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Background: Donor-derived human parvovirus B19 (B19V) infections are rarely reported.
Thus, its incidence in kidney transplantation is still unknown due to lack of surveillance
studies. Similarly, whether the donor needs to be routinely screened for B19V and whether
the kidneys from those with B19V DNAemia could be accepted also remain unknown.

Methods: This retrospective study aims to evaluate the donor-derived B19V infections
occurring in 823 living and 1,225 deceased donor kidney transplantations from January
2016 to December 2020. The serum viral load of living donors and their corresponding
recipients was evaluated before and after transplantation. Meanwhile, for the deceased
donor kidney transplantation, the serum viral load of recipients was only tested after
transplantation; if recipients of a deceased donor subsequently developed B19V infection,
the serum viral load of recipients and their corresponding donors before transplantation
would then be further traced.

Results: A total of 15 living donors were B19V DNAemia positive before the donation, of
which B19V DNAemia occurred in three corresponding recipients. In deceased donor
kidney transplantation, DNAemia occurred simultaneously in 18 recipients and their
corresponding nine donors. A progressive decline in hemoglobin and reticulocyte count
could be observed in one living donor recipient and other 11 deceased donor recipients,
which were all well controlled by treatment eventually.

Conclusion: The incidence of donor-derived B19V infection was 0.4% and 1.5% in living
and deceased kidney transplantations, respectively. B19V was seemingly unnecessary to
be routinely screened for the donor. Moreover, kidneys of the donors with B19V infection
were acceptable.

Keywords: kidney transplantation, living donor, deceased donor, pure red cell aplasia (PRCA), human
parvovirus B19
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INTRODUCTION

Infection transmission from donor to recipient is one of the
primary causes that affect early survival rate of recipients after
transplantation (Kirchner and Pruett, 2016). The use of intensive
immunosuppressive drugs in the early stage after transplantation
may amplify the risk of infection carried by the donor organ
(Fishman and Grossi, 2014). Many serious donor-derived
infections caused by virus, such as rabies, West Nile virus, and
lymphocytic choriomeningitis virus (Fischer, 2008), fall into
unexpected infections category, with human parvovirus B19
(B19V) infections also being part of this category. Only a few
cases have been reported regarding donor-transmitted B19V
infections (Bertoni et al., 1995; Yango et al., 2002; Wasak-
Szulkowska et al., 2008).

B19V is a small single-stranded DNA virus which is highly
infectious and can cause a wide range of pathological conditions
(Qiu et al., 2017). For immunocompromised patients, the most
common clinical manifestation of B19V infection is pure red cell
aplasia (PRCA) arising from the infection of erythroid
progenitors in the bone marrow (Florea et al., 2007; Crabol
et al., 2013). Furthermore, for kidney transplant recipients, B19V
infection is associated with acute and chronic allograft injury
(Barzon et al., 2009), antibody-mediated rejection, collapsing
glomerulopathy (Moudgil et al., 2001), and thrombotic
microangiopathy (Ardalan et al., 2008).

However, due to the lack of surveillance studies, the incidence
of donor-derived B19V infections in kidney transplantations still
remains unknown. In addition, a series of clinical issues
regarding donor-derived B19V infections are all uncertain
currently, such as whether the kidney donor needs to be
routinely screened for B19V, whether the kidneys from the
donor with B19V DNAemia are acceptable, what are the
clinical features of donor-derived B19V infections, how to treat
donor-derived B19V infections, etc. Thus, this study provides
further information on address ing these problems
mentioned above.

We carried out this study with the purposes of determining
the incidence, clinical features, and treatment of donor-derived
B19V infections in kidney transplant recipients (includes living
and deceased donor kidney transplantations).
METHODS

This was a single-center, retrospective, cohort study with the aim
of evaluating the donor-derived B19V infections occurring in
living and deceased donor kidney transplantations. For living
donor kidney transplantation, all donors and the corresponding
recipients included in this study were related. Since January
2015, the use of executed prisoners as a source of organs for
transplantation had been comprehensively terminated in China
(Zhang et al., 2015). For deceased donor kidney transplantation,
all donor kidneys come from voluntary public donations. This
study was approved (Reference Number: 2018-777) by the Ethics
Committee of the First Affiliated Hospital of College of Medicine
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of Zhejiang University according to the Declaration of Helsinki
and Istanbul on Organ Trafficking and Transplant Tourism.
Before recruitment, written informed consents were obtained
from all donors and recipients.

Patient Selection
From January 2016 to December 2020, we performed 927 living
donor kidney transplants and 1,267 deceased donor kidney
transplants in the Center of Kidney Disease, the First Affiliated
Hospital, College of Medicine, Zhejiang University. The
following exclusion criteria were applied for patients: 1) those
who received an organ other than a kidney, 2) those who received
ABO incompatible kidney transplantation, or 3) those whose
blood specimens could not be retained. Demographics, clinical
characteristics, laboratory findings, and outcomes of donors and
recipients were collected from kidney transplantation electronic
database and medical records.

B19V Diagnosis
Commercial human parvovirus B19 real-time polymerase chain
reaction (PCR) kit (Liferiver™, Shanghai ZJ Bio-Tech Co., Ltd.)
was used for the detection and quantification of B19V-DNA in
serum. The lowest detection limit for this test was 1 × 103 copies/
ml and the linear range of detection ranged from 2 × 103 to 1 ×
108 copies/ml. A serum sample with viral load corresponding
to ≥1 × 103 copies/ml was considered to be positive.

Blood Specimen Collection
The serum of the living donors and their corresponding
recipients were evaluated for B19V-DNA on the day before
transplantation and within 7 days after the transplantation,
while the serum from recipients of deceased donor were
evaluated within 7 days after the transplantation. Furthermore,
the serum from recipients with unexplained anemia and
reticulocytopenia within 6 months after kidney transplantation
were also tested. In post-transplantation setting, if recipients of
deceased donor developed B19V infection, blood samples that
were collected within 24 h before transplantation from both
recipients and corresponding donors would be further evaluated
for B19V-DNA.

Serum creatinine and the estimated glomerular filtration rate
(eGFR) of recipients with donor-derived B19V infections were
checked prior to B19V infection, during B19V infection, and 12
months after B19V infection. The eGFR was estimated with the
Chronic Kidney Disease Epidemiology Collaboration CKD-
EPI formula.

Immunosuppressant Regimen
Standard triple-drug maintenance immunosuppression includes
tacrolimus (serum trough level between 5 and 10 ng/ml in the
first half year after transplantation), mycophenolic, and
prednisone. All patients were treated with methylprednisolone
10 mg/kg/day on days 0, 1, and 2. Dosage of prednisone was
slowly tapered from 60 to 10 mg/day in 1 month after
transplantation. All patients received induction with
antithymocyte globulin (ATG) or interleukin-2 receptor
antagonist (basiliximab). Basiliximab was given with a dose of
October 2021 | Volume 11 | Article 753970

https://www.frontiersin.org/journals/cellular-and-infection-microbiology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/cellular-and-infection-microbiology#articles


Yu et al. Donor-Derived B19V Infection in KT
20 mg on the operation day and the 4th day after transplantation.
From baseline, ATG was administered at a dose of 1 mg/kg/day
and a maximum of five doses was given. All recipients received
prophylactic ganciclovir treatment with a dose of 500 mg three
times daily for 3 months post-transplant. A daily dose of 40 mg/
200 mg to 80 mg/400 mg sulfamethoxazole/trimethoprim was
applied for 9–12 months to prevent pneumocystis carinii
pneumonia (PCP) except patients with sulfa allergies.

Statistical Analysis
Hemoglobin, serum creatinine, and eGFR in this article were
described in the form of mean values plus standard deviations
(SDs). Viral load and time of B19V infections were described as
median values with ranges. Categorical variables were presented
as percentages. For normally distributed data, continuous
comparisons between the two groups were conducted using
Student’s t-test, while the non-parametric Mann–Whitney U
test was used for data that were not normally distributed. Chi-
square or Fisher’s exact test was used for categorical data. All
statistical tests were two-tailed, and p <0.05 was considered
statistically significant.
RESULTS

From January 2016 to December 2020, we performed 927 living
and 1,267 deceased donor kidney transplantations. According to
the exclusion criteria, 104 living and 42 deceased donor
recipients were excluded in this study. Recipients were
followed up for an average of 27.9 months.

Human Parvovirus B19 Infections in Living
Donors and Their Corresponding
Recipients
Among 823 living donors, for 15 (1.8%), it was possible to detect
B19V-DNA in serum samples before donation. The median viral
load was 3.1 × 103 copies/ml, ranging from 1 × 103 to 1.5 × 104

copies/ml. All 15 donors had no clinical manifestations of B19V
infection such as fever, flu-like symptoms, weakness, dyspnea,
arthralgias, rashes, and orthostatic hypotension during the
follow-up period from 1 to 34 months. For these 15
corresponding recipients, B19V DNAemia (median, 2.8 × 103

copies/ml) could be detected in three patients within 7 days after
transplantation (Table 1). Hemoglobin and platelet counts of
these three corresponding donors were both normal, and only
two donors had mild leukopenia before donation. Without
treatment, these three recipients had no clinical manifestations
of B19V infection but with low-level DNAemia after
transplantation. However, one recipient developed progressive
anemia and reticulocytopenia and did not respond well to
erythropoietin. Eventually, she was diagnosed with PRCA at
the 24th day after transplantation (Table 2). Viral load of the
serum samples increased from 2.8 × 103 to 2.6 × 1010 copies/ml
and the reticulocyte was 0.1%. In the process of infection, the
lowest hemoglobin concentration was 7.4 g/dl. By adjusting for
the immunosuppres san t and admin i s t ra t ing wi th
Frontiers in Cellular and Infection Microbiology | www.frontiersin.org 3
immunoglobulin, her B19V DNAemia turned into negative at
the 117th day after transplantation. In addition, the donor was
her husband whose DNAemia was 2.2 × 103 copies/ml before
donation, and the detailed information is shown in Tables 1, 2.

Among 823 recipients, 16 (1.9%) were found to be B19-DNA
positive before transplantation although no B19-DNA could be
detected in the serum from their corresponding donors. The
median viral load was 4.45 × 103 copies/ml, ranging from 2.2 × 103

to 2.5 × 105 copies/ml. The hemoglobin of 16 recipients raised from
10.3 ± 1.2 g/dl before transplantation to 11.4 ± 1.4 g/dl after 1-month
transplantation. Two recipients with low-level DNAemia after
transplantation had no clinical manifestation of B19V infection
during follow-up. Moreover, B19V DNAemia of 14 recipients
turned negative within 7 days after operation. However, one
recipient was diagnosed with PRCA at the 41th day after
transplantation. At that time, viral load of the serum sample was
6.06×109 copies/ml and the reticulocytewas 0.1%.During the course
of infection, the lowest hemoglobin concentration was 5.6 g/dl.
Eventually, his B19V DNAemia turned into negative at the 510th
day after transplantation by treatment.

B19V DNAemia, along with pure red cell aplasia, had
occurred in 32 (3.9%) recipients at the median time of 42 days
(ranging from 7 to 237 days) after transplantation, and their
median viral load was 2.95 × 109 copies/ml, ranging from 3.4 ×
107 to 1.1 × 1011 copies/ml. In addition, all of these recipients and
their corresponding donors were both negative for B19V
DNAemia before transplantations. In the process of infection,
the mean lowest hemoglobin concentration was 6.4 ± 1.3 g/dl
(ranging from 4.3 to 9.2 g/dl) and the reticulocyte was no more
than 0.4%.

Human Parvovirus B19 Infections in
Deceased Donor Kidney Transplantation
Among 1,225 deceased donor kidney transplantations, 48 (3.9%)
recipients who were B19V DNAemia negative before
transplantation switched to positive within 7 days after the
transplantation. The median viral load was 2.1 × 105 copies/
ml, ranging from 1.1 × 103 to 8.5 × 1010 copies/ml. It was
noteworthy that 9 corresponding donors in 18 of 48 recipients
were B19V DNAemia positive, and the detailed information is
shown in Table 1. Among the deceased donors, six had anemia
and leukocytosis, two had anemia, and one had leukocytosis, but
these results could be obscured by the primary disease. In
addition, among 18 corresponding recipients, 11 were
diagnosed with PRCA. By adjusting the dose of the
immunosuppressant, the B19V DNAemia of one recipient (no.
7) turned into negative at the 85th day after transplantation. By
adjusting the immunosuppressant and expanding the dose of
immunoglobulin, the B19V DNAemia of four recipients turned
into negative and six recipients with persistent low-level
DNAemia had no clinical manifestation of B19V during
follow-up, and the detailed information is shown in Table 2.
The other seven recipients had no clinical manifestations of
B19V infection. As described in Table 3, a total of 18 cases of
donor-derived B19V infection were reported from deceased
donor kidney transplantation, and there were no significant
October 2021 | Volume 11 | Article 753970
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TABLE 1 | Clinical characteristics of donor-derived B19V infection in living or deceased donors and their corresponding kidney transplantation recipients.

ecipient no. Age
(years)

Sex Cause
of

ESRD

Dialysis
mode

Dialysis
time

(months)

Number of B19V
copies before Tx

(copies/ml)

Number of
B19V
copies
within 7

days after
Tx (copies/

ml)

1* 44 F GN NO / Negative 2.8 × 103

2 36 F IgAN NO / Negative 1.8 × 103

3 25 F GN HD 4 Negative 4.6 × 103

4 49 M GN PD 37 Negative 1.2 × 104

5 31 F GN HD 44 Negative 1.1 × 104

6* 34 M GN PD 54 Negative 7.3 × 109

7* 44 M GN PD 55 Negative 1.3 × 106

8* 29 M GN PD 46 Negative 2.3 × 109

9 58 M GN HD 86 Negative 3.7 × 105

10* 30 F IgAN HD 50 Negative 4.8 × 106

11 51 M GN PD 10 Negative 3.6 × 103

12 36 M IgAN PD 38 Negative 6.2 × 103

13 41 M HBV-
GN

PD 58 Negative 1.8 × 104

14* 62 M GN HD 11 Negative 7.9 × 1010

15* 40 M GN HD 89 Negative 8.5 × 1010

16* 55 M GN PD 55 Negative 7.5 × 107

17* 53 M GN PD 57 Negative 9.2 × 109

18* 56 F PK HD 108 Negative 3.4 × 109

19 46 F GN PD 74 Negative 1.1 × 105

20* 34 M GN HD 58 Negative 1.3 × 1010

21* 43 F FSGS PD 57 Negative 1.9 × 105

7.2 g/dl in male; WBC ranges from 4 to 10 × 109/L; Plt ranges from 100 to 300 × 1012/L.
ephritis; IgAN, immunoglobulin A nephropathy; HBV-GN, HBV-associated glomerulonephritis; PK, polycystic kidney;
strophy; CR, craniocerebral trauma.
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Donor
no.

Age
(years)

Sex Relationship Underlying
disease

WBC
(×109/
L)

Hgb
(g/
dl)

Plt
(×1012/

L)

Number of B19V
copies before Tx

(copies/ml)

R

Living donor transplantation
A 18 M Husband None 8.4 15.4 210 2.2 × 103

B 25 F Mother None 3.6 13.0 199 1.3 × 104

C 22 F Mother None 3.4 13.3 131 1.0 × 104

Deceased donor transplantation
D 18 M / MD 33.2 13.2 388 5.1 × 105

E 25 F / CR 15.7 7.1 262 1.0 × 1010

F 22 M / CR 11.8 8.4 151 3.0 × 109

G 37 M / CR 16.5 6.5 NA 1.4 × 104

H 41 M / CR 4.0 5.4 102 1.2 × 104

I 61 M / CR 26.5 8.9 186 2.5 × 104

J 29 M / CR 8.8 5.7 347 2.3 × 1010

K 65 M / CR 18.2 6.8 47 1.9 × 106

L 32 M / CR 15.2 7.3 432 1.7 × 105

*The recipient developed pure red cell aplasia; the normal value of Hb ranges from 11.3 to 15.1 g/dl in female, 13.1 to 1
WBC, white blood cell; Hgb, hemoglobin; Plt, platelet; ESRD, end-stage renal disease; Tx, transplantation; GN, glomerulo
FSGS, focal segmental glomerulosclerosis; NA, not available; HD, hemodialysis; PD, peritoneal dialysis; MD, muscular d
n
y
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differences between PRCA recipients and non-PRCA recipients
with respect to gender, age, dialysis mode, dialysis duration, and
viral load of the corresponding donors before transplantation.
However, the PRCA group had a higher B19V copy number
within 7 days after transplantation than the non-PRCA group
(p = 0.001).

Of the remaining 30 recipients who developed B19V
DNAemia within 7 days after transplantation, 13 recipients
were diagnosed with PRCA at the median time of 14 days
(ranging from 7 to 48 days) after transplantation. The median
viral load was 7.5 × 109 copies/ml (ranging from 1.5 × 108 to
2.3 × 1010 copies/ml) at the diagnosis of PRCA. Seventeen
recipients had no clinical manifestation of B19V infection
during follow-up. Additionally, B19V DNAemia of these
corresponding donors was negative before transplantation.
Interestingly, the allograft of eight recipients came from the
same four donors.
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Among the other 1 ,177 deceased donor kidney
transplantations, B19V infection occurred in 14 (1.2%)
recipients who were B19V DNAemia negative before and
within 7 days after transplantation. Moreover, these
corresponding donors were both B19V DNAemia negative
before donation. For the other 14 recipients who received the
same donor kidney, B19V DNAemia was also negative. The
median time of infection was 30 days (ranging from 21 to 666
days) after transplantation, and the median viral load was 7.85 ×
109 copies/ml (ranging from 7.6 × 107 to 6.8 × 1010 copies/ml). In
the process of infection, the mean lowest hemoglobin
concentration was 5.6 ± 0.6 g/dl (ranging from 4.9 to 6.8 g/dl)
and the reticulocytes were no more than 0.3%.

As noted in Table 4, in the setting of donor-derived B19V
infection after living or deceased donor kidney transplantations,
the mean serum creatinine was 167.7 ± 77.0, 157.6 ± 68.2, and
110.8 ± 27.3 mmol/L prior to infection, during the infection, and
TABLE 3 | Comparison between the PRCA group with the non-PRCA group in a total of 18 donor-deprived parvovirus B19 infection in deceased donor kidney transplantation.

Total (N = 18) PRCA (N = 11) Non-PRCA (N = 7) p-value

Gender, male % 8 (72.7) 5 (71.4) 0.676
Age, years, mean ± SD 43.64 ± 11.43 44.57 ± 9.25 0.438
Dialysis, PD% 6 (54.5) 5 (71.4) 0.637
Dialysis duration, days 58.18 ± 24.42 49.57 ± 25.44 0.544
Number of B19 copies before Tx in the corresponding donor (log10 copies/ml), P50 (P25–P75) 6.3 (5.0–10.0) 5.7 (4.1–6.1) 0.194
B19 within 7 days after Tx (log10 copies/ml), P50 (P25–P75) 9.5 (7.6–10.0) 3.8 (3.4–4.8) 0.001
Octob
er 2021 | Volume 11 | Article
TABLE 2 | Clinical characteristic of recipients with pure red cell aplasia (PRCA) caused by B19V after kidney transplantation.

Recipients

Living
donor

Deceased donor

No. 1 6 7 8 10 14 15 16 17 18 20 21
Gender F M M M F M M M M F M F
Age, years 44 34 44 29 30 62 40 55 53 56 34 43
Number of B19V copies before Tx
of the corresponding donor
(copies/ml)

2.2 ×
103

1.0 ×
1010

1.0 × 1010 3.0 ×
109

1.4 ×
104

2.5 ×
104

2.5 ×
104

2.3 ×
1010

2.3 ×
1010

1.9 ×
106

1.7 ×
105

1.7 ×
105

Number of B19V copies before Tx
of recipients (copies/ml)

Negative Negative Negative Negative Negative Negative Negative Negative Negative Negative Negative Negative

Number of B19V copies of
recipients within 7 days after Tx
(copies/ml)

2.8 ×
103

7.3 ×
109

1.3 × 106 2.3 ×
109

4.8 ×
106

7.9 ×
1010

8.5 ×
1010

7.5 ×
107

9.2 ×
109

3.4 ×
109

1.3 ×
1010

1.9 ×
105

Time to PRCA, number of days
after Tx

24 7 7 7 7 7 7 7 7 7 7 39

Number of B19V copies of
recipients at the day of PRCA
diagnosis, (copies/ml)

2.6 ×
1010

7.3 ×
109

1.3 × 106 2.3 ×
109

4.8 ×
106

7.9 ×
1010

8.5 ×
1010

7.5 ×
107

9.2 ×
109

3.4 ×
109

1.3 ×
1010

2.1 ×
106

Percentage of reticulocytes at
PRCA diagnosis (%)

0.1 0.1 0.1 0.1 0.2 0.1 0.2 0.1 0.1 0.1 0.1 0.1

Hb at the lowest value, g/dl 7.4 5.9 8.4 8.7 6.1 4.4 6.6 8.6 5.5 5.8 7.2 4.6
Days after Tx 34 21 21 31 65 66 45 7 59 35 49 48
Treatment IVIG IVIG Conservative

therapy
IVIG IVIG IVIG IVIG IVIG IVIG IVIG IVIG IVIG

Number of B19V copies at the
latest follow-up, copies/ml

Negative Negative Negative Negative Negative 2.0 ×
103

Negative 4.7 ×
103

1.5 ×
103

8.5 ×
104

3.6 ×
104

2.3 ×
104

Days after Tx 117 141 85 33 307 172 149 38 206 128 61 101
Months of follow-up 21.7 24.7 53.5 45.8 21.9 6.8 11.5 8.0 8.7 6.5 5.0 5.1
Hb at latest follow-up, g/dl 13.5 13.3 16.5 16.9 11.4 12.1 14.9 13.0 12.6 12.4 15.3 13.9
753970
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12 months after infection, respectively, and the eGFR was 48.5 ±
25.1, 51.3 ± 26.2, and 66.8 ± 18.9 ml/min/1.73 m2 prior to
infection, during the infection, and 12 months after infection,
respectively. In this study, recipients infected with B19V from the
donor did not develop B19V-related graft damage that
compromises allograft function. We can observe that transient
elevated serum creatinine occurred in 6/21 (28.6%) recipients
(nos. 1, 2, 16, 17, 19, 21). At the latest follow-up, these recipients
were all alive with functioning allografts.
DISCUSSION

Unlike bacterial infections, donor-derived virus infections are
rarely reported in the past due to difficulty of diagnosis, other
than the hepatitis B virus, the hepatitis C virus, and the
cytomegalovirus (Trotter et al., 2017). This study firstly
investigates donor-derived B19V infection through monitoring
DNAemia of the donors and corresponding recipients before and
after transplantation in either living or deceased donor
kidney transplantations.

In our study, kidney recipients with B19V infection
predominantly presented with unexplained anemia,
reticulocytopenia, and no response to erythropoietin therapy,
and bone marrow examination (characteristic morphological
findings) is also an important diagnostic basis (Waldman and
Kopp, 2007b). Recipients with B19V infection were treated with
intravenous immunoglobulin (IVIG) 20 g/day for 5–7
consecutive days and adjusted for the immunosuppressant. In
case of non-response to the first IVIG course or recurrence,
another course of IVIG (20 g/day for 5–7 days) may be given.
Frontiers in Cellular and Infection Microbiology | www.frontiersin.org 6
Recipients with low-level B19V DNAemia and no clinical
manifestations of B19V infection were left untreated but
underwent regular follow-up.

We found that 15 (1.8%) living donors and 16 (1.9%) living
recipients with low-level B19V DNAemia had no clinical
manifestations of B19V infection before transplantation. The
incidence of B19V DNAemia in living donors and recipients was
very low before transplantation, and even if it occurred, the level
of DNAemia was too low to cause serious consequences.
Therefore, it did not appear to be necessary for the living
donors and recipients to do the routine B19V screening before
transplantation. Of course, if anemia of donors and recipients
could not be explained clearly, B19V screening is still needed.

For 32 living recipients with pure red cell aplasia, the B19V
infection seemed to be irrelevant to their corresponding donors.
B19V has been shown to be transmitted mainly through
inhalation of infected aerosol droplets in immunocompetent
individuals (Waldman and Kopp, 2007a; Eid et al., 2013). As
there was no transfusion of blood products during the
transplantation, viral reactivation and/or the respiratory tract
could be the route of B19V infection for those recipients who
received kidneys from B19V-DNA-negative donors (Qiu et al.,
2017). Therefore, we concluded that it was necessary to screen
for B19V among recipients with anemia and reticulocytopenia
after transplantation.

Unlike screening in living transplantation, only recipients of
deceased donor were routinely screened for the B19V within 7
days after transplantation. Eighteen (1.5%) recipients receiving
the kidneys from the nine corresponding donors were positive
for B19V DNAemia within 7 days after transplantation. By
analyzing the pre-transplant blood samples of these recipients
TABLE 4 | The impact of B19V on allograft function in donor-derived infection after kidney transplantation.

Recipients, no. Prior to B19V infection At the time of B19V infection 12 months after B19V infection

Scr, mmol/L eGFR, ml/min/1.73 m2 Scr, mmol/L eGFR, ml/min/1.73 m2 Scr, mmol/L eGFR, ml/min/1.73 m2

1 50 112.6 53 110.5 88 68.1
2 128 46.0 134 43.0 153 37.0
3 77 92.1 71 101.6 86 90.0
4 150 45.1 133 52.2 75 98.9
5 85 76.8 74 90.7 76 87.2
6 270 25.2 235 29.8 100 83.1
7 223 29.0 204 32.2 102 74.0
8 121 68.8 110 77.2 96 90.4
9 97 72.8 96 73.7 94 75.1
10 213 26.0 195 28.9 120 51.6
11 205 31.2 172 38.5 123 57.0
12 213 33.1 191 37.7 141 54.0
13 107 73.4 102 77.7 105 75.0
14 163 38.1 149 42.4 144 44.2
15 198 35.1 173 41.0 172 41.0
16 143 47.0 138 49.0 90 81.0
17 157 42.0 161 41.0 92 81.0
18 382 11.0 345 12.0 144 35.0
19 179 29.0 200 25.0 80 75.0
20 269 25.0 263 26.0 137 57.0
21 92 60.0 110 48.1 109 48.0
Mean ± SD 161.7 ± 77.0 48.5 ± 25.1 157.6 ± 68.2 51.3 ± 26.2 110.8 ± 27.3 66.8 ± 18.9
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and their corresponding donors, we can conclude that the
recipients were infected with B19V from the donor. Among
these 18 recipients, 11 developed pure red cell aplasia. The viral
loads of donors E, F, and J were more than 1.0 × 109 copies/ml,
and five of the six corresponding recipients developed pure red
cell aplasia. Although not statistically significant, it was
noteworthy that the viral load of the donor was seemingly
related to the incidence of developing pure red cell aplasia in
recipients. What is more, our study demonstrated that a higher
B19V viral load in recipients within 7 days after transplantation
was positively correlated with the incidence of developing pure
red cell aplasia in recipients with donor-derived B19V infection
in deceased donor kidney transplantation. Thus, we need to pay
more close attention to these patients and perform treatment in
time. Moreover, we recommend that timely treatment is
necessary if the B19V viral load is greater than 1.0 × 106

copies/ml in recipient within 7 days after transplantation, and
conservative observation can be adopted if the B19V viral load is
less than 1.0 × 106 copies/ml. For blood transfusion, as the B19V
can also be transmitted by blood or pooled blood products,
immunocompromised individuals were at high risk of severe
complications due to B19V infection from contaminated blood
products. Therefore, in 2004, the U.S. Food and Drug
Administration suggested that a serum sample containing
more than 1 × 104 copies/ml of B19V-DNA should be
excluded because of the risk of transmission (Qiu et al., 2017).

Eid et al., in 2006, reported that allograft dysfunction after
solid organ and hematopoietic stem cell transplant was observed
in 10% of cases at the time of B19V disease (Eid et al., 2006). In
kidney transplantation, graft loss/dysfunction occurred in 15.6%
recipients but there was no death from B19V infection. Recently,
there was a publication from Rattani et al. describing allogeneic
bone marrow graft failure after B19V infection in two patients
(Rattani et al., 2021). However, in our study, no allograft
dysfunction was observed in 21 recipients with donor-derived
B19V infection and only 6/21 (28.6%) recipients presented a
transient elevation of serum creatinine. According to the
literature reporting that B19V has an impact on allograft
function, in 2019, Hai An et al. reported that graft dysfunction
was observed in four out of nine (45%) kidney recipients with
B19V-associated anemia (Hai An et al., 2019). What is more, in
2013, Xiao et al. suggested that recipients with B19V infection
may develop delayed renal damage (Xiao et al., 2013). However,
in our study, we did not observe any case of graft dysfunction in
kidney recipients with donor-derived B19V infection. In our
center, donor-derived B19V DNAemia was often detected within
7 days after transplantation in kidney recipients, while most of
them showed a rapid decrease in serum creatinine levels in that
period. What is more, recipients were monitored regularly for
viral load, hemoglobin, reticulocyte, serum creatinine, etc., so
that they can be treated timely. This may explain why graft
dysfunction was rarely seen in our study.

All recipients with donor-derived B19V infections showed
excellent prognosis, and the kidney graft survival rate at 1 year
was 100%, which suggested that the kidneys from B19V-infected
donors were acceptable for kidney transplantation. In particular,
Frontiers in Cellular and Infection Microbiology | www.frontiersin.org 7
in cases where the donor had low-level B19 DNAemia, the
recipients were less l ikely to have obvious clinical
manifestations and the B19V could be quickly cleared even if
the recipient was infected. If the donor had high-level B19V
DNAemia, as well as the recipient, timely treatments including
the adjustment of immunosuppressant and/or the infusion of
large doses of immunoglobulin were needed to be given to the
recipient (Egbuna et al., 2006; Jordan et al., 2011). This study also
suggested that the donor-derived B19V infections could be
detected within 7 days after transplantation in most occasions.
As mentioned above, it was also unnecessary to perform routine
screening for B19V among deceased donors before donation.

Several limitations in our study are worth declaring. First, the
present study was limited by its retrospective design. Another
limitation was that we did not routinely detect for B19V in
deceased donors. B19V of the donor would be retrospectively
tested only when B19V infection occurred in their corresponding
recipients. What is more, serological assays for detection of IgM/
IgG antibodies from the living donors were not performed before
transplantation. This may explain why B19 DNAemia was found
only in three recipients of living donor transplantation. Lastly,
there is still a lack of robust evidence to confirm that the infection
was 100% derived from the donor.

In this study, we firstly reported the epidemiological data of
donor-derived B19V infections in kidney transplantation
through routinely monitoring B19V infection in living and
deceased donors and rec ip i en t s be fore and a f te r
transplantation. Considering the low incidence of donor-
derived B19V infection and that the infection can be well
controlled by treatment even if it happened, it seems
unnecessary to screen for B19V among the donors. We
reached the conclusion that kidneys from donors with B19V
infection were acceptable for transplantation. Moreover, the
DNAemia of the corresponding recipient should be closely
monitored and early treatment should be initiated according to
the virus level. We recommended that timely treatment is
necessary if the viral load is greater than 1 × 106 copies/ml in
recipients within 7 days after transplantation, and conservative
observation can be adopted if the viral load is less than 1 × 106

copies/ml. We hope that our work will provide some theoretical
basis for future research and clinical practices.
DATA AVAILABILITY STATEMENT

The original contributions presented in the study are included in
the article/supplementary material. Further inquiries can be
directed to the corresponding author.
AUTHOR CONTRIBUTIONS

WP conceived the study. YY, CW, JL, XW, RW, HH, and JW
performed the data collection and analyses. YY prepared the first
manuscript draft. WP and JC provided major revisions and
October 2021 | Volume 11 | Article 753970

https://www.frontiersin.org/journals/cellular-and-infection-microbiology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/cellular-and-infection-microbiology#articles


Yu et al. Donor-Derived B19V Infection in KT
comments to the manuscript. All authors contributed to the
article and approved the submitted version.
FUNDING

This work was supported by the National Health and Family
Planning Commission of the People’s Republic of China (WKJ-
ZJ-1924), Basic Public Welfare Research Program of Zhejiang
Frontiers in Cellular and Infection Microbiology | www.frontiersin.org 8
Province (GF20H150031), and National Natural Science
Foundation of China (81770752, 81970651).
ACKNOWLEDGMENTS

The authors thank technician Yin Chen for the detection of
parvovirus B19. Thanks are also extended to Xiaowei Shi for
polishing this paper.
REFERENCES

Ardalan, M. R., Shoja, M. M., Tubbs, R. S., Esmaili, H., and Keyvani, H. (2008).
Postrenal Transplant Hemophagocytic Lymphohistiocytosis and Thrombotic
Microangiopathy Associated With Parvovirus B19 Infection. Am. J.
Transplant. 8 (6), 1340–1344. doi: 10.1111/j.1600-6143.2008.02244.x

Barzon, L., Murer, L., Pacenti, M., Biasolo, M. A., Della Vella, M., Benetti, E., et al.
(2009). Investigation of Intrarenal Viral Infections in Kidney Transplant
Recipients Unveils an Association Between Parvovirus B19 and Chronic
Allograft Injury. J. Infect. Dis. 199 (3), 372–380. doi: 10.1086/596053

Bertoni, E., Rosati, A., Zanazzi, M., Azzi, A., Zakrzewfka, K., Guidi, S., et al. (1995).
Severe Aplastic Anaemia Due to B19 Parvovirus Infection in Renal Transplant
Recipient. Nephrol. Dial Transplant. 10 (8), 1462–1463. doi: 10.1093/ndt/
10.8.1462

Crabol, Y., Terrier, B., Rozenberg, F., Pestre, V., Legendre, C., Hermine, O., et al.
(2013). Intravenous Immunoglobulin Therapy for Pure Red Cell Aplasia
Related to Human Parvovirus B19 Infection: A Retrospective Study of 10
Patients and Review of the Literature. Clin. Infect. Dis. 56 (7), 968–977.
doi: 10.1093/cid/cis1046

Egbuna, O., Zand, M. S., Arbini, A., Menegus, M., and Taylor, J. (2006). A Cluster
of Parvovirus B19 Infections in Renal Transplant Recipients: A Prospective
Case Series and Review of the Literature. Am. J. Transplant. 6 (1), 225–231.
doi: 10.1111/j.1600-6143.2005.01139.x

Eid, A. J., Brown, R. A., Patel, R., and Razonable, R. R. (2006). Parvovirus B19
Infection After Transplantation: A Review of 98 Cases. Clin. Infect. Dis. 43 (1),
40–48. doi: 10.1086/504812

Eid, A. J., Chen, S. F. Practice, A.S.T.I.D.C.o (2013). Human Parvovirus B19 in
Solid Organ Transplantation. Am. J. Transplant. 13(Suppl 4), 201–205.
doi: 10.1111/ajt.12111

Fischer, S. A. (2008). Emerging Viruses in Transplantation: There is More to
Infection After Transplant Than CMV and EBV. Transplantation 86 (10),
1327–1339. doi: 10.1097/TP.0b013e31818b6548

Fishman, J. A., and Grossi, P. A. (2014). Donor-Derived Infection–the Challenge
for Transplant Safety. Nat. Rev. Nephrol. 10 (11), 663–672. doi: 10.1038/
nrneph.2014.159

Florea, A. V., Ionescu, D. N., and Melhem, M. F. (2007). Parvovirus B19 Infection
in the Immunocompromised Host. Arch. Pathol. Lab. Med. 131 (5), 799–804.
doi: 10.5858/2007-131-799-PBIITI

Hai An, H. P., Diem, H. T., and Cuong, N. T. (2019). Parvovirus B19-Associated
Anemia in Kidney Transplant Recipients: A Single-Center Experience.
Transplant. Proc. 51 (8), 2693–2696. doi: 10.1016/j.transproceed.2019.03.076

Jordan, S. C., Toyoda, M., Kahwaji, J., and Vo, A. A. (2011). Clinical Aspects of
Intravenous Immunoglobulin Use in Solid Organ Transplant Recipients. Am. J.
Transplant. 11 (2), 196–202. doi: 10.1111/j.1600-6143.2010.03400.x

Kirchner, V. A., and Pruett, T. L. (2016). Receiving the Unwanted Gift: Infection
Transmission Through Organ Transplantation. Surg. Infect. (Larchmt) 17 (3),
318–322. doi: 10.1089/sur.2016.009

Moudgil, A., Nast, C. C., Bagga, A., Wei, L., Nurmamet, A., Cohen, A. H., et al.
(2001). Association of Parvovirus B19 Infection With Idiopathic Collapsing
Glomerulopathy. Kidney Int. 59 (6), 2126–2133. doi: 10.1046/j.1523-
1755.2001.00727.x

Qiu, J., Soderlund-Venermo, M., and Young, N. S. (2017). Human Parvoviruses.
Clin. Microbiol. Rev. 30 (1), 43–113. doi: 10.1128/CMR.00040-16

Rattani, N., Matheny, C., Eckrich, M. J., Madden, L. M., and Quigg, T. C. (2021).
Parvovirus B19-Associated Graft Failure After Allogeneic Hematopoietic Stem
Cell Transplantation. Cancer Rep. (Hoboken) 2021:e1403. doi: 10.1002/
cnr2.1403

Trotter, P. B., Summers, D. M., Robb, M., Hulme, W., Ushiro-Lumb, I., Watson, C.
J. E., et al. (2017). Deceased Organ Donors With a History of Increased Risk
Behavior for the Transmission of Blood-Borne Viral Infection: The UK
Experience. Transplantation 101 (7), 1679–1689. doi: 10.1097/TP.
0000000000001727

Waldman, M., and Kopp, J. B. (2007a). Parvovirus-B19-Associated Complications
in Renal Transplant Recipients. Nat. Clin. Pract. Nephrol. 3 (10), 540–550.
doi: 10.1038/ncpneph0609

Waldman, M., and Kopp, J. B. (2007b). Parvovirus B19 and the Kidney. Clin. J.
Am. Soc. Nephrol. 2 (Suppl 1), S47–S56. doi: 10.2215/CJN.01060307

Wasak-Szulkowska, E., Grabarczyk, P., and Rzepecki, P. (2008). Pure Red Cell
Aplasia Due to Parvovirus B19 Infection Transmitted Probably Through
Hematopoietic Stem Cell Transplantation. Transpl. Infect. Dis. 10 (3), 201–
205. doi: 10.1111/j.1399-3062.2007.00266.x

Xiao, C., Wang, C. X., Liu, L. S., and Fu, Q. (2013). Clinical Investigation of
Human Parvovirus B19 Infection After Renal Transplantation in China.
Transplant. Proc. 45 (4), 1593–1599. doi: 10.1016/j.transproceed.2013.02.040

Yango, A. Jr., Morrissey, P., Gohh, R., and Wahbeh, A. (2002). Donor-
Transmitted Parvovirus Infection in a Kidney Transplant Recipient
Presenting as Pancytopenia and Allograft Dysfunction. Transpl. Infect. Dis. 4
(3), 163–166. doi: 10.1034/j.1399-3062.2002.01007.x

Zhang, L., Zeng, L., Gao, X., Wang, H., and Zhu, Y. (2015). Transformation of
Organ Donation in China. Transpl. Int. 28 (4), 410–415. doi: 10.1111/tri.12467

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Publisher’s Note: All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations, or those of
the publisher, the editors and the reviewers. Any product that may be evaluated in
this article, or claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Copyright © 2021 Yu, Wei, Lyu, Wu, Wang, Huang, Wu, Chen and Peng. This is an
open-access article distributed under the terms of the Creative Commons Attribution
License (CC BY). The use, distribution or reproduction in other forums is permitted,
provided the original author(s) and the copyright owner(s) are credited and that the
original publication in this journal is cited, in accordance with accepted academic
practice. No use, distribution or reproduction is permitted which does not comply with
these terms.
October 2021 | Volume 11 | Article 753970

https://doi.org/10.1111/j.1600-6143.2008.02244.x
https://doi.org/10.1086/596053
https://doi.org/10.1093/ndt/10.8.1462
https://doi.org/10.1093/ndt/10.8.1462
https://doi.org/10.1093/cid/cis1046
https://doi.org/10.1111/j.1600-6143.2005.01139.x
https://doi.org/10.1086/504812
https://doi.org/10.1111/ajt.12111
https://doi.org/10.1097/TP.0b013e31818b6548
https://doi.org/10.1038/nrneph.2014.159
https://doi.org/10.1038/nrneph.2014.159
https://doi.org/10.5858/2007-131-799-PBIITI
https://doi.org/10.1016/j.transproceed.2019.03.076
https://doi.org/10.1111/j.1600-6143.2010.03400.x
https://doi.org/10.1089/sur.2016.009
https://doi.org/10.1046/j.1523-1755.2001.00727.x
https://doi.org/10.1046/j.1523-1755.2001.00727.x
https://doi.org/10.1128/CMR.00040-16
https://doi.org/10.1002/cnr2.1403
https://doi.org/10.1002/cnr2.1403
https://doi.org/10.1097/TP.0000000000001727
https://doi.org/10.1097/TP.0000000000001727
https://doi.org/10.1038/ncpneph0609
https://doi.org/10.2215/CJN.01060307
https://doi.org/10.1111/j.1399-3062.2007.00266.x
https://doi.org/10.1016/j.transproceed.2013.02.040
https://doi.org/10.1034/j.1399-3062.2002.01007.x
https://doi.org/10.1111/tri.12467
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/cellular-and-infection-microbiology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/cellular-and-infection-microbiology#articles

	Donor-Derived Human Parvovirus B19 Infection in Kidney Transplantation
	Introduction
	Methods
	Patient Selection
	B19V Diagnosis
	Blood Specimen Collection
	Immunosuppressant Regimen
	Statistical Analysis

	Results
	Human Parvovirus B19 Infections in Living Donors and Their Corresponding Recipients
	Human Parvovirus B19 Infections in Deceased Donor Kidney Transplantation

	Discussion
	Data Availability Statement
	Author Contributions
	Funding
	Acknowledgments
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages false
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages false
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 300
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages false
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


