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 Abstract  

The immunosuppressed state of liver transplant recipients makes them vulnerable to infections 

after surgery. These infections are directly correlated with the net state of immunosuppression. 

Higher levels of immunosuppression mean a higher risk of infection, with rates of infection 

typically highest in the early post-transplant period. Coronavirus disease 2019 (COVID‐19) 

vaccines have shown efficacy in generating specific immune responses. This study aims to 

describe the COVID-19 infection before and after vaccination in liver recipients. This was a 

cohort study including 77 liver transplant recipients with laboratory radiological confirmed 

COVID-19. COVID-19 infection was present before vaccination in 30 patients. The most 

frequent COVID-19 clinical presentations before vaccination were cough in 32 patients and 

myalgia in 21 patients; 27 cases had oxygen depletion and required supplemental oxygen. Of 

the 30 COVID-19 patients, 4 patients re-experienced the disease about three months after 

complete vaccination. 33 liver transplant patients had not experienced COVID-19 before 

vaccination, of which 32 patients received vaccination. In conclusion, liver transplant patients 

infected with SARS-CoV-2 are at greater risk of severe infection and death compared with 

immunocompetent individuals. Thus, COVID-19 vaccination for all liver recipients is of 

paramount importance. 
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Introduction 

Liver transplantation (LT) is the only curative therapy for patients with decompensated cirrhosis, 

with one-year and 5-year survival of around 90% and 70%, respectively [1]. Survival following 

LT has improved over the years from a 1 and 5-year survival of 70% and 50% to 90% and 70%, 

respectively [2]. Significant improvement in surgical techniques, peri-operative care and 

immunosuppression therapy has translated in to better survival. However, the increasing 

complexity of patient selection and expansion of indications for liver transplantation may 

influence post-transplant outcomes [3]. Optimal immunosuppression is essential to maintain 

the balance between rejection and infection in the post-transplant period. Recurrent viral 
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infection in the post-transplant has been a major obstacle in the previous era causing severe 

allograft dysfunction leading to graft failure and death [4]. Considering the long term 

immunosuppressive state, post-transplant patients are at a significant risk of ‘de novo’ viral 

infections, defined as a new onset viral illness in the absence of previous exposure [5].  

The source of de novo infection could be environmental or donor derived at the time of 

transplantation. In addition, there remains a significant risk of disease reactivation leading to 

‘recurrence’ particularly in patients transplanted for viral hepatitis. Development of de novo or 

recurrent viral hepatitis can damage the liver allograft leading to a considerable impairment of 

graft and patient survival. Understanding the natural history of viral hepatitis in liver transplant 

recipients and the evolution of antiviral therapy has changed the long-term survival of these 

patients remarkably [6]. The current pandemic coronavirus disease (COVID-19) is caused by a 

new strain of corona virus named as SARS-CoV-2, with 80% similar phylogenetic homology to 

previous SARS-CoV. It is a single-positive stranded RNA virus belonging to the beta 

coronavirus genus and is a chimeric variant of bat coronavirus [7].  

This disease initially started as a zoonotic infection from a seafood market of Wuhan in 

December 2019 causing potentially fatal pneumonia, with person-to-person droplet spread 

nuclei resulting in a rapid increase in infections across the world earning it a pandemic status 

by March 11, 2020 [8]. SARS-CoV-2 uses angiotensin-converting enzyme (ACE2) receptors 

for cell entry as it has a similar receptor binding domain to that of SARS-CoV [9]. ACE2 is 

abundantly expressed in alveolar type II cells and less commonly in bronchial epithelial cells of 

the lungs [10].  

ACE2 is also expressed in stratified epithelial cells of the oral and esophageal mucosa, 

enterocytes of the small intestine and colon, liver, myocardial cells, vascular endothelium and 

smooth muscle cells [11]. SARS-CoV-2 has 10 to 20-fold higher affinity than SARS-CoV to 

ACE2 receptors. This disease can manifest with mild respiratory or gastrointestinal symptoms 

to interstitial pneumonia, acute respiratory distress syndrome (ARDS) and diffuse 

thromboembolic events leading on to multiorgan failure and death. Overall the case fatality of 

COVID-19 ranges from 5.65% to 15% with geographic heterogenicity [12]. 

Drugs used in COVID-19 treatment can cause liver injury and drug interactions. Remdesivir, 

was initially considered in the management of COVID-19 but a recent randomized controlled 

trial failed to show clinical benefit in COVID-19 treatment. Unfortunately, 10–13% of patients 

developed drug induced liver injury [13]. This may lead to allograft dysfunction in LT recipients. 

Similarly, lopinovir-ritonovir inhibits cytochrome P450 leading to significant drug interaction 

particularly CNI trough level in post LT patients [14]. 

 

 

Patients and Methods 
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Materials and Methods Study design and participants This was a single center cohort study 

including 77 liver transplant recipients with laboratory or radiologically confirmed COVID-19 

who were hospitalized from January 2020 to December 2022. Demographic and clinical data 

were collected and analyzed for each patient from the patients’ medical records or call 

interview, including age, sex, and medical history, clinical presentations, laboratory data, 

therapeutic management, and outcomes before and after COVID-19 vaccines. The vaccination 

protocol consisted of the administration of two doses one month apart. This study followed the 

ethical guidelines of the Declaration of Helsinki.  

Statistical Analysis 

Quantitative data are presented as mean ± SD, and qualitative data were evaluated as 

percentages. The data was analyzed using SPSS software version 22  

Results 

Patients’ characteristics In this descriptive cohort study, 95 liver transplant recipients, at a mean 

time after transplant of 6 years (range, 5 months to 15 years), were enrolled. The mean ±SD 

age of the patients was 46.5514± years73. patients (76.84%) were male. 41 (43.15%) patients 

had underlying diseases with the most frequency of diabetes mellitus (68.29%) and 

hypertension (41.46%) (Table 1). Before vaccination COVID-19 infection before vaccination 

was present in 33 (35.78%) patients. The most frequent COVID-19 clinical presentations before 

vaccination were cough in 21 (63.63%) and myalgia in 19 (57.57%) patients; 12 (36.36%) were 

hospitalized; 17 (51.51%) cases had oxygen depletion and required supplemental oxygen; 

none of them needed invasive ventilation. 20 (60.60%) patients showed ground-glass 

opacification with occasional consolidation in the periphery in their chest CT scans as the 

predominant imaging pattern; 70% of them were bilateral (Figure 1). Vaccination 96.8% of all 

enrolled patients were fully vaccinated with two doses, which included all of the COVID-19 

affected patients and 59 of 62 patients in negative COVID-19 group.  

Of the entire 33 COVID-19 patients, two patients (6.06%) re-experienced the disease about 

two months after complete vaccination. Finally, both of them were recovered. The most 

immunosuppressive regimen was tacrolimus and mycophenolate in 63 (66.31%) and 71 

(74.73%) patients, respectively. The medication regimen in 20 patients was not changed, but 

in 45 patients was reduced temporarily. The results indicated that two male patients 

experienced transplant rejection, which had a positive COVID-19 PCR test and also at least 

one symptom; but they were not hypoxemic and hospitalized and had recovered after a few 

days. 

In this study, the lymphocyte subsets were evaluated in patients with different severities of 

COVID-19. Materials and Methods: In this prospective study, the frequencies of peripheral 

lymphocyte subsets (CD3+, CD4+, and CD8+ T cells; CD19+ and CD20+ B cells; 

CD16+/CD56+ NK cells, and CD4+/CD25+/ FOXP3+ regulatory T cells and in our study, five 
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patients (5.26%) passed away; two people were injected with two doses of vaccine and the 

others were unvaccinated. 

Table 1.  

Demographic characteristics of liver transplant patients 

 Percent Frequency 

Age < 18 2.10 1 

19-30 

31-40 

11.20 

14.20 

7 

15 

41-50 25.30 20 
51-60 28.20 22 

> 61 13.20 12 

Sex Male 70.00 66 

Female 30.00 34 
Hypertension 

Yes 40.00 15 

No 60.0 11 
Diabetes Mellitus 

Yes 59.23 29 
No 41.54 35 

Chronic Kidney Disease Yes 19.10 8 

No 81.20 40 
Liver Disease 

Yes 5.00 2 

No 95.00 6 

 

Discussion 

Vaccines against COVID-19 have recently become available, and are increasingly accessible 

nationwide. While no studies have been conducted specifically in patients with chronic liver 

disease or after liver transplantation, vaccination is recommended [15]. For liver transplant 

candidates, society guidelines recommend vaccination in patients and their household 

contacts, to be completed at least two weeks prior to transplantation. Liver transplant recipients 

should also complete vaccination, which can be administered at least three months after 

transplantation in patients receiving B or T cell ablative therapies. Solid organ transplant 

recipients receiving immunosuppression may have a less robust immune response to 

vaccination, as to natural COVID-19 infection, than other patients; as such, vaccine 

administration before transplant is preferred when possible [16]. 

A study with 436 solid organ recipients evaluated the immune response to the first dose of 

mRNA vaccines and found anti-Spike IgG antibodies in only 17% of the participants after a 
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median follow-up of 20 days [17]. In our study, there was seropositivity in all liver transplant 

patients who were assessed; also, no serious adverse event was reported after vaccination. In 

a case series study conducted by other researcher, management of immunosuppressive 

medications was similar in all the patients. Mycophenolate was held in all the patients since 

lymphopenia is associated with worse outcomes in COVID-19 patients and all of them had 

lymphopenia on admission labs, calcineurin inhibitors were also continued unless trough levels 

were supratherapeutic [18]. In our study, the most immunosuppressive regimen was tacrolimus 

and mycophenolate. The medication regimen in twenty patients was not changed, but in 33 

patients was reduced temporarily. There are some limitations to this study. This was a single-

center analysis; also, there was poor patient compliance for antibody evaluation due to the 

accessibility difficulties.  

During the COVID-19 pandemic, liver transplant programs were also impacted by alcohol 

consumption. Harmful drinking rose significantly, while the purchase of alcoholic beverages 

increased by as much as 400% [19]. Furthermore, 17% of abstinent patients with a history of 

alcohol use disorder relapsed under lockdown conditions [20]. Currently, ALD accounts for 40% 

of transplant listings in North America, more than nonalcoholic steatohepatitis and chronic 

hepatitis C combined. The severity of liver disease at the time of liver transplant was worse, 

with higher MELD scores during the COVID-19 pandemic [21]. Lockdown conditions resulted 

in patients following a harmful lifestyle, with reduced physical activity, excess calorie intake, 

and consumption of unhealthy foods. Thus, an increased prevalence of obesity and NAFLD 

was also observed [22]. 

Regarding the outcome of surgical procedures that were performed during the COVID-19 

pandemic, published data revealed that liver transplant patients infected with SARS-CoV-2 who 

underwent surgery experienced significant postoperative morbidity and mortality [23]. In a large 

international study of SARS-CoV-2-infected patients who underwent emergent or elective 

nontransplant surgeries, the 30-day mortality was found to be 21%, with nearly half of those 

patients developing pulmonary complications [24]. Surgical stress can lead to a cytokine 

release syndrome, resulting in severe complications, such as superimposed infections and graft 

loss [25].  

Active SARS-CoV-2 infection in the early postoperative period may be complicated by arterial 

or venous thromboses, myocarditis or myocardial infarction, renal failure or respiratory failure 

[26]. Furthermore, SARS-CoV-2 infection can cause acute hepatitis (a reference to SARS-CoV-

2 in biopsy) with an elevation of transaminases up to 3 times the upper limit of normal, while in 

some cases it can progress to acute liver failure [27]. Thus, distinguishing acute rejection from 

viral-induced hepatitis in LT patients could be challenging [28]. 

To date, all suggested medications are under investigation, with no proven efficacy against 

COVID-19. These medications include Remdesivir, hydroxychloroquine/chloroquine, 

azithromycin, hydroxychloroquine, convalescent plasma, tocilizumab, favipiravir, interferon 

beta, and lopinavir/ritonavir. Most of our cohort were hospitalized and could not be managed at 
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home due to the severity of the disease. They were managed with hydroxychloroquine (42.9%), 

antibiotics (35.7%), lopinavir/ritonavir (28.6%), INF-a,b (28.6%), intravenous 

methylprednisolone (21.4%), intravenous immunoglobulin (14.3%), oseltamivir (14.3%), 

azithromycin (7.1%), and tocilizumab (7.1%). COVID-19 causes pneumonia that can be severe 

enough to be lethal, especially in patients with advanced age or underlying medical 

comorbidities [29].  

Those comorbidities include cardiovascular disease, diabetes mellitus, HTN, chronic lung 

disease, cancer, chronic kidney disease, and obesity (body mass index ≥30) [30]. Liver 

transplant patients infected with COVID-19 are a fragile and high-risk group due to 

immunosuppression and common comorbidities. In this review, 60% of patients had 

comorbidities. These comorbidities predispose these patients to a more severe COVID-19 

infection. The attendant IS is an additional risk factor for severe disease. Liver transplant 

recipients and candidates are in a high-risk group due to the high incidence and prevalence of 

hypertension, renal failure, diabetes, obesity, and advanced age in this group [31]. It was 

previously reported that a progressive decline in lymphocyte count was observed in non-

survivors compared to more stable levels in survivors [22]. In the present study, 100% of 

patients who died had lymphopenia. Given the fact that ISM can induce lymphopenia, many 

liver transplant patients have baseline lymphopenia that might further deteriorate and worsen 

the prognosis [12]. 

Several studies and a report from the Chinese Center for Disease Control and Prevention have 

classified COVID-19 severity in the general population [32] as mild, severe, and critical disease 

in 81%, 14%, and 5% of patients, respectively. In this report, severe disease defined by SOB 

and/or hypoxemia was reported in 31.3% of patients. The WHO reported that recovery time 

appears to be around 2 weeks for mild infections and 3 to 6 weeks for severe disease [33]. In 

the present study, we found that 72% of patients recovered clinically from the COVID-19, with 

a median duration of illness of 17 (6–53) days. Rates of ICU admission were reported to range 

between 5% and 12% in the general population [34]. In our cohort, 28.6% of patients were 

admitted to the ICU. 

Conclusions 

Liver transplant patients infected with SARS-CoV-2 are at greater risk of severe infection and 

death compared with immunocompetent individuals. Thus, COVID-19 vaccination for all liver 

recipients is of paramount importance. 
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