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Abstract

antibiotic treatment applied.

molecular testing.

Background: Bacteraemia of the donor is not considered to be contraindication of organ procurement. On the
other hand, infection of solid organ transplant recipients remains to be a major cause of their morbidity and
mortality. When using organs from bacteraemic donors, individual risks need to be assessed and the appropriate

Case presentation: In this case series we report several serious donor—derived infectious complications in four out
of five recipients of different organs from one single donor in the early posttransplant period. Donor-transmitted
multi-drug resistant strains of Escherichia coli and Klebsiella pneumonia was confirmed by both serologic and

Conclusions: To prevent donor-derived infections, careful microbiological screening followed by targeted antibiotic
treatment is essential. Although such complications can never by completely prevented, a high index for potential
bacterial infection in organ donors and transplant recipients should be routinely employed.

Keywords: Donor-derived infection, Multi-drug resistant bacteria, Early posttransplant infection

Background

Solid organ transplantation (SOT) is the only way to
treat end-stage organ disease [1]. However, as the
number of potential recipients continues to exceed the
number of donated organs from different sources, an
imbalance between the number of available organs and
potential recipients remains. This increase in demand
has led to the extension of donor or organ criteria and a
rise in the use of organs from “marginal donors” of older
age and those with comorbidities, including infections.
Individual risk assessment is therefore essential for
ensuring successful outcomes [2].

Even when potential organ donors are not initially in-
fected upon admission to an intensive care unit (ICU),
the risk of infection from ensuing invasive procedures
can increase significantly. This risk of infection and
subsequent organ contamination must be considered be-
fore procurement [3]. However, bacteraemia or bacterial
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sepsis is not considered an absolute contraindication to
organ donation provided adequate antibiotic treatment
is administered [4, 5].

On the other hand, infection and sepsis are among the
most common causes of morbidity and mortality in
patients after SOT. Risk of infection is not only based on
immunosuppression, epidemiologic exposure and inva-
sive procedures performed in the recipient [6, 7], but
also on possible pathogen transmission from the donor.

In this case series, we report donor-derived infection
caused by multidrug-resistant (MDR) bacteria Escherichia
coli producing extended spectrum [-lactamase (ESBL)
and Klebsiella pneumonia ESBL in four SOT recipients
transplanted in one transplant centre (TC).

Case presentation

In November 2014, a 53-year-old woman with a history of
depression was admitted to a regional hospital after resusci-
tation as a result of a suicide attempt by strangulation,
where hypoxia led to the development of a malignant brain
oedema. She was afebrile on admission and showed a
normal chest radiograph along with microbially negative
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urine and tracheal secretion. On the sixth day of hospital-
isation, she showed clinical signs of bacterial infection (CRP
93.4 mg/l, leukocyte count 17.3 x 10°/1), with a chest X-ray
showing suspected infiltrate in the basal part of the right
lung. A standard microbiological examination was then car-
ried out in conjunction with empiric antibiotic therapy
(amoxicillin clavulanate 1.2g 4 8h iv.). Forty-eight hours
later, Klebsiella pneumoniae and Escherichia coli, suscep-
tible to all tested antibiotics except ampicilin - i.e. strains
which did not meet generally accepted multidrug-resistance
criteria, without ESBL production - were detected in the
sputum along with microbially negative urine. Not having
any pre-existing diseases, after 10days in the ICU on
mechanical ventilation, she was identified as a potential
brain-dead organ donor and transported to the TC for
further examination (echocardiography, coronarography),
instrumental confirmation of brain death and possible
organ procurement.

On admission to the TC, the patient was mechanically
ventilated, achieving adequate ventilation and oxygen-
ation status (tidal volume 500 ml, respiratory rate 12/
min, FiO2 0.4, SpO2 99%); perfusion pressure was main-
tained with norepinephrine at a maximum dose of 0.05
mcg/kg/min. Laboratory results indicated an increase in
inflammatory parameters except for procalcitonin (CRP
227 mg/l, leukocyte count 17.3 x 10°/1, PCT 0.35 ng/ml),
requiring blood cultures to be sent for microbiological
examination before organ procurement, no other sam-
ples were taken. However, since she was afebrile and her
chest radiograph was normal, there was no clinical
evidence of infection. Because organ procurement was
initiated just 4 h after admission and the results of the
new microbiological examination were not available at
that stage, no changes were applied to the primary anti-
microbial therapy given to the donor. ICU care of the
donor and multi-organ procurement were performed in
the standard manner according to current guidelines,
with the heart, liver, kidneys and pancreas all procured
for islet isolation.

The organs were transplanted to 5 different recipients.
All transplantation procedures were performed in the
same TC and in a routine manner using standard tech-
niques. Antibiotic prophylaxis (3 doses of cefuroxime
1.5 g i.v. 4 8 h for kidney transplantation, piperacillin-taz-
obactam 4.5g 4 8h iv. for 3days for liver transplant-
ation, piperacillin-tazobactam 4.5 g i.v. single dose before
Langerhans islet transplantation, ceftriaxone 1g 4 12h
for 2days for heart transplantation) and immunosup-
pressive therapy were applied for all recipients according
to routinely used organ-specific protocols and appropri-
ately modified based on the level of immunological risk
in each individual patient.

The first kidney recipient was a 60-year-old male on
haemodialysis with end-stage kidney disease (ESKD)
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caused by diabetic nephropathy and a history of tricus-
pid valve replacement and atrial fibrillation. Since it was
his second kidney transplantation, his immunological
risk was considered high. The immunosuppression
protocol consisted of thymoglobulin, tacrolimus, myco-
phenolate mofetil and prednisone, with induction by
thymoglobulin and methylprednisolone. Cefuroxime 1.5
g 4 8h iv. was used for antibiotic prophylaxis. On the
first postoperative day, the patient suddenly developed
haemodynamic instability with signs of both left heart
failure and severe sepsis. Immunosuppression therapy
was withdrawn and antibiotics were changed to merope-
nem 2g 4 8h iv. and amikacin 1.5g 4 24 h iv.. Septic
shock treatment — inotropes, vasopressors, fluid man-
agement and renal replacement therapy — was initiated
immediately. On the second postoperative day, surgical
intervention was performed due to visceral ischaemia.
The patient died on the second day after kidney trans-
plantation secondary to severe septic shock and multi-
organ failure (MOF). On the third day after trans-
plantation, microbiology (surgical samples cultures and
blood cultures) confirmed the presence of ESBL pro-
ducing Klebsiella pneumonia and ESBL producing
Escherichia coli in the kidney graft.

The second kidney recipient was a 32-year-old male on
peritoneal dialysis with ESKD due to glomerulonephritis
and a history of recurrent peritonitis requiring antibiotic
treatment. Because this was his third kidney transplant-
ation and his immunological risk was extremely high,
plasmapheresis was performed prior to surgery. Immuno-
suppression was induced by thymoglobulin (3 doses in
total according to protocol) and intravenous immuno-
globulin, and maintained by tacrolimus, mycophenolate
mofetil and prednisone. Cefuroxime 1.5g 4 8h was
initially used as prophylaxis, as in the first kidney recipi-
ent. On the first postoperative day, the patient showed
signs of bleeding, and on the second postoperative day he
suddenly developed both haemorrhagic and septic shock
caused by a strangulated sigma loop via the peritoneal
catheter. As with the first recipient, immunosuppression
therapy was discontinued, meropenem 2g 4 8h iv. and
metronidazole 500mg & 8h iv. administered, and
emergency surgery performed. Despite sepsis treatment,
volume substitution including blood products, and renal
replacement therapy, the patient died on the third day
after transplantation secondary to MOF caused by
hypovolemic and septic shock. Microbiological examin-
ation (surgical samples cultures, drain secretion cultures)
showed the same results as those of the first kidney
recipient.

The liver recipient was a 49-year-old male with hepa-
titis B virus-related cirrhosis with portal hypertension
and a Model for End-Stage Liver Disease score of 19. He
was admitted to hospital 10 days before transplantation
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because of a ruptured umbilical hernia resulting in peri-
tonitis, which was treated by cefotaxime for 10 days.
Immunosuppression consisted of methylprednisolone
induction, tacrolimus, mycophenolate mofetil and pred-
nisone. Antibiotic prophylaxis consisted of piperacillin-
tazobactam 4.5 g 4 8 h i.v. administered over 3 days. The
patient exhibited no postoperative complications. On
the second day after transplantation, ESBL-producing
Klebsiella pneumoniae was found in the drain secretion.
Antibiotics were therefore changed to meropenem 1g 4
8h iv. for 8 days. At the time of writing, the patient is
still alive with good graft function.

Langerhans islets were transplanted to a 59-year-old
female with type I diabetes mellitus complicated by daily
episodes of hypoglycaemia and chronic kidney disease.
Immunosuppression was induced by thymoglobulin and
methylprednisolone and maintained by tacrolimus and
rapamycin. The recipient was administered piperacillin-
tazobactam 4.5 g i.v. single dose for prophylaxis. On the
first day after transplantation, she developed severe
haemorrhagic shock with extreme blood loss. This was
followed by the development of sepsis due to pneumonia
on the second day after transplantation, accompanied by
acute kidney injury leading to MOF. The patient under-
went several emergency surgeries. ICU treatment was
based on immunosuppression withdrawal, antibiotic
therapy (piperacilin-tazobactam 2.25g 4 6 h i.v. because
of extracorporal renal replacement therapy and metro-
nidazole 1g 4 8h iv, changed on the 4th day to
meropenem 1 g 4 6 h iv. for 10 days and amikacin - dose
adjusted according to serum level 4 24 h i.v. for 10 days)
and treatment of hypovolemic and septic shock, consist-
ing of blood products, mechanical ventilation and
haemodialysis. On the second day after transplantation,
ESBL-producing Escherichia coli was detected in her
sputum, and on the third day ESBL-producing Klebsiella
pneumoniae was found in her blood cultures. After 81
days in-hospital, the patient was discharged despite the
failure in function of the transplanted Langerhans islets.
She subsequently underwent another, successful islet
transplantation.

The heart allograft recipient was a 40-year-old male suf-
fering from dilated cardiomyopathy and cardiorenal syn-
drome. Immunosuppression consisted of thymoglobulin
and methylprednisolone as induction, with thymoglobulin,
tacrolimus, mycophenolate mofetil and methylpredniso-
lone for maintenance. Ceftriaxone 1 g 4 12h iv. for 2 days
was initially used for prophylaxis, but because of infec-
tious complications to the other recipients, meropenem
1g 4 6 h was administered on the third post-transplant
day, this treatment was maintained for 10days. No
complications or positive microbial findings were re-
corded for this patient. He is presently alive with good
graft function (Table 1).
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In summary, 4 out of 5 recipients developed donor-de-
rived infectious complications within 48 h post-trans-
plant (Fig. 1). While bacteria of good susceptibility were
found during the primary microbiological examination
of the donor on the sixth day in ICU, MDR strains (both
ESBL Klebsiella pneumoniae and ESBL E. coli) were
found in the transport medium in which the organs (kid-
ney and Langerhans islets with duodenum) were stored
during organ procurement, but not in the blood culture
taken before procurement. In the samples of both kidney
allograft recipients, the Langerhans islet recipient, and
the liver recipient, the same MDR bacteria were detected
on the third postoperative day. Pulsed field gel electro-
phoresis confirmed the identity of these bacterial strains.
Using PCR the presence of extraintestinal virulence fac-
tors pap C, sfa/focCD (adhesins) and gimB (invasin) was
detected in ESBL E. coli. The graft perfusion solution
(Custodiol) was microbially negative. Secondary contam-
ination during organ procurement/transplantation was
ruled out (Tables 2 and 3).

Discussion and conclusions

While findings of positive blood cultures are quite com-
mon among potential organ donors, the transmission
rate to recipients is relatively low [8]. Organs from bac-
teraemic donors result in very few transmitted infections
in cases where donors have received pathogen-targeted
antibiotics before procurement [9]. According to one
study, even when blood culture positivity was not de-
tected in donors with bacteraemia before procurement,
neither graft nor recipient survival outcomes differed
from those of non-contaminated organ recipients when
using pathogen-specific antibiotic treatment [10]. There-
fore, given the potential degree of medical urgency on
the part of the recipient and the adaptability of anti-
microbial prophylaxis based on current microbiological
findings, donor infection is not considered a contraindi-
cation of organ procurement [11, 12].

However, in the initial stage preceding seroconversion,
donor infection often goes undetected due to the limited
sensitivity of routine laboratory tests toward pathogen
detection [4, 12]. Moreover, most brain-dead organ do-
nors with bacterial infection are afebrile, and thus many
exhibit unrecognised or unidentified bacterial infection
at the time of donation, increasing the risk to recipients
of pathogen transmission [13]. However, although such
donor-derived infections are rare, with incidence at ap-
proximately 0.2—1.7% of all SOTs, they are often serious
and accompanied by significant morbidity and mortality
[14-16]. The routine collection of biological material for
microbiological examination during organ procurement
(sputum, urine, and haemocultures) could be useful in
spite of the time pressures on obtaining results.



Page 4 of 8

(2019) 19:111

Kieslichova et al. BMC Surgery

|9A3] WINISS
01 bulpiode  Awoisosydel
ueyiwe Yors
8L0c ul ‘Yo e b uojuonejnusn 2Injie}
uopejue(dsues | wauadolsw |esiueydaw uebionnwi
SEN] 01 ‘sisk|eip pue Kep IENIENT)
MSEesh pabueyd Aep uRNWIRL  Ainfur Asupiy puz 2yi Uo |emelp SISeISajoyd ‘seasip
puz ‘s39jsl annesadoisod  ‘gHAAD “Poys 31nde ¥Poys Yam — supAwedes ASuppy d1uoIYd
paiue|dsues U oY1 Alo1e|n2Jn ondas pue ‘SnwljoIe) ‘elLIDA|D0dAY
ay1 uo‘'ygebsg Jo Adesayy  dibeyliowary (skep €) ‘(uondnpul) 40 saposida fe¥erd
Jo ainjiey Apea ‘7 weydeqozey ‘sa112bINns ‘eluownaud  weeqozel  dUOOSIUPAUdIAYIDW  9%E| Xew ‘%0 Ajiep ‘| 9dA1 snyjpw SENEWETEEN
(8107) aAIe 18 surjpessdid [elonss  ‘sbeyliowsey  sujpeladid  pue sulngojbowAyy 10P yHd ‘MO| ou/ou S9130PIP 3|Iqe) sealdued /65 %
Ayiedojeydadua
(skep 'S91IDSE ‘DWIOIPUAS
oLi0)ygeb suosiupaid ‘|1sjow |eualoleday
| wauadosow uonegnIx 91ejouaydodAw ‘uoisuauadAy
uonouny yelb Kep Alies ‘aJed (skep €) ‘snujjoloey |ewod D '€
poob yum aAnesadoisod  aanessdoisod weydeqoze) ‘(uononpur) ybnd-piiyo sisoyun /olew
(8107) 2nIe 44 plg a0uls [ensn auou suipeladid  suojosiupaidjAyiaw %0 Y4d ‘MO| sak/sak 12N pa1ejRl ADH IEN] /617 I
spjuolad
U8 g bwoos ues $oys 40 saposida
9|0ZepIUCIIDUW IO} UOIR|IIUSA  DIbeyliowdey auosiupaid ‘j19jow  uonejue|dsuely Alelp |eauoilad
aun|ie} ‘ygeb [eDIUBYIRW PEOEIS) 31ejouaydodAw ay1 210J2q suonejueidsuesn
uebJjopnui Z wauadossw  ‘gHAAD PoYs  gdyD punose ‘snwitjooe) ‘(sasop - sisassydewsed Aauppy g snoinaid
‘sisdas ‘1 0S Kep Ki01e|n2JId dooj ewbis €) dUINQOIPOUNWIWI %6/ XeW ‘049¢ ‘spydauojniswolb K4
191e Aep yig aAnesadolsod Jo Adesayy paienbue.s (sAkepg)  snousAenul ‘(S9SOP 19 WYd ‘YSd JO JIUOIYD ‘25easIp /olew
3yl UO Yyieap ¥ puz a2uls ‘f1sbins  ‘abeyliowsry  WIX0IND €) aulngojbowAyy  |aA9] ybiy ybiy ou/ou ASUpB| JIUOIYD Aupy Yeds 4
(unys
AV) sishjeipoway
‘(Bunpopiw)
uolsua10dAy
[enligeyY ‘(%05
A1 43 ‘(uiepiem)
uone|jLqy
|eLie ‘uonenbinbal
03 anp Jredal
ysy aAeA pidsnou
10} Uoe|IUIA Sissuweue
[eDIUBYDRW Aep pig JeIpJED ‘SISOGQUIOIY)
'‘GHAND eIWIBYS| 3U1 UO [eMeIpyIM UIdA [eual
Yywc ‘ssuBpING  [essdsIA ‘sisdas ‘suosiupaid ‘[nsjow 01 anp elwoayelb
e bz upeyiwe 01 Hujpiode ‘eluiyifkie 31ejouaydodAw Alies ‘obe sieak
aun|ie} ‘ygeb  ypoys ondss ‘Aouspynsul ‘snwitjoloe) %t Xewl ¥ uonejuedsues
uebJjopnu ¢ wauadossw 2y} Jo Adelayy ueay ‘SulinqojbowAyy ‘%0 192 Yyd Aauppy
‘s1sdas ‘1 0S Kep  ‘souuyiAlenue Y| ‘AujIgeisul ‘(uononpur)  ‘uonejueldsuen ‘Ayredoiydau 997
13ye Aep pug anesadossod ‘ssdosjoul  dlweuApoway (skepg)  auojosiupaidjAyiaw Aaupny onagelp ‘aseasip /3]ew
3yl Uo Yyreap € pugz a2uls ‘A19bins AJBS  BWIXOIN@D  pue auliNgo|BoWAYY puz ybiy ou/ou A2UpBy JIUOIYD Aaupny /09 L
Adesayr g1v uebio INg  1usned
[sAep] Adelayy sixejAydoud 3S1 uonezijendsoy pajuejdsuely /X3S Jo
SWodIN0 SO onoigiue Adesoylr  uoned|dwod onoigiue  uoissaiddnsounwiwl  [edibojounwiuli 10S 03 Joud aseasip [edipuud  |Ng/Xxes/obe /obe  Jaquinu

polad aAieiadonad Jisyl pue syuaiddal [enpiAlpul JO SOIISHRIDRIRYD | dqel



Page 5 of 8

(2019) 19:111

HETIY
91ej0uaydodAw
‘suo|osipaidiAyiaw EN-EN]e]
(skep yel ‘snulijoioey A2UpBy JIUOIYD
0l 10)) Y9 e b 10} uone|IUSA ‘aulingojbowAyy ‘@D ‘uoisusuadAy
| wauadosawl |edlueydaW ‘(uondNpU) |13j0W Areuownd
uonduny Kep 210 91ejouaydodAw pue %02 > A1 8T
Yyeib poob aAnesadolsod  aanessdoisod (skep €)  ‘auojosiupaldiAyiaw 43 ‘AyredoAwolpied /alew
(810¢7) oAl o pug 9ouls lensn 2UOU  JUOXelD ‘aulingo|bowAyy %0 VHd ‘MO S9A/59K uonele|ip ueay /0F S
(shep oL 1oy
Adesayr g1v uebio INg  1usned
[sAep] Adelayy sixejAydoud 3S1 uonezijendsoy pajuejdsuely /X3S Jo
SWodIN0 SO onoigiue Adesoylr  uoned|dwod onoigiue  uoissaiddnsounwiwl  [edibojounwiuli 10S 03 Joud aseasip [edipuud  |Ng/Xxes/obe /obe  Jaquinu

Kieslichova et al. BMC Surgery

(panunuo)) pouad aaieladonad Jisyl pue syuaididal [enpIAIpUl JO SDISURIDRIRYD) | d]qel



Kieslichova et al. BMC Surgery (2019) 19:111

Page 6 of 8

‘ Days of ‘ organ procurement and

procedures

clinical state

ATB | ‘amoxicilin + clavulanate
‘microbiology

survellance sputum, urine blood cultures transport medium

Transport medium - E.coll

‘ sputum - Klebsiella pn., E.coli ESBL, Klebsiella pn. ESBL

finidings

Day post Tx 1

| 2 3 a 5

linical state

[ surgery/death

microbiology surveillance sputum

ATB cefuroxim/ meropenem + amikacin

sputum: KI. oxytoca ESBL,

blood culture, drain secretion, surgical
samples

blood: E.coli ESBL, drain: E.coli ESBL, surg.

finidings

cloacae

samples: E. coli ESBL, K.pn. ESBL

clinical state bleeding

septic+ surgery death

ATB cefuroxime

meropenem/

3 surgical
samples

finding:

drain secretion
KI.pn. ESBL, E.coli ESBL,drain
secretion: E coli ESBL

clinical state

ATB piperacilin/tazobactam

for 8 days

drain secreti blood culture, urine, drain secretion blood culture

drain secretion: KI. ESBL

finding:

linical state

ic shock [ i i ]

ATB
microbiology surveillance

finding:

piperacilin/tazobactam+metronidazole meropenem + amikacin for 10 days

sputum | sputum, drain secretion | sputum, drain secretion
sputum, drain secretion: | sputum, drain secretion:
E. coli ESBL

sputum: E.coli ESBL blood culture - Kl.pn. ESBL E.coli ESBL

clinical state

ATB ceftriaxon

| for 10 days

‘ blood culture blood culture blood culture, urine

microbiology findings

negative

Fig. 1 Timeline of case presentation

In the case described above, the urinary tract of the
organ donor was colonised by MDR strains of ESBL
Escherichia coli and ESBL Klebsiella pneumoniae at the
time of organ procurement, as their drug susceptibility
changed after empiric antibiotic therapy, which was con-
firmed by pulsed field gel electrophoresis. Unfortunately,
these strains were not detected in the sputum or in the
urine of the donor on the sixth ICU day, while the
increase of inflammatory markers at the time of trans-
port may have been attributed to the onset of new
infection.

In organ donors, only routine screening of common
bacterial and viral infections is performed, while screen-
ing of colonization by MDR strains is not. Extended

Table 2 Microbiology examination of the donor’s sputum,
including drug sensitivity. S sensitive, R resistant

ATB Klebsiella pneumoniae E.coli
Ampicilin R R
Aminopenicilin/inhibitor S S
Piperacilin/tazobactam S S
Gentamicin S S
Ofloxacin S S
Cefotaxime S S
Ceftazidime S S

microbiological examination is indicated only if there is
reasonable suspicion of infection. Standard cultivation is
time — consuming (18-24 h minimally) and the results
of fast methods based on polymerase chain reaction are
quickly accessible, but expensive with limited specificity,
without information about drug susceptibility. In our
case, the donor, showing clear signs of infection, had
many risk factors for colonization and infection by noso-
comial MDR strains. Administration of broad-spectrum
antibiotic treatment should have been considered, even
though there was no evidence.

Table 3 Strains isolated from biological materials of the
recipients. R resistant, S sensitive, | indifferent

ATB Klebsiella pneumoniae E.coli
Ampicilin R R
Aminopenicilin/inhibitor R R
Piperacilin/tazobactam R R
Gentamicin R R
Amikacin S \
Ciprofloxacin R I
Cefotaxime R R
Ceftazidime R R
Meropenem S S
ESBL Positive Positive
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The recipients differed with regard to antibiotic
prophylaxis, immunosuppression levels and incidence of
postoperative complications. Severe bleeding occurred in
three cases, most likely associated with the presence of
Gram-negative bacteria in the blood stream [17]. All of
these factors seem to relate to the possible development of
sepsis. Both of the kidney recipients who were placed on
the intensive immunosuppression protocol and underwent
early surgical revision died because of fulminant septic
shock, while the liver, heart and Langerhans islet recipi-
ents survived.

We consider this case to be instructive for several
reasons. First, it illustrates that the length of time spent in
an ICU increases the risk of colonisation by MDR nosoco-
mial strains [18—20], however, there are no specific predic-
tors of ESBL — producing microorganisms colonization
[21]. Second, microbiological screening of the donor,
despite the absence of clear signs of acute infection, is very
important. Third, even though absolute prevention of
donor-derived infection is not possible, the risk of transfer
can be significantly reduced [4, 5, 12].

Communication between donor centres and their labs,
organ procurement organizations and transplant centres
is a cornerstone of transplantation medicine. The quality
of communication was investigated by Miller and
colleagues [22]. Number of infectious events, of which
many lead to serious adverse events, including deaths,
was registered. Most of these infectious adverse events
were caused by communication gaps, as the test results
were reported with delay, so appropriate interventions
could not be taken.

To conclude, donor screening for the presence of both
common and uncommon pathogens should always be
carefully performed. Furthermore, any subsequent anti-
biotic treatment should be adjusted based on results and
the local epidemiologic situation, with a focus on MDR
bacteria. Good communication among healthcare facil-
ities charged with caring for the donor and recipients
can play an important role in expediting the use of
targeted antibiotic treatment in infected recipients.
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