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Abstract 

The Covid-19 pandemic affects the transplant recipients since March 2020. Transplant centers 

quickly organized themselves to optimize the management of the immunocompromised 

patients and to progress in the knowledge of this new disease. To this end, a French Registry 

was created, which includes all solid organ transplant patients who have developed a SARS 

Cov2 infection. Numerous studies have been carried out using these data to describe this new 

disease in transplant patients, to characterize its clinical and biological risk factors and to 

define its prognosis. The 60 days-mortality of transplant patients hospitalized for Covid-19 

was evaluated at 23% and renal failure plays a major role in the poor prognosis in addition to 

the classical risk factors described in the general population. The advent of vaccination has 

been a great relief but transplanted patients have shown a poor vaccine response keeping them 

at risk of severe disease even after an adapted vaccination scheme. Specific strategies was 

proposed in this particularly fragile population like increasing vaccine doses or using anti 

SARS Cov-2 monoclonal antibodies.  

 

1.Introduction 

The Covid-19 epidemic hit the France in January 2020, and the first transplant centers were 

affected in the beginning of March in Grand Est and in the Paris regions. Very quickly, the 

first wave reached many transplant centers, and the infection concerned more and more 

transplant patients. Transplant teams were particularly concerned about the potential 

seriousness of this new viral infection occurring in organ transplant patients, who are more 

fragile because of their immunosuppression and frequent comorbidities. In order to rapidly 

establish a mapping and a clinico-biological description of Covid-19 in the solid organ 

transplant population, a French registry was set up in March 2020 with the support of the 

                  



Société Francophone de Transplantation (box 1). This registry has recorded a large number of 

Covid-19 cases occurring in solid organ transplant recipients in France in renal, liver, heart 

and lung transplantation until December 31, 2020.  

The first analyses of the registry have permitted to rapidly inform the national and 

international communities of the clinical presentation of SARS CoV-2 infection in transplant 

patients and its prognosis.  

Thus, the study of the first 491 kidney transplant patients identified in the registry during the 

1st wave of the pandemic provided several information (1). 

 

2.Manuscript 

During the 1st wave, the vast majority of transplant patients diagnosed with Covid-19 by PCR 

were hospitalized (77%). Some patients with less severe clinical forms could be maintained at 

home. These outpatients were younger, had fewer comorbidities and did not have dyspnea. 

This practice increased significantly during the 2nd wave, when the diagnosis of less severe 

forms was made possible by the greater availability of PCR tests. Thus, 46% of kidney 

transplant patients were managed at home during the 2nd wave. 

The main symptoms of Covid-19 in transplanted patients are quite similar to those in the 

general population (with fever, cough, dyspnea being the most frequent) with a higher 

incidence of digestive symptoms (30% of patients presented diarrhea, sometimes the only 

symptom of the disease). 

The prognosis of Covid-19 in transplant recipients is severe, since one third of patients were 

oxygeno-dependent, 22% of patients were immediately hospitalized or transferred to intensive 

care for mechanical ventilation, and 23% of patients died at D60. Frequently, patients 

hospitalized for Covid-19 worsened between D7 and D10, requiring transfer to intensive care. 

Causes of death were mostly directly related to respiratory distress syndrome secondary to 

                  



SARS CoV-2 infection and rarely to bacterial surinfection or thromboembolic complications. 

Acute renal failure was frequent (around 40%), the need for dialysis was 11% and these 2 

events were, as in the general population, major factors of poor prognosis. The other factors 

associated with poorer patient survival in multivariate analysis were age and cardiovascular 

disease. Survival analyses performed in transplant patients hospitalized for Covid-19 during 

the 2nd wave unfortunately showed the same mortality rate as these of the 1st wave (Figure 1) 

(2). Thus, there was no prognosis improvement despite a different treatment strategy in the 

2nd wave, which was based on the recommendations in the general population (in particular 

the use of high dexamethasone doses). In a large French epidemiological series published in 

early 2021, it was confirmed that being transplanted increased the risk of dying from Covid-

19 by a factor of 7 for kidney transplant recipients and by a factor of 6 for lung transplant 

recipients (3). 

 

  

The management of transplant patients has its own specificities: reduction of 

immunosuppression in severe forms, the modalities of which are still poorly codified, 

management of acute renal failure, less frequent use of anti-viral drugs (less than 1% of 

patients), some of which interfering with immunosuppressants. The reduction of 

immunosuppression consisted most often in stopping anti-metabolites (50%) or mTor 

inhibitors, more rarely in stopping calcineurin inhibitors (reserved for severe forms). Steroids 

were maintained or increased. 44% of patients hospitalized in the second wave received anti-

inflammatory treatments: dexamethasone or tocilizumab, although their efficacy cannot be 

precisely studied because of the retrospective nature of the data collection (1,2). 

Biological parameters collected on admission of transplanted patients with Covid-19 provided 

information on the potential risk of progression to severe forms of the disease. Thus, CRP>50 

                  



mg/l, procalcitonin> 0.3 mg/l, troponin I-US > 20 ng/l, D-Dimers> 1500 IU/l and LDH> 280 

IU/l were associated with severe forms of the infection and an unfavorable evolution (4). On 

the other hand, parameters such as lymphopenia and thrombocytopenia were not 

discriminating in contrast to what has been described in the general population. 

Finally, monocentric studies carried out on the 1st wave cohorts have revealed virological 

particularities. Indeed, transplanted patients have viral loads that remain positive in 

nasopharyngeal smear for a long time, sometimes up to several weeks, necessitating the 

maintenance of prolonged isolation of immunocompromised patients, in particular when they 

are in contact with other fragile patients within hospital structures (5). A certain number of 

clusters of patients and caregivers have developed within transplantation teams, with 

sometimes dramatic consequences for certain patients and a suspension of transplantation 

activity in some centers. 

 

 

We also investigated whether SARS CoV-2 infection was more severe in transplant patients 

than in immunocompetent patients. Indeed, immunosuppression could be an aggravating 

factor when faced with a new infectious agent. On the other hand, we could also hypothesize 

that immunosuppression protects our patients from the cytokine release syndrome described 

in patients with severe forms of Covid-19. We therefore compared the cohort of kidney 

transplant patients hospitalized for Covid-19 reported in the French Registry to a single-center 

cohort of immunocompetent patients hospitalized in Strasbourg hospital at the same period 

(March-April 2020)(6). We found that hospitalized transplant patients have more 

comorbidities than immunocompetent patients. After matching on risk factors for severe 

Covid-19, we established that transplant patients and immunocompetent patients have the 

same incidence of ICU admission. However, transplanted patients have poorer survival than 

                  



immunocompetent patients matched on age, diabetes, BMI, a history of cancer or 

cardiovascular disease (Figure 2). Finally, the poorer prognosis of transplant patients was 

associated with poorer renal function more than with being a renal transplant recipient (Table 

1). This is supported by a study from the Necker team that showed comparable mortality 

between transplant recipients and immunocompetent patients when matched on glomerular 

filtration rate (7). 

 

 

In December 2020, mRNA vaccines received their marketing authorization and vaccination of 

people over 75 years of age began in France on December 28. Very quickly, 

immunocompromised patients were given the opportunity to be vaccinated because of their 

great fragility. Our works then focused on the study of the vaccine response to the SARS 

CoV2 mRNA vaccine in transplanted patients, knowing that it was urgent to protect our 

patients but also knowing the flaws of the vaccine response to previous vaccines (hepatitis B, 

influenza) in this population. We quickly set up monocentric studies allowing us to answer 

these questions. We showed rapidly that the seroconversion rate was very low after the first 

dose of mRNA vaccine (around 10%)(8). This rate improved after the second dose, reaching 

about 50% seroconversion in the Strasbourg and Toulouse cohorts (9, 10). Other teams have 

reported lower seroconversion rates (between 10 and 40%), partly because of heterogeneity in 

patient characteristics, the type of immunosuppressive drugs prescribed and the type of 

serological test used (11, 12, 13). Data from the literature (as of September 1, 2021) are 

summarized in Table 2. Factors associated with poorer vaccine response included age, shorter 

time from transplant, diabetes, poorer renal function, and especially the use of more intense 

immunosuppression. Among the immunosuppressive drugs most strongly associated with a 

decreased vaccine response are mycophenolate mofetil, belatacept and rituximab (9-13). This 

                  



poor response to mRNA vaccines was reflected in the occurrence of new cases of Covid-19 

during the 3rd wave of the pandemic (April 21) in patients who had been vaccinated (14). 

Some of these patients had severe forms of Covid-19 (25%) and 3 of the 55 patients described 

in this cohort died. On the basis of these data, the French Vaccine Strategy Steering 

Committee authorized a third dose of vaccine to be offered to transplant patients in order to 

strengthen their immunity. This strategy has been effective since half of the patients 

revaccinated with a 3rd dose have seroconverted, increasing the overall percentage of 

seroconverted patients in our cohorts (literature summary in Table 3 as of Sept 1, 2021) (15, 

16). 

Nevertheless, 2 pitfalls should be highlighted despite this intensive vaccination strategy. First, 

a significant proportion (at least 30%) of patients still do not have a serological response after 

3 doses of RNA vaccines; second, a large proportion of patients who seroconverted (about 

half), did not develop enough antibodies to protect them from severe forms of Covid-19.  

Solutions does exist nevertheless to protect the immunocompromised patients, some of which 

are still being explored. One suggestion is to use higher doses of vaccine (double dose) as has 

been done for hepatitis B or influenza. This is supported by the finding of a good humoral 

response in transplanted patients with Covid-19 infection, much better than the post-vaccine 

response, suggesting a role for antigenic dose in stimulating the humoral response (17).  

Modulation of immunosuppression could be proposed, but it exposes the risk of organ 

rejection or development of donor specific antibodies, and few centers are comfortable 

putting this strategy into practice. The use of heterologous vaccination could also be proposed 

but has not yet been evaluated. Strategies that have been implemented and evaluated included 

administration of a 4th vaccine dose and injection of SARS CoV2 monoclonal antibodies. The 

administration of a 4th dose is feasible without significant side effects but is not very effective 

in patients who did not seroconvert at all after the 3rd dose (less than 10% responders). In 

                  



contrast, in patients who had a weak response after the third dose, administration of a fourth 

dose resulted in a significant increase in antibody levels in more than half of the patients, 

giving them protection against the disease (18). In our experience, 50% of patients who 

received a fourth dose and had no neutralizing antibodies after the third dose developed 

neutralizing antibodies against the delta variant after the fourth dose (19). For patients with no 

response after the third dose of vaccine, infusion or injection of anti-SARS CoV-2 

monoclonal antibodies as pre-exposure prophylaxis seems to be an interesting approach, 

which is currently used in most French transplantation centers. However, this approach faces 

two major obstacles: the availability of products in some French centers and the cumbersome 

organization of infusions in already overburdened hospital facilities.  

 

3.Conclusion 

The work carried out in France since the beginning of the pandemic has generated interesting 

data for the community of physicians caring for transplant patients. Nevertheless, there are 

still many unresolved questions concerning covid-19 and covid-19 vaccination in our solid 

organ transplant population: the optimization of the management of transplant patients with 

covid-19 in order to decrease the mortality rate, the duration of post-infectious and post-

vaccination immunity, the best strategy to increase the post-vaccination response, and the 

optimal strategy for the administration of monoclonal antibodies in transplant patients. 
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Table 1. Risk factors in multivariate analysis for severe forms and death in matched* 

transplanted and non-transplanted patients hospitalized for Covid-19 (n=546). 

 

A. Severe forms HR p B. Death HR p 

Cardio vascular 

diseases 

1.35 [1.03;1.76]  0.028  Cardio vascular 

diseases 

1.54 [0.96;2.46] 0.071 

Cough 0.61 [0.46;0.80] <0.001  Cough 0.58 [0.36;0.92] 0.022 

Dyspnea 1.90 [1.43;2.53]  0.004    Dyspnea 1.74 [1.08;2.78] 0.022 

Fever 1.70 [1.19;1.76]  0.004  Fever 1.81 [1.00;3.28] 0.050 

   Creatinine > 115 

µmol/L    

2.40 [1.48;3.87] <0.001 

   Age > 60 years    3.47 [1.86; 6.47] <0.001  

Severe forms were defined as transfer to intensive care, mechanical ventilation, or death.   

*Patients were matched (1:1 ratio) for age, BMI, cardiovascular and respiratory diseases, 

cancer, and diabetes. HR, hazard ratio 

 

  

                  



Table 2 - Summary of the literature (as of September 1, 2021) regarding vaccine response 

(seroconversion rate) after 2 doses of mRNA vaccine in kidney transplant patients. 

  

First Author, Country Patients Vaccine Delay  Seroconversion rate  

Benotmane et al, France 

  

204 KTR 

  

2 doses 

mRNA-1273 

28 days 48% 

Boyarsky et al, US 

  

658 SOT 

168 KTR 

2 doses 

mRNA-1273 or 

BNT162b2 

29 days 48% 

Rozen-Zvi et al, Israel 

  

308 KTR 

  

2 doses 

BNT162b2 

2-4 weeks 38.4% 

Grupper et al, Israel 

  

136 KTR 

  

2 doses 

BNT162b2 

10-20 days 37.5% 

Marion et al, France 

  

367 SOT  

271 KTR 

2 doses 

BNT162b2 

28 days 33% 

Cucchiari et al, Spain 

  

117 KTR 

  

2 doses 

mRNA-1273 

2 weeks 29.9% 

Husain et al, US 

  

28 KTR  2 doses 

mRNA-1273 ou 

BNT162b2 

2-6 weeks 25% 

Korth et al, Germany 

  

23 KTR 

23 HC 

2 doses 

BNT162b2 

16 days 22% 

Hall et al, Canada 

  

110 SOT 

20 KTR 

2 doses 

mRNA-1273 

4-6 weeks 21.1% 

Marinaki et al, Greece 34 SOT 

10 KTR 

2 doses 

BNT162b2 

10 days 20% 

Midtvedt K, Norway 

  

141 KTR 

  

2 doses 

BNT162b2 

25-89 days 18% 

Bertrand et al, France 

  

45 KTR 

10 HD 

2 doses 

BNT162b2 

30 days 17.8% 

Chavarot et al, France 

  

35 KTR 

  

2 doses 

BNT162b2 

28 days 5.7% 

Danthu et al, France 74 KTR 

78 HD 7 HC 

2 doses 

BNT162b2 

30 days 4% 

Sattler et al, Germany 

Rincon Arevalo et al 

39 KTR 2 doses 

BNT162b2 

8 days 2.5% 

 

Abbreviations KTR: kidney transplant recipients, SOT: solid organ  transplant recipients, HD: 

hemodialysis patients, HC: healthy control  

                  



 

 

Table 3. Summary of the literature (as of September 1, 2021) regarding vaccine response 

(seroconversion) after 3 doses of vaccine in kidney transplant patients. 

 

First Author, Country Patients Vaccine Delay  Seroconversion rate  

Hall et al, Canada 

Randomised 

120 SOT 

  

3 doses 

mRNA-1273  

30 days 55%  

Benotmane et al, France 

  

159 KTR 

  

3 doses 

mRNA-1273 

51 days 49% 

Werbel et al, US 

  

30 SOT 

23 KTR 

  

3 doses 

mRNA-1273 or 

BNT162b2 or 

ad26.COV2.S 

14 days 46.6% 

Kamar et al, France 101 SOT  

78 KTR 

3 doses 

BNT162b2 

30 days 66% 

  

Stumpf et al, Germany 

  

48 KTR 

  

3 doses 

BNT162b2 

30 days 40% 

Masset et al, France 136 KTR 3 doses 

BNT162b2 

30 days 69% 

Bertrand et al, France 80 KTR 3 doses 

BNT162b2 

 61% 

 

Abbreviations KTR: kidney transplant recipients, SOT: solid organ  transplant recipients, HD: 

hemodialysis patients, HC: healthy control   

                  



 

Figure legends 

Figure 1 

Survival of renal transplant patients hospitalized with Covid-19. No difference in mortality 

between patients hospitalized in Wave 1 (March to June 2020) and those hospitalized in Wave 

2 (August to December 2020). 30-day mortality was 25.3% vs. 23.9% respectively; Log 

Rank, p=0.48. 

 

Figure 2 

Cumulative 30-day incidence of death in non-transplant patients (solid line) and kidney 

transplant patients (dashed line) matched on risk factors for severe Covid: non-transplant 

patients: 11.4% vs. kidney transplant patients: 17.9%, p=0.0035. 

  

                  



Figure 1 

 

 

 
 

  

                  



 

Figure 2 

 

 
 

                  


