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Abstract

Viral infections in patients with post-kidney transplantation are often difficult to diagnose as
well as treat. We herein report three cases with severe viral infections after kidney transplan-
tation. All their causative pathogens could be detected promptly by polymerase chain reaction
and flow cytometry during the early stages of infection. These examinations would also be of
great use to monitor therapeutic responses and disease activity. It is indeed true that no
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specific treatment is available for most of the viral infections, but we should be aware that
some infections, such as Epstein-Barr virus infection, can be treatable with prompt and specific

treatment, such as rituximab. © 2018 The Author(s)
Published by S. Karger AG, Basel

Introduction

The number of solid organ recipients has recently increased. Not only mortality but also
graft survival rate of post-transplant patients has remarkably improved with newly developed
immunosuppressive agents, such as mycophenolate mofetil (MMF), and molecule-targeting
agents, such as basiliximab and rituximab (RTX) [1-4]. However, owing to more sufficient im-
munosuppression, the bigger risk for infection after organ transplantation still cannot be re-
duced enough, even until now, which could affect both mortality and graft survival. Appropri-
ate and prompt treatment are needed for infections; however, such treatment is not always
easily implemented due to difficulties detecting potential pathogens and focuses, especially
when patients are infected with viruses. Here we report three cases with severe viral infection
after kidney transplantation. Suitable and rapid treatment could be performed with successful
detection of their focuses and pathogens by polymerase chain reaction (PCR) and flow cytom-
etry during the early stages of the infections, which resulted in complete recovery with no
subsequent complications.

Case Reports

Case 1

A 5-year-old girl, who was originally diagnosed with autosomal recessive polycystic kid-
ney disease (ARPKD), was admitted to our hospital due to fever and diarrhea for 3 days (Fig.
1a). Up to 17 months had passed since kidney transplantation was performed with her father
as the donor. Methylprednisolone (mPSL), MMF, and tacrolimus were needed for immuno-
suppression after transplantation. Blood examination of case 1 is shown in Table 1. No path-
ogen could be detected in both blood and stool culture. Anti-viral capsid antigen (VCA)-1gG of
Epstein-Barr virus (EBV) was positive, but both EBV nuclear antigen and VCA-IgM of EBV
were negative. Cytomegalovirus (CMV) antigen was also negative. Leukopenia and thrombo-
cytopenia were shown on her admission, along with raised serum ferritin and interleukin-2
receptor. We suspected secondary hemophagocytic lymphohistiocytosis (HLH) and in order
to exclude leukemia, we decided to conduct bone marrow examination. Hemophagocytosis
could be found in her bone marrow aspiration (Fig. 2) and there were no abnormal cells. Fi-
nally, she was diagnosed with secondary HLH [5]. MMF was discontinued and dexamethasone
was started instead of mPSL. Her fever subsided with these treatments and laboratory data
also gradually improved (Fig. 1a). Adenovirus (ADV) was detected by PCR analysis with her
stool and blood samples, which finally led us to diagnosing her with ADV-associated HLH. The
rapid diagnostic test for ADV had been negative on her admission. ADV antibody titer in her
blood serum turned positive 4 months after the aforementioned episode. She did not experi-
enced graft dysfunction.
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Case 2

An 8-year-old boy with post-kidney transplantation was admitted to our hospital due to
fever for 6 days. He was originally diagnosed with Townes-Brocks syndrome and 4 months
had passed since kidney transplantation had been performed from a deceased donor. He had
been treated with mPSL, tacrolimus, and MMF for immunosuppression after transplantation.
All laboratory data were almost normal except for CMV-pp65 antigen (Table 1). As soon as
ganciclovir administration was started and MMF was discontinued, CMV-pp65 antigen turned
negative. However, his fever continued and his general condition worsened (Fig. 1b). No path-
ogen could be detected by blood culturing. PCR analysis with his blood showed that he was
positive for EBV but abnormal masses were not evident with chest and adnominal computed
tomography. We immediately reduced the dose of tacrolimus and administered intravenous
immunoglobulin, but the intervention was not enough for him to show improvement. Addi-
tional analyses with flow cytometry and quantitative PCR showed that EBV infected CD19+
cells, but not the other cells, thus indicating CD4+ or CD8* of T cells, CD56* of NK cells, and
CD14+ of mononuclear cells. He was treated with RTX and was finally confirmed afebrile as
the number of EBV copies of peripheral blood cells became negative (Fig. 1b). There were no
bacterial infections until his CD20 cells recovered after RTX use, and he did not experienced
graft dysfunction.

Case 3

A 7-year-old girl, who was originally diagnosed with ARPKD, had fever and diarrhea with
massive ascites 9 weeks after kidney transplantation from her mother. She had been treated
in a ward with mPSL, MMF, and tacrolimus for immunosuppression after transplantation. La-
boratory data showed the same level of anemia and mild liver dysfunction as those before the
episode (Table 1). CMV-pp65 antigen was negative. No pathogen could be detected in both
blood and stool culture. PCR analysis with blood, urine, and stool showed that she was positive
for ADV. Discontinuing MMF and tacrolimus, diarrhea improved and ADV turned negative by
PCR analysis with stool (Fig. 1c). However, her fever continued and her general appearance
gradually worsened. PCR analysis with her blood cells and ascites showed that she was posi-
tive for EBV but abnormal masses were not evident with chest and adnominal computed to-
mography. Additional analyses with flow cytometry and quantitative PCR showed that EBV
infected CD19+ cells, but not other cells, thus indicating CD4+ or CD8* of T cells, CD56* of NK
cells, and CD14* of mononuclear cells. RTX was finally administered and her fever and other
symptoms were gradually resolved. The copy number of EBV-DNA in her peripheral blood
cells turned negative 5 months after RTX. There were no bacterial infections until her CD20
cells recovered after RTX use, and she did not experience graft dysfunction.

Discussion

All cases are summarized in Table 2. Identification of potential pathogens is often difficult
in patients with post-kidney transplantation who are possibly infected; as our cases suggest,
patients’ signs and symptoms are usually nonspecific and the spectrum of potential pathogens
is broad. Rapid and comprehensive microbiologic assays, especially for viruses, are needed
for diagnosis, but no tools have been provided so far in clinical settings to satisfy all aspects,
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including its sensitivity, versatility, and cost [6, 7]. Our case 1 suggests that PCR analyses of a
virus to detect potential pathogens would be superior to a rapid antigen test and IgG antibody
titer in serum in order to ensure early and effective diagnosis and treatment. We performed
PCR analysis of the viruses for all cases to detect pathogens. By PCR analysis, we checked ADV,
EBV, CMV, BK virus, JC virus, rhinovirus, enterovirus, human metapneumovirus, norovirus,
human herpesvirus (HHV)-6, HHV-7, and parvovirus B19 comprehensively. A previous report
has also shown the efficacy of multiplex PCR for patients with post-kidney transplantation
who had severe diarrhea to detect pathogenic bacteria [7]. PCR analysis can be a powerful tool
to detect causative virus as well as bacteria in the early clinical course of patients with post-
kidney transplantation.

It is worthy to note that the original disease in two cases was ARPKD. ARPKD is one of the
most common congenital ciliopathies associated with not only kidney but also liver dysfunc-
tion. ARPKD patients were reported to show secondary portal hypertension at the median age
of 2.8 years [8]. Hypersplenism can be caused by portal hypertension, which has been demon-
strated to be capable of bringing about weakened immune systems as well as leukocytopenia
itself [9]. Indeed, case 3 had mild leukocytopenia, anemia, and thrombocytopenia before
transplantation, which were thought to be related to portal hypertension. Combined with the
concept of the net state of immunosuppression [10], severe infections in these two cases might
have been due to the condition of their liver. Besides this, severe infections themselves could
result in hepatic decompensation with increasing speed in ARPKD patients, who are awaiting
liver transplantation [11]. Both of our cases finally needed liver transplantation as early as 18
and 6 months after the aforementioned episodes. Special considerations need to be taken for
infections when kidney transplantation is performed in patients with liver dysfunction.

Two out of three cases suffered from post-transplantation lymphoproliferative disease
(PTLD) infected by EBV; both cases were categorized with early lesions of PTLD. Our cases
with early lesion suggest that treatment only with the reduction of immunosuppression may
fail [12, 13]. RTX has been reported to be a powerful option for treatment [13]. However, strict
confirmation would be necessary before RTX administration so that cells other than B cells
are not infected with EBV by flow cytometry and quantitative PCR.

Quantitative PCR to analyze EBV-DNA is of use for the diagnosis of PTLD [14, 15], but
there still remain some points to be fixed in terms of universality; cutoff value and type of
specimen (whole blood, plasma, or blood cells), for instance. It is necessary to analyze DNA
copies of EBV with both blood cells separated from whole blood and plasma because of the
divergence among these two values, as our case 3 suggested. Quantitative PCR and flow cy-
tometry would also be useful for monitoring therapeutic responses and disease activity.

In summary, PCR could become a powerful tool for detecting viral infection in patients
with post-kidney transplantation. Flow cytometry as well as quantitative PCR would also be
effective for patients with EBV infection, such as PTLD, so that suitable and specific treatment
could be performed by the identification of cells infected with EBV. These examinations would
also enable us to monitor therapeutic responses and disease activity. We clinicians should be
aware of how some viral infections can be treatable with prompt and specific treatment, by
applying the above great tools to detect causative pathogens as early as possible.
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Fig. 1. Time courses of three cases. a Case 1. Day 1 is the first day she was admitted. b Case 2. Day 1 is the
first day he was admitted. c Case 3. Day 1 is the first day her fever occurred. ADV, adenovirus; CyA, cyclo-
sporine; DEX, dexamethasone; MMF, mycophenolate mofetil; mPSL, methylprednisolone; RTX, rituximab;
Tac, tacrolimus.
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Fig. 2. Bone marrow from case 1. Hemophagocytosis by macrophage was indicated.
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Table 1. Blood examinations of the three cases

Case 1 Case 2 Case 3
Hematology
WBC, n/uL 730 5,100 6,700
Hemoglobin, g/dL 9.8 9.9 5.8
Platelets, x104/uL 3.7 41 11.8
Serology
Adenovirus antibody -
EBV-VCA-IgG + + +
EBV-VCA-IgM - - -
EBNA - - -
CMV-pp65 - + -
Biochemistry
Alb, g/dL 29 2.5 4.5
BUN, mg/dL 17.1 24 13
Creatinine, mg/dL 0.59 0.6 0.53
Sodium, mmol/L 136 136 137
Potassium, mmol/L 4.6 4.7 3.8
Chloride, mmol/L 109 107 113
AST, IU/L 230 24 18
ALT, IU/L 67 8 12
LDH, IU/L 756 477 232
CRP, mg/dL 1.13 4.44 <0.1
Ferritin, ng/mL 1,923
TG, mg/dL 171

WABC, white blood cells; EBV, Epstein-Barr virus; CMV, cytomegalo-

virus; TG, triglycerides.

Table 2. Clinical courses of the three cases

206

Case Age, Disease  Timeafter Antibodies Immuno- Chief Pathogens  Diagnosis Therapy Observation Final eGFR,
No. years KT, before this suppression complaints period, mL/min/
months episode drugs years 1.73 m?
1 5 ARPKD 17 EBV IgG: ND mPSL MMF Tac fever adenovirus HLH DEX 1.5 90.4
CMV IgG: ND diarrhea
2 8 Towns- 4 EBV IgG: ND mPSL MMF Tac fever EBV PTLD RTX 7.4 77.7
Brocks CMV IgG: ND diarrhea
syndrome
3 7 ARPKD 3 EBV IgG: ND mPSL MMF Tac fever EBV PTLD RTX 4.2 123
CMV IgG: ND diarrhea

ARPKD, autosomal recessive polycystic kidney disease; DEX, dexamethasone; eGFR, estimated glomerular filtration rate; HLH, hemophagocytic

lymphobhistiocytosis; KT, kidney transplantation; MMF, mycophenolate mofetil; Tac, tacrolimus; mPSL, methylprednisolone; ND, not detected; PTLD, post-
transplantation lymphoproliferative disease; RTX, rituximab.
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