 48.9 mL/min/1.73 m2, and the lower graft function differentiated survivors from non-survivors (53.4 vs. 38.0 mL/min/1.73 m2; p = 0.001) [22]. In the Brazilian registry, the baseline eGFR was similar at 48.4 mL/min/1.73 m2, and the frequency of acute kidney injury was 23.2% [3]. In addition, some studies have reported more severe lymphopenia and a higher incidence of anemia in KTRs than in individuals who are immunocompetent [18,23]. Table 2 shows the epidemiologic and demographic data from the Brazilian multicenter registry and data from the databases of other countries.




3.3. Immunosuppression Management and Viral Treatment


To date, there is no conclusive evidence regarding the best strategy for managing immunosuppression in the context of COVID-19 [24]. Immunosuppressive drugs can induce lymphopenia, which is associated with a worse prognosis in COVID-19 cases. These drugs reduce lymphocyte activity and antibody production, thus potentially compromising clinical response and prognosis. However, in vitro studies have shown that drugs such as azathioprine, mycophenolate, calcineurin inhibitors, and mammalian target of rapamycin (mTOR) inhibitors, can inhibit Coronavirus replication, thus suggesting that such drugs have potential benefits in alleviating the clinical presentation of COVID-19. Calcineurin inhibitors have been speculated to modulate the inflammatory response elicited by cytokine release syndrome [25,26,27,28]. However, the high mortality rate observed in KTRs suggests that the potential benefits of these drugs, as demonstrated in vitro or suggested by their mechanisms of action, are outweighed by their immunosuppressive effects.



Despite the lack of robust evidence on immunosuppression management, most transplant centers have chosen to keep the anti-rejection regimen unchanged in outpatients with mild symptoms; withdraw the use of antiproliferative or mTOR inhibitors in patients with moderate symptoms, under hospitalization, or with severe lymphopenia; and completely withdraw the regimen in critically ill patients admitted to intensive care units (ICUs) [3]. In the TANGO cohort, the withdrawal rates of tacrolimus and mycophenolate/everolimus were 23% and 65%, respectively [22]. Similarly, in a Brazilian multicenter study that was conducted before the vaccination era, it was observed that among KTRs diagnosed with COVID-19 and receiving an immunosuppressive regimen based on calcineurin inhibitors, patients treated with mycophenolate had a higher frequency of immunosuppression changes (61.6%, p < 0.001) than those treated with azathioprine (36.0%) or mTOR inhibitors (38.2%) [29]. Similar results were observed when immunosuppression was completely discontinued: mycophenolate (21.5%), azathioprine (19.3%), and mTOR inhibitors (12.9%, p = 0.02). Immunosuppressive changes seem to be associated with survival among patients using a calcineurin inhibitor in combination with mycophenolate. The 30- and 90-day survival rates of patients who continued the drug at their usual dose were 78% and 72%, respectively. For patients in which the dose was reduced or discontinued, the 30- and 90-day survival rates were 83% and 81%, respectively (p < 0.001).



Few studies have investigated specific viral treatments in KTRs. The use of convalescent plasma was considered compassionate therapy; therefore, our group compared the outcomes of 58 KTRs treated with convalescent plasma (January 2021 to March 2021) with a propensity score-matched control group; however, a reduction in disease progression and lethality was not observed [30]. Despite being well-tolerated and safe, no clinical trial investigated the efficacy of remdesivir in KTRs [31], and clinical reports about the combination of nirmatrelvir and ritonavir (Paxlovid) are limited because of the complex management of interactions with calcineurin inhibitors [32]. Finally, results regarding the use of anti-spike monoclonal antibodies for passive immunization are inconclusive [33].




3.4. Outcomes and Predictors


Various studies indicate that KTRs have a high proportion of severe cases and high fatality rates [34,35]. In the first wave in 2020, the crude fatality rate varied from 20% to 25% independent of country. For all solid organ transplant recipients, similar risk factors for mortality were identified early, including age; cumulative number of comorbidities; biochemical changes upon hospital admission including lymphopenia and thrombocytopenia; and high levels of ferritin, C-reactive protein, troponin, or D-dimer [34,36,37].



Data from a Brazilian multicenter study confirmed these findings. In the multicenter registry, we collected data from 35 centers comprising 57% of all transplantation activities in the country. Eligible participants were KTRs diagnosed with COVID-19 in the pre-vaccination era between March 2020 and November 2020. Only patients with at least one COVID-19-attributable symptom associated with a positive test result (polymerase chain reaction [PCR], serology, or viral antigen detection) were considered. Among the first 1680 recipients that were included, the interval time between transplantation and COVID-19 infection was 5.9 years and between symptom onset and the diagnosis was five days. Most patients had hypertension (75.7%), 34% had diabetes, and 23.8% were obese. Previous cardiovascular events were reported in more than 10% of cases, and no comorbidities were registered in 11.4% of cases. Most patients required hospitalization (63%), 23% required dialysis, 35% were admitted to the ICU, 25% required invasive mechanical ventilation, 15% died within 28 days, and 21% died within 90 days [3]. In the multivariable analysis, the risk of hospitalization increased by age (3.3% per each year old); previous diagnoses of hypertension and diabetes increased the risk by 42% and 65%, respectively, and recently, administrations of high doses of steroids for acute rejection increased the risk by 89%. In addition, in the multivariable analysis, the variables associated with death were older age (relative risk [RR] for each year = 1.05, 95% CI = 1.04–1.07), hypertension (RR yes vs. no = 1.57, 95% CI = 1.07–2.29), cardiovascular disease (RR yes vs. no = 1.52, 95% CI = 1.05–2.20), and time after transplantation (RR for each month = 1.02, 95% CI = 1.00–1.05) [3].



In addition to the risk factors for poor COVID-19 outcomes, such as older age, impaired baseline renal function, diabetes mellitus, and cardiovascular disease, the prolonged use of immunosuppressive drugs could also explain the high risk of death. Initial reports questioned the effect of immunosuppression on the poorer outcomes among KTRs because similar outcomes for transplanted patients were observed compared with non-transplanted pairs when age and comorbidities were strictly matched [38,39]. We compared the age-adjusted COVID-19 fatality rate of KTRs with that of people living in the most populous state of Brazil (São Paulo) [14]. Between March 2020 and March 2021, the overall fatality rate was 24.9% for KTRs compared with 3.5% for the general population, and a higher risk was observed across all age groups. In patients aged 20–39 years old, with a lower prevalence of comorbidities, the fatality rate among KTRs was 23 times higher (8.5 vs. 0.37%); this finding strengthens the hypothesis that prolonged immunosuppression plays a determining role [14].



Andersen et al. conducted a retrospective study that included patients with confirmed or suspected COVID-19 in the United States from January 2020 to June 2021 to investigate the association between immunosuppression and the risk of death [40]. More than 12,000 patients with immunosuppression (for different reasons) were paired by propensity score matching with more than 29,000 patients without immunosuppression. An increased risk of death was observed with rituximab for rheumatological disease (RR = 1.72, 95% CI = 1.10–2.69) and for cancer (RR = 2.57, 95% CI = 1.86–3.56) [40]. A Brazilian multicenter study on COVID-19 in KTRs analyzed the data of 1833 patients who were using a regime based on a calcineurin inhibitor; the results showed that a higher hospitalization rate was observed among patients when the associated drug was mycophenolate (45.6% vs. 66.7%, p < 0.001) or mTOR inhibitor (45.6% vs. 61.1%, p = 0.001) than when the drug was azathioprine [29]. Similarly, the requirement for mechanical ventilation was higher for mycophenolate than for azathioprine (26.8% vs. 17.8%, p < 0.001); no difference was found for mTOR inhibitors. In a multivariate analysis, compared with azathioprine, the 90-day risk of death increased by 46% with mycophenolate and decreased by 41% with mTOR inhibitors [29].



The risk of co-infection was high for KTRs requiring hospitalization, particularly those who were under advanced life support in the ICU, thus substantially increasing the risk of death [41]. In addition to healthcare-associated infections, such as central line-associated bloodstream infection, urinary tract infection, ventilator-associated pneumonia, cytomegalovirus infection, herpes zoster infection, mucormycosis infection, and other opportunistic infections have been reported [41].



By using data from the Brazilian multicenter registry and information that were available only in a remote consult, a predictor score was developed to quickly identify patients who are at a higher risk of complications without the need for laboratory or image exams [42]. Thus, for ImAgeS score development, 1635 KTRs with COVID-19 diagnosed by PCR between March and October 2020 were split into a derivation cohort (75%) and an internal validation cohort (25%). Several models were fitted to predict death from any cause within 28 days of COVID-19 diagnosis. An elastic net with few variables achieved better performance in both the derivation and internal validation cohorts and had a low calibration Brier score. Older age, hypertension, diabetes, cardiovascular disease, smoking, impaired kidney function, obesity, and dyspnea were risk factors for death. By contrast, the use of mTOR inhibitors and clinical presentation of anosmia, runny nose, and headache were protective factors. The score was validated in a second validation cohort composed of 374 patients diagnosed with COVID-19 between January and April 2021, and the area under the receiver-operating characteristic curve (AUC) was 0.787 (95% CI = 0.731–0.843).



Domjanović et al. validated the ImAgeS score in an external cohort of KTRs and obtained an AUC of 0.679 (95% CI = 0.519–0.840) and a C concordance index of 0.699 to predict 30-day all-cause mortality. In addition, the ImAgeS score performance was compared with three scores derived from the general population: CHA2DS2-VASC, Wuhan model, and COVID SIEMC [43,44,45]. For these three scores, the AUC to predict mortality varied from 0.62 to 0.69, which was lower than the 0.79 achieved by the ImAgeS score [42].




3.5. Post-Infection and Post-Vaccination Humoral Response


Evidence suggests that transplant patients have a preserved humoral adaptive immune response after natural infection with severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) [23,46]. In a single-center observational study by Magicova et al., immunoglobulin G (IgG) seroprevalence in KTRs was compared with that in healthcare workers in the second wave of COVID-19 in Prague, Czech Republic [46]. The study found that among individuals who tested positive for S1 and S2 anti-SARS-CoV-2 IgG, the antibody levels were higher in KTRs than in healthcare workers (31 vs. 15 AU/mL, p < 0.001).



However, the same pattern of immunogenicity was not observed after vaccination. For example, data from two BNT162b2 mRNA vaccine doses showed seroconversion rates ranging from 22% to 37.5% [47]. Grupper et al. compared the humoral response after two doses of BNT162b2 (Pfizer-BioNTech) in 136 KTRs and 25 healthcare workers [47]. Although 100% of the controls showed a positive response, less than 40% of the KTRs were positive (p < 0.001). Among those who seroconverted, the IgG anti-spike antibody was lower in KTRs than in healthcare workers (31.05 vs. 200.5 AU/mL, p < 0.001).



Other studies on mRNA vaccines have explored cellular and humoral immune responses and confirmed that immunogenicity and effectiveness are lower in KTRs than in the general population [48]. Sanders et al. investigated the immune response 6 months after mRNA-1273 vaccination in KTRs (n = 267) compared with that in patients with pre-dialysis chronic kidney disease (n = 152) or those undergoing dialysis (n = 145) and healthy controls (n = 181) [48]. Six months after vaccination, although most non-transplanted patients presented with a positive S1-specific antibody (100% of controls, 98.7% of pre-dialysis patients, and 95.1% of dialysis patients), only 57% of the KTRs were positive. Furthermore, at 28 days, a lower proportion of KTRs showed a detectable T-cell response than the other groups: 18% for KTRs vs. 87.5–69.4% in other groups.



By using four national English registries, Callaghan et al. investigated the effectiveness of two doses of the ChAdOx1-S or BNT162b2 vaccine in solid organ transplant recipients (43,481 patients, 71% KTRs) [49]. Among the transplant recipients, 2.6% received one vaccine dose, 90.3% received two doses, and 7.7% were unvaccinated. The risk of death within 28 days after COVID-19 was only tangentially reduced by 20% (hazard ratio [HR] = 0.80, 95% CI = 0.63–1.00) after vaccination; this was evident with ChAdOx1-S (HR = 0.69, 95% CI = 0.52–0.92) but not with BNT162b2 (HR = 0.97, 95% CI = 0.71–1.31) [49].



After anti-SARS-CoV-2 vaccines were approved in Brazil, we conducted a prospective, single-center, phase 4 interventional study by using two sequential doses of CoronaVac (28 days apart), which is an inactivated whole-virus vaccine [50]. Among the 3371 KTRs enrolled, 942 were randomly selected for immunogenicity assessment. From the first to the second dose, the seroprevalence increased from 15.2% to 43%, which is similar to that observed with other platform vaccines. A reduction in the incidence of COVID-19 was observed during the pandemic (from 6.4% to 4.2%, p < 0.001), but no effect was observed on the 28-day case fatality rate (from 25% to 22%, p = 0.53). We compared the immunogenicity of a third heterologous dose (BNT162b2 mRNA, n = 307) with that of a third homologous dose (n = 777) after two doses of the CoronaVac vaccine [51]. Although the seroconversion rate after the third dose was significantly higher in the heterologous group than in the homologous group (49% vs. 32%, p < 0.001), 42% of the patients remained seronegative. Lastly, among the 279 KTRs who remained seronegative after three doses of CoronaVac and received a fourth sequential homologous dose, the seroconversion rate was only 18.9% [52]. These results underscore the poor vaccinal response in KTRs independent of the vaccine platform investigated.



After the anti-SARS-CoV-2 vaccine was launched, some concerns regarding adverse events were highlighted, even with the safety profile shown in phase III clinical trials of the most common vaccine platforms [53,54]. By considering only clinical trials investigating mRNA vaccines, BNT162b2 and mRNA-1273 were associated with an excess risk of serious adverse events of 10.1 and 15.1 per 10,000 people vaccinated compared with placebo [55]. Some examples of serious events were coagulation disorder, myocarditis, pericarditis, or other forms of acute cardiac injury [55]. However, in a phase IV clinical trial that investigated immunogenicity and reactogenicity after two doses of CoronaVac in COVID-19 convalescent KTRs, we observed that the most common adverse events were local pain or tenderness (38%), headache (12%), and body aches (11%), with no serious adverse reactions [56]. Most recently, a meta-analysis including 727 KTRs from nine studies showed that a fourth dose of the COVID-19 vaccine was well-tolerated with no serious adverse effects [57]. A particular concern has been risk sensitization, although a recent multicenter study demonstrated that no vaccine affected the panel of reactivity of HLA antibodies among wait-listed candidates [58].




3.6. The Scenario after Vaccination Coverage and the Omicron Variant


As of December 2021, a substantial change has been observed in the outcomes related to COVID-19 both in the general population and in KTRs. Two factors seem to have been involved in this change: high vaccination coverage and the predominance of the Omicron variant, which seems to cause less clinically severe conditions despite being more contagious.



Our group conducted a comparison between KTRs in our center (10,497 patients) and residents of Ipaussu, São Paulo, Brazil, a city with over 14,000 inhabitants; results showed that there was a change in COVID-19 behavior after the emergence of the Omicron variant [59]. In addition to having a similar number of persons at risk, both groups had high vaccination coverage rates in December 2021. The number of cases and outcomes associated with COVID-19 were compared in both populations and stratified by two different eras: era 1 (March 2020 to December 2021: before Omicron predominance) and era 2 (December 2021 to March 2022: during Omicron predominance). Although the number of cases increased from 0.3 to 1.0 and from 0.3 to 1.2 per 1000 patient days for KTRs and the inhabitants of Ipaussu, respectively, the need for hospitalization, mechanical ventilation, and case fatality rates decreased in both groups. Among the KTRs, the need for hospitalization and mechanical ventilation was reduced by 50% and 46%, respectively, and the case fatality rate was reduced by 60% [59].



Similar scenarios have been observed in other countries. For instance, in an Australian single-center study that included 41 KTRs diagnosed with the B.1.1.529/BA.1 Omicron variant after at least two doses of the COVID-19 vaccine, the 30-day mortality was 2.4%; also, 4.9% of patients presented with multiorgan failure, and 12.2% of patients presented with respiratory failure [60]. In a multicenter retrospective cohort study that enrolled KTRs with COVID-19 in Spain, those diagnosed in the sixth wave (from December 2021 to February 2022 with Omicron predominance) showed a lower frequency of ventilator support (2.6% vs. 18.5%, p = 0.001), ICU admission (2.6% vs. 22.2%, p < 0.001), and death (3.3% vs. 29.6%, p < 0.001) than those diagnosed in the fifth wave (from June 2021 to November 2021 with Delta predominance) [61].





4. Conclusions


The pandemic has significantly affected kidney transplant activities globally, with a consequent reduction in the number of transplants performed by both deceased and living donors. The evidence has demonstrated that KTRs are significantly vulnerable to severe diseases, thus underscoring the central role of chronic immunosuppression and the cumulative number of comorbidities. Widespread vaccination has reduced the severity and number of cases of COVID-19 in countries with high vaccination coverage rates; this situation motivated the World Health Organization to state that COVID-19 is no longer a public health emergency of international concern. However, KTRs remain at high risk because of persistently low immunogenicity rates following sequential vaccine shots and because of the absence of targeted treatments for severe cases, which warrant significant concern.




5. Future Directions


COVID-19 is considered an established and ongoing health issue as of May 2023. One possible future direction is to move from a pandemic era to an endemic era. One question to be answered in the coming years is whether additional vaccine shots and even annual doses would be required. Another topic is the role of current and new antiviral therapies, particularly for the most vulnerable populations, such as KTRs. In this field, potential drug interactions with calcineurin inhibitors would require additional investigations. Lastly, because the syndrome is not easily defined in clinical practice, the effect of long COVID on personal health; quality of life; long-term graft function; and cellular or humoral immune response, which is associated with the risk of chronic cellular rejection or donor-specific antibody production, must be investigated.
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	AUC
	Area under a receiver-operating characteristic curve;



	CI
	Confidence interval;



	COVID-19
	Coronavirus disease 2019;



	eGFR
	Estimated glomerular filtration rate;



	HLA
	Human leukocyte antigen;



	HR
	Hazard ratio;



	ICU
	Intensive care unit;



	IGG
	Immunoglobulin G;



	KTR
	Kidney transplant recipient;



	mTOR
	Mammalian target of rapamycin;



	OR
	Odds ratio;



	pmp
	Per million population;



	RR
	Relative risk;



	SARS-CoV-2
	Severe acute respiratory syndrome Coronavirus 2.
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Figure 1. Annual evolution of effective donors per million population (A) and the annual number of kidney transplants (B). 
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Figure 2. The flow of events in a transplant program (A) and barriers faced during the COVID-19 pandemic (B). In Figure A, the first box, a possible deceased donor refers to persons with brain death or cardiac death. Of note, in Brazil, donation after cardiac death is not allowed, only after brain death. Abbreviations: Tx: transplant; CKD: chronic kidney disease; CIHDOTT: Intra-Hospital Commission for Donation of Organs and Tissues for Transplants. 
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Table 1. Data from the first 1860 KTRs diagnosed with COVID-19 from the Brazilian multicenter registry.
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	Variable
	Result (N = 1860)





	Times
	



	Time from Tx to COVID-19 infection, years
	5.9



	Time from symptoms onset and diagnosis, days
	5.0



	Previous comorbidities
	



	Hypertension, %
	75.7



	Diabetes, %
	34



	Obesity, %
	23.8



	Previous cardiovascular events, %
	10



	Outcomes
	



	Hospitalization, %
	63



	RRT requirement, %
	23



	ICU requirement, %
	25



	MV requirement, %
	25



	28-day death, %
	15



	90-day death, %
	28







Abbreviations: ICU, intensive care unit; MV, mechanical ventilation; RRT, renal replacement therapy.
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Table 2. Summary of main COVID-19 epidemiology and clinical data from Brazilian and international registries.
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Country or Source of Information

	
Period of Time

	
Population

	
Main Results






	
COVID-19 epidemiology data




	
Brazil [14]

	
March/2020 to

March/2021

	
Persons at risk

KTRs:

11,715

General population:

2.63 million

	
COVID-19 incidence:

KTRs 11.7%

vs.

General population 5.8%




	
Spain [15]

	
March/2020 to

April/2020

	
868 patients undergoing chronic RRT

	
Among all patients diagnosed with COVID-19:

−HD 63%

−KTRs 33%

−PD 4%




	
Italy [16]

	
February/2020 to

April/2020

	
60,441 patients undergoing chronic RRT

	
COVID-19 incidence among all RRT patients:

HD 3.55%

KTRs 0.86%

PD 1.38%




	
COVID-19 clinical data




	
Brazilian multicenter registry:

35 centers [3]

	
March/2020 to

November/2020

	
1860 KTRs diagnosed with COVID-19

	
Time between symptoms onset and COVID-19 diagnosis: 5 days.

COVID-19-associated symptoms/signs:

fever 61%

cough 54%

myalgia 40%

dyspnea 37%

diarrhea 31%

diarrhea 30%

hypoxemia 13%

Baseline eGFR:

48.4 mL/min/1.73 m2




	
The TANGO Consortium:

12 transplant centers in the USA, Italy, and Spain [22]

	
March/2020 to

May/2020

	
9845 KTRs under at risk, 144 hospitalized due to COVID-19

	
Time between symptoms onset and COVID-19 diagnosis: 6 days.

Symptoms in COVID-19 KTRs requiring hospitalization:

dyspnea 68%

fever 67%

myalgia 53%.

diarrhea 38%

Baseline eGFR: 48.9 mL/min/1.73 m2








Abbreviations: HD, hemodialysis; KTRs, kidney transplant recipients; PR, peritoneal dialysis; RRT, renal replacement therapy.
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