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Abstract
Introduction: The presence of infections in the immediate pretransplant period poses 
challenges in decision‐making. Delaying transplantation because of these infections 
may be required, but is associated with a risk to the potential recipient. The aim of 
this project was to develop a structured framework based on expert opinion to guide 
decision‐making regarding the safety of transplantation for candidates with infection 
immediately before transplant, and to show how this framework can be applied to 
clinical scenarios.
Methods: Categories were created as follows: Category A: no delay; Category B: 
brief delay (≤1 week); Category C: intermediate delay (>1 week); and Category D: 
more prolonged or indefinite delay. A survey containing 59 clinical scenarios was sent 
to members of the IPTA ID CARE committee. Answers were reviewed, and the level 
of agreement was characterized as follows: Level 1: ≥75% agreement; Level 
2:51%‐74% agreement; and Level 3: ≤50% agreement. 95% CIs were calculated for 
the mean overall agreement across 59 scenarios.
Results: Among the panel, the agreement level ranged from 33% to 92% with the 
mean overall agreement across the 59 scenarios being 61%. For 7/59 scenarios, the 
lower bound of 95% CI was greater than 50%, indicating a difference at the 5% level 
of significance between the observed proportion and the chance level of 0.5.
Summary: The document provides expert opinion regarding the need to delay trans‐
plantation in the setting of different infections. The most important points in the 
decision to proceed to SOT included the urgency of transplantation and the severity 
of infection.
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1  | INTRODUC TION

The role of SOT in the management of end‐organ failure is well es‐
tablished. In preparing potential organ recipients for transplant, ef‐
forts are made to minimize or eliminate the risk of infection after 
transplantation. Several factors predispose to post‐transplant infec‐
tions. First, the organ being transplanted influences not only the an‐
atomical site of early post‐transplant infection, but also the need for 
induction therapy, the choice of immunosuppressants, and the net 
state of immunosuppression, with each factor being associated with 
different infectious risks.1 The age of the recipient also significantly 
contributes to the risk of infection, with younger children being at 
higher risk of severe respiratory viral infections, more likely to ex‐
perience donor‐derived herpesvirus infections, and less likely to be 
fully immunized prior to SOT.2 Other factors such as underlying ill‐
nesses and intraoperative and donor‐derived factors also contribute 
to the overall risk of infection following SOT.2

In the immediate pretransplant period, the presence of a new or 
ongoing infection can pose a risk for successful transplantation. In 
some situations, this may result in the transplant being delayed in an 
effort to minimize risks. In this regard, clinicians are often faced with 
the task of balancing the risk of morbidity or mortality from an acute 
or recently diagnosed chronic infection against the risk of dying on 
the waiting list. The decision to delay SOT because of concern for 
the presence of infection in the potential recipient is influenced by 
several factors including the urgency of the transplant, the nature of 
the infection, and the perceived magnitude of risk that the infection 
will present in the post‐transplant period. Because these events are 
rare and difficult to study, there is a lack of data and definitive guid‐
ance is lacking. In an effort to address these deficiencies, we con‐
ducted a survey of pediatric transplant infectious disease experts 
using a structured framework to develop guidance recommenda‐
tions for these situations.

2  | METHODS

The project was designed by the IPTA ID CARE committee. At the 
time of the study, the committee included 13 members consisting of 

transplant ID physicians as well as solid organ transplant physicians, 
referred to as panel members in the manuscript. The respective ex‐
pertise of each panel member is detailed in Table S1.

2.1 | Categories of action

Ordinal categories were created as follows: Category A: no need 
to delay SOT; Category B: brief delay (≤1 week) until cultures are 
negative or infection controlled; Category C: intermediate delay 
(>1 week); and Category D: more prolonged or indefinite delay 
(Table 1). The categories are referred to as the IPTA ID CARE (IPTA‐
IDC) categories.

2.2 | Design of survey

An extensive review of the current literature and existing guidelines 
was performed which served as a guide in creating a survey consist‐
ing of 59 clinical scenarios. The survey was sent to a panel consist‐
ing of each member of the IPTA ID CARE committee. The IPTA‐IDC 
categories were used to classify the potential responses of the panel 
members. Each panel member was asked to assign a category of ac‐
tion for each of the clinical scenarios. When a panel member pro‐
vided more than one answer for a defined scenario, results were 
removed from the analysis a posteriori.

2.3 | Levels of agreement

The survey provided an opportunity to examine the level of agree‐
ment among panel members. Answers were reviewed, and percent‐
age agreement between members for each scenario was defined as 
follows: Level 1: ≥75% agreement; Level 2:51%‐74% agreement; and 
Level 3: ≤50% agreement (Table 1).

2.4 | Results presentation

Consensus agreement was then developed as follows: For each sce‐
nario, a category of action and a level of agreement were defined 
based on the answers of the panel members. For example, if 67% 
of panel members proposed a brief delay for a given scenario, this 

Categories of action

A No delay

B Brief delay (≤1 wk) until cultures are negative or infection 
controlled

C Intermediate delay (>1 wk)

D More prolonged or indefinite delay

Classification of level of agreement between experts

1 ≥75% agreement

2 51%‐74% agreement

3 ≤50% agreement

For example, if more than 75% of experts considered that there should be a brief delay of transplan‐
tation in the case of bacteremia, this scenario would be labeled as B1.

TA B L E  1  Categories of action and 
classification of level of agreement 
between experts
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scenario was characterized as B; 2. When agreement was below 
50%, the most frequently chosen options were taken into account 
(ie, B/C; 3), unless one option was selected by at least two more 
panel members than other options (ie, B; 3).

2.5 | Statistical analysis

For each scenario, a 95% CI was calculated for the mean overall 
agreement. A lower bound of 95% CI greater than 50% indicated 
a difference at the 5% level of significance between the observed 
proportion and the chance level of 0.5.

3  | RESULTS

3.1 | Survey results

The response rate was 13/13 (100%) among the panel members. 
One or more panel members did not respond to a given scenario 
on 27 occasions (3.5%). More than one answer was provided in 41 
(5.3%) of the potential total of 767 responses from the entire panel. 

Among the panel, agreement ranged from 33% to 92% with the 
mean overall agreement across the 59 scenarios being 61% (95% CI 
of the mean: 0.56‐0.65). The point estimate of agreement was >50% 
in 39/59 scenarios. However, only 7/59 scenarios showed statistical 
significance above 50% agreement level, as shown in Figure 1 and 
Table S2. The pooled results of the survey by category of clinical 
scenario are shown in Tables 2-4. This shows the IPTA‐IDC catego‐
ries along with the recommendations from the panel. CIs are created 
based on the extent of agreement among respondents.

3.2 | Application of IPTA ID CARE categories to 
common clinical scenarios

3.2.1 | Bacteremias

For bacterial bloodstream infections (including CLABSIs), 75% of 
panel members recommended a brief delay before SOT, waiting until 
cultures are sterile, and evidence that the infection is controlled (B; 
1) with emphasis on the urgency of SOT and the causative pathogen 
(Table 2).

F I G U R E  1  Confidence intervals for each clinical scenario. Green and black dots: upper and lower limits of the 95% confidence interval of 
agreement, respectively; red dots: observed agreement. Scenarios with vertical lines indicate those where the agreement was above chance; 
15: mild‐moderate gastroenteritis due to a virus without potential for dissemination in a candidate awaiting urgent SOT; 24: urinary tract 
in a kidney transplant candidate; 26 and 27: urinary colonization in a kidney and non–kidney transplant candidate, respectively; 29: active 
tuberculosis; 44 and 45: human immunodeficiency virus infection, respectively well controlled and poorly controlled
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3.2.2 | Viral upper respiratory tract infections

In the case of an URTI in a candidate awaiting an elective SOT, 58% 
of panel members recommended a brief delay if the virus is identi‐
fied (B; 2), whereas 33% recommend an intermediate delay. If the 
virus was unknown, 54% recommended an intermediate delay (C; 2) 
and 31% a brief delay. In the case of an urgent need for SOT, 73% 
and 58% of panel members recommended no delay, whereas 27% 
and 33% recommended a brief delay whether etiology was known 
or unknown, respectively (A; 2).

3.2.3 | Lower respiratory tract infections

For children presenting with evidence of LRTI, the recommendations 
varied depending on the severity of the acute infection, the type of 
transplant, and urgency of transplant. If a lung transplant candidate 
presented with evidence of mild/moderate LRTI in the immediate pre‐
transplant setting, 73% of panel members recommended an interme‐
diate delay (C; 2), whereas the level of agreement was poor and equally 
divided between intermediate and prolonged delay in the case of se‐
vere LRTI (C/D; 3). The panel's position was similar if LRTI occurred in 

Scenarios Clinical conditions Recommendations

95% Confidence Interval

Lower CI Upper CI

1 Bacteremia or bacterial CLABSI B1 0.43 0.95

URTI

2 Elective SOT, virus known B2 0.28 0.85

3 Elective SOT, virus unknown C2 0.25 0.81

4 Urgent SOT, virus known A2 0.39 0.94

5 Urgent SOT, virus unknown A2 0.28 0.85

LRTI

6 Lung transplant, 
mild‐moderate

C2 0.39 0.94

7 Lung transplant, severe C3/D3 0.17 0.77

8 Non–lung transplant, 
mild‐moderate

C2 0.32 0.86

9 Non–lung transplant, severe C3/D3 0.15 0.72

Gastroenteritis

Elective SOT, mild‐moderate

10 Virus unknown B2 0.25 0.81

11 Virus known, no potential 
for dissemination

B2 0.25 0.81

12 Virus known, potential for 
dissemination

C2 0.39 0.91

13 Elective SOT, severe C2 0.25 0.81

Urgent SOT, mild‐moderate

14 Virus unknown A3/B3 0.21 0.79

15 Virus known, no potential 
for dissemination

A1 0.64 1.00

16 Virus known, potential for 
dissemination

B3 0.21 0.79

17 Urgent SOT, severe B3/C3 0.21 0.79

Central nervous system infections

18 Bacterial meningitis B2 0.28 0.85

19 Viral meningitis/encephalitis 
(non‐HSV)

C3/D3 0.14 0.68

20 HSV encephalitis C2 0.28 0.85

21 Meningoencephalitis of 
unknown origin

D2 0.32 0.86

CI, confidence interval; CLABSI, central line–associated bloodstream infection; HSV, Herpes simplex 
virus; SOT, Solid organ transplantation.

TA B L E  2   Recommendations and 
percentage agreement for common 
clinical scenarios
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a non–lung transplant candidate (mild/moderate: C; 2; severe: C/D; 
3). In any case, the urgency of SOT as well as the etiology of LRTI (if 
known) was considered important in the decision‐making process.

3.2.4 | Gastrointestinal tract infections

If a candidate presented with acute gastroenteritis, respondents felt 
that the urgency of SOT, disease severity, and the potential risk of 
disseminated infection related to the pathogen (if known) needs to 
be considered in making a recommendation. If the transplant was 
elective and the disease mild/moderate, 54% of panel members rec‐
ommended a brief delay whether etiology was known and there was 
no potential for disseminated infection or whether etiology was un‐
known (B; 2), whereas 31% and 38% of the panel respectively rec‐
ommended an intermediate delay. In contrast, if disease was mild/
moderate but there was a potential for disseminated infection, 69% of 
panel members recommended an intermediate delay (C; 2). Fifty‐four 
percent of the panel recommended an intermediate delay in the case 
of severe gastroenteritis in a patient awaiting elective SOT, regardless 
of the etiology, whereas 38% recommended a prolonged delay (C; 2).

For recipients in urgent need of a transplant, 92% of panel members 
recommended no delay in the case of mild/moderate gastroenteritis 
if etiology was known and there was no potential for disseminated 
infection (A; 1). Opinions were equally divided between no delay and 
brief delay if etiology was unknown and disease mild/moderate (A/B; 
3). In the case of a mild/moderate infection where the causative agent 
has the potential for disseminated disease, 50% of panel members 
recommended a brief delay and 33% of the panel recommended an 
intermediate delay (B; 3). A lack of agreement was noted in the case 
of severe gastroenteritis, with opinions being divided between a brief 
and an intermediate delay, regardless of the etiology (B/C; 3).

3.2.5 | Central nervous system infections

For bacterial meningitis, 58% of panel members recommended a brief 
delay, although a minority advised waiting longer (B; 2). In the case of 
HSV encephalitis, 58% recommended an intermediate delay, whereas 
33% recommended a prolonged delay (C; 2). In the case of meningi‐
tis/meningoencephalitis caused by a known virus other than HSV, the 
overall agreement was poor and equally divided between an intermedi‐
ate and a prolonged delay (C/D; 3). Sixty‐two percent of panel members 
recommended a prolonged delay in the case of meningoencephalitis of 
unknown origin (D; 2). For these three last scenarios, some panel mem‐
bers advised postponing SOT for ≥2 weeks whenever possible.

3.3 | Application of IPTA ID CARE categories to 
other clinical scenarios

3.3.1 | Bacterial infections

Endovascular infections
In the case of bacterial endocarditis, 64% of panel members rec‐
ommended an intermediate delay and 36% a prolonged delay (C; 2) Sc
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(Table 3).3-17 Respondents indicated the importance of the urgency 
of transplant, patient stability, and microorganism virulence. In the 
case of VAD infection, there was no consensus among the panel 
members and answers were equally distributed between brief, inter‐
mediate, and prolonged delay (A/B/C; 3).

Urinary tract infection and colonization
In the case of UTI, 92% of panel members recommended a brief 
delay for kidney transplant candidates (B; 1). Interestingly, opinions 
were equally divided between no delay and brief delay in the case 
of a UTI in a candidate awaiting organs other than the kidney (A/B; 
3). In the case of urinary colonization, 92% of panel members recom‐
mended no delay whether candidates were awaiting either a kidney 
or another organ (A; 1).

Mycobacterial infections
Mycobacterial infections are divided into M tuberculosis and NTM. For 
latent tuberculosis, panel members recommended an intermediate 
and prolonged delay in 42% and 33%, respectively (C/D; 3), whereas 
92% recommended a prolonged delay in the case of active disease 
(D; 1). In the case of NTM colonization, the agreement between re‐
spondents was poor, but a brief delay was the most frequently chosen 
response by 46% of members (B; 3); 75% of panel members recom‐
mended a prolonged delay in the case of NTM disease (D1).

MDR colonization
Sixty‐four percent of panel members recommended no delay in 
cases of MDR bacterial colonization of the respiratory tract in pa‐
tients awaiting lung transplantation (A; 2).

Bacterial peritonitis
Eighty‐two percent of our panel recommended an intermediate 
delay for cases of peritonitis (C; 1).

3.3.2 | Fungal infections

Invasive candidiasis
With respect to Candida bloodstream infections, the panel's opin‐
ions were equally divided between brief and intermediate delay 
(B/C; 3) (Table 3).3,6,9,17-24. Respondents suggested that the urgency 
of need for SOT, rapidity of fungemia clearance, and the possibility 
of removing the CVL in the cases of CLABSI should be taken into 
account. In the case of Candida endocarditis, 82% of panel members 
recommended a prolonged delay (D; 1). The approach of the panel 
for Candida VAD infection was similar to that of bacterial VAD infec‐
tion (B/C/D; 3). For all other invasive Candida infections, 54% of the 
panel recommended an intermediate delay (C; 2).

Aspergillus infection and colonization
For Aspergillus spp colonization in the respiratory tract, 73% of the 
panel members recommended no delay for lung transplant candi‐
dates (A; 2). For candidates awaiting other organs, our panel's opin‐
ions were again divided between no delay and intermediate delay 

(A/C; 3). Regarding invasive aspergillosis, the panel was divided be‐
tween intermediate and prolonged delay (C/D; 3).

Other infections
For Coccidioides, Histoplasma, and Cryptococcus infections, panel 
members recommended a prolonged delay in 55%, 60%, and 60%, 
respectively (D; 2).

3.3.3 | Viral infections

BK Virus
In the case of BK virus infection in a kidney transplant candidate, 
agreement was poor, although no delay was the most frequently 
chosen option by 45% of members (A; 3) (Table 4).25-32

HIV
Eighty‐five percent of panel members recommended no delay for 
children awaiting transplant with well‐controlled HIV infection (un‐
detectable viral load, adequate CD4 T‐cell counts, and appropriate 
adherence to antiretrovirals) (A; 1), and 92% recommended a pro‐
longed delay with poorly controlled HIV, awaiting until the disease is 
well controlled (D; 1).

Hepatitis viruses
Sixty‐seven percent of panel members recommended no delay if the 
patient was a hepatitis B (HBV) carrier (A; 2), whereas 82% recom‐
mended a prolonged delay in the case of acute HBV infection, unless 
there was HBV causing fulminant hepatitis requiring SOT (D; 1). In 
the case of chronic HBV infection, the overall agreement was poor 
and mainly divided between no delay and intermediate delay (A/D; 
3). For hepatitis C (HCV) infection, the agreement was poor, with 
panel members recommending no delay and a brief delay in 50% and 
33% of cases, respectively, if patient is a carrier (A; 3). In the case of 
chronic active HCV, the overall agreement was poor and mainly di‐
vided between no delay (46%) and intermediate delay (38%) (A/C; 3).

Herpes group viruses
Fifty‐five percent of panel members recommended an intermedi‐
ate delay in cases of EBV DNAemia (C; 2); however, in the case of 
a clinical illness consistent with infectious mononucleosis in the last 
6 weeks, agreement was poor, although a prolonged delay was the 
most frequently chosen option by 46% of members (D; 3). For chil‐
dren awaiting transplant with CMV DNAemia, the level of agree‐
ment was also poor with recommendations equally divided between 
a brief and an intermediate delay (B/C; 3).

For primary VZV infection (chickenpox) or reactivation (shingles), 
panel members recommended an intermediate delay in 67% and 
58%, respectively (C; 2). The usual approach is to wait until all lesions 
are crusted, if possible. There was no consensus in the case of muco‐
cutaneous HSV infection although an intermediate delay was most 
frequently chosen by 50% of members (C; 3). The recommended ap‐
proach depended on the urgency of SOT, presence or absence of 
DNAemia, and whether it is primary infection or reactivation.
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3.3.4 | Parasitic infections

For Strongyloides, 55% of our panel recommended an intermedi‐
ate delay (C; 2) (Table 4).33-38 The panel noted that the approach to 
Schistosoma infection depends on the clinical scenario. Overall, 70% 
of our panel members recommended an intermediate delay (C; 2). 
However, the panel noted that it is important to differentiate swim‐
mer's itch where SOT would not necessarily need to be delayed from 
severe systemic Schistosoma infection where SOT should be post‐
poned. In the case of Echinococcus infection, 70% of panel members 
also recommend an intermediate delay (C; 2).

4  | DISCUSSION

Infections in the immediate pretransplant period pose challenges 
in the decision‐making process regarding the need to delay or not 
to delay SOT. Current literature and published guidelines do not 
address most of these scenarios nor provide guidance to inform 
decision‐making relevant to these situations. To address these 
challenges, we first developed a structured framework describing 
specified categories of delay and used this framework to capture de‐
cisions made by an expert panel using both common and potentially 
uncommon scenarios that could be encountered in the clinical prac‐
tice of pediatric SOT. The performance of the survey using a struc‐
tured framework of responses provided us an opportunity to assess 
recommendations for the duration of delay in undergoing SOT in dif‐
ferent infectious scenarios and to highlight the level of agreement in 
making those recommendations among the expert panel complet‐
ing the survey. Additional relevant discussion points that relate to 
the results are embedded in Tables 3 and 4. We are not aware of a 
similar effort to aid the decision‐making for situations where candi‐
dates are diagnosed with specific infections or infectious syndromes 
when being called in for transplantation. It is important to highlight 
that these recommendations do not provide levels of evidence, but 
rather summarize expert opinion and demonstrate the degree of 
variability in their responses. These opinions were informed by the 
clinical experience (with an average of more than 18 years in the care 
of organ transplant recipients) of our panel along with their knowl‐
edge of available information in the literature.

Results of the survey clearly highlight that the perceived urgency 
for SOT impacts both the decision to delay transplant and the dura‐
tion of this delay. This was generally true regardless of the pathogen 
or scenario. Most clinicians consider the urgency of transplant to 
be mainly related to end‐organ failure; however, in some settings 
of severe organ shortage, a child might be urgently transplanted de‐
spite the absence of end‐organ failure because refusing an organ 
may increase the risk of death. It is also important to understand 
that elective and urgent transplants are both extremes of a spec‐
trum, thereby requiring every situation to be assessed separately. 
Regardless of the reason for the urgency, the presence of bridging 
therapies for several organs such as dialysis or VAD also needs to be 
weighed in these situations.Sc
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Another important factor that the survey highlighted is the clin‐
ical presentation of the infectious episode. When considering the 
entire list of clinical scenarios, results indicated more agreement in 
situations where the infectious illness was not severe. This suggests 
that other factors are taken into account when deciding recommen‐
dations on a case‐by‐case basis. In the case of URTI, differences in 
opinion likely reflect the importance of other factors such as time 
since symptom onset, presence or absence of fever, and the organ 
being transplanted, as a URTI in a lung transplant candidate may be 
more concerning than in another transplant candidate.

With respect to a given clinical syndrome, the causative organ‐
ism is important in decision‐making. For example, the availability 
of treatment for most bacterial infections is likely associated with 
shorter delays compared with similar syndromes caused by viruses. 
Indeed, some studies have shown that invasive bacterial infections 
diagnosed and appropriately treated during the 4 weeks before liver 
transplantation were not associated with worse outcome.7,8 Patients 
with respiratory viral infection due to RSV, influenza, adenovirus, 
and parainfluenza soon after transplant are at higher risk of severe 
infection39,40; despite the paucity of pretransplant data in SOT can‐
didates, this could probably be extrapolated to pretransplant can‐
didates with impending immunosuppression. On the other hand, 
successful SOT during active influenza infection in patients who 
received immediate neuraminidase inhibitors treatment has been 
reported .41,42 Despite the lack of strong evidence, the AST‐IDCOP 
currently recommends delaying SOT in cases of URTI in order to 
allow immunity to develop.9 Similarly, gastrointestinal pathogens 
such as enterovirus and adenovirus are more likely to cause dissem‐
inated infections than other gastrointestinal viruses.43,44 Overall, 
data are scarce for gastroenteritis in the transplant setting and are 
mainly focused on rotavirus where outcomes have been variable 
.45,46 In this context, an approach might depend on the causative 
virus; obtaining a multiplex PCR on respiratory or gastrointestinal 
specimens is probably helpful in decision‐making as long as results 
can be available in a short turnaround time frame.

The anatomical relationship between the transplanted organ and 
the infection needs to be taken into account. Although data have 
shown that infection‐related morbidity or mortality did not increase 
in liver transplant candidates with bacterial LRTI as long as patients 
were adequately treated,7,8,15 this might not be true when lungs are 
transplanted, because of the direct contact between the graft and 
the pathogen. Similarly, small bowel transplant patients could be at 
increased risk in the case of gastroenteritis because of the direct 
contact between the pathogen and the graft.

Depending on the severity of the infection pretransplant, the 
ethical issues related to the potential sequelae also need to be taken 
into account; for example, in the cases of HSV encephalitis.

Several limitations of the work presented herein are noted. 
The size of the panel is relatively small, and it is possible that some 
members lacked experience in some specific areas or uncommon 
scenarios, although the panel includes an international cohort of ex‐
perienced senior clinicians (mean 18 + years of practice) with exper‐
tise in pediatric transplant ID. The size of the panel likely contributes 

to the fact that agreement level reached significance in only 7 sce‐
narios, even if the agreement level was above 50% in the majority 
of the scenarios. The fact that scenarios were artificial, might also 
explain the lack of agreement between panel members. This explains 
why every patient needs to be assessed and managed individually. 
Another limitation of this work is that it was not possible to capture 
all scenarios, but we have focused on what we perceived to be the 
major common scenarios that are encountered in clinical practice. 
We also tried to cover a wide variety of categories of common and 
uncommon pathogens and clinical syndromes. Finally, an important 
limitation of this work is the fact that some recommendations are 
constantly being updated, such as HCV, and therefore, some rec‐
ommendations generated by this work may require updating in the 
future to remain valid.

In summary, the IPTA‐IDC gives expert opinion for the pediat‐
ric transplant candidate with clinical or laboratory evidence of in‐
fections. The application of this framework to common scenarios is 
presented in this paper. The naming and description of the specific 
categories provides advantages. First, the framework is explicit and 
reproducible and thereby facilitates easy communication within 
centers and across centers. Second, the categories are ordinal and 
provide a separation between patients who are assigned different 
categories. Third, although we did not pursue assigning scores, the 
ordinal categories are amenable to modifications that enable scores 
to be assigned that reflect the likelihood of the transplant proceed‐
ing. There will be the need for validation of these practices in the 
clinical setting.
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