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1  | INTRODUC TION

In December 2019, a new form of severe acute respiratory syndrome 
(SARS) was described in Wuhan, China, and eventually a new coro-
navirus (SARS-CoV-2) was discovered as the causative pathogen.1 In 

March 2020, after a worldwide spread, SARS-CoV-2 was announced 
a global pandemic by the World Health Organization.2 In the follow-
ing weeks, more than 4.5 million people became infected and more 
than 300 000 people died following an infection with SARS-CoV-2.3 
Governments in different countries have responded with varying 
levels of social restrictions ranging from bans of assembly to com-
plete lockdowns.4
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Patients with chronic liver disease and patients after solid organ transplantation 
(SOT) are vulnerable to severe coronavirus disease 2019 (COVID-19). We evaluated 
fears, attitudes, and opinions associated with COVID-19 in 365 SOT recipients (95% 
liver, 5% pancreas/kidney), 112 SOT candidates, and 394 immediate household con-
tacts in 2 German transplant centers. Seven (1.5%) patients and 10 (2.5%) controls 
had contact with confirmed COVID-19 cases. Fear of infection with severe acute 
respiratory syndrome coronavirus 2 (SARS-CoV-2) was expressed by 65% of SOT 
recipients and by 55% of SOT candidates. SOT recipients had higher levels of fear 
of infection and more often wore personal protective gear than household controls. 
Female sex, steroid treatment, and using the local newspaper as a primary source of 
information were independently associated with expressed fear of infection in SOT 
recipients. Younger age and more recent transplantation correlated with concerns 
about severe COVID-19 expressed by patients and with concerns about worse medi-
cal care expressed by household controls. One third of the patients expressed fear 
that immunosuppression could worsen COVID-19 but only 15% used the transplan-
tation center as a source of information. These data show that fears associated with 
the SARS-CoV-2 pandemic are frequently expressed but measures to prevent infec-
tion are regularly followed by patients before and after SOT.
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The coronavirus disease 2019 (COVID-19) presents with cough, 
fever, myalgia, headache, and can cause respiratory failure with the 
need for mechanical ventilation, hemodialysis, extracorporeal perfusion 
techniques, and significant mortality.5 Although the majority of patients 
present with a mild or even asymptomatic course of the infection,6 pa-
tients with obesity and existing cardiovascular and pulmonary comor-
bidities are reported to be at a higher risk for a severe disease course.7

Patients with chronic liver disease and liver transplant recipients 
represent vulnerable patient cohorts at increased risk of bacterial, fun-
gal, and viral infection. Although there are reports that patients with 
nonalcoholic fatty liver disease (NAFLD) are at higher risk for a progres-
sive course of COVID-19,8 until now it remains unclear to what extent 
chronic liver disease should be considered a risk factor for SARS-CoV-2 
infection and complicated courses of COVID-19.9,10 Whether medical 
immunosuppression or preexisting comorbidities contribute to COVID-
19-related mortality after liver transplantation is currently a subject of 
debate.11,12 Reflecting on past SARS-CoV and the middle east respira-
tory syndrome coronavirus (MERS-CoV) outbreaks, there is no con-
clusive evidence that immunosuppression in patients after solid organ 
transplantation (SOT) is associated with poor outcome.13 Thus, the 
reduction of immunosuppression is not recommended in patients with 
autoimmune liver disease and after liver transplantation.14,15

Despite such recommendations, the uncertainty regarding the 
COVID-19 risk after liver transplantation and on the waiting list is 
evident from our experience in outpatient clinics. However, to date, 
there is little known about how the COVID-19 pandemic has af-
fected the behavior and daily lives of patients before and after liver 
transplantation. Thus, we assessed COVID-19 prevalence/exposure, 
perception, compliance, and behavior of transplant recipients and 
candidates on the waiting list in 2 German liver transplant centers in 
April 2020 using a cross-sectional anonymous survey in patients and 
their household members.

2  | MATERIAL S AND METHODS

2.1 | Patient recruitment

Patients who underwent liver or pancreas/kidney transplantation or 
candidates on the waiting list were identified in 2 German transplant 
centers: Jena University Hospital, Thuringia, and Aachen University 
Hospital, North-Rhine-Westphalia. A self-report questionnaire was 
designed and sent to patients by mail between April 14 and April 
21, 2020. The study was conducted according to the Declaration of 
Helsinki. It was approved by the local ethics committees (2020-1733-
Reg; EK121/20) and patients provided written informed consent. Only 
questionnaires returned by April 30, 2020 were considered for analysis.

2.2 | Questionnaire

The survey consisted of demographic data (age, sex, educational 
status, and profession), preexisting medical conditions including 

transplantation status (year of transplantation, waiting list sta-
tus), current immunosuppressive therapy after transplantation, 
flu vaccination status, and smoking status. Participants were 
asked to select their 2 most important information sources 
concerning the coronavirus out of 10 options. The participants 
were asked 12 items about their fears of being infected with 
SARS-CoV-2 and changes in their behavior using a 5-point Likert 
scale. They were also surveyed regarding their infection status, 
adherence to medication, personal protection equipment (eg, 
face masks covering mouth and nose and gloves in Germany), 
and contacts with their physician. The participants were asked 
to have a household member (spouse, next of kin) complete a 
control questionnaire. For an English translation of the question-
naires see Data S1.

2.3 | Statistical analysis

Statistical differences between paired data (for example, patients 
and controls) were analyzed using the Wilcoxon Signed-Rank test 
for continuous and ordinal data or the McNemar test for nominal 
data. Statistical differences between unpaired data (for example, 
organ transplant candidates and recipients) were assessed using the 
Mann-Whitney U test for continuous or ordinal data and Fisher's 
Exact test for nominal data. Correlations between the baseline char-
acteristics and the items on the 5-item Likert scale were assessed 
using Spearman's nonparametric correlation. Statistical analysis was 
performed using SPSS versions 16 and 26 (IBM Inc, Armonk, NY, 
USA). Data visualization was performed using Prism 6 (GraphPad 
Software, LaJolla, CA, USA). P < .05 in 2-sided tests was considered 
statistically significant. We did not correct for multiple comparisons. 
Items with missing data were removed from the respective analysis.

3  | RESULTS

3.1 | Survey participants

The questionnaire was sent out to 948 patients including 725 SOT 
recipients and 223 patients on the waiting list. Overall, 481 (51%) pa-
tients returned the questionnaire on time. After excluding patients 
who did not specify pre- or posttransplantation state, 365 organ 
transplant recipients, 112 transplant candidates, and 394 matched 
household controls were analyzed. Ninety-five percent of patients 
returning the questionnaire were liver transplant recipients or candi-
dates. The majority of patients were male and the majority of imme-
diate household contacts were female, suggesting that the spouse 
answered the questionnaire in the majority of controls (Table 1). In 
organ transplant recipients, the most frequent liver disease was al-
coholic liver disease (ALD) followed by NAFLD and “other or cryp-
togenic” liver disease comprising “hepatocellular carcinoma” and 
“cirrhosis of the liver” without further specification of liver disease 
by the patients. In patients on the waiting list, ALD was the most 
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TA B L E  1   Subject characteristics

Organ transplant recipients
Organ transplant candidates on the 
waiting list

Patients
Household 
controls Patients

Household 
controls

Total subjects 365 306 112 88

Age (y) 62 (53-67) 59 (50-65)* 58 (52-64) 59 (54-66)

Male sex (%) 224/362 (62) 107/301 (36)* 75/112 (67) 30/85 (35)*

Highest level of education (%) n = 352 n = 293 n = 109 n = 86

Secondary school (9 y) 72 (20) 58 (20) 20 (18) 20 (23)

Secondary school (10 y) 156 (44) 120 (41) 59 (54) 42 (49)

High school (12-13 y) 27 (8) 41 (11) 7 (6) 5 (6)

University 97 (28) 74 (20) 23 (21) 19 (22)

Liver disease (%) n = 326 n = 306 n = 105 n = 88

ALD 64 (20) 4 (1) 47 (45) 2 (2)

NAFLD 36 (11) 8 (3) 11 (10) 3 (3)

HBV 24 (7) 4 (1) 7 (7) 1 (1)

HCV 13 (4) 2 (1) 2 (2) 0

PBC/PSC 25 (8) 0 10 (10) 0

Autoimmune 11 (3) 0 8 (8) 0

Hemochromatosis 11 (3) 1 (0) 0 0

Wilson's disease 2 (1) 0 0 0

Other/cryptogenic 140 (43) 3 (1) 20 (19) 0

Pulmonary comorbidity (%) n = 364 n = 306 n = 112 n = 88

Asthma 12 (3) 17 (6) 4 (4) 7 (8)

COPD 19 (5) 7 (2) 4 (4) 2 (2)

Other 13 (4) 6 (2) 2 (2) 0

Cardiovascular comorbidity (%) n = 364 n = 306 n = 112 n = 88

Coronary heart disease 26 (7) 13 (4)* 3 (3) 2 (2)

Arterial hypertension 125 (34) 82 (27) 29 (26) 21 (24)

Other 7(2) 6 (2) 0 7 (8)

Diabetes mellitus (%) n = 364 n = 306 n = 112 n = 88

Type 1 25 (7) 3 (1) 5 (4) 4 (5)

Type 2 100 (27) 20 (7)* 34 (30) 10 (11)*

Kidney disease (%) n = 364 n = 306 n = 112 n = 88

Chronic kidney disease 96 (26) 7 (2) 11 (10) 1 (1)

Polycystic kidney disease 18 (5) 2 (1) 3 (3) 0

Dialysis 13 (4) 0 5 (4) 0

Organ (to be) transplanted (%) n = 355 n = 111

Liver 336 (95) N/A 106 (95) N/A

Pancreas and kidney 19 (5) 5 (5)

Current smoker (%) 50/361 (14) 57/296 (19)* 20/109 (18) 16/84 (19)

Vaccinated against influenza (%) 222/364 (61) 147/297 (49)* 74/111 (67) 43/86 (50)*

Immunosuppression (%) n = 359

Steroids (%) 69 (19) N/A N/A N/A

Mycophenolate mofetil (%) 99 (28)

Calcineurin inhibitors (%) 306 (85)

(Continues)
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frequent diagnosis (47 patients, 45%). Comorbidities are provided in 
Table 1.

The median time since transplantation was 6 years (interquartile 
range 2-9). Eighty-five percent of transplant recipients reported cal-
cineurin inhibitors, 21% mammalian target of rapamycin inhibitors, 
28% mycophenolate mofetil, and 19% steroids being part of immu-
nosuppression. Thirty percent received dual immunosuppression 
and 12% triple immunosuppression.

3.2 | Exposure and behavioral changes associated 
with COVID-19

Seven (1.5%) patients and 10 (2.5%) household controls had 
contact with confirmed COVID-19 cases. Only 1 liver trans-
plant recipient reported being tested positive for SARS-CoV-2 
(Table 1). Seventy-nine percent of the organ transplant recipi-
ents and 72% of organ transplant candidates “rather agreed” or 
“agreed” about the statement that they were leaving the house 
less frequently than before the COVID-19 pandemic. This was 
significantly higher than in controls (58% and 59%, respectively) 
(Table S1). The majority of patients and controls reported wear-
ing gloves and/or face mask when leaving the house, and there 
were no statistical differences between organ transplant re-
cipients (78%) and patients on the waiting list (70%, P  =  .10). 
However, organ transplant recipients used personal protective 
equipment significantly more frequently than their controls 
(64%, P =  .004). The vast majority of patients and controls re-
ported washing their hands more frequently than before the 
COVID-19 pandemic, ranging from 93% in organ transplant re-
cipients and patients on the waiting list to 99% in household 
controls of waiting list patients (Table 1). One liver transplant 
recipient reported to have unadvisedly reduced immunosup-
pressive therapy.

3.3 | Information, emotions, and attitudes 
associated with COVID-19

The majority of patients felt informed about COVID-19. About 80% 
of patients and controls reported to “agree” or “rather agree” in re-
sponse to the item “I feel sufficiently informed about the Coronavirus 
Pandemic” without any differences between the groups. In contrast, 
only about 60% of patients and controls reported being sufficiently 
informed about the influence of the coronavirus on chronic diseases 
and transplanted patients (Table S1).

Responding to the item “I am afraid to become infected with the 
Coronavirus,” SOT recipients reported a significantly greater fear 
of being infected with SARS-CoV-2 than their household controls 
(Figure 1A and Table S1). The fear that the transplant recipient be-
comes infected with SARS-CoV-2 reported by the household con-
trols (87% “agree” or “rather agree”) was significantly higher than 
the fear reported by the transplant recipient (65%, P <  .001). This 
pattern was also observed in transplant candidates (56%) and their 
controls (75%, P = .008, Figure 1A).

When asked about whether being afraid of becoming infected 
when visiting different locations, there were no differences be-
tween shopping (62% “agree” or “rather agree”), medical offices 
(64%), and the hospital (63%) in organ transplant recipients. In 
candidates on the waiting list, the reported fear of a possible in-
fection was highest while shopping (66%) as compared to a medical 
office (56%) or the hospital (59%). In organ transplant candidates, 
the difference in Likert scales to the items “I am afraid to become 
infected in a medical office” and “I am afraid to become infected 
while shopping” was statistically significant (P  =  .04) (Figure  1B 
and Table S1).

Only a minority of patients after organ transplantation (18%) 
and on the waiting list (10%) agreed with the item “I experi-
ence worse medical care than before the COVID-19 pandemic” 
(Figure 1C).

Organ transplant recipients
Organ transplant candidates on the 
waiting list

Patients
Household 
controls Patients

Household 
controls

mTOR inhibitors (%) 78 (22)

Wearing personal protective gear (gloves/face mask) when 
leaving the house (%)

281/360 (78) 191/299 (64)* 77/110 (70) 51/84 (61)

Washing hands more frequently than before COVID-19 (%) 335/362 (93) 285/296 (96) 102/110 (93) 84/85 (99)

COVID-19 contact (%) 7 (2) 7 (2) 0 3 (4)

Infection with SARS-CoV-2 (%) 1 (0.3) 0 0 0

Note. Baseline characteristics are depicted as frequencies or medians with interquartiles.
Abbreviations: ALD, alcoholic liver disease; COPD, chronic obstructive pulmonary disease; COVID-19, coronavirus 19; HBV, hepatitis B virus; HCV, 
hepatitis C virus; mTOR, mammalian target of rapamycin; N/A, not applicable; NAFLD, nonalcoholic fatty liver disease; PBC, primary biliary cirrhosis; 
PSC, primary sclerosing cholangitis; SARS-CoV-2, severe acute respiratory syndrome coronavirus-2.
*P < .05 from Wilcoxon Signed-Rank test or McNemar test comparing patients and their household controls. Total number of responses are indicated 
for each item. 

TA B L E  1   (Continued)
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3.4 | Indicators and consequences of fear of 
COVID-19

A total of 232 (64%) SOT recipients (64%) and 61 (54%) SOT candi-
dates “agreed” or “rather agreed” with the item “I am afraid to be-
come infected with the Coronavirus.” Organ transplant recipients 
reporting fear were more often female (43% vs 30%, P = .02), more 
often received steroid therapy (23% vs 12%, P  =  .01), and more 
often reported the local newspaper as a primary source of infor-
mation about the SARS-CoV-2 pandemic (35% vs 24%, P  =  .03) 
than transplant recipients not reporting fear (Table  S2). Female 
sex (adjusted odds ratio [OR] 1.73, 95% confidence interval [CI] 

1.07-2.81, P = .03), steroid use (OR 2.05, 95% CI 1.07-3.92, P = .03), 
and using the local newspaper as a primary source of information 
(OR 1.79, 95% CI 1.09-2.97, P = .03) were independent indicators 
of fear of being infected with SARS-CoV-2 in multivariable analysis 
(Table 2). Age, educational status, underlying liver disease, smok-
ing, and influenza vaccination status did not significantly differ 
between patients reporting vs not reporting fear of becoming in-
fected with SARS-CoV-2 (Table S2).

As a consequence, patients reporting fear of becoming infected 
with COVID-19 more often used personal protective equipment 
(85% vs 66%, P  <  .001) and washed their hands more frequently 
(95% vs 88%, P  =  .02). Transplant recipients reporting fear were 

F I G U R E  1   Fears, attitudes, and 
beliefs toward severe acute respiratory 
syndrome coronary virus 2 infection in 
organ transplant recipients, candidates on 
the waiting list, and matched household 
controls. Panel A shows the responses 
to the item “I am afraid to become 
infected with the coronavirus”; panel B 
the responses to the items “I am afraid 
to become infected with the coronavirus 
while shopping,” "...in a medical practice," 
and "...in the hospital"; and panel C the 
responses to the items "I did not attend 
scheduled visits due to the Coronavirus 
Pandemic," "I would prefer a video 
or phone consultation to personal 
consultation at the transplant outpatient 
clinic," and "I feel the quality of my 
medical care has decreased because of the 
Coronavirus Pandemic." Distribution on 
responses to the respective questionnaire 
items is shown for patients (pts.) and 
controls (ctrls.) as indicated. *P < .05, 
**P < .01, ***P < .001 showing significant 
differences in the Likert scale distribution 
as assessed by Wilcoxon's signed-rank 
test. For the complete questionnaire items 
see Table S1

pts (on being infected) 

ctrls (on being infected) 

ctrls (on pts being infected) 

pts (on being infected) 

ctrls (on being infected) 

ctrls (on pts being infected) 

100% 0% 100%80% 60% 40% 20% 20% 40% 60% 80%

Rather 
agree

AgreeDisagree Rather
disagree

Neither agree
or disagree

"I am afraid to become infected with the coronavirus."
"I am afraid that the transplant candidate/recipient becomes infected..."

**

***

*
organ
transplant
recipients

organ
transplant
candidates

...in the hospital 

...in a medical practice 

...while shopping 

...in the hospital 

...in a medical practice 

...while shopping 

100% 0% 100%80% 60% 40% 20% 20% 40% 60% 80%

Rather 
agree

AgreeDisagree Rather
disagree

Neither agree
or disagree

"I am afraid to become infected with the coronavirus..."

*

organ
transplant
recipients

organ
transplant
candidates

feel that care quality decreased 

do prefer tele visits 

did not attend scheduled visits 

feel that care quality decreased 

do prefer tele visits 

did not attend scheduled visits 

100% 0% 100%80% 60% 40% 20% 20% 40% 60% 80%

Rather 
agree

AgreeDisagree Rather
disagree

Neither agree
or disagree

organ
transplant
recipients

organ
transplant
candidates

Attitudes and beliefs on medical consultations during SARS-CoV2 pandemic

A

B

C
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more likely to skip or postpone scheduled medical visits (52% vs 
29%, P < .001) and prefer video or phone consultations (51% vs 21%, 
P < .001) (Table S2).

3.5 | Association of time since 
transplantation and severity of immunosuppression 
on attitudes and behavior

In SOT recipients, older age was correlated with higher agreement 
with the items “I feel sufficiently informed about the Coronavirus 
Pandemic” and “I feel sufficiently informed about the influence of 
the Coronavirus on chronic diseases and transplanted patients,” 
and higher disagreement with the item “I am afraid that my medi-
cation could worsen an infection with the Coronavirus” (Table  3). 
In contrast, shorter duration since transplantation was associated 
with higher agreement with the items “I am afraid that my medica-
tion could worsen an infection with the Coronavirus,” “I am afraid 
to become infected while shopping,” and “I leave the house less fre-
quently than my partner/household members.”

A higher level of immunosuppression, as assessed by the num-
ber of immunosuppressant classes used, also correlated with higher 
agreement with the items “I am afraid that my medication could 
worsen an infection with the Coronavirus,” “I am afraid to become 
infected in a medical office,” “I leave the house less frequently than 
my partner/household members,” and “I did not attend scheduled 
visits due to the Coronavirus Pandemic” and higher disagreement 
with the item “I feel sufficiently informed about the influence of the 
Coronavirus on chronic diseases and transplanted patients” (Table 3).

4  | DISCUSSION

While there is an ongoing debate about to what extent patients with 
liver disease and after liver transplantation are at increased risk of 
SARS-CoV-2 infection and COVID-19 complications, it is already 
foreseeable that the SARS-CoV-2 pandemic will have a long-lasting 
impact on the medical care of patients with liver disease.14,16 One of 
the central emotional responses during a pandemic is fear and even 

in noninfected households, the pandemic may act as a major stressor 
facilitating chronic anxiety.17

Here we demonstrate that fears associated with the SARS-
CoV-2 pandemic are frequently expressed by liver transplantation 
recipients and candidates as well as by their household members. 
Transplant recipients who reported fear of infection adhered to 
washing hands and wearing face masks and/or gloves when leaving 
the house. Being afraid of becoming infected with SARS-CoV-2 after 
transplantation was more frequently reported in female patients and 
in patients with more intense immunosuppression, that is, steroids 
or triple immunosuppression. Notably, the fear of infection was not 
associated with established risk factors for mortality in COVID-19, 
such as cardiovascular and pulmonary comorbidity and older age.7

Despite reports about higher mortality of COVID-19 in patients 
after SOT,11,12,18,19 there is no conclusive evidence for a causative 
role of immunosuppression. As a result, current guidelines recom-
mend continuation of immunosuppressive therapy in transplant 
patients.14,20 Accordingly, only 1 patient in this survey reported a 
reduction of tacrolimus without consulting a physician. However, 
the fear that their medication could worsen an infection with SARS-
CoV-2 was expressed by one third of patients after transplantation. 
This fear was highest in younger patients, patients with a shorter 
time since transplantation, and a more intense immunosuppression 
in our survey. Notably, such patients were also more likely to re-
port that they do not feel sufficiently informed about the influence 
of the virus on chronic diseases, emphasizing the need for better 
communication strategies in these vulnerable patients. Only 15% 
of patients stated that the transplant center was a relevant source 
of information about COVID-19. The major given reason was not to 
impinge on the staff's time. Therefore, contacting patients directly 
by sending out information and encouraging them to approach the 
transplant center with further questions seems advisable.

The fear of becoming infected with SARS-CoV-2 was higher in 
patients with more intense immunosuppression. A correlation of 
severity of immunosuppression and fear of infection has been ob-
served in patients with inflammatory bowel disease (P.C. Grunert 
et al, 2020). Weighing benefits against possible harms resulted in 
a high adherence to the therapy, because only 1 patient reported a 
reduction of tacrolimus without consulting a physician.

TA B L E  2   Indicators of reporteda fear of becoming infected with SARS-CoV-2 in organ transplant recipients

Univariate logistic regression Multivariable logistic regressionb 

Odds 
ratio

95% Confidence 
interval P value Odds ratio

95% Confidence 
interval

P 
value

Female sex 1.74 1.09-2.77 .02 1.73 1.07-2.81 .03

Steroid use 2.28 1.21-4.31 .01 2.05 1.07-3.92 .03

Triple immunosuppression 2.23 1.03-4.80 .04 Removed from model

COVID-19 information from local 
newspaper

1.74 1.06-2.86 .03 1.79 1.07-2.97 .03

Abbreviations: COVID-19, coronavirus 19; SARS-CoV-2, severe acute respiratory syndrome coronavirus-2.
aIncluding the responses “Rather Agree” or “Agree” to the question “I am afraid to become infected with the coronavirus” on a 5-level Likert scale. 
bBackward elimination. 
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Another important finding of this study is that patients expressed 
comparable levels of fear contracting COVID-19 in medical facilities, 
similar to that of shopping areas. Implementing and communicating 
measures to ensure that hospitals and medical offices are a low-risk 
environment for contracting COVID-19 may improve patients’ sense 
of security. In addition, regular screening of staff and patients may 

help to detect or prevent outbreaks and identify infected patients 
early.

In some regions of heavily affected countries, intensive care 
capacities are overloaded with ventilated patients and therefore 
capacities for organ donation and transplantation are reduced.21,22 
In addition, routine consultations are cancelled or postponed, 

Beliefs and attitudes toward 
coronavirus 19

Age of the 
transplant recipient

Time since 
transplant

Number of 
immunosuppressants

“I feel sufficiently informed 
about the Coronavirus 
Pandemic”

0.138* 0.030 −0.062

“I feel sufficiently informed 
about the influence of the 
Coronavirus on chronic 
diseases and transplanted 
patients”

0.164** 0.088 −0.133*

“I am afraid to become 
infected with the 
Coronavirus”

−0.028 −0.028 0.102

“I am afraid that my 
medication could worsen 
an infection with the 
Coronavirus”

−0.213** −0.150** 0.203**

“I am afraid to become 
infected in the hospital”

−0.038 0.033 0.083

“I am afraid to become 
infected in a medical 
practice”

−0.082 −0.040 0.106*

“I am afraid to become 
infected while shopping”

−0.085 −0.113* 0.060

“I would prefer a video or 
phone consultation to 
personal consultation at the 
transplant outpatient clinic”

−0.077 −0.014 0.058

“I leave the house less 
frequently than before the 
Coronavirus pandemic”

−0.036 −0.071 0.055

“I leave the house less 
frequently than my partner/
household members”

0.077 −0.153** 0.127*

“I did not attend scheduled 
visits due to the 
Coronavirus Pandemic”

−0.018 0.029 0.119*

“I feel the quality of my 
medical care has decreased 
because of the Coronavirus 
Pandemic”

−0.074 −0.017 0.049

“I am afraid that my diseased 
partner/household member 
could receive worse 
medical care than before” 
(Household contacts’ 
response)

−0.233** −0.141* 0.101

Note. Coefficients from Spearman's nonparametric correlation with 5-level Likert scales shown.
Abbreviations: COVID-19, coronavirus 19.
*P < .05; **P < .01.

TA B L E  3   Correlation of age, 
transplant duration, and intensity of 
immunosuppression with attitudes and 
beliefs towards COVID-19 in organ 
transplant recipients
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resulting in less frequent contact of patients with the healthcare 
system. In our survey, 44% of the patients reported postponed 
clinical visits. This may be underestimating the true frequency 
given the short period between the begin of the pandemic and 
conducting the survey. It is likely that the proportion of postponed 
visits will increase over time. One solution may be healthcare de-
livery by telehealth in transplant recipients and candidates.23 In 
our study, transplanted patients who expressed higher fear of 
becoming infected with SARS-CoV-2 more often reported that 
they also postponed scheduled visits at the outpatient clinic and 
expressed their preference for video or telephone visits. While 
fears and concerns associated with the SARS-CoV-2 pandemic are 
frequently expressed by SOT recipients and candidates, measures 
to prevent infection were frequently followed in the vast majority 
of patients.

Despite the large sample size and the bicenter nature of the sur-
vey, there are some limitations. We used 5-point Likert scales as a 
standard ordinal psychometric measurement of attitudes, beliefs, 
and opinions. Despite the high response rate, nonresponse bias, ac-
quiescence, and social desirability may result in overestimation of 
the adherence to preventive measures and underestimation of the 
reported reduction in immunosuppression. We tried to minimize 
possible bias (order effect, acquiescence bias, central tendency, and 
pattern answering) by comparing the results to matched control 
groups. However, caution is advised when transferring these results 
to SOT recipients other than liver and pancreas/kidney or patients 
receiving more intensified immunosuppression. Differences in na-
tional health services as well as cultural differences between differ-
ent populations need to be taken into account when interpreting and 
generalizing these results.

The current COVID-19 pandemic is a highly dynamic process, 
and recommendations and regulations change rapidly. As fear 
is usually highest at the beginning of a new threat, it is likely that 
the responses underlie dynamic changes as well. The incidence of 
COVID-19 in Germany is still low; therefore, only a minority of the 
participants had contact with confirmed cases of COVID-19. Based 
on the fears and information deficits reported by patients in this 
survey, transplant centers are advised to intensify communication 
strategies and consider implementing telehealth in order to provide 
optimum medical care in liver transplant recipients and patients on 
the waiting list.
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