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Abstract 

With declaration of the pandemic, 339 patients were managed at a single LDLT center comprising the reported population. Of these, 
315(93%) were pre-pandemic recipients and 24(7%) were active candidates. From the outset, integrated national, regional and hospital-based 
mitigation strategies were promptly defined and implemented. To measure the impact of the outbreak and adjust for non-COVID-19 covariates, a 
case-time-control group was identified. With 9-month follow-up, SARS-CoV-2 was diagnosed in 3(1%) pre-COVID-19 LDLT recipients and 2(8%) 
active-candidates with respective mortality of 33% and 100%. With 8(33%) total waiting-list mortalities, the remaining 16(67%) underwent 
urgent LDLT. Compared to the case-time-control group, the pandemic significantly (p<0.001) reduced transplant activity and increased (p=0.01) 
waiting-list mortality. With transplantation, none of the donors, recipients, or healthcare providers developed COVID-19. Preoperative screening 
detected SARS-CoV-2 in 1(6%) donor advancing to donation after negative RT-PCR. Transplantation achieved similar (p=0.38) 6-month survival 
among study (92%) and case-time-control (84%) recipients. Hospital stay was shorter (p=0.006) with fewer (p=0.11) readmissions and no 
primary infectious complications among study recipients. To our knowledge, this is the first study to prospectively assess COVID-19 impact 
on LDLT and describe measures allowing full return of transplant activities. With integrated COVID-19 mitigation strategies, LDLT is safe and 
achieves excellent outcome.
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Introduction

In a cohesive and coordinated fashion, the national and 
international transplant communities swiftly responded to the 
unprecedented Severe Acute Respiratory Syndrome Coronavirus 
2 (SARS-CoV-2) pandemic [1-8]. The major challenge was how to 
strike the balance between the prohibitive risk of transmitting  
the potentially lethal SARS-CoV-2 and the expected high mortality  

 
among organ failure patients without transplantation [4]. Most 
of the world experts advocated temporary halt or reduction of 
solid organ transplantation with a staged approach gauged by the 
surge of the infection, resource availability, and risk tolerance [1-
9]. Meanwhile, mitigation strategies were proposed with a global 
perspective to successfully navigate the pandemic and ultimately 
fully restore transplant activities [1-13].
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With identification of the first SARS-CoV-2 infected case at 
Cairo airport, the Egyptian living donor liver transplant (LDLT) 
activities were halted at all 15 national transplant centers except 
the Air Force Specialty Hospital (AFSH) [14]. With the country’s 
first reported LDLT performed in 2001, the pre-COVID average 
number of LDLT was 275 per year [15]. The decision to continue 
transplant activity at AFSH stemmed from the high demand for 
LDLT with the lack of a national platform to implement the 2010 
parliament approval of deceased donation [15]. Accordingly, 
an institution-based mitigation strategy, along with strict 
national and regional policies, was promptly implemented in 
alignment with national and international transplant society 
recommendations (2, 3, 6-8). A resource utilization plan was 
also outlined with a distinctive clinical care path. The utilized 
immunosuppressive protocol continued to be guided by the well-
documented immunologic privileges of the liver [16,17]. 

During the early phase of the COVID-19 pandemic, several 
scientific articles were urgently published including expert 
opinions, transplant society recommendations, and worldwide 
internet-based survey data [1-33]. In addition, a few transplant 
centers from the pandemic red zones published their early 
experience with COVID-19 infected recipients and outcome after 
a small number of transplantations [18-33]. To the best of our 

knowledge, this is the first prospective case-time-control study 
that objectively assesses the multilayered impact of COVID-19 
outbreak on LDLT. New insights are also discussed in the milieu of 
the herein utilized mitigation strategies.

Materials and Methods

Study design 

The study was conceptualized soon after the announcement 
of the first SARS-CoV-2 infected case in Egypt [14,34]. The 
central core of the study design was adoption of a comprehensive 
mitigation strategy including RT-PCR testing as recommended by 
many infectious disease experts and transplant societies [2,3,6-8]. 
The reported population included recipients of prior LDLT and 
active transplant candidates including those who underwent LDLT 
during the pandemic. Donors and healthcare providers were also 
part of the study population. 

To assess the impact of the pandemic on transplant activity 
and other important outcome measures, a case-time-control group 
was identified adjusting for exposure time trends and covariates 
other than COVID-19. Accordingly, the utilized methodology 
reduces confounding when both the exposure and outcome are 
time varying and have been measured at several time points for 
each individual. 

Patient population
Table 1: The Individual Clinical Features of the Sixteen Patients Who Underwent Living Donor Liver Transplant (LDLT) in the Midst of the COVID-19 
Pandemic between February and April 2020 at the Air Force Specialty Hospital (AFSH) in Egypt.

No Transplant 
Date Age Yr. Sex BMI kg/

m2

Child/
Pugh 
Score

MELD/
PELD Score

Urgency for 
Transplant Immunosuppression Status 

7/30/2020

Induction Maintenance

1 2/3/2020 60 F 31 C10 26 HD/PVT* B + MP Tac +P +MMF Alive

2 2/6/2020 57 M 30 A5 9 HCC MP Tac + P Alive

3 2/10/2020 50 M 34 C10 12 HD MP Tac + P + MMF Alive

4 2/13/2020 6 M 18 B7 7 PFIC MP Tac + P + MMF Alive

5 2/17/2020 52 M 26 C10 17 HD MP Tac + P + MMF Alive

6 2/27/2020 38 M 31 C10 14 VD B + MP Tac + P + MMF Alive

7 3/2/2020 36 M 21 A5 21 Hyperoxaluria MP Tac + P + MMF Died

8 3/5/2020 14 F 30 C12 37 FH MP Tac + P + MMF Alive

9 3/16/2020 7 F 14 B8 21 PFIC MP Tac + P + MMF Alive

10 3/26/2020 9 F 21 B8 14 PFIC MP Tac + P + MMF Alive

11 4/2/2020 59 M 26 B8 12 VD/PVT MP Tac + P Alive

12 4/9/2020 61 M 23 A5 9 HCC MP Tac + P Alive

13 4/16/2020 57 M 26 B9 17 HRS B + MP Tac + P + MMF Alive

14 4/23/2020 65 M 28 A5 7 HCC MP Tac + P Alive

15 4/27/2020 69 M 24 C10 13 HRS B + MP Tac + P + MMF Alive

16 4/30/2020 62 M 33 C10 16 HD MP Tac + P + MMF Alive

BMI: Body Mass Index; *Suspected Early Endometrial Carcinoma; HD: Hepatic Decompensation; PVT: Portal Vein Thrombosis; B: Basiliximab; MP: 
Methyl Prednisolone; Tac: Tacrolimus; P: Prednisone; MMP: Mycophenolate Mofetil; HCC: Hepatocellular Carcinoma; PFIC: Progressive Familial 
Intrahepatic Cholestasis; VD: Vascular Decompensation; HRS: Hepatorenal Syndrome
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Table 2: Clinical Features of the Patients who Underwent Live Donor Liver transplant (LDLT) during the Covid-19 Pandemic in Comparison to those 
who were Transplanted a Year Earlier at the Air Force Specialty Hospital (AFSH).

Variable Study Cohort Control Group P-Value

Dates of transplant activity Feb - April 2020 Feb - April 2019 NA

Patients ready for transplant (waiting list)  
Total number 

Pre-transplant hospital admission (%)  
Mortality (%)

24 
13 (54) 
8 (33)

35 
15 (43) 

3 (9)

 
NA 

0.45 
 0.01

Transplants  
     Total number  
       Children (%)

16 
4(25)

32 
4 (14%)

NA 
0.27

Number of transplants / week (average) 1.3 2.7 <0.001

Age (mean + SD, year) 
Total patients  

   Adults  
   Children

44 + 22 
55 +11 
10 + 3

50 + 18 
56 +7 
5 + 3.0

0.34 
0.75 
0.08

Gender (male: female) 3:01 3.6 :1 0.8

Weight (mean + SD, Kg) 
   Total  

   Adults  
   Children

26 + 4 
27 + 4 
21 + 7

29 + 7 
30 + 7 
17 + 4

0.10 
0.19 
0.47

BMI (mean + SD, Kg/m2)      
Total  

   Adults  
   Children

26 + 4 
27 + 4 
21 + 7

29 + 7 
30 + 7 
17 + 4

 
0.10 
0.19 
0.47

IGRA (QuantiFERON@) positive testing (%) 4 (25) 1 (3) 0.01

Primary liver disease (%) 
   Fulminant liver failure  

   Post-hepatitic cirrhosis (HCV / HBV) 
   Cholestatic / familial / metabolic / cryptogenic  

   Associated portal vein thrombosis 
   Concomitant HCC

1 (6) 
6 (38) 
9 (56) 
2 (13) 
3 (19)

1 (3) 
21 (66) 
10 (31) 
6 (19) 
 9 (28)

0.61 
0.06 
0.09 
0.89 
0.72

Child / Pugh class (%) 
   A 
   B 
   C

4 (25) 
9 (56) 
3 (19)

3 (9) 
14 (44) 
15 (47)

0.1

End stage liver disease score  
Total MELD / PELD (mean + SD) 

                 < 20 (%) 
                  >20 (%) 

     Adults (MELD, mean + SD) 
     Children (PELD, mean + SD)

15 + 8 
12 (75) 
4 (25) 
13 + 6 
20 +13

16 + 5 
26 (81) 
6 (19) 
15 + 4 

17 + 13

0.68 
0.90 
0.69 
0.15 
0.79

Preoperative comorbidities (%) 
Insulin dependent diabetes  

Systemic hypertension  
Primary renal insufficiency / failure 

Morbid obesity (BMI > 30 Kg/m2)

 
1 (6) 
0 (0) 

3 (19) 
5 (31)

13 (41) 
3 (9) 

7 (22) 
11 (36)

0.03 
0.52 
0.76 
0.99

NA: Not Applicable; BMI: Body Mass Index; HCV: Hepatitis C Virus; HBV: Hepatitis B Virus; HCC: Hepatocellular Carcinoma; MELD: Model for End 
Stage Liver Disease; PELD: Pediatric End-Stage Liver Disease Model; IGRA: Interferon Gamma Release Assay
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This report included a total of 339 patients. Of these, 
315(93%) were pre-COVID-19 established LDLT recipients and 
followed at the AFSH transplant center since the 2015 inception 
of the program. The remaining 24(7%) were liver failure patients 
awaiting LDLT comprising the study cohort. With no single patient 
refusing transplantation because of the pandemic, 16(67%) 
underwent LDLT between February 1st and April 30th, 2020. All 
patients had liver failure-associated life-threatening complications 
dictating the urgent need for hepatic replacement in the absence 
of an active national deceased donor program [15]. 

Patients transplanted during the pandemic had an age 
range of 6 to 69 years. Non-hepatitic cirrhosis and associated 
comorbidities were documented in more than half of the cases. 
Despite a relatively low MELD score in some of the study patients, 
life-threatening complications including variceal bleeding, 
hepatic encephalopathy, intractable ascites, renal failure, and 
intra-abdominal infections were common with the need for 
hospitalization prior to transplantation. The individual patient 
complexity and associated malignancy including hepatocellular 
carcinoma (HCC) are shown in Table-1.

The case-time-control group included a total of 35 patients 

who were potential candidates for LDLT one year prior to the 
pandemic (February 1st - April 30th, 2019). Of these, 32(91%) 
were transplanted during that time period with clinical features 
collated in Table-2. Most were adult males with an age range of 2 
to 71 years. The primary liver disease was viral hepatitis cirrhosis 
in more than half of the cases with associated comorbidities 
including portal.

Mitigation strategy 

The adopted strategy consisted of three integrated tiers: 
government rules, ministry of health measures, and AFSH-
transplant center protocols. With the timeline depicted in figure 
1, most of the universal measures including wearing a mask, social 
distancing, and hand sanitization were adopted as recommended 
by the World Health Organization and Centers for Disease Control 
[1-12]. All international flights, worship facilities, and education 
institutes were suspended with an enforced countrywide night-
time curfew. All travelers from the national and international 
COVID-19 hot zones were quarantined for 14-days utilizing 
isolated healthcare facilities. During the early phase of the 
pandemic, COVID-19 RT-PCR testing was limited to symptomatic 
patients and healthcare providers.

Figure 1: The timeline of the COVID-19 pandemic in Egypt and worldwide. Note the series of active measures to prevent and 
control the disease in Egypt (Modified from Special Edition of the LYNX strategic business advisors industry notes. info@lynxegypt.
com COVID-19 Egypt update. 2020; March 26).

The ministry of health optimized frontline healthcare services 
and designated 23the country exclusively for the isolation 
and management of SARS-CoV-2 infected cases including liver 
transplant recipients. These hospitals were fully equipped 
with nasopharyngeal RT-PCR testing and a multispecialty team 
armed with personal protective equipment (PPE). The treatment 
protocol evolved as a result of the worldwide growing experience 
with antiviral, anti-inflammatory, and anticoagulation therapy. 

The AFSH was designated from the outset as a COVID-free 
hospital and only life-saving procedures were offered with no 
visitors allowed at any time. All hospital employees and patients 
were periodically screened for COVID-19 infection utilizing 
the universally adopted questionnaire. Potentially high risk 
asymptomatic and symptomatic individuals underwent RT-PCR 
testing. A two-week quarantine was required for the PCR-positive 
asymptomatic individuals with referral of the symptomatic 
patients to a designated COVID-19 hospital. 

http://dx.doi.org/10.19080/ARGH.2021.16.555949


005

Advanced Research in Gastroenterology & Hepatology 

How to cite this article:  Amr A, Amr E-F, Ahmed M, Khalid E, Mostafa A, et al. The Impact of COVID-19 Pandemic on Living Donor Liver Transplantation: 
An Integrated Mitigation Strategy with Successful Outcome. Adv Res Gastroentero Hepatol, 2021; 16(5): 555949. DOI: 10.19080/ARGH.2021.16.555949

The transplant center was provided with two operating 
rooms, an intensive care unit, and inpatient ward fully supplied 
with PPE. Admittance to all liver transplant facilities including 
outpatient clinic was limited to transplant caregivers with no 
cross trafficking. As such, transplant activities were streamlined 
to eliminate the potential risk of COVID-19 transmission.

Within the transplant center, a COVID-19 questionnaire was 
also provided to all candidates, potential donors, transplant 
patients, and healthcare workers to assess individual risk 
stratification. A 14-day quarantine and molecular testing with RT-
PCR were required for any healthcare personnel with history of 
exposure or symptoms suggestive of COVID-19 infection. COVID-19 
preventive educational materials and virtual seminars were 
provided with periodic updates. Potential donors were advised to 
stay home and recipients to be isolated, if not hospitalized, prior 
to transplant. 

Transplant activity 

With an expected high 3-month mortality, the urgent need for 
transplantation was determined by a multidisciplinary team. The 
committee included transplant hepatologists, surgeons, infectious 
disease experts, an ethicist, and a social worker. The leading 
indication for transplant was rapid deterioration in clinical 
condition including those with fulminant hepatic failure, high 
MELD score, life-threatening complications, and HCC. 

The criteria to suspend or gradually increase transplant 
activity were established from the outset. Immediate suspension 
was warranted with development of confirmed case(s) among 
patients admitted to the transplant unit or healthcare providers. 
Conversely, gradual increase in activity was anticipated when the 
national infectivity rate declined in the absence of a second wave. 
Equally important was the continual achievement of a national 
recovery rate higher than 95%. 

Potential donors and recipients with no clinical symptoms 
and low questionnaire risk stratification were admitted 24-48 
hours prior to transplant. CT chest, arterial blood gas, and deep 
nasopharyngeal swabs for SARS-CoV-2 RT-PCR testing were 
mandatory for both donors and recipients. Baseline inflammatory 
markers including C-reactive protein (CRP) titer and serum 
procalcitonin level were also measured. With negative testing, 
the date of transplant was confirmed by teleconference. Timing of 
the next transplant was dependent on the anticipated date of ICU 
discharge of both donor and recipient. 

Transplant protocol

All donors and recipients were Egyptian citizens. Living 
donation followed national and international regulations with 
strict supervision by multiple Egyptian authorities [15,35,36]. The 
geographic distribution and management protocol were the same 
since the 2015 inception of the program [35,36]. All transplants 
were ABO compatible with immunologic assays performed when 
clinically indicated. 

Induction therapy was used for all patients with a steroid 
taper. Basiliximab was utilized in selected cases. Methyl 
prednisolone was administered intravenously in a 500 mg dose at 
time of transplant with 1mg/Kg/day for the first 3 postoperative 
days followed by 0.5 mg/kg/day until postoperative day 6 [15,35]. 
Basiliximab was given intravenously in a dose of 20 mg on 1st and 
4th post-transplant day. The antibody was utilized as a calcineurin-
inhibitor renal-sparing agent in the presence of chronic renal 
impairment, hepatorenal syndrome, and high disease gravity 
[37,38]. 

Maintenance immunosuppression was tacrolimus–steroid 
based. During the first 6 postoperative weeks, gradual weaning 
of the initial 20 mg daily steroid dose was adopted in all patients 
with the addition of mycophenolate mofetil (MMF) in non-HCC 
patients. The targeted 12-hour tacrolimus trough level was 8-10 
ng/ml. After the 6th week landmark, everolimus was added to the 
steroid-spared regimen particularly for patients with HCC or renal 
impairment. With the combined regimen, the targeted trough 
level for each drug was 3-5 ng/ml. Most rejection episodes were 
treated with augmented steroid therapy. 

With suspected or confirmed SARS-CoV-2 diagnosis, reduction 
of immunosuppression was guided by clinical, respiratory, 
and hemodynamic status. Discontinuation of MMF with 50% 
reduction of the tacrolimus daily dose was adopted in cases with 
mild to moderate disease. In patients with respiratory failure and 
hemodynamic instability, tacrolimus was discontinued and high 
dose intravenous daily steroids were given along with systemic 
anticoagulation and other anti-viral therapeutics. .

Postoperative management

With the surge of the pandemic, the role of transplant 
infectious disease specialists became central to patient care. 
Health education with daily update on COVID-19 was delivered 
to patients and healthcare providers. All parties were disciplined 
and abided with the infection control regulations.

Inpatient and outpatient care continued to be multidisciplinary 
during the pandemic. Outpatient activities were strategically 
modified with more virtual visits, frequent follow-up phone calls, 
and limited laboratory visits. A COVID-free outpatient clinic was 
dedicated to patients in need of in-person visits particularly those 
with recent transplant. 

Management of COVID-19 infection was similar to what 
has been described elsewhere [39,40]. No chemoprophylaxis 
was recommended to healthcare personnel, recipients or  
donors. Patients and healthcare providers with suspected or 
confirmed COVID-19 infection were transferred to the nearest 
dedicated hospital for isolation and prompt medical care. The 
daily management of these patients was conducted via a daily 
teleconference between the transplant team and the COVID-19 
dedicated hospital staff.

http://dx.doi.org/10.19080/ARGH.2021.16.555949


How to cite this article:     Amr A, Amr E-F, Ahmed M, Khalid E, Mostafa A, et al. The Impact of COVID-19 Pandemic on Living Donor Liver Transplantation: 
An Integrated Mitigation Strategy with Successful Outcome. Adv Res Gastroentero Hepatol, 2021; 16(5): 555949. DOI: 10.19080/ARGH.2021.16.555949006

Advanced Research in Gastroenterology & Hepatology

Table 3. Surgical Techniques, Immunosuppression, and Outcome among the Live Donor Liver Transplant (LDLT) Patients during (study cohort) and 
before (time-case control) the Covid-19 Era.  

Variable Study Cohort (N=16) Control Group (N=32) P- Value

Time of transplant Feb -April 2020 Feb -April 2019 NA

Type of allograft (%) 
Left Lobe  

    Right Lobe 
    Dual Liver Grafts

4 (25) 
12 (75) 

0 (0)

5 (16) 
26 (81) 

1 (3)

0.51

Graft volume (cc) 694 + 233 949 + 229 0.001

GRWR (mean + SD) 
    < 0.8 (%) 
    > 0.8 (%)

1.1 + 0.5 
3 (19) 

13 (81)

1.2 + 0.3 
2 (6) 

30 (94)

0.87 
0.47

Remnant Liver Volume (%, mean + SD) 39 + 6 39 + 5 0.92

Major vascular reconstruction  
Portal vein thrombectomy 

Vascular grafting (autologous / synthetic)   
        Hepatic vein  
           Portal vein 

          Inferior vena cava

2 (12) 
 

4 (25) 
1 (6) 
1 (6)

8 (25) 
 

13 (41) 
2 (6) 
0 (0)

0.31 
 

0.28 
0.99 
0.15

Biliary Reconstruction 
Multiple choledococholedocal anastomoses  

R-Y hepaticojejunal anastomoses
6 (38) 
1 (6)

17 (53) 
6 (19)

0.13

Immunosuppression Regimens (%) 
       Basiliximab induction*  

       Maintenance therapy (1-90 days) 
Total number 

 Tac + P + MMF 
Tac + P 

       Maintenance therapy (>3 months) 
Total number 

Tac + MMF 
Tac

4 (25) 
 

16 
12(75) 
4(25) 

 
15 

9 (60) 
6 (40)

9 (28) 
 

32 
29 (91) 

3 (9) 
 

27 
21 (78) 
6 (22)

0.81 
 
 

0.14 
 
 
 

0.22

Acute rejection (%) 1 (6) 2 (6) 1

Donor complications (Clavien-Dindo grades, %)  
     II 

     III-a
1 (6) 
1 (6)

 
2 (6) 
3 (9)

0.94

Recipient complications (Clavien-Dindo grades, %) 
   I / II 

   III 
   IV 
   V

1 (6) 
4 (31) 
0 (0) 
1 (6)

0 (0) 
6 (20) 
5 (15) 
5 (15)

0.33

Postoperative course (180-days)  
Length of initial hospital stay (mean + SD, days) 

         Donor 
         Recipient 

     Readmission (%)  
        Donor  

        Recipient

12 + 3 
16 + 5 

 
1(6) 

3 (20)

12 + 3 
25 +16 

 
2 (6) 

12 (44)

0.98 
0.006 

 
0.97 
0.11

Covid-19 RT-PCR positive testing 0 (0) NA NA

*All recipients received 500mg intravenous methyl prednisolone; NA: Not Applicable; BMI: Body Mass Index; HCC: Hepatocellular Carcinoma; 
MELD: Model for End Stage Liver Disease; PELD: Pediatric End-Stage Liver Disease Model; GRWR: Graft Recipient Weight Ratio; Tac: Tacrolimus; 
P: Prednisone; MMP: Mycophenolate Mofetil
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Statistical analysis

Case-time-control methodology was used to identify a control 
group to adjust for exposure time trends and additional covariates 
other than COVID-19. This statistical design allows control for 
confounding by time-varying covariates, while controlling for all 
time-stationary characteristics of the study participants [41]. 

The prospectively collected data for each of the study and 
control patients were retrieved from the liver transplant electronic 
database after approval of the AFSH Institutional Review Board. 
Individual data was collated and summarized as mean + standard 
deviation for continuous and percentage for categorical variables. 
Clavien-Dindo classification was utilized to grade postoperative 
complications [42]. Group differences were examined with the 
unpaired t-test for continuous and Person chi-squared or Fisher 
exact tests for nonparametric variables. Survival was calculated 
with Kaplan-Meier product limit method and log-rank test was 
used for group comparison. All events were computed as of 
October 15th, 2020.

Results

Transplant activity and waiting-list mortality

The pandemic significantly (p <0.001) reduced total and 
weekly number of LDLT with a higher (p=0.01) waiting-list 
mortality compared to the control era (Table 2). Of the 8(33%) 
pandemic candidate mortalities, 2(25%) died of COVID-19-
associated acute myocardial infarction and systemic inflammatory 
response. The remaining 6 died of variceal hemorrhage (n=2), 
spontaneous bacterial peritonitis (n=2) and fungal/bacterial 
pneumonia (n=2). The causes of the 3(9%) case-time-control 
candidate mortalities were spontaneous bacterial peritonitis 
(n=2) and variceal hemorrhage (n=1).

Transplantation

Descriptive analysis: The clinical features of both the study 
and case-time-control transplant recipients are summarized in 
table 2. The study cohort had a higher (p>0.05) percentage of 
children, fulminant liver failure, non-hepatitic cirrhosis, and > 20 
MELD/PELD scores compared with the control group. In contrast, 
the control group experienced a higher percentage of HCC and pre-
operative comorbidities particularly insulin dependent diabetes 
(p=0.03). Interferon Gamma Release Assay (IGRA) was positive at 
a significantly (p=0.01) higher rate among the study cohort.

Surgical techniques: The type of utilized allograft and 
complexity of the transplant procedure were similar during both 
eras (Table 3). However, more challenging vascular and biliary 
reconstructions were required for the control group with one 
example of a dual allograft. With a higher percentage of adult 
recipients, mean g raft volume was significantly (p=0.001) higher 
among the control group. Graft recipient weight ratio and donor 
remnant liver volume were similar among both groups with 
respective p values of 0.87 and 0.92.

Immunosuppression: With no intention to modify the 
regimen, the study cohort received a lower level of maintenance 
immunosuppression. The control group received a higher rate of 
triple and double drug therapy during the first 90 post-transplant 
days and thereafter, respectively (Table 3). Albeit, both groups 
experienced the same low rate of acute rejection during the 
9-month follow-up period.

Hospital Course: With similar mean values, the average 
length of hospital stay (LOS) was 10 (range:8-18) days for the 
study and 14 (range:6-20) days for the control donors (Table 
3). However, the recipient mean LOS was significantly (p=0.006) 
shorter among the study compared to the control group with a 
respective maximal stay of 28 and 83 days. During the 9-month 
follow-up period, the frequency of donor readmission was 6% in 
each group with no significant (p=0.11) difference in recipient 
readmission; 20% for the study and 44% for the control group.

Donor complications: A total of 2(12%) study and 5(15%) 
control donors developed postoperative complications with no 
significant (p=0.94) difference between both groups (Table 3). 
Wound infection occurred in 1 study and 2 control donors with 
localized intra-abdominal biliary collection in the remaining 1 
and 3 donors, respectively. All were successfully treated with 
intravenous antibiotics and bedside or percutaneous drainage. 

Recipient complications: Study recipients experienced less 
(p=0.33) postoperative complications compared to the control 
group with an overall incidence of 38% and 50%, respectively 
(Table 3). Concerning the study group, the 6 morbid cases 
developed 9 postoperative complications; 8(89%) technical and 
1(11%) metabolic. Technical complications were biliary (n=5), 
sub-hepatic hematoma (n=1), and wound dehiscence (n=1). All 
were successfully treated with endoscopic, radiologic, surgical, 
or medical intervention. The remaining case succumbed to 
congestive heart failure. There was no single example of primary 
microbial infection. 

The 16 morbid control recipients experienced 19 
complications; 8(42%) technical, 6(32%) infectious, and 5(26%) 
metabolic. Technical complications were 1(13%) vascular and 
7(88%) biliary. Infectious morbidities were multi-resistant 
systemic gram negative sepsis (n=4), pneumonia (n=1), and 
fungemia (n=1). Treatment was successful in all but 5 recipients. 

Survival: During the 9-month observation period, 1(6%) of 
the 16 study recipients died 4 days after transplant of congestive 
heart failure with preexisting cardiomyopathy and end-stage 
chronic renal failure. Of the 32 case-time-control recipients, 
5(16%) died within 5 to 27 days of transplant due to portal vein 
thrombosis-associated graft failure (n=1), progressive multiple 
leucoencephalopathy (n=1), and systemic sepsis (n=3). The 
6-month cumulative survival was 92% for the study and 84% for 
the control recipients (Figure 2). The difference was not significant 
(p= 0.38) with a hazard ratio of 2.4.
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Figure: 2: Kaplan-Meier cumulative patient/graft survival among both the study and historic control group.

SARS-CoV-2 infection

COVID-19 infection was confirmed by RT-PCR testing in 2(8%) 
of the 24 active candidates. The two community-infected patients 
were 48 and 61 years old with Child C cirrhosis. Both patients 
died, with history of ischemic heart disease in one, despite 
comprehensive management including optimal respiratory 
support, high dose steroids, and broad spectrum antibiotics. 
However, no anticoagulation treatment was given with the lack of 
an effective antiviral and anti-IL6 therapy at that time. 

Preoperative RT-PCR screening was positive in 1(6%) of the 
16 potential donors. The community-infected asymptomatic 
donor was quarantined for 14 days and transplant was performed 
after two consecutive negative RT-PCR tests one week apart. 
COVID-19 was suspected in another potential donor with elevated 
liver enzymes and low lymphocytic count. Despite RT-PCR  was 
postponed. Three weeks later, transplantation was performed 
after normalization of liver enzymes with restored lymphocytic 
count, normal pulmonary imaging, and reconfirmed negative RT-
PCR. 

Table 4: Clinical Features of the Live Donor Liver transplant (LDLT) Recipients who had Transplant before the Pandemic at the Air Force Specialty 
Hospital (AFSH) and Developed COVID-19 Infection

Variable Case-1 Case-2 Case-3

Date of diagnosis 6/1/2020 6/18/2020 7/2/2020

Primary liver disease Wilson Disease Hepatitis B + HCC Biliary Atresia

Date of transplant 5/29/2019 6/17/2019 11/25/2019

Age (year) 18 41 16

Immunosuppression Prograf + MMF Prograf Prograf + MMF

Tacrolimus 12-hour trough level 6.6 ng / ml 9 ng / ml 6 ng / ml

Clinical Symptoms Cough, Anosmia Fever, Hypoxia Fever, Cough

Elevated inflammatory markers Mild Severe Moderate

Chest imaging Not done Pathognomonic Suggestive

COVID-19 RT-PCR Positive Positive Positive

Hospitalization No Yes* No

Change in immunosuppression None discontinue D/C MMF

Treatment None Comprehensive** Antibiotics

Outcome Recovered Died Recovered

*At the COVID-19 dedicated hospital, **Zithromax, hydroxychlorquine, zinc, vitamin C, anticoagulation. HCC: Hepatocellular Carcinoma, MMF: 
Mycophenolate Mofetil 
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During the 9 month study period, none of the donors and 
healthcare personnel developed symptoms suggestive of SARS-
CoV-2 infection or tested positive with RT-PCR. Also, all of the 
patients transplanted during the pandemic continued to be free of 
SARS-CoV-2 infection with negative RT-PCR. Of the pre-COVID-19 
LDLT survivors, 4 experienced clinical symptoms suspicious of 
COVID-19 infection 7 to 15 months from date of transplant. None 
of these were case-time-control recipients with 3 testing positive 
giving an overall infection rate of 1%. 

Individual clinical features of the 3 COVID-19 infected 
recipients are summarized in table 4. Increases in liver enzymes, 
CRP, and other inflammatory markers were moderate in the two 
young recipients with the adolescent developing symptoms soon 
after the mother was  diagnosed with COVID-19. Both young 
recipients did not require hospitalization and were managed 
conservatively with reduction of immunosuppression in one. 

The disease was overwhelming in the 41-year old recipient with 
accelerated respiratory failure and hemodynamic instability. 
Despite comprehensive management including anticoagulation 
therapy, the patient died 4 days later with a COVID-19-associated 
mortality of 33%.

Discussion

The impact of the COVID-19 pandemic on transplantation has 
yet to be fully elucidated. The currently available published data 
are limited to clinical surveys and a few case series [2-13,18-33]. 
To the best of our knowledge, this is the first prospective case-
time-control study that provides evidence-based assessment 
of the multidimensional impact of COVID-19 on LDLT and allied 
healthcare workers. The results of an integrated mitigation 
strategy are highlighted with the encouragement to eventually 
restore pre-pandemic transplant activities. 

Figure 3: The COVID-19 Pandemic Curve in Egypt and Worldwide. Daily new confirmed COVID-19 cases (A) and associated 
deaths (B) in EGYPT (Blue) and worldwide (Red) (Source: European CDC-Situation Update worldwide - Last updated 28 October, 
11:30 (London time), Our World in Data). 

With declaration of the pandemic, high anxiety and uncertainty 
were born restricting transplant activities in Egypt and worldwide. 
During the study  period, all of the Egyptian transplant centers 
except AFSH halted transplant activity. Worldwide, the level 
of restriction was gauged by the geographical prevalence and 
fatality of COVID-19, availability of healthcare resources, and 
risk tolerance (Figure-3) [1-8,43]. Of great fear, was transmitting 
the lethal pathogen to healthy donors, vulnerable patients, and 
healthcare workers. Such an ethical dilemma has been more 

significant in countries where LDLT is the only therapeutic 
modality available for patients with liver failure. As validated 
herein, limiting transplant activity to patients with progressive 
hepatic decompensation and life-threatening complications can 
significantly increase waiting-list mortality.

Our integrated three tier mitigation strategy allowed for 
performance of LDLT without evidence of community or hospital-
acquired viral infection. None of the study donors, recipients, 
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and healthcare providers developed COVID-19 infection. All 
received the recommended universal preventive measures and 
preoperative screening including molecular testing [1-12]. With 
positive SARS-CoV-2 RT-PCR, two consecutive negative tests were 
required before transplantation with a similar approach being 
recently advocated [4,9,10,43]. One of the novel features of this 
study is redesigning the workflow within a dedicated COVID-
19-free hospital based program. With strict adherence to these 
proactive measures, transplant programs have the potential to 
continue operating despite the unpredictability of the pandemic.

This study supports the worldwide reported vulnerability of 
liver transplant candidates and recipients to COVID-19 infection 
with associated high fatality [2,18,20-22]. With controversies 
concerning the role of immunosuppression, disease severity was 
reported to be higher among recipients with major comorbidities 
including obesity, diabetes, and cardiovascular diseases [43]. 
Fatality was driven by older age, higher sequential organ failure 
assessment score, and dimer > 1 mcg/ml on admission [20,43]. 
It remains to be seen if the protective effect of childhood 
BCG vaccination in the non-western population translates to 
transplant recipients [44]. Nonetheless, preemptive screening of 
the seemingly high-risk liver transplant candidates and recipients 
is strongly recommended with management strategy steered by 
up-to-date best practice guidelines [30,43].

Optimal management of COVID-19 has yet to be well 
established awaiting the results of several clinical trials including 
monoclonal antibodies and the mRNA vaccine [43]. With 
the anticipated expedited government approval, the clinical 
availability of these novel therapeutic modalities will ultimately 
control the pandemic [45]. Until then, low risk transplant 
recipients with mild symptoms can be managed at home with 
close monitoring for clinical deterioration. With moderate to 
severe disease, patients should be hospitalized and receive 
prophylactic anticoagulation therapy to ameliorate COVID-19-
associated systemic microvascular thrombosis. Broad spectrum 
antibiotics should be given to patients with suspected pneumonia 
or sepsis and those who require supplemental oxygen or 
mechanical ventilation may benefit from dexamethasone therapy 
[2,21,24,26,27]. Remdesvir is recently approved by the FDA and 
convalescent plasma is currently classified as an investigational 
product [46]. A few case series have also shown some benefits of 
the IL-6 inhibitor, tocilizumab [43]. 

Currently, there is no evidence-based recommendation for the 
management of immunosuppression during the pandemic [27,43]. 
In this study, the same pre-COVID-19 induction and maintenance 
immunosuppressive protocols were used for patients transplanted 
during the pandemic. However, there was an unintentional 
tendency to reduce the level of maintenance therapy. In recipients 
diagnosed with coronavirus infection, immunosuppression was 
modified in those with ongoing symptoms and totally withdrawn  
with severe illness. Similar approaches were advocated by most 
centers across the world [2,18,27,43]. It remains to be seen if 

immunosuppression aggravates COVID-19 infection, alleviates the 
triggered inflammatory innate immune response, or suppresses 
the response to future vaccination [47].

This study highlights some important unforeseen 
observations. The implemented mitigation strategies including 
strict universal infectious control measures reduced risk of 
hospital acquired infection with shortening of hospital stay. 
Previously infected individuals with negative RT-PCR assay can be 
safely considered for living or deceased donation. Telehealth came 
to stay along with continual attempts to optimize comorbidities 
and immunosuppression. Despite the small sample size and short 
follow-up, these results underscore the foremost role of novel 
clinical practice dictated by the pandemic in improving outcome 
and value of healthcare. 

Conclusion

LDLT can be safely performed during the COVID-19 pandemic 
in both the non-western and western countries. The documented 
herein outcomes allowed most Egyptian LDLT centers to resume 
transplant activities in a stepwise fashion. The worldwide clinical 
availability of effective vaccines along with integrated mitigation 
strategies will hopefully permit the full return of pre-pandemic 
transplant activities with successful outcome.
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