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Introduction

The study of immune response to SARSCoV-2 infection in different solid organ transplant settings represents an opportunity for clarifying the interplay between SARS-CoV-2 and the immune system. In our nationwide registry study from Italy, we specifically evaluated, during the first wave pandemic, i.e., in non-vaccinated patients, COVID-19 prevalence of infection, mortality, and lethality in liver transplant recipients (LTRs), using non-liver solid transplant recipients (NL-SOTRs) and the Italian general population (GP) as comparators.





Methods

Case collection started from February 21 to June 22, 2020, using the data from the National Institute of Health and National Transplant Center, whereas the data analysis was performed on September 30, 2020.To compare the sex- and age-adjusted distribution of infection, mortality, and lethality in LTRs, NL-SOTRs, and Italian GP we applied an indirect standardization method to determine the standardized rate.





Results

Among the 43,983 Italian SOTRs with a functioning graft, LTRs accounted for 14,168 patients, of whom 89 were SARS-CoV-2 infected. In the 29,815 NL-SOTRs, 361 cases of SARS-CoV-2 infection were observed. The geographical distribution of the disease was highly variable across the different Italian regions. The standardized rate of infection, mortality, and lethality rates in LTRs resulted lower compared to NL-SOTRs [1.02 (95%CI 0.81-1.23) vs. 2.01 (95%CI 1.8-2.2); 1.0 (95%CI 0.5-1.5) vs. 4.5 (95%CI 3.6-5.3); 1.6 (95%CI 0.7-2.4) vs. 2.8 (95%CI 2.2-3.3), respectively] and comparable to the Italian GP.





Discussion

According to the most recent studies on SOTRs and SARS-CoV-2 infection, our data strongly suggest that, in contrast to what was observed in NL-SOTRs receiving a similar immunosuppressive therapy, LTRs have the same risk of SARS-CoV-2 infection, mortality, and lethality observed in the general population. These results suggest an immune response to SARS-CoV-2 infection in LTRS that is different from NL-SOTRs, probably related to the ability of the grafted liver to induce immunotolerance.
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1 Introduction

Since it began, the COVID-19 pandemic has been considered a matter of great concern in the transplant setting due to the high expected increased risk of infection, adverse outcomes, and death. This alarming perception was related to the chronic use of immunosuppressive drugs associated with comorbidities (diabetes, obesity, hypertension, older age), which are frequent negative predictive factors for COVID-19 outcomes (1–4).

In the absence of population-based epidemiological surveillance, it was hard to determine the true incidence of SARS-CoV-2 in all clinical settings, especially during the initial first wave of the pandemic (5, 6). However, the impact of SARSCoV-2 infection in a specific sub-population, such as the pharmacologically immunosuppressed solid organ transplant recipients (SOTRs), represents an occasion for clarifying the interplay between SARS-CoV-2 and the immune system (7).

Regarding liver transplant recipients (LTRs), the currently available data have reached different conclusions on incidence and mortality (8–14). Italy was the COVID-19 epicenter during the first wave of the pandemic, thus representing an interesting model for studying the transplant setting without the interference of possible therapies and vaccination (15–17). At that time, a nationwide population-based study by Trapani et al. (18) showed that SOTRs, all together, experienced a higher cumulative incidence of SARS-CoV-2 infection and a double 60-day case fatality as compared to the general population (GP) (1.02% vs. 0.4%, p< 0.05; 30.6% vs. 15.4%, respectively). However, they observed a gradient through the different organs.

In our nationwide registry study from Italy, we specifically evaluated, during the first wave pandemic, if SARS-CoV-2 infection significantly influenced the standardized age and sex prevalence of infection, mortality, and lethality in LTRs using non-liver SOTRs (NL-SOTRs) and Italian GP as comparators.




2 Patients and methods



2.1 Data collection

This study was based on a sub-analysis of the nationwide population-based study by Trapani et al. (18). Data on all cases of laboratory-confirmed SARS-CoV-2 positivity in Italy were collected by the National Institute of Health (Istituto Superiore di Sanità-ISS), which was appointed as the coordinator of the COVID-19 surveillance system with the task of gathering microbiological and epidemiological data provided daily by the Italian Regions and Autonomous Provinces (Regions) (19). Data on all laboratory confirmed COVID+ cases per definitions published and regularly updated by the European Centre for Disease Prevention and Control (ECDC) were collected in the system (20). All the data on SOTRs were collected prospectively and analyzed retrospectively through the Information Transplant System (SIT), which is managed by National Transplant Centre. National COVID+ cases, were cross-referenced with SOTRs as recorded in the SIT. The record linkage between the two databases was implemented through deterministic technique, thanks to the presence of personal data for all patients identifying the unique correspondence between patients from the two databases. The case collection time in the present study started from February 21 to June 22, 2020, and the data analysis was performed on December 27, 2020, to consolidate data reporting.




2.2 Risk of SARS-CoV-2 infection and lethality in Italian LTRs

To assess standardized rates of SARS-CoV-2 infection in Italian LTRs compared to NL-SOTRs (kidney, heart, lung, and pancreas) and the general population, we defined the following groups: a) Italian general population (GP; n= 59,497,002 as per ISTAT data of January 1, 2020), b) solid organ transplant recipients (NL-SOTRs; n= 29,815), and c) liver transplant recipients (LTRs; n= 14,168). Kidney, heart, lung, and pancreas accounted for 83.1%, 11.3%, 3.6%, and 2.7% of NL-SOTRs in Italy (National Transplant Centre data, 2019). The study was conducted in accordance with the Declaration of Helsinki (2000) and was approved by the local Ethics Committee (N.237/DG).




2.3 Statistical analysis

Crude and specific rates by sex and age of SARS-CoV-2 infection and mortality were determined as the rate between the number of infections or death (Italian Ministry of Health, 2020 Bulletin COVID-19 Outbreak in Italy) and the total number of subjects of each single population (GP, LTRs and NL-SOTRs) (ISTAT data of January 1, 2020). Crude and specific rate by sex and age of SARS-CoV-2 lethality was determined as the rate between the number of death cases and the SARS-CoV-2 positive cases in each population.

To compare distribution of infection, mortality, and lethality between the LTRs in respect to the Italian GP and NL-SOTRs population, adjusted by sex and age, we applied an indirect standardization method determining the standardized rate (SR). In detail, all three groups, LTRs, NL-SOTRs and GP, were stratified by sex (male and female) and age class (0-19 years, 20-49 years, 50-69 years and 70 and more years). The standardized rate of prevalence and its corresponding 95% confidence interval were obtained by the ratio between observed cases and expected cases. The same procedure was applied for mortality and lethality. All analysis were performed by SAS/STAT® Statistics version 9.4 (SAS Institute, Cary, NC, USA).





3 Results



3.1 General data on the three different populations

Figure 1 describes the number of subjects composing the entire GP, NL-SOTRs, and LTRs population, as well as the number of patients with and without SARS-CoV-2 infection, with the corresponding number of deaths.




Figure 1 | Total Italian general population, total non-liver solid organ transplant recipients and liver transplant recipients, and the number of patients with and without SARS-CoV-2 infection, with the corresponding number of deaths. GP, general population; NL-SOTRs, non-liver solid organ transplant recipients; LTRs, liver transplant recipients.



From February 21, when the first case of SARS-CoV-2 infection was detected in Italy, to June 22, 2020, there were 310,655 cases of infection in the whole Italian GP, with 35,900 deaths, while in NL-SOTRS and LTRs 361 and 89 cases of infection and 109 and 14 cases of death were observed, respectively (Figure 1).




3.2 Geographical distribution, cumulative incidence, and deaths

Table 1 reports SARS-CoV-2 cumulative incidence and number of deaths of LTRs among SOTRs, according to geographical distribution across the different Italian regions.


Table 1 | SARS-CoV-2 Cumulative Incidence and Death in LT population among SOTRs according to geographical distribution across Italian regions.



Among the 43,983 Italian SOTRs with a functioning graft, LTRs accounted for 14,168 patients, with a regional average of LTRs/SOTRs of 32.2% (Table 1). Among 14,168 LTRs, 89 were SARS-CoV-2 infected during the interval period. The cumulative 95%CI of infection ranged broadly at the regional level, from a minimum of 0.05% [95% CI 0.008-0.39] in Campania (1 case), to a maximum value of 1.95% in Lombardy [95% CI1.49-2.58] with 51 cases (Table 1). The number of SARS-CoV2 infections in LTRs was 89 (68 males, 21 females), so the prevalence for this group was 62.8 per 10,000 inhabitants; in NL-SOTRs, 361 cases (272 males, 89 females) were observed with a prevalence of 121.9 per 10,000 inhabitants, while in GP the number of cases was 310,655, with a prevalence of 52.3 per 10,000 inhabitants.




3.3 Crude and adjusted infection, mortality, and lethality rates

Table 2 shows the specific sex and age class rate of infection, mortality and lethality in the three groups. The effect of age was more evident in the older age class (≥ 70 years), where the rate was about 97 per 10,000 in both sexes in GP, while in LTRs it was 43.6 for males and 38.0 for females; on the other hand, the rates for NL-SOTRs were higher compared to the previous two groups in the last age class: 132.7 per 10,000 in male and 104.5 per 10,000 in female. Most importantly, the standardized rate of infection (SRI) in LTRs was 1.02 (95%CI 0.81 to 1.23), whereas in NL-SOTRs it was 2.01 (95% CI 1.8-2.2) compared to GP, meaning that in NL-SOTRs the prevalence of infection was twice that encountered in GP and LTRs. The total number of deaths (Table 2) was 35,900 (20,581 males, 15,319 females) in GP, 14 (13 males, 1 female) in LTRs, and 109 (85 males, 24 females) in NL-SOTRs, with a crude mortality rate of 6.0, 9.9, and 36.8 per 10,000 inhabitants, respectively. In these three populations, a higher mortality rate was observed in the older age class. In detail, the mortality rates were 37.6 and 23.3 per 10,000 for males and females, respectively, in the GP group, while in LTRs the rates were lower: 17.5 and 12.9 per 10,000 for males and females, respectively; on the other hand, the specific mortality rates in NL-SOTRs were 79.1 per 10,000 and 44.0 per 10,000 for males and females, respectively. The standardized mortality rate was 1.0 (95% CI 0.5 to 1.5) in LTRs and 4.5 (95% CI 3.6-5.3) in NL-SOTRs, meaning that the risk of death in the latter group was more than four times higher respect to both GP and LTRs.


Table 2 | Number of registered populations, cases of SARS-CoV2 positivity and deaths related to COVID-19 in the year 2020 by Italian and transplants populations.



The crude rate of lethality was 15.7% (14 death/89 infected) in the LTRs, 11.6% (35,900/310,655) in GP, and 30.2% (109/361) in NL-SOTRs (Table 2). When we evaluated the sex- and age-adjusted lethality rates in the ≥ 70-year class, they were similar in GP and LTRs (38.5% for males and 24% for females, and 40% and 33%, respectively). Interestingly, the lethality rates in the NL-SOTRs population were higher in all age classes reaching 59.6% in males and 42.1% in females. The lethality (SR) was 1.6 (95% CI 0.7-2.4) in LTRs and 2.8 (95% CI 2.2-3.3) in NL-SOTRs, thus confirming a higher risk of death in NL-SOTRs compared to LTRs.





4 Discussion



4.1 Clinical and epidemiological data

Solid organ transplant patients have been identified as a group at higher risk of SARS-CoV-2 infection (9, 11, 18, 21, 22) and being immunosuppressed, exposed to more adverse outcomes than non-transplanted subjects (23). Theoretically, chronic immunosuppression and its association with multiple comorbidities (older age, diabetes, obesity, and hypertension) could account for this (1, 23).

In the present study, we further analyzed the favorable trend previously observed (18), showing that, among COVID-19+ SOTRs, those who underwent liver transplants had a significantly lower risk of infection, mortality, and lethality compared to NL-SOTRs. Moreover, we suggested the hypothesis that the outcomes similar to the general population could depend on the interplay between the liver and the “downregulated” immune system (see later “the tolerogenic hypothesis”).

Preliminary reports on SARS-CoV-2 susceptibility and outcome in liver transplantation were mainly based on uncontrolled case series reaching opposite conclusions, in favor of or against a better outcome (9–11, 17, 18, 24, 25).

Altogether this complex scenario is a tricky matter in immunosuppressed patients. Confounding factors could be related to the immunosuppressive status, which could play a role in mitigating symptoms or favoring the escape from testing criteria (21); on the other hand, Guarino et al. recently showed that LTRs are more frequently symptomatic than the general population (53.3% vs. 15.8%, p< 0.000), thus increasing the probability to register the infection (25). Chronic immunosuppression, particularly calcineurin inhibitors, could favor the early phase of viral replication, favoring the immune activation leading to a cytokine storm, responsible for the severe form of COVID-19; at the same time, these drugs could mitigate the cytokine storm by reducing immunoreactivity (26, 27). Belli et al. (28) found that the use of tacrolimus, i.e., the cornerstone of immunosuppression in the transplant setting, has a beneficial effect on SARSCoV-2 infections and was associated with a better survival rate in the 243 adult LTRs analyzed in the ELITA-ELTR Multi-center European Study.

In our study, the results on mortality agree with recent studies showing that LTRs do not have an increased risk of mortality compared to the general population (29–32).

Regarding the SARS-CoV-2 risk of infection in LTRs, our data seems different from that of the prospective Nationwide study conducted in Spain. This study reports a higher standardized incidence of viral infection in LTRs compared to the matched GP (33), although it was realized during the same period. This discrepancy could be due to a different distribution of infection and mortality across the two nations (34, 35). As a novelty, we showed that an organ-transplant gradient could exist among SOTRs in susceptibility and mortality rate for SARS-CoV-2 infection, although they were exposed to the same risk of infection and complication.

The “intensity” of immunosuppressive therapy in LTRs and NL-SOTRs could be responsible for the different susceptibility and adverse outcomes of SARS-CoV-2 infections (36–44). The difference in the immunosuppression therapy between the liver and kidney transplant, used as a reference, relies prevalently on the use of thymoglobulin induction, tacrolimus levels, mycophenolate, and steroids. The good marriage between LT and SARS-CoV-2 infection was later confirmed by the higher rate of humoral response to vaccination reaching 50% of LTRs in the preliminary experience of Marion et al. (45) in respect to 30% average in NL-SOTRS. In a recent study comparing humoral and cellular vaccine responses to SARS-CoV-2 in KTRs and LTRs, the use of steroids and MMF was significantly higher in KTRs (78.8% vs. 32.0%; p< 0.001) (46). However, although in LTRs the reduced immunosuppression was associated with a higher antibody response against SARS-CoV-2 after vaccination, again the liver advantage persisted after adjusting for immunosuppression (46).




4.2 The tolerogenic hypothesis

Another explanation for the favorable SARS-CoV-2 outcome in LTRs comes from the existence of an interaction between the downregulation of the immune system by the anti-rejection therapy and the tolerogenic activity of the liver (tolerogenic hypothesis). The liver has a proper immune system consisting of multiple lines of liver resident immune cells that can modulate immune tolerance (46–49), as supported by several lines of evidence: 1) the induction of oral tolerance to food antigens; 2) the spontaneous acceptance of liver grafts occurring in several experimental models; 3) the possibility to wean off anti-rejection therapies in about a quarter of clinical transplant recipients; 4) the capability of the liver to extend tolerance to other grafts such as kidney, despite major histocompatibility complex (MHC) mismatch (47–55).But what makes the liver graft extremely peculiar from an immunologic point of view is its unique ability to modulate the recipient’s immune system, which becomes tolerogenic through the migration of the multiple lines of liver resident immune cells from the engrafted liver into the recipient. Such a phenomenon, known as microchimerism, is the basis of the uniqueness of the liver immuno-transplant model compared to other types of solid organ transplants (52). This biological phenomenon, together with the clinical evidence of reduced mortality and lethality, could explain both the paucity of liver damage during COVID-19 (56, 57) and the difference in SARS-CoV-2 infection outcomes in LTRs compared to the other SOTRs (8, 22, 28, 30, 58, 59).




4.3 Limitations

This study presents some limitations. Firstly, it refers to the first epidemic wave, when several drawbacks arose in data reported by studies and health authority reports. Secondly, the most important limitation refers to the diagnostic criteria applied by healthcare systems in the world. These criteria have been not homogeneously applied in various countries and at the regional level; moreover, indications for testing varied greatly over weeks. However, as these biases apply to all populations studied, this mitigates the epidemiological limitations of our study. Thirdly, the low ratio between LTRs infected/total number LTRs could have influenced the incidence rate calculation; nevertheless, the great attention to the medical care in these patients consistently overcomes the underestimation of SARS-CoV-2 diagnosis. Fourthly, we did not report the data on immunosuppressive therapy of LTRs; however, data on the comparison between LTRs and KTRs show that the liver advantage persists after adjusting for immunosuppression. Finally, we did not compare the comorbidities in LTRs, NL-SOTRs. However, as reported by Trapani et al. (18), the multivariable logistic regression analysis on 30–60-day 95% CI of mortality conducted on all COVID-19+ patients revealed that only organ transplantation was the variable independently associated with mortality.




4.4 Conclusions

In conclusion, our data, according to the most recent large studies on SOTRs and SARS-CoV-2 infection, strongly suggest that liver transplant is not associated with an increased risk of SARS-CoV-2 infection, mortality, and lethality compared to the general population, in contrast to what was observed in NL-SOTRs, supporting the evidence of the immunological peculiarity of the liver graft.
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