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Abstract

Background: The opioid crisis has led to an increase in hepatitis C virus positive donors in the
past decade. Whereas historically hepatitis C seropositive organs were routinely discarded, the
advent of direct-acting antiviral agents has notably expanded the utilization of organs from donors
with hepatitis C. There has been growing experience with liver transplantation from hepatitis C
seropositive donors to hepatitis C seropositive recipients. However, data remain limited on liver
transplantation from hepatitis C seropositive or hepatitis C ribonucleic acid positive donors to
hepatitis C seronegative recipients.

Methods: We performed a retrospective study of 26 hepatitis C seronegative recipients who
received hepatitis C seropositive donor livers followed by preemptive antiviral therapy with direct-
acting antiviral treatment at the Johns Hopkins Hospital Comprehensive Transplant Center from
January 1, 2017 to August 31, 2019.

Results: Twenty-five of the 26 recipients are alive with proper graft function; 20 of them
received livers from hepatitis C nucleic acid testing positive donors. All 12 recipients who
completed their direct-acting antiviral courses and have reached sufficient follow-up for sustained
virologic response have achieved sustained virologic response. Nine of our recipients have either
completed direct-acting antiviral treatment without sufficient follow-up time for sustained
virologic response or are undergoing direct-acting antiviral treatment. One patient is awaiting
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antiviral treatment initiation pending insurance approval. Of note, 11 of 12 patients with sustained
virologic response, received a hepatitis C nucleic acid testing positive donor liver.

Conclusion: Hepatitis C seronegative patients who receive a hepatitis C seropositive or hepatitis
C nucleic acid testing positive liver allograft can enjoy good short-term outcomes with hepatitis C
cure following direct-acting antiviral treatment.

Keywords

hepatitis C virus positive donor liver; hepatitis C virus negative recipient; liver transplantation;
direct acting antiviral; preemptive antiviral therapy

Introduction

Liver transplantation (LT) is the only curative and lifesaving treatment for end-stage liver
disease and acute liver failure. The median wait time in the United States for an LT is 11.3
months; accordingly, waitlist mortality remains considerably high.! The recent decline in
wait times was in large part related to the increase of deceased-donor livers, which coincided
with the opioid crisis and deaths from narcotic overdose.l

Amidst this opioid epidemic, there has been a rise in the number of increased-risk donors
due to intravenous drug abuse.? Increased-risk donors have a higher than average risk of
transmitting human immunodeficiency virus, hepatitis B virus, or hepatitis C virus (HCV)
infection to their organ recipients due to behavioral factors, but they do not necessarily affect
the quality of the organ or graft survival.34 At times, donor risk index can be lower in
increased-risk liver donors than in standard donors.® Since the approval and the remarkable
clinical success of anti-HCV direct-acting antiviral (DAA) medications, the nationwide
acceptance of potentially HCV positive liver allografts has increased.5:”

Between 1995 and 2016, 4.1% of deceased donors in the United States were HCV
seropositive (HCV Ab+) (Box 1).8 Prior to the introduction of DAAs, livers from HCV Ab+
donors were discarded at a higher rate than livers from HCV seronegative (HCV Ab-)
donors, leading to the loss of precious transplant resources.® While HCV Ab+ recipients of
HCV Ab+ livers have demonstrated acceptable patient and graft survivals up to 5 years post-
transplant, outcomes data for transplantation of HCV Ab+ livers to HCV Ab- recipients
remain scarce.1%11 HCV Ab+ donors can be further classified by the detectability of HCV
ribonucleic acid (RNA) through serum nucleic acid amplification testing: i.e., HCV nucleic
acid testing (NAT) positive (HCV NAT+) or HCV NAT negative (HCV NAT-). HCV NAT+
donor livers universally transmit HCV infection to their recipients; in contrast, HCV Ab
+/NAT- donor livers result in HCV transmission up to 16% of the time.12 The aim of the
present study was to describe our institutional experience with 27 HCV Ab- patients who
received HCV Ab+ donor livers.

Materials and Methods

We performed a retrospective study of 268 adult liver transplant recipients at the Johns
Hopkins Hospital Comprehensive Transplant Center (CTC) from January 1, 2017 to August
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31, 2019. The electronic medical record was reviewed for recipient data: age at transplant,
sex, race, etiology of liver failure, blood type, DAA regimen selected, date of DAA
initiation, date of liver transplant, HCV antibody status prior to transplant, HCV RNA viral
load, liver-associated enzyme (LAE), biologic model of end-stage liver disease (MELD)
score at transplant, and donor liver biopsy pathology. We obtained donor information from
DonorNet, including age, sex, race, HCV antibody status, HCV NAT, and Public Health
Services (PHS) increased risk status.

Before transplantation, patients who were willing to accept HCV Ab+ donor organs initially
provided consent to their primary hepatologist. If offered an HCV Ab+ organ, patients then
additionally consented to the operating surgeon. The Johns Hopkins clinical consent form
for HCV Ab+ LT delineated the risks and benefits of receiving an HCV Ab+ liver.
Specifically, the form detailed the efficacy of DAAs, their potential side effects, and the
expectation that treatment will be started within 3 months of LT. Our approach to HCV
treatment was preemptive antiviral therapy with DAA, defined as DAA initiated in the early
post-LT period prior to clinical evidence of HCV. The specific DAA selected was based on
the HCV treatment guidelines published by the American Association for the Study of Liver
Disease. We did not communicate with insurance companies prior to transplant, but
insurance companies have not denied coverage in our experience. All transplants were
performed with the knowledge of our CTC administrator. In the event the patient’s insurance
does not cover DAA, we verbally informed our patients that our CTC would cover the cost
of the medications. We informed patients of a small possibility that DAA would not lead to
HCV cure. We stated that the alternative would be to remain on the transplant waitlist with a
potentially longer wait time and that there is a risk of death on the waitlist.

The Johns Hopkins Institutional Review Board approved the present study protocol
(IRB00201219).

During the study period, there were 191 liver recipients who were HCV Ab- pre-transplant;
26 (13.6%) received an HCV Ab+ donor organ. There were also 77 recipients who had pre-
transplant HCV Ab+; among them, 33 (42.9%) received an HCV Ab+ liver.

The present analysis focused on the 26 HCV Ab- recipients who received an HCV Ab+
donor liver. Their median biologic MELD was 21.5 prior to transplant; the median allocation
MELD was 29.5. Table 1 provides the baseline characteristics for each recipient in our
cohort.

The liver donors in our cohort were all HCV Ab+. Importantly, 20 of the 26 donors were
HCV NAT+ before graft harvest. PHS increased risk status was elevated in 19 out of 26
donors. Table 2 summarizes the donor demographic data and liver biopsy pathologies. For
clarity, we have numbered the donors to correspond to their respective recipients.

All but one of our HCV Ab- recipients are still alive. Recipient #21, the most critically ill
patient in our cohort, had a biologic MELD score of 40 prior to transplant and was listed as
status 1A. The indication for liver transplantation was Wilson disease with fulminant liver
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failure. The post-transplant course was complicated by ischemic bowel, multiorgan failure,
and acute respiratory distress syndrome. Unfortunately, the recipient succumbed to these
complications within a week after transplant. The corresponding donor was HCV Ab+/NAT
-, but we did not measure a post-transplant HCV viral load before the recipient’s death.

The 20 HCV Ab- recipients of HCV NAT+ donor liver all acquired active HCV infection
post-LT. In contrast, only 2 out of 5 HCV Ab- recipients of HCV Ab+/NAT- donor liver
acquired active HCV infection. We planned for all recipients who developed active HCV
infection to receive a treatment course of DAAS to be initiated after HCV RNA became
detectable in the recipient’s blood. To date, 12 of the 22 recipients who developed active
HCV infection post-LT is in SVR12, another 3 completed DAA course awaiting sufficient
follow-up to SVR12, 5 are still undergoing DAA treatment, and 1 is awaiting insurance
approval for DAA. The number of days from LT to the initiation of DAAs ranged from 9 to
74 (median of 37). The most common reason for the lag period was the insurance approval
process. For recipients #5 and #22, our CTC paid for the initial portion of their DAA course
while we awaited insurance approval because liver biopsy findings could not exclude HCV
as a cause of LAE elevations. Recipient #6 suffered massive blood loss during transplant that
required delayed closure of the abdomen and bile duct reconstruction, which led to
prolonged intubation, subglottic stenosis, and subsequent dysphagia. There was a 56-day
gap until DAA initiation because of the lack of a liquid or crushed formulation of DAA
amenable to nasogastric tube administration.

All 25 surviving recipients still enjoy normal graft functions after a median follow-up time
of 8 months as of September 2019. Six of the recipients required liver biopsy post-LT. The
biopsy of recipient #1 indicated mild acute cellular rejection (ACR), and his LAEs
normalized after increasing the dose of corticosteroids. Recipient #3 had a liver biopsy for
refractory ascites and biopsy showed nodular regenerative hyperplasia, which was also
present on explant of pre-transplant liver; no predisposing factor was identified for nodular
regenerative hyperplasia. Recipient #5 had a gradual uptrend of LAEs up to 3 to 5 times the
upper limit of normal (ULN) in the 4 weeks between the LT and a liver biopsy that showed
mild ACR with concurrent HCV infection. We increased the steroid dose and started DAA
immediately after the biopsy. The recipient’s aspartate transaminase (AST) and alanine
transaminase (ALT) continued to rise to a peak of 8 times the ULN at 8 weeks after DAA
initiation, but a repeat biopsy 3 weeks after the first biopsy showed interval improvement.
The LAEs normalized over the subsequent 12 weeks. Recipient #5 did eventually have
another repeat biopsy 42 weeks after transplant for persistent alkaline phosphatase up to 6
times the ULN; biopsy result was consistent with mild to moderate ACR, and LAEs
normalized with a steroid pulse and taper. Recipient #6 had cholestatic elevations; liver
biopsy was consistent with mild to moderate ACR without features of HCV activity. The
abnormal LAEs normalized after high dose corticosteroids. Recipient #6 subsequently had a
repeat biopsy 38 weeks after transplant for LAE elevations and was found to have mild
ACR; we increased steroid dose and started mycophenolate mofetil, and LAEs normalized
within one week. Recipient #9 had a liver biopsy in the setting of persistent hepatic
encephalopathy with elevated ammonia, but biopsy was not consistent with graft dysfunction
and she improved clinically after withdrawal of narcotics. Recipient #22 had an initial
decrease of LAEs post-LT, but LAEs rapidly rose during the subsequent hospital-acquired
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pneumonia. Liver biopsy showed changes consistent with mild ACR, but it could not
exclude concurrent HCV infection. We initiated both DAA and high dose corticosteroids
immediately after biopsy, and LAEs normalized within 2 weeks. Table 3 presents additional
details on these liver biopsies.

The viral loads for all recipients started on DAA decreased rapidly from their baseline pre-
DAA viral load. Figure 1 depicts each recipient’s viral load as a function of time for the first
90 days post-DAA, highlighting the rapid response of every surviving recipient’s viral load
after DAA initiation. SVR12 was achieved in 12 out of 12 patients who completed DAA
with sufficient follow-up; eleven of these patients received an HCV NAT+ liver. Nine
patients either have completed DAA course or are still on DAA treatment, but their viral
loads are all undetectable. Although protease inhibitors are not recommended for use for
Child-Pugh B, glecaprevir/pibrentasvir was used for recipients #5 and #6 who both reached
Child-Pugh B at one point during their treatment course. We did not use protease inhibitor
containing therapy on any patient with Child-Pugh C classification, for which protease
inhibitors would be contraindicated. In general, the selection of DAA regimen used was per
HCV treatment guidelines published by the American Association for the Study of Liver
Disease (AASLD) and this was also explicitly stated in our consent form. One exception was
for recipient #22 who received a total 24-week course of therapy with 8 days of sofosbuvir/
velpatasvir followed by ledipasvir/sofosbuvir, which was due to insurance company
preference for a 24-week course of treatment. The initial choice of sofosbuvir/velpatasvir
was per our transplant team prior to genotyping results and our CTC paid for the medication
prior to insurance approval. The DAA regimen selected, the timing of initiation relative to
transplant, and the current HCV treatment status for each recipient are summarized in Table
4.

To summarize, all except one patient in our series currently possess functioning liver grafts.
All 12 recipients who completed their DAA courses and have reached sufficient follow-up
for SVR12 have achieved SVR12. Nine of our recipients have either completed DAA
treatment without sufficient follow-up time for SVR12 or are undergoing DAA treatment.
One patient is awaiting DAA initiation pending insurance approval. Of note, 11 out of our 12
patients in SVR12 received an HCV NAT+ donor liver and have normal graft function.

Discussion

Our results are consistent with a prior case series of 10 HCV NAT- LT recipients of HCV
NAT+ donors, with all of the patients achieving SVR12 post-LT. However, 7 out of 10
recipients in the prior series were HCV Ab+ before transplant whereas all recipients in our
case series were HCV Ab-.13 More recently, Luckett et al. described 55 LT recipients of
HCV Ab+ donor livers of whom 49 recipients were HCV Ab-.14 None of the donors were
HCV NAT+, which differed notably from our present series.

Transplantation of organs from HCV NAT+ donors to HCV Ab- patients is not an entirely
novel concept. Goldberg et al. evaluated kidney transplants from HCV NAT+ donors to 10
HCV Ab- recipients, and they treated recipients with DAA at the first elevated HCV RNA
level in the Transplanting Hepatitis C Kidneys Into Negative Kidney Recipients (THINKER)
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trial.1> Our group also previously described 10 HCV Ab- recipients of HCV Ab+ donor
kidneys who received DAA as pre- and post-transplant prophylaxis with treatment regimen
modified according to genotype results.18 All patients in the two abovementioned trials
reached SVR12. Transplantation of heart and lungs from HCV NAT+ donors to HCV Ab-
recipients have similarly been reported with acceptable short-term outcomes and HCV cure
with DAA treatment.17-20 Despite these reports, liver transplantation with an HCV Ab+
donor into an HCV Ab- recipient is fundamentally and conceptually different as HCV
infects hepatocytes; thus, the liver is the largest reservoir of HCV in the body. Little is
understood about the impact of immunosuppression in HCV NAT- transplant recipients
receiving an HCV NAT+ liver and, by extension, a large HCV load. Acute HCV infections
do not typically cause significant liver injury in the non-transplant setting. However, the
clinical course of transmitting new HCV infection to liver transplant recipients on active
immunosuppression has the potential to progress differently. Our series helps to address this
knowledge gap since we administered standard immunosuppression regimens without dose
reduction despite HCV infection.

Despite enthusiasm for using HCV Ab+ donors for LT, the long-term outcomes of donor-
derived HCV infection in HCV Ab- patients are yet to be determined.1* Some possible risks
of donor-derived HCV infection include fibrosing cholestatic hepatitis and graft rejection
following HCV cure.2! Furthermore, our series observed a 16% rate of ACR (4 out of 25
surviving patients), albeit 2 out of 4 of these cases were complicated by concurrent post-
transplant HCV infection. This raises the possibility that ACR may occur more rapidly for
HCV Ab- patients who receive HCV NAT+ liver transplantation, since prior experience
with immune-mediated graft dysfunction primarily occurs after completion of DAA
treatment post-LT.22 Transplant providers must weigh these possibilities against the
mortality risk while on the waitlist. For instance, Croome et al. showed a 136% increase in
mortality for waitlisted patients who declined an increased risk donor liver relative to those
who accepted one.® A recent mathematical model using UNOS data also suggested
improved life expectancy for patients with MELD 20+ should they be willing to accept HCV
Ab+ organs.23

Our study demonstrates the paradigm shift brought by DAA agents with high rates of
treatment response for donor-derived HCV infections. Nonetheless, until long-term data
become available, we recommend reserving the transplantation of HCV NAT+ donor livers
to HCV Ab- recipients for specific subsets of LT candidates. Patients who may benefit the
most include those whose MELD scores underrepresent the clinical severity of disease (e.g.,
recurrent cholangitis episodes), as well as those in whom prolonged waiting risks eventual
transplant ineligibility (e.g., progressing hepatopulmonary syndrome) or other calamities
(e.g., acute liver failure).24

All patients in our series started DAA within 12 weeks of LT. Awaiting insurance approval
was the most common source of the lag time between LT and DAA initiation. In one patient,
an inability to swallow led to the delay in DAA initiation. Additional studies should focus on
the optimal treatment regimen and timing, specifically whether prophylactic treatment at the
time of liver transplant would promote even better outcomes. While the availability of pan-
genotypic DAA improves the theoretical feasibility of prophylactic treatments,
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administration through a nasogastric tube immediately post-transplant may encounter poor
drug absorption. A recent study of the pan-genotypic DAA glecaprevir/pibrentasvir in
healthy subjects showed variable drug plasma levels when the medication was crushed or
ground, precluding it from reliable delivery through nasogastric tubes.2> We did note that, in
the Using Hepatitis C positive hearts for Negative Recipients (USHER) trial, Mclean et al.
reported HCV cure in an undisclosed number of HCV Ab- orthotopic heart transplant
recipients who received crushed elbasvir/grazoprevir through nasogastric tube
administration.26 However, elbasvir/grazoprevir is not pan-genotypic. Its role may be limited
to treatments after the HCV genotype result is confirmed, when the immediate post-
operative need for crushed administration has often resolved.

Given the rise of HCV Ab+ donors in the United States based on available national data, the
addition of DAA agents to our therapeutic arsenal has allowed us to explore the utilization of
these increased-risk organs.2’ The transplant community underwent a similar transformation
for hepatitis B core antibody positive liver grafts in the past decade. Despite the initial
uncertainty, literature now supports the routine use of hepatitis B core antibody positive
livers for transplantation.28:29 In time, we may also view HCV Ab+ liver grafts in the same
light. In conclusion, our case series presented the successful transplant of HCV Ab+ livers in
HCV Ab- recipients when HCV receives treatment after transplant. The practice should be
considered after a careful risk and benefit discussion with the potential candidate. Further
discussions at the national level are warranted to reach a consensus within the transplant
community regarding the use of HCV Ab+ donor livers for HCV Ab- recipients.
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Box 1:
Terminology of Hepatitis C Virus (HCV) Infection Status used in this

Manuscript

Term Abbreviation Definition

HCV seropositive HCV Ab+ Detectable anti-HCV antibody in the serum. Can be either
HCV Ab+/NAT+ or HCV Ab+/NAT-.

HCV seronegative HCV Ab- Undetectable anti-HCV antibody in the serum.

HCV NAT positive HCV NAT+ Detectable HCV RNA through nucleic acid amplification test
in the serum.

HCV NAT negative HCV NAT- Undetectable HCV RNA through nucleic acid amplification

test in the serum.
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Figure 1: Viral Load for Each Patient Versus Time After Direct Antiviral Initiation
Only the first 90 days after initiation of antiviral therapy is shown for each patient. Each

series of dots connected by lines represents the viral load trend for a given patient treated
with DAA. The above graph contains the 21 patients treated with DAA; 4 patients were not
infected post-transplant thus never started DAA and 1 patient died prior to DAA treatment.
Abbreviations: hepatitis C virus (HCV), international units per milliliter (11l/mL), direct-
acting antiviral (DAA)

Transpl Infect Dis. Author manuscript; available in PMC 2020 December 01.



Page 12

Ting et al.

(0oH) L2 L +V | ueiseaned AgH IN/S9 92

(eunyexo) og 0z +V | ueiseoned elN[EXo N/gz 74

T€ 1€ +V | ueiseoned HSVN 4/TL ve

9¢ 9¢ +O | ueiseone) 10yod|v N/YS €¢

Le LZ +O | ueiseoned OSd N/TC [44

V1 snjels or +0 Aoeld 9SESSIP UOS|IMN 4/T¢ TC

6¢ 62 +O | ueiseoned HSVN 4/.9 0¢

8T 8T -0 | ueiseoned HSVN IN/9S 6T

7 11 +9 | ueiseoned Kousioysp 1VTV N/SS 8T

6T 6T +9 | Ueisedney HSVN N/LS LT

9¢ 9 +O | ueiseoned HSVN /LS 97

€€ €€ +V | Ueiseone) HSVN 4/0. ST

Le LZ +O | ueiseoned HSVN N/09 14

14 T4 +0 | Oluedsiy 08d W/TL €T

(swoupuAs Areuow|ndoleday) 6z A +0 | ueiseoned | enusabuod sisoresansAq 4/52 T

e L€ -0 | ueiseonen 10400 Wivy 1

0€ 0€ +O | ueiseoned HSVN N/99 07

(Ayredofeydaous) 5z LT +0 | ueiseoned 10yod|y 4/.8 6

(00H) 82 9 +V | ueiseaned J0H 4/09 8

6T 6T +V | Ueisedne) odd N/TL L

0€ 0€ +O | ueiseoned 104od|v N/ES 9

LT LT -V | ueiseone) HSVN IN/99 S

44 44 -0 | ueiseaned ojushoidAin IN/6S 14

(xesoyroipAy) 8z 12 +0 | ueiseane) [ellleis]\ % IN/09 €

LT LT +O | ueiseoned 104od|v N/ES 4

(Ayredoreydaous) gz ) +0 | ueiseanen zuonaafal ouoiyd Wiz T
(suiod

uo11deoXa 10} uosea ) Jue|dsue s} Joawll e 13N uoiredo||y | uejdsuel e 13N o16ojolg | adAl poolg aoey s|soy.4o jo ABojong xas/s Jeak - ,ﬁmm< Jguinu jusidiey

|endsoH supjdoH suyor 18 T0Z 1snBny pue Tz Alenuer usamiag SI8AIT aAIIS0d04as ADH Jo siualdioay juejdsuel] JaAl] aalebhauolas ADH

Author Manuscript

‘T al1qeL

Author Manuscript

Author Manuscript

Author Manuscript

Transpl Infect Dis. Author manuscript; available in PMC 2020 December 01.



Page 13

Ting et al.

(0sd) smbuejoyo Buisossjos Arewnd ‘(Dgd) sibuejoys Areljiq Arewid ‘(HSWN) siizedayoleals 91joyodjeuou
‘(@13In) asessip Janl| abels-pus Joy [apow ‘(IN) ajew ‘(DD H) ewouldled Jejnjigaoreday ‘(ADH) snJiA O sieday ‘(AgH) SN g sireday ‘(4) sfewsy ‘(1Y) uisdAnnue-T-eydje :suoneinalqoy

uonaalal 21U0IYD YlIm Jualsisuod 1sow sem Aarewnn ABojoyred juejdxa Ing ‘ainjrey yelb 01 Buipes| aq o3 ybnoy (jewou [aAs] © ulngojbounwiwi ‘0g:T 181l Apognue

819snwW Yloows-nue ‘09T:T 48l Apognue Jesjonunue) GToz Ui snedsy sunwiwioine ajqissod Jo aposida ue yim ‘Juejdsuel) JuaLino 0) Joud sieak 4z ul eisaiie Aseijiq sem juejdsuel) 1oy UoNeDIpUl _m:_m:oﬂ

uoiejue|dsues Jo s ay Je mmdp

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

Transpl Infect Dis. Author manuscript; available in PMC 2020 December 01.



Page 14

Ting et al.

(94G) JeIN21SAACIIW a1u04yd ‘rexod ‘A SOA Al 0 uelseane) W/6y
JuedI1ubBIS BUON 191doJp |lewsS leuoduiad ‘pliN vT
o1uoIyd ON 0 oluedsiH IN/9S
JuedLIUBIS SUON RdIIUBIS BUON sisolquy [ewiuny | ‘reuod ‘eresapow 01 piiA et
(9G>) JeIN2ISaN0IORW a1u04yd ‘reuod ‘ppN SOA anl 0 uelseane) 4/82
191doJp abue| [ewiuiw
‘(9%02) Je[naisanoioew cr
JuedIUbIS BUON 19|doup [jews JuedIIUBIS BUON
(96G>) JeIN2ISBAO.IORW JuealIuBIS suoN SOA ANl 0 ueIseane) W/Ze
191doup able| fewiuiw
‘(902) Je[naisanoidew 1
JuedLIUBIS SUON 19|doup |lews JURdIIUBIS SUON
VIN VIN VIN VIN SSA Bl (6] ueiseane) 4/0¢ 0T
(%G>) o1uolyd ‘redod ‘plIIN SOA anl 0 oluedsiH d/6v
1o1doup abiey piw ‘(%606) 6
JuedLIUBIS BUON 19|doJp |[eWS 819A3S [eyod ‘plIA
lenoduiad 21U0IYd TN v ueiseone) 4/02
JuedIUBIS BUON JuedIUBIS BUON ‘81RO ‘reniod ‘ajesspoy 8
‘uoll ajqeulels Ie|noisanoioew
|e1jay10puao|nonal (9%0¢) 191doJp jews
pue Jejnjjadoeday piiA pue (9452) 181doap abre] JuedIUBIS SUON o1u0.4yd ‘reuod ‘pliN SBA v ueiseoned N/EE L
191doup |jews
S99 [eI]3YI0PUB0ININBI Ul ‘(%SG>) Jejnaisanoioew ‘levod
palou $8101S UOJI Pasealodu| 19|doup abieT Jenod ‘arelapoln ‘21U0JY9 ‘a1eIaPOIN OoN anisod 0 oelg W/LS 9
'S]199
uelf yyum eyewolnuelf
sajAoojeday pue Bureases-uou
S[199 |eI]aY10pUs0|NINaI (%0%) lenoduiad leuod ajdinA o1u0Iyd
u1 asealoul pliN Je|NJISAA0IIRW BeI3POIN ‘a1eJ3pOIN ‘reuiod ‘ajesapoN SOA v 3oelg 412y g
JuedLIubIS suoN JuedHIUBIS BUON JuedLIUBIS BUON Juedliubis suoN SOA 0 oune /oY 14
uonnquisip senjjaooreday (%5>)
‘pliw ‘Ayared Je|naisanoloew plIN JuedIIUBIS BUON a1u04yd ‘renod ‘ppA ON 0 ueiseoned 4/15 €
VIN VIN VIN VIN SSA (0] ueiseaned IN/OY 4
JuedIubIS suoN JuedIUBIS BUON JuedIUBIS BUON 21uoJyd ‘reuod ‘plIN SOA 0 uelseane) W/LE T
uol| SIS07e3IS sis0lqi4 uolewiwe|ju | ueb o 1 adf
peseaoul | 1VN ADH poojq xasfebe Jaquinu
ABojoyred Joal| JouoQ SHd JouoQ Jouoq | @oel Jouoq JouoQ JouoQ

Author Manuscript

‘¢ 9|qeL

Author Manuscript

T 31qeL ul siuaidioay 01 Buipuodsalio) siouoq aanisodolss AJH

Author Manuscript

Author Manuscript

Transpl Infect Dis. Author manuscript; available in PMC 2020 December 01.



Page 15

(SHd) 891A18S Y31esH d11nd ‘(Q/SVd) 8seIsela/iydS-ploy a1poLiad ‘(1wN) Bunssl proe a1sjonu ‘(w/N) a1gejreae 1ou ‘(A1) afew ‘(ADJH) sniiA O siiteday ‘(d) afewsy :suoneIARIqY

“Juejdsuel; Buunp Ajaaijeladoenul paureiqo jou sem Asdoiq pue juejdsuel) Jaije %9am e paip Jusidioay

Ting et al.

7
‘spue|b Aserjiquiad pue anssiy asodipeo.qiy pajeanal Ajuo paurelqo ajdwes ay] ‘ABojoyred uo paiyuapI anssI JaAl] OU Sem a1y} Ing pajduies sem JaAl| Scon_4N
81Ad0redayenul ‘piIN (96G>) ue2131UBIS BUON Juedl1ubIS sUON Juedl1ubIS sUON ON annebau v ueiseaned N/8S 9z
S|189 91U0JYd pUe 8INJe SOA annrebau v oelg N/22
Jaydnyf pue sa1kooleday (9609) Jejnasenoloew paxiw ‘reyod ‘A [o¥4
u1 asealoul pliA 19|doup |lews JuRdIIUBIS SUON
Je|n2ISan0IdeW 21U0JYd pue ON anrebau v uelseaNe) 4/89
(960T) 191dop ||EWS 81noe paxiw ‘fenod pliw ve
Juedl1ubIS suoN pue (9407T) 19]doap abire] JuedIIUBIS BUON pue Je|nNqo| 81JaPOIN
JuedIUBIS BUON PN | reinpiaouad ‘plIA Juedl1ubIs suoN SOA anrebau v uelSeaNe) W/ ford
(%00T) 181doap
JuedIUbIS BUON 1[ews ‘asnyip ‘81anes JuedIUBIS BUON a1u04yd ‘rexod ‘N SOA anrebau 0 uelseane) 4/12 44
VIN VIN VIN V/IN ON annebeu O ueiseaned /98 £l
VIN Juedl1ubIS sUON Juedl1ubIS sUON [enod pue tejnqoj ‘pitA SSA annisod 0 oluedsiH N/OE 0z
's1souqly Buibpug [enod ‘21u0Iyd ‘pIIIA SIN o] xoelg IN/09
aley 'sisolqy 61
Jueal1ubIS sUoN (9%S>) rewiuin Jeniod 81eIapoN
[edoduad 21u04yd ‘reuod ‘pIA SOA q ueIseaNe) /7€
(9608) Jejnaisanoioew aesapow 81
Jueal1ubIsS suoN 191doup |lewsS 12204 01 PN
(9609) Jejnaisanoioew 21u04yd ‘Feniod ‘pIA SOA q uelseaNe) 4/z¢
JuedIIUbBIS BUON 191doUp |Jews a1elapoln JuedIIUBIS BUON i
(90T) Jejnoisanoioew 21u04yd ‘reniod ‘pIA SOA 0 ueIseaNe) /82
JuedIUbIS UON 191doJp |lewS leuoduiad ‘pliN 91
ON v oe|g 4/0S
ST
JuedIIUbBIS BUON JuedIIUBIS BUON JuedIIUBIS BUON
uol| SS01E9IS ss0.q 14 uolewiwe|ju | ueb o »s1 adfy
pesesoul | 1VN AOH pooj|q xes e Bsquinu
ABojoyred Janl| JouoQ SHd JouoQ Jouoq | aoed Jouoq JouoQ JouoQ

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

Transpl Infect Dis. Author manuscript; available in PMC 2020 December 01.



Page 16

Ting et al.

(3v1) awAzua pareroosse-1anl] ‘(ADH) sniiA O snireday ‘(4Ow) uondalal Jejnjad a1nde :suoieInaIgqy

"papn|axa aq 10u
PIN02 UONY3JUI ADH ING "YW PIILU YHM JUSISISU0D a19Mm sBulpuld "panlasgo saipoq onoidode may pue uolewwelul Jejngo] pjiw

yum spiydoinau pue sjiydouisoa Yum paxiwpe uoljewwelul fexod 21uolyd piiAl "palou Ainfur 19np ajiq pjiw pue SRIjaYlopua ma- 2z suoneAs|s 3y 44
'SIS0Je3)S ON "S|[99 [e1]aYI0pUa0INaII8I Ul Lo uorjeAs|a
3|qeurels “(u1jnaial pue awoJydil) sisolqiy [erod ajedspow Ajjeaoy 03 pliA (sjiydosnau ‘s|jaa ewseld ‘se1fooydwA|) uonewejul eluowiwe juslsisiad yum
21u01Yd [enod pIN “sa1pog onnoldode may Ylim uorewweyul Jejngoj [0 *Ainful 19np aj1g [ewiuiw pue uorlaeal fejnanp ajiq pjiA se Ayredojeydaous onedaH 6
"U0J1 B|CRUIEIS [BWIUIW PUE SIS0JqL. JUedIHIUBIS ON "uordafal Jejn||ad 8Inde Jo a3uapIAs ou :(9%0T) Asdoiq Jani|
SIS01ea)S Je|NdISaN0IdRW PIW PUe SSO| 19Np 3]1q [e904 “uonewwesul [euod pjiw pue (sa14ooydwA|) uoiewweul Jejngoj pitA 25 ue|dsues-1sod Jeak-auQ
"uonv8juI O snieday aAnoe 1sabbns 03 sainjea) Buois ON "U0IIda[8) JeIN|[89 81NJR PlIL YIIM JUSISISU0D aJe sBulpuly ay L
'SIS0Jea)s JUBIIHIUBIS ON 'S[|39 [BI]aY10pPUa0ININaI Ul 96.I0IS UOJI Pasealaul Pl “sisolqy. [enodiiad ayesspoln uonelajijoid Jejnonp
]1q [2204 "UOITRWIWE}JUI Je|NGO] J1U0IYD P SII[aYI0pUS [e0) pue AInful 19np a[1g BI04 UM UoITewWejul [eLod paxiw 81elapon 8c
‘ADH 40} 82U8pIAS BUOLIS INOYIM ‘YD 81eJapou 03 PIIL YIIM JUBISISUOD 81aMm SBUIpUIH "Palou UoIjewWejul
21U0JYD JeINgo] PIIA "Palou SiIjaylopua pue ‘Aunful 1onp aj1q ‘sjiydouisoa pareldosse YIm uofjewiwejsul [euod 91uoiyd aesapoln € suoneAs|s 3y 9
‘uonoafai 91Uy JO sainjeay ON "uondafal Jejn||8d 81nJe ayesspow
01 PJIW YJIM JUBISISU0 ase sBulpul4 "uoJ1 3|qeulels JO SIS01eals ON 'sIsoiqiy Buibpiig ares yym sisoiqly [erod pliA "s1S0128u Anods
YN UOITeWIWR|IUL JBINGO] PIIW PUB ‘SINSYI0PUS BI04 ‘UOITewWE|ul [eliod 81eIapojA “UoIIdeal Jejnionp pliw yum Ainfur 1onp ajig 472
'$$820.d ande BuIAj0SaI puB ADH 21U0IYD Ul JuswaAodwi [eAI8IUT YIIM JUBISISUOD a1am sBulpuld
"uoleWIWR UL PUB SIIBYIoPUS Ul Juawanoidwl [eAIalul Ing ‘pajou Ainful a)Adoreday [800) Y1IM PaleIdosse SISeIsa|oyd Jualsisiad /
‘uonoalfai Jejn||a9 ayesspow
yum Buidasay uj ‘siijaylopus palaneds pue sajAooydwA| ferjayndsenur yum Ainfur 1onp ajig sisoloau a14d01eday € U0z paleneas 9
‘ADH 1U81INJ31 JUBLINIUOI PUB YOV PIL YHM JUBISISUOI 81am sBulpul4 “punoy sarebaifibe
proydwA| pue sjiydouisos ates Y)m uorjewwelul exod 21uolyd ajelapow Yim pareldosse Ainful 3onp a|1q pue sijaylopus [eao4 ¥ suoneAs|s 3y g
"UOJ1 3|qRUIe]S O SIS0IqL 1O SISOYealS unys o1waisAsouod
Juealiubis oN “simjayiopus o Ainfur 3onp aj1q oN “Ajreinpou anfea [eaoy sybijybiy urels ulnaney uoljewWeRUl d1uoJyd euod anredaye.yul Jejnbnfsuen
PN "eise|diadAy aniresauabal sejnpou Jo aAnsaBibins sainyes) pue UOKEIe|IP [BPIOSNUIS [e90) AQ Paziialoeleyd Alijewioude Jejndasen ey 01 AI0)oB1J31 SBNISY €
‘uonaeal Bnip pasodwiiadns 81qissod Yim ‘4O PlIW UM JUISISU0 alam sbuipul4
‘pajou sjiydouisoa Jejngoj paIseds Yim uorjewwelsul jepod paxiw yau-iydoulsos ajelspow pue ‘spijayiopua pjiw ‘Ainfur 1onp sjig 69 suoneAs|s 3y 1
syeem - Asdoiq
pue jue|dsue 1} Asdoiq squnu
ABojoyred Asdoiq oAl usaMIeq sl | JOAI| Jo} uoIredIpu| jue1dioey

juejdsuen-1sod Asdoig 1aa1 Buliinbay siusidioay juejdsuel] JaAI

‘€ 9|qeL

Author Manuscript Author Manuscript

Author Manuscript

Author Manuscript

available in PMC 2020 December 01.

Transpl Infect Dis. Author manuscript



Page 17

Ting et al.

- w__mﬁ_mm_wmmm%e__ N Paragu 100 PatenIul 10U YV pejenIuI 10U v palenIuI 0U VYA VIN £z
%Amv_wo\s €2) J1ANgs040s/1IAsedipa] 2z

ZTUAS (e1) 000282 uayy (sAep g) Jinsered|an/IANgsoj0S €1 A2
#Poseasad peYenIuI 10U YA paremul JoU vva parerul JoU YA VIN Te
/Psteniullou vva pereniul 10U \Yva pajenul Jou vva pereniul jou vYva ar 0c
Burobuo vva (T1) 000'0€2'S (s>199m 2T) Jinseualqid/inaidess|o S VI 67
Burobuo vva (Tv) 000'005'2€ (s3123Mm 2T) NiAsejuaiqid/iinai1dess|o o Ve 81
Burobuo vva (02) 000'08€E'T (s>199m 2T) Jinseualqid/inaidess|o 44 ac LT
Burobuo vva (T2) 000'00T'€E (s3123Mm 2T) NiAsejuaiqid/inaidess|o Ve Vi 91
Burobuo vva (T¥) 000'00%'+8 (s>199m 2T) Jinseualqidjinaidess|o 44 VI ST
Vva paie|dwod (82) 000'005'9€ (s>199M 2T) JiAseuBIqId/IINBIdeIR|D 1€ Vi 4!
Vvva paje|dwod (92) 000'002'0¥ (sX138m ZT) Ninseluaiqid/ainaidess|o 8z Vi €1
Vva paie|dwod (¥v) 000'87C (s>199M 2T) JiAseuBIqId/IINBIdeIR|D L Ve 4!
ARSI (€) 000'00€'+9 (s>199m 2T) Jinseualqidjinaidess|o A ve 1
ZTYNS (8) 000'000'8€ET (s>199M 2T) JiAseuBIqId/IINBIdeIR|D L€ Ve o1
ARSI (9¢) 000'0¥T'y (s>199m 2T) Jinseyualqid/inaidess|o 6 ve 6
ZTUNS (z1) 628 (s>199M 2T) J1AseuaIqId/IInaIdeds|D LT Ve 8
ZTHUAS (€) 000'006'€E (408m ZT) Anseyuaiqd/inaidess|o 6 VI L
ZTUNS (6T) 000'052'6 (s>199M 2T) J1AseuaIqId/IInaIdeds|D 95 Vi 9
ARSI (€) oo0'0TY'Z (s>199m 2T) Jinseyualqid/inaidess|o 0 ar g
ZTUNS (01) 00002 (s>199M 2T) JiAseuaIqId/IInaIdeds|D 6 Vi 4
ARSI (9) 000°062'T (s>199m 2T) Jinseyualqid/inaidess|o S gz €
ZTUNS () 000'007'vE (s>199M 2T) JiAseuaIqId/IInaIdeds|D 4’ Ve z
CTYAS (€) 000'00¢'82 ($>199M ZT) J1ANGS040s/J1AsedIpaT] 14 Vi T

(uoireniul sAep - uolreniul

vvaaJopgshep) Jw/nI- VVva pue jue|dsue 1y adAoush AOH

SNIess JUsWiea .} Weund | uoneniul vvgae.oReq peo| IIA (3uswyea 13 o UoIrRINP) PRIBRS YVA USSMIBO BT L ue|dsuet-sod | quinu jueidioey

Author Manuscript

SNJeIS JUBWILal] 1UaLIND pue slualdiosy Juejdsuel] JaAIT JO Speo [elIA ADH luejdsuen-aid

‘¥ al1qeL

Author Manuscript

Author Manuscript

Author Manuscript

Transpl Infect Dis. Author manuscript; available in PMC 2020 December 01.



Page 18

Ting et al.

(1) peoj

[RJIA (ZTHAS) Juswieal) Jaije syaam gT Je asuodsal 9160]041A pautesns ‘(/N) ajqejrene 1ou ‘(w/n 1) Jaujijjiw Jad syun jeuoireusaiul ‘(ADH) snaiA O siireday ‘() 1uabe [eliAlue 10341p :SUOITRINSIGQY

"PaIaAI[3P M YDIYM 8SIN0D
JUBWIIRaI] }9aM-1¢ [e10) e panoidde soueinsu| “Jenosdde sourinsul Jaiye JIANQsojos/aiasedipal 03 pauonisuely uayl ‘ynsal BuidAiousb sy 03 Jouid wabe oidAlousb-ued e se pasn sem JIAsered|an/IIANGSO40S

§

Jue|dsUR.Y JBAI| JO 333M B UIUIIM 3In|1ey UeBIo-njnW anbasgns pue eIWBYdS! [aMog J0 palp T# Juaididal

1

"¥vQ 4o} eaosdde aoueansuil Buipuad Apuaiind

gl
. m_gwuom_wwmm% LS e paTenIU 10U VYA N pafenIul 10U vva VN 9%
ButoBuo vva (€2) 000'692 (493m 2T) J1rseiuaiqid/ineidess)o ss gz £l4
Jue|dsuel] JaAI| JB1R SYaaM parenIul 10U Y VIN paenIul 10U Vd VIN vz

¥ Te 9|qe10319pUN A ‘Paloajul JoN

snlels luswieal] 1 lind

(uorreniui
vvdaJojeg skep) Jw/nI-
uolenIul v¥d 3.08q PEO| [RIIA

(Juswipea 11 Jo Uo(reINp) PRISES YVA

skep - uoneniul
vva pue jue|dsue ]
usemPgawl |

adAloueb ADH
Jue|dsue J3-150d

Jgqunu jusideay

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

Transpl Infect Dis. Author manuscript; available in PMC 2020 December 01.



	Abstract
	Introduction
	Materials and Methods
	Results
	Discussion
	References
	Table T5
	Figure 1:
	Table 1:
	Table 2:
	Table 3:
	Table 4:

