genicity. Since the amount of recovered epithelial lining
fluid in BALF can vary considerably, the quantitative
methodology in this study used data normalization to
GAPDH, a housekeeping gene, to correct for this varia-
tion [24]. In agreement with previous studies [11-13], we
found that quantification of the viral load in BALF may
be useful in diagnosing CMV pneumonia. We noted that
3 patients with proven or probable CMV pneumonia had
negative or clinically insignificant pp65 antigenemia,
highlighting the importance of obtaining samples from
the site of infection. Meanwhile, the pathogenicity of
HSV-1 was unclear in this study because antiviral therapy
did not lead to clinical improvement in 3 of 4 patients di-
agnosed with possible HSV-1 pneumonia. Previous stud-
ies also showed that HSV-1 in BALF may be a marker for
underlying clinical conditions rather than a cause of mor-
tality [25, 26]. In clinical practice, however, when there is
a high viral load in BALF samples from ALI/ARDS of
otherwise unexplained etiology, administration of antivi-
ral agents against HHV's with possible lung pathogenicity
(e.g. CMV, HSV-1, and HHV-6) would be an option for
treatment.

We must acknowledge that it is difficult to extrapolate
our results to all ALI/ARDS patients or to elucidate the
etiologic role of HHV's in ALI/ARDS due to the selected
group of patients and the retrospective nature of our
study without a standardized diagnostic procedure. In
addition, we must note that the pathogenic significance
of HHVs is often difficult to determine via quantification
of the viral DNA in BALF because of the substantial over-
lap between viral loads in symptomatic and asymptom-
atic patients [6, 11, 13]. Accordingly, although we have
demonstrated that our diagnostic approach was techni-
cally feasible and potentially useful in ALI/ARDS patients
to detect HHVs in the lung, further studies prospectively
collecting all de novo ALI/ARDS patients in order to as-
sess the exact prevalence of HHVs in ALI/ARDS or to
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Analysis of Viral Infection by Multiplex Polymerase Chain
Reaction Assays in Patients with Liver Dysfunction

Kiminari Ito', Norio Shimizu’, Ken Watanabe’, Toshiharu Saito”, Yuriko Yoshioka’,
Emiko Sakane', Hiroko Tsunemine', Hiroshi Akasaka',
Taiichi Kodaka' and Takayuki Takahashi'

Abstract

Objective While unexplained liver dysfunction is common, it is sometimes difficult to identify its exact
cause. One cause is viral infections. The identification of viruses other than hepatitis B and C that cause liver
dysfunction is difficult because no methods to simultaneously identify these viruses have been established.
The aim of this study was to quickly and simultaneously identify multiple virus species.

Methods A total of 49 patients with unexplained liver dysfunction and undetermined inflammation were
examined. The majority of patients had hematologic malignancies, and some had undergone bone marrow
transplantation. Qualitative polymerase chain reactions (PCR) were performed io detect 12 species of DNA
virus in whole blood. Quantitative real-time PCR was performed when a specific virus was amplified. In ad-
dition, 6 RNA hepaltitis viruses were directly assayed by real-time PCR. These 2 PCR steps were completed
within | hour.

Results The most frequently detected virus in 37 patients with liver dysfunction, was transfusion transmit-
ted virus (38%), which was followed by human herpes virus (HHV) type 6 (35%), Epstein-Barr virus (14%),
cytomegalovirus (8%), and rarely hepatitis G virus and HHV-7 (3%). Similar viremia was observed in 12 pa-
tients with mild liver dysfunction. The results of the PCR assay were mostly consistent with those of routine
virus serological tests.

Conclusion A multiplex viral PCR assay was a useful tool for quickly identifying viruses that possibly
cause liver dysfunction. It was also important that liver dysfunction acted as a proband that led to the discov-
ery of serious viremia.

Key words: liver dysfunction, multiplex PCR, real-time PCR, human herpes viruses, hepatitis virus

(Intern Med 52: 201-211, 2013)
(DOT: 10.216%/internalmedicine.52.8206)

Introduction

A clinician often encounters unexplained liver dysfunc-
tion; however, it is sometimes difficult to identify the exact
cause of the dysfunction because of the many causes of liver
dysfunction. One common cause of liver dysfunction is viral
infection. Although it is easy to detect hepatitis B virus
(HBV) and hepatitis C virus (HCV) because of the estab-
lished laboratory tests for these viruses, the detection of

other viruses that cause liver dysfunction is difficult because
the cuorrent laboratory methodologies in a hospital have
some limitations in terms of quick performance and the lim-
ited number of identifiable viral species. Therefore, the
prompt and proper diagnosis of viral infections is important
when a patient exhibits liver dysfunction. An assay was de-
veloped to simulianeously detect 12 kinds of viral DNA
genomes in the blood. The assay uses a multiplex polym-
erase chain reaction (PCR) to identify the viruses, and real-
time PCR to determine the viral load. In addition, 6 RNA
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Table 1.

Primer and Probe Sequences Employed in Multiplex Qualitative Polymerase Chain Reaction (PCR) Analyses

Virus Region of amplification  Primer sequence Probe ssquence Referance
HSV1/H8Y-2 polymerasa F: GCTCGAGTGOGAAAAAACGTTC FFITC: GCGCACCAGATCCACGCCCTTGATGAGC 3
R: TGCGGTTGATAAACGCGCAGT LoRed804~5". CTTGCCCCCGCAGATGACGCO
Vzv geneld F: TGTCCTAGAGGAGGTTTTATCTG 3'FITC: GGGAAATCGAGAAACCACCCTATCCGAC 4
R: CATCGTCTGTAAAGACTTAACCAG LcRed640-5" AAGTTCGCGGTATAATTGTCAGT
EBY BamH1 F: COGCATAATGGCOGGACCTAG IFITC: AAAGATAGCAGCAGCGCAGC GeneBank V01555
R: CAAACAAGCCCACTCCCC L.cRed640-5" AACCATAGACCCGCTTCCTG
oMY Glycoprotein F: TACCCCTATCGCGTGTETTC 3'FITC: TCGTCGTAGCTACGCTTACAT ]
R ATAGOGAGGCGCCACGTATTC LcRed705-5" ACACCACTTATCTGCTGGGCAGC
HHVE 101k gene region F: ACCCGAGAGATGATTTTGCG FFITC: TAAGTAACCGTTTTCGTCCCA [
R GCAGAAGACAGCAGCCAGAT LoRed706-5" GGGTCATTTATGTTATAGA
HHV7 us7 F: GAAAAATCCGOCATAATAGC IFITC: GOCATAAGAAACAGGTACAGACATTGTCA GoneBank NC0O01716
R ATGGAACACCTATTAACGGC LcRed705-5" TTGTGAAATGTGTTGCG
HHVE EB BDLF1ORF21 F: AGCCGAAAGGATTCCACCAT 3FITC: CCGGATGATGTAAATATGGCGGAAC 7
R TCCGTATTGTCTACGTCCAG l.oRed705~5" TGATCTATATACCACCAATGTGTCATTTATG
BKV/JCV VP2 F: CACTTTTGGGGGACCTAGT JFITC: TCTCGAGGCTGCTGCTGCCACAGGATTTT 8
R CTCTACAGTAGCAAGGGATGC LoRed705-5" AGTAGCTGAAATTGCTGCTGGAGAGGCTGCT
Parvo B19 NSt F: CCGCCAAGTACAGGAAAAAC 3FITC: GCAAAAGCCATTTTAGGCGGGCA ]

R: CAGCTACACTTCCACGCA

LeRedB40-5" CACCAGGGTAGATCAAAAAATGOGTGCA

BKY/JCV: BK virus/JC virus, CMV: cytomegalovirus, F: Forward, FITC: Fluorescein isothiocyanate, EBY: Epstein-Barr virus, HHV: human herpes virus,
HS8V: herpes simplex virus, Parvo B19: Parvovirus B19, R: Reverse, VZV: varicella—zoster virus

hepatitis viruses were directly quantified with real-time
PCR. Our multiplex PCR combined with real-time PCR was
highly useful in the quick diagnosis of viral hepatitis.

Materials and Methods

Patients

Patients with unexplained liver dysfunction, that received
medical care in Shinko Hospital, Kobe, Japan, from Febru-
ary to December, 2011 were enrolled in this study. Liver
dysfunction in this study was defined as patients that exhib-
ited more than 2 times the normal upper limits of aspartate
transaminase (AST) (80 TU/L), alanine transaminase (ALT)
(80 TU/L), or alkaline phosphatase (ALP) (720 TU/L) levels
or more than 1.5 mg/dL of total bilirubin, with negative se-
rological tests for HBsAg and HCV. Patients with normal
liver function or mild dysfunction underwent this viral PCR
examination for possible viral infection because of fever or
“inflammatory signs. These patients were enrolled in this
study. Patients who showed positive results for HBV or
HCV by serological or molecular examinations were also in-
cluded in this study in order to examine the possibilility of
muitiple viral loads. In addition, the serological tests for
both HBV and HCV were performed before the multiplex
PCR analysis in all patients included in this study.

Blood and plasma samples

EDTA-2Na-chelated whole blood (200 pul) was obtained
from individual patients who provided their written in-
formed consent. The present siudy was part of a retrospec-
tive analysis of a single institutional clinical study desig-
nated the “Multiple Virus-Analytic Study by Muliiplex
PCR”, which had been approved by the institutional review
board. The plasma was separated from whole blood by cen-
trifugation at 400-g when 1 or more virus-specific PCR
products/signals were detected, and subjected to real-time
PCR in order to quantify the number copies of the viral
genome. Blood obtained from 12 healthy volunteers with in-
formed consent was subjected to the following virus analy-

ses as negative controls.
Multiplex PCR (1, 2)

DNA was extracted from the whole blood using Quick-
Gene DNA whole blood kit § (FUJIFILM Corporation, To-
kyo, Japan) that was installed on an apparatus for the auto-
mated purification of nucleic acids (QuickGene-800; FUJI-
FILM Corporation). The multiplex PCR was designed to
qualitatively measure the genomic DNA of 12 viruses; cy-
tomegalovirus (CMV), human herpes virus type 6 (HHV-6),
Epstein-Barr virus (EBV), varicella-zoster virus (VZV), BK
virus (BKVY), JC virus (JCV), parvovirus B19 (ParvoB19),
human herpes virus type 7 (HHV-7), human herpes virus
type 8 (HHV-8), herpes simplex virus type | (HS5V-1) and
type 2 (HSV-2), and HBV.

The PCR was performed using a LighiCycler (Roche,
Basel, Switzerland}. The primers and probe sequences for
these 12 viruses are described in Table [ (3-9).

Two sets were paired-off with the following capillaries of
these 12 viruses; Capillary A: HSV-1, HSV-2, VZV, HHV-6,
CMYV, Parvo B9, BKYV, and JCV, and Capillary B: EBV,
HHV-7, and HHV-8. Specific primers for these viruses were
used with 0.25 ul. AccuPrime Taq polymerase and ix Ac-
cuPrime Buffer I (Invitrogen Corporation, Carisbad, CA,
USA) and 5 ng non-acetylated bovine serum albumin (BSA,
Sigma-Aldrich Co., St. Louis, MO, USA), resulting in a fi-
nal volume of 10 ul for each primer. First, 3 pL of mineral
oil (Sigma-Aldrich Co.) was placed in the capillary. Next,
10 pL of reaction mixture was added and centrifuged for
3,000 rpm for 3 s. Finally, 5 pL of probe mix was added to
the capillary, which was then capped. The DNA was ampli-
fied with 40 PCR cycles at 95C (2 s), 58C (15 s), and
72°C (15 s), which was followed by denaturation at 95C (1
min).

Fluorescein isothiocyanate-conjugated probe hybridization
and LCRed640- or LCRed-conjugated hybridization probes
were then mixed with the products by 3,000 rpm centrifuga-
tion for 3 s. Specific hybridization was confirmed by a melt-
ing curve analysis (10) in which the dissociation of hybrid-
ized probes from individual PCR producis was seen as the
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Figure. Melting curve analysis by virus-specific melting temperature (Tm). A melting curve analy-
sis is used to measure the temperature at which the DNA is split into single chain from double
stranded DNA., The PCR products amplified by the primer for each viral sequence hybridize the
specific probes labeled by L¢RED705 and LcRED640 at 40°C. This hybridized double strand DNA
melted/dissociated when it was heated gradually from 40°C to 80°C. Each viral melting temperature
was measured by use of the fluorescence resonance energy transfer (FRET). Releasing the excitation
energy causes the fluorescent substance that reached the excitation state to return to the basal state,
and that neighboring fluorescent substance obtains the energy and enters into the excitation state,
The melting temperature of individual DNA strands is determined based on each viral sequence, the
length, and the GC content. BKV/JCV: BK virus/JC virus, CMV: cytomegalovirus, HHV: human
herpes virus, HSV: herpes simplex virus, IC: immune complexed, B19: Parvovirus B19, VZV: vari-
cella-zoster virus

disappearance of fluorescence at the specific dissociation
temperature of each virus. The specific temperature for each
virus is shown in Figure. The melting curve analysis was
performed by denaturing DNA at 95°C for 1 minute, which
was followed by hybridization at 40C for 10 s and melting

at 40T to 80C (Ramp rate, 0.2°C/s).

In addition, a sensitivity test of this PCR was performed
using known plasmid DNA representatives for the 12 indi-
vidual DNA viruses. The individual DNA sequences were
determined based on the database for DNA viruses, and the
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Tuble 2. Sensitivity of Qulitative Multiplex PCR

Copies / Tube

100 50 25 10 Sensitivity
HEVI 10710 19,10 10710 7710 325 copies
HEY2 16710 10/10 10/10 10716 >10 coples
VEV 16/10 19,10 108/10 1010 >10 copies
CMY 10/10 10/10 10/10 10410 210 copies
EBY 10410 10/10 10710 9/10 225 cophes
HHYS 10710 10710 10/10 8/10 >28 copes
HHVT7 1610 10/10 5/10 £10 250 copies
HHYSB 1910 10,10 /10 /10 250 copies
BrY 18710 10/10 10/10 1010 >10 copies
JCV 10/10 10/10 3/10 7/10 >50 copies
HBY 10710 10/10 8/10 1/10 250 copies
ParveB 19 10/10 1010 10710 10/10  >18 copiee

HSV: herpes simplex virus, VYZV: varicella~zoster virus, CMV:
cytomegalovirus, EBY: Epstein—Barr virus,

HHY: human herpes virus, BKY: BK virus, JOV: JC virus, HBV:
hepatitis B virus, Parvo319: Parvovirus B19

plasmid DNAs were synthesized by Nihon Techno Service
Company, Ibaragi, Japan. The qualitative PCR assay was
performed 10 times for each virus using various concentra-
tions of the plasmid DNA and determined the concentration
of the plasmid DMNA (copy number/tube) as the detection
limit when 100% positivity (10/10 assays) was obtained. Ta-
ble 2 shows that the sensitivity of the PCR varied from
more than 10 to 50 copies.

The assay could directly measure the load with a linear
relationship up to 10° copies/iube; however, dilution was re-
quired when the viral load exceeded 10" copies.

Real-time PCR (1, 2)

Real-time PCR was performed when a positive and spe-
cific result was obtained by multiplex PCR for the human
herpes viruses. Quantitative reverse transcription (RT)-PCR
was performed first for the human RNA hepatitis viruses.
Hepatitis A virus (HAVY), hepatitis B virus (HBV), hepatitis
C virus (HCV), hepatitis D virus (HDV), hepatitis E virus
(HEV), hepatitis G virus (HGV), and transfusion transmitted
virus (TTV) we assayed as the infecting organisms of a hu-
man hepatitis virus. Real-time PCR was performed using 0.5
Units of Tag DNA polymerase (Thermo Fished Scientific
Inc., Waltham, MA, USA), 1 mM dNTPs (Bioline USA
Inc., Taunton, MA, USA), 3 mM MgChL (NIPPON GENE
Co. Ltd., Tokyo, Japan), 0.1 pg Anti-taq high (Toyobo Co.
Lid., Osaka, Japan), 10 ng non-acetylated BSA (Sigma-
Aldrich Co.), and One Step PrimeScript Real-time RT-PCR
kits (Takara Bio Inc., Shiga, Japan). Each reaction final vol-
ume was 20 pL, and the reaction was performed on the
Light Cycler DX400 (Roche).

The sequence for the primers and the probes of each virus
are shown in Table 3A, B (11-21). The DNA of human her-
pes virus and HBY were amplified by PCR with the follow-
ing conditions: denaturation at 95°C (10 s) and then 50 cy-
cles of PCR (denaturation at 95C [1 s], annealing at 60T
[20 s], and cooling at 40°C [20 s]). The RNA of the remain-
ing hepatitis viruses was amplified by RT-PCR with foliow-
ing conditions: RT reaction at 42°C (5 min), denaturation at
95T (10 s), 50 cycles of PCR (denaturation at 95C [1 s],

annealing at 60°C [20 s], and cooling at 40°C [20 s]. The
value of the viral-genome copy number in the sample was
considered to be significant when more than 10 copies/tube
were obtained.

The real-time PCR was repeated 8 times on a VZV-
positive specimen that contained 10 copiesftube of VZV
plasmid. The mean value of cycle numbers required to ob-
tain 10 copies/tube were 28. 28 cycles with a standard de-
viation (SD) of 0.317 cycles. The distribution coefficient
was 0.393, indicating excellent reproducibility of this quan-
titative PCR. Each cycle number for the reproducibility was
tested with the Kolmogov-Smirnov test assuming as normal
distribution.

These multiplex PCR and real-time PCR procedures of
the present study were performed in the Laboratory of Cell
Therapy in Shinko Hospital.

Results

Viruses identified in patients with unexplained liver
dysfunction

A total of 49 patients were included in this study. The
characteristics and the laboratory data of these patients with
unexplained liver dysfunction are described in Tables 4, 6.
The majority of the patients had hematologic malignancies
and were immune-compromised, especially, those patients
who were seen soon after allogeneic bone marrow transplan-
tations. One or more viral species was detected in 28 of the
37 patients with liver dysfunction, and their copy number
was determined (Table 4). The most frequently detected vi-
rus was TTV (14/37), which was followed by HHV-6 (13/
37), EBV (5/37), CMV (3/37), and rarely HGV (1/37) and
HHV-7(1/37). Three virus species were detected in 2 pa-
tients (Nos. 32 and 36); 2 species were detected in 8 pa-
tients; and a single viros was detected in 19 remaining pa-
tients. However, no virus genomes were detected in 9 of the
37 patients, indicating that there were other causes of liver
dysfunction in these patients at the time of the analysis. One
patient that was diagnosed with chronic hepatitis B (No. 36)
was infected with both EBV and TTV in addition to HBV,
suggesting that co-viral infections may exists in patients
with hepatitis B. The incidence of fever or skin rash in this
cohort of patients was low (Table 4) presumably due to the
immunosuppressive procedures or chemotherapies in the ma-
jority of these patients.

Twelve healthy volunteers were examined in the same
way as a negative control. Table 4 shows that none of the
12 DNA viruses were detected by the multiplex PCR in
these volunteers. As for hepatitis viruses, all 7 hepatitis vi-
ruses except TTV were below the detection limit. TTV was
detected in 2 of 12 volunteers with a viral load ranging
from 5x10' to 7.7x10° copies/mL (Table 4).
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Tuble 3A.
Chain Reaction

Primer and Probe Sequences in the Assay of Human Herpes Viras (HHY) by Reverse Transcriptase-polymerase

Herpas virus Primars and probe sequences

Amplification Referance

HSVT and 2 HEV-F: GGCATCAAGACCACCTCCTC

HSV-R: GCTCGCACCACGCGA

HSV1-P: JOE-TGGCAACGCGGCCCAAC-TAMRA
HSV2-P: FAM~CGGCGATGCGCCCCAG-TAMRA
VZV-F: AACTTTTACATCCAGCCTGGCG

VZV-R: GAAAACCCAAACCGTTCTCGAG

vzv

fas) 1

ORF29 GeneBankX04370,AJ871403,0Q0457052

VZV-P: FAM-TGTGTTTCACGGAGGCAAACACGT-TAMRA

EBY EBV-F: CGGAAGCCCTCTGGACTTC

EBV-R: CCCTGTTTATCCGATGGAATG

BALF-5 12

EBV-P: FAM-TGTACACGCACGAGAAATGCGCC-TAMRA

CMV CMV-F: CATGAAGGTCTTTGCCCAGTAC

CMV-R: GGCCAAAGTGTAGGCTACAATAG

Ug5-Ue6 13

CMC-P: FAM-TGGCGCCGTAGGTCATCCACACTAGG-TAMRA

HHVS HHV8-F: GACAATCACATGCCTGGATAATG

HHV6-R: TGTAAGCGTGTGGTAATGTACTAA

ua7 14

HHV6-P: FAM-AGCAGCTGGCGAAAAGTGCTGTGC-TAMRA

HHV7 HHV7-F: CGGAAGTCACTGGAGTAATGACAA

HHV7-R: CCAATCCTTCCGAAACGGAT

Us7 15

HHV7-P: FAM-CTCGCAGATTGCTTGTTGGCCATG-TAMRA

HHVE HHV8-F: GCCTCTGGTCCCCATTCATTG

HHV8-R: CGTTTCCGTCGTGGATGAG

ORF65 8

HHY8-P: FAM-CCGGCGTCAGACATTGCTCACAAGC-TAMRA

BRV/JCV
BKV-R: GATGAAGATTTATTYTGCCATGARG
JCV-R: GAAGACCTGTTTTGCCATGAACA

BKV & JCV-P: 6FAM-ATCACTGGCAAACAT-MGB
B19-F: GGGTTTCAAGCACAAGYAGTAAAAGA
B19-R: CGGYAAACTTCCTTGAAAATG
B19-P: FAM-CAGCTGGCCCTGTGG-MGB

Parvob18

BKV & JCVF: GGAAAGTCTTTAGGGTCTTCTACCTTT

ORF 17

NS1 GeneBank M13178,AJ717293,AX003421

The real-time herpes simplex virus (HSV) PCR is a multiplex PCR that can detect both H8V1 and HSV2 DNA in the same reaction. The optimizad

gB primer pairs amplify both HSV1 and 2 with equal efficiency, with the 2 type—specific probes labeled with different fluorescent dyes. The HSV1
probe is labeled with JOE at the 5'-end and with TAMRA at the 3'-end. The HSV2 probe is labeled with FAM at the 5'-end and with TAMRA at the

3'-end.

CMV: cytomegalovirus, EBV: Epstein-Barr virus, VZV: Varicella-zoster virus

Table 38.

Primer and Probe Sequences in the Assay of Human Hepatitis Virus by Reverse Transcriptase-polymerase Chain

Reaction

Primer and Probe Sequences Amplification Reference

HAY  HAV-F:.GGTAGGCTACGGGTGAAACC 5'NC GeneBank :AB020564, AB020565,
HAV-R:GCCGCTGTTACCCTATCCAA AB020568,AB020568,M14707,K02990,
HAV-P:FAM-TACTTCTATGAAGAGATGC-MGB X75216,X75215

HBY  HBV-F.GTGGTGGACTTCTCTCAATTTTCTAG S-gene
HBV-R:GGACAMACGGGCAACATACCT AF080842,AF100309,X04615
HBV-P:FAM-TGTCTGCGGCQTTTT

HCV  GTCTAGCCATGGCGTTAGTA 57NC GeneBank:
CTCGCAAGCACCCTATCAGGCAGT AF009606,AF356827,D14853 AF169004,
HCV-P:FAM-CTGCGGAACCGGTGAGTACAC-BHQ ABR030907,050408,D017763

HDV  HDV-F:GCATGGTCCCAGCCTCC ribozyme 1
HDV-R:TCTTCGGGTCGGCATGG 18
HDV-P:FAM~- ATGCCCLaGGLtCGGAC-TAMRA

HEY  HEV-F.GGTGGTTTCTGGGGTGAC ORF3
HEV-RAGGGGTTGGTTGGATGAA 19
HEV-P.FAM- TGATTCTCAGCCCTTCGC ~TAMRA

HGV  HGV-F.CGGCCAAAAGGTGGTGGATG 5'NC
HGV-R:CGG TAGGGCCAACACCTGTGGA 20
HGV-P.FAM- CAGGGTTGGTAGGTCGTAAATCCCGGTCA-TAMRA

TTV  TTV-F.TCCGAATGGCTGAGTTT ORF2

TTV-RCGAATTGCCCCTTGACT
TTV-P:FAM- ACTCACCTHCGGCACCCGC-iowaBK

21

HAV: hepatitis A virus, HBV: hepatitis B virus, HCV: hepatitis C virus, HDV: hepatitis D virus, HEV: hepatitis E virus, HGV: hepatitis G virus,

TTV: transfusion transmitted virus

Follow-up examination of liver dysfunction and vire-
mia

The study then examined the relationship between the
liver dysfunction and viremia. The detected viruses were re-
examined after appropriate intervals in 15 of the 37 patients
included in the present study. Table 5 shows that the liver

dysfunction was improved or normalized in almost all pa-
tients reexamined. The load of HHV-6 virus decreased with
the improvement of the liver dysfunction in all 6 patients re-
examined for this virus. The correlation between the copy
number of HHV-6 and the levels of AST, ALT, and ALP
was analyzed at 2 periods of the examination using Re-
stricted Maximum Likelihood, The improvement of the
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Table .

Characteristics of Patients with Unexplained Liver Dysfunction and Their Laboratory Data

Patient

Ne. Age Sex Underlying disease AST ALT ALP T.Bil LDH CRP tj’pﬁym Fever Skin rash LN swelling tt{;:;?;;; Virus detected and its copy number
1 82 M_ Pulmoenary The 87 156 378 0.7 218 145 0 =+ - - Nons MNone

2 65 M IR 32 45 319 1.8 288 1.40 2] 4 - - Nong None

3 36 F  Septic shoek 96 50 802 10.0 489 11.80 i6 -+ — — None HHEV-6: 38 x {0

4 6§89 F  ATL post BMT 168 190 241 0.8 356 0.24 4 - — — None HHV-8: 89 % 107

3 38 M post HRS 58 138 306 0.5 324 Q.07 4.0 o - — Nong None

6 48 M Malignant lymphoma 46 110 333 10 254 071 05 — — - RCC HHV-8 4.7 X 10°

7 70 M FUD 43 72 1878 07 121 1883 g + — — None None

8 72 F  MDS/AML 119 [ 465 0.7 259  0.39 16 — — = RCC, PC HGV: 1.8 % g

§ 53 M AML. post BMT 39 99 7t 04 114 028 04 ~ -+ — RCC, PG HHV-8: 81 x 10°

10 78 F Myeloms, Pneumonia 54 117 183 17 589 1.97 10 =+ — — RCC, PC CMV: 3.6 X 10°. EBV: 80 x 10°
11 85 M MDS 470 215 968 1.8 647 0.1 Q9 - - - None TTV: 81 x 10

12 68 F  Multiple mvelomsa 45 a0 1.059 1.0 335 1870 324 A+ — - RCC. PC Nong

i3 58 M MDS post BMT 93 43 228 0.8 493 348 08+ — — RCC, PC None

14 58 M Malignant lymphoma 158 326 644 1.3 274 212 15 = — — None HHV-8: 1.7 X (0% TTV: 1.2 x 10°
15 34 FALL 448 481 1,420 20 719 1254 0 + — — RCC, PC TTV: 1.2 X 10°

i8 £2 W Maiignant lymphoms 137 187 8973 2.1 407 791 05 4+ - - RGC, PC None

17 75 F  Drug-induced hepatilis 124 361 528 1.2 185 018 0 - —~ e None HEv-6: 1.6 % 10°

18 36 F Infectious mononucleosis 511 469 411 0.6 §75 065 335 =+ - + Mone omy: 1.7 % 10

19 44 F Infectious mononucleosis 169 352 1,988 14 393 065 389 =+ — + None £py- 1.1 x 10°

20 66 F  Autoimmune hepatitis 418 645 602 0.8 329  0.27 o - — s None TTV: 58 X 10°

21 25 F Infectious mononucleosis 87 114 354 0.9 450 091 383 + -+ -+ None CMV: 5.7 % 10°, HHV-8: 35 x 107
22 67 F ATL 1,189 1,186 2,900 0.5 796 766 218+ + - RCC, PC HHV=6; 1.0 > 10°

23 85 F P 66 76 721 0.5 712 18.98 [ - = None None

24 86 M Malignent lymphoma 481 433 1,182 0.6 576 003 0 - — - None HHV-8: 70 x 10° EBV:- 8.4 x 10°
25 54 M AIDS 84 43 1,130 0.3 262 115 S — + None HHV-6: 1.5 x 10° EBV: 7.1 % 10°
26 73 F  Myeloma 241 486 222 21 567 361 05 =& — — RCC, PC HEHV=8 1.7 % 10° TTV- 4.1 % 10°
27 70 M Knee joint MRSA infection 21 29 883 0.9 141 1.89 1.0 o s — None TTV: 38 % 10

28 57 F__ Sepsis 158 37 387 04 625  33.80 g + - - Mone None

29 50 M PH 42 84 497 0.2 264 185 a4 - - - None TTV: 48 % 10°

30 50 F AML 20 86 179 0.3 148 0086 g - — — RCC, PC TTV: 8.0 x 10

31 32 F AML, post BMT 173 230 275 0.5 193 0189 24 — — — RCC, PC TTV: 4.4 % 10°

32 52 M ALL pest BMT 26 58 663 0.7 214 15.31 12 + + - ROC, PC HHV-8 12 % 10° HHV-7. 7.7 X 10°. TTV. 4.8 % 10°
33 44 F MDS, post BMT 36 84 209 0.9 238 017 08 — — ~ RCG, PC HHV-5: 1.9 x 10° TTV: 27 % 10°
34 19 M Malignant lymphoma 48 125 181 0.7 161 0.26 0 - - + None TTV. 55 % 10°

35 K F  Drug-induced hepatitis 578 384 920 21 562 039 0 - - - None TTV: 1.3 x 107

36 80 M Hepatitis B (chronic) 1,502 868 459 3.8 427 132 04 = — — None HEV:1E * 10° BBV 15 »x 1%, TTV- 78 = 10
37 57 M Hepatitis B (acute) 938 1,707 917 3.3 459 115 0 = - Nene HBV: 1.5 x 10

li‘ﬂnﬁg: HHV-1,2, VZV, EBV, GMV, HHV-6,7.8, BKV, JGY, PalvoB19: N.. HAV HBV, HOV. HDV, HEV, HOV: <10 coples.

TTV: pesitive in 2 of 12 5 X 10'-7.7 % 10 copies.

Normal upper limits of AST, ALT, ALP, T-Bil, LDH, and CRP are 40 1U/L, 40 1U/L, 360 WU/L, 1.3 mg/dL, 230 IU/L, and 0.3 mg/dL, respectively. The copy number of each virus listed is expressed
in its copy number /mbL.
Atyp. Lym: atypical lymphocyte, PC: platelet concentrate, RCC: red cell concentrate, AIDS: acquired immunodeficiency syndrome, ALL: acute lympheblastic leukemia, ALP: alkaline phosphatase,
ALT: alkaline transaminase, AML: acute myeloid leukemia, ATL: adult T-cell leukemia, BMT: bone marrow transplantation, GRP: C-reactive protein, FUO: fever of unknown origin,

HPS: hemophagocytic syndrome, IP: interstitial pneumonia, LDH: lactats dehydrogenase, LN: lymph node, MDS: myelodysplastic syndrome, PH: pulmonary hypertension, Tbe: tuberculosis,

T.Bil: total bilirubin, MRSA: methicillin—resistant Staphylococcus aureus, N.D: not detected
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Tuble & Patients Reexamined for Liver Dysfunction and Previously Documented Viremia

F’a;::nt Age Sex Time of reexamination AST ALT ALP T.Bil LOH CRP Fever Skin rash LN swealling Virus detecied and its copy number
3 36 F after 8 M 28 11 337 0.3 420 376 prnd — — HHV-8: not detectable
4 89 F after4 M 34 34 186 0.8 272 014 - —_ - HHV-5: 43 % 10/
6 48 M afterd M 37 70 347 0.4 207 008 — - - HHV-5: 1.0 x_10'
8 72 F  after 6 M 48 19 289 0.8 227 211 — — — HGV: 5.3 x 10
9 53 M afterd M 19 28 465 05 197  0.03 — — - HHV-6: 1.0 x 10°
11 86 M after2W 615 870 1,739 20 649 024 - - — TTV: 35 x 10°
18 36 F _ after 6 davs 152 278 430 0.7 417 0.38 = - -+ CMV: not reexamined
19 44 F  after § davs 140 344 1,082 0.8 246 008 4 - + EBV: not reexamined
20 66 F  after2M 17 26 139 0.4 147 313 — — — TTV: 8.0 % 10°
21 25 F after2 M 21 12 221 0.5 161 0.02 —~ — + CMV:.undetectable, HHV-8: not detectable
22 67 F  after3M 26 [ 278 0.9 328 543 — — — HHV-8: 1.4 % 10°
27 70 M after 2 W 78 72 494 2.9 257 2.34 = - - TTV: 1.3 % 10°
30 50 F after1 M 24 74 158 0.3 217 005  — — — TTV: 60 x 10°
32 52 M after2W 23 33 479 0.9 330 138 =+ - - HHV-6: 1.3 x 10, HHV-7: 5.2 x 10° TTV: 3.1 % i0°
33 44 F o oafter 1M 38 44 234 0.9 209 010 - — - HHV-6: not detectable, TTV: 1.7 % 10°
34 19 M after2M 28 56 160 0.9 146 055 - — + TTV: not detectable
35 78 F after 3 M 28 13 778 1.0 244 045 — — — TTV: not resxamined
36 80 M after3W 94 172 258 251 272 207 =+ - — HBV: 1.6 % 10° EBV: 1.5 % 10°, TTV: .76 x 10°
37 57 M after 1M 16 20 223 0.8 132 030 — — = HBV: not reexamined

Normal upper limits of AST: ALT: ALP: T-Bil: LDH: and CRP are 40 IU/L: 40 [U/L: 360 IU/L: 1.3 mg/dL: 230 IU/L: and 0.3 mg/dL: respectively.

AIDS: acquired immunodeficiency syndrome, ALL: acute lymphoblastic leukemia, ALP: alkaline phostphatase, ALT: alkaline transaminase, AML.: acute myeloid leukemia,

ATL: adult T—cell leukemia, BMT: bone marrow transplantation, CRP: C-reactive protein, FUO: fever of unknown origin, HPS: hemophagocytic syndrome, IP: interstitial pneumonia,
LDH: lactate dehydrogenase, LN: lymph node, MDS: myelodysplastic syndrome, PH: pulmonary hypertension, The: tuberculosis, T.Bil: total bilirubin
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HHV-6 load was significanily correlated with the levels of
AST, ALT, and ALP between the Ist and 2nd examinations,
and the correlation coefficients ranged from 0.9435 to

1.0000. Patient 21 had CMV-infectious mononucleosis, and
CMV was undetectable after 2 months of treatment with
ganciclovir, with normalized liver function. The liver dys-
function was improved after treatment with ganciclovir in
another patient with CMV-infectious mononucleosis (patient
18), although the viral load was not reexamined. Patient 19
had BB V-infectious mononucleosis, and the liver dysfunc-
tion was also improved with the resolution of fever and
lymph node swelling, suggesting the natural course of this
disease. On the other hand, the relationship between the
changes in liver dysfunction and the TTV load was unclear
in 7 patients in that were re-assayed for TTV, and TTV be-
came undetectable in patient 34 with the improvement of
the liver dysfunction.

Incidence of liver dysfunction in each viral infection

Twelve patients that did not exhibit overt liver dysfunc-
tion regardless of viremia are described in Table 6. The inci-
dence of TTVY, HHV-6, CMV, EBV, and HSV-1 infections
were 6/12, 6/12, 4/12, 1/12, and 1/12, respectively. The fre-
quency of individual viral infections was similar to that of
the patients with liver dysfunction (Table 4). These results
suggested that these viral infections do not always cause
overt liver dysfunciion; therefore, the incidence of liver dys-
function was calculated in each case of viremia listed in Ta-
bles 3, 5. The results showed 70% TTV, 68% HHVY-6, 43%
CMYV, and 83% EBV.

Consistency of the resulis obiained by mulliplex
PCR in comparison fo those obtained by routine vi-
ral examination

The results obtained by multiplex PCR combined with
real-time PCR and we compared with those obtained with
commercially available virus examinations (Mitsubishi
Chemical Medience Corporation, Tokyo, Japan), which are
routinely employed in this institute. Attending physicians
performed routine virus examinations independent of the
current assay system in order o investigate the cause of the
liver dysfunction or the inflammation. Table 7 shows that
the results obtained with the PCR assay system were consis-
tent with those obtained with routine virus tests except for
the results of EBV in patients 18, 21, and 40. EBV was not
detectable in the PCR assay in the first 2 patients, while the
routine EBV serological test was positive for the VCA-IgM
antibody. In contrast, the PCR assay system gave a positive
result regardless of the negative VCA-IgM antibody deter-
mined by routine examination in patient 40. The assay was
re-examined in the first 2 patients with a preserved DNA
specimen with negative results, In addition, Table & shows
that the results for HBV and HCV by the PCR were consis-
tent with those by the commercially available method (SRL
Inc., Hachioji, Japan).

In addition, the viral load of ParvoB19 was examined in a
patient (52-year-old man) that came to the hospital because
of anemia and a very low reticulocyte count. A bone mar-
row aspirate showed pure red cell aplasia (PRCA) with re-
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Table 7. Consistency of the Results Obtained by Multiplex Polymerase Chain Reaction (PCR) with those Obtained by Commercially Available Viral Examination

Viral examination by

Patient No. multiplex PGR Viral examination by commercial laboratory test™ Results of viral serological tests” Gonsistency
5 EBV {—) EBV serclogical test: previous infection VCA-IgM (—) WVCA~IgG (). EBNA isG (4} ves
CMV (—) CMV antigenemia (—) TgM (=), 12G ()
EBV (—) EBV serclogical test: pravious infection VCA-IgM (—), VCA-1gG (), EBNA 1gG (+) L
CMV (—) CMV serological test IeM (—), IgG ()
11 EBV (—) EBV serological test | previous infection VCA-IgM (—), VCA-1gG (), EA-IgG (—), EBNA IgG (+) yes
H8V {—) HSV-1 serclogical test I (—), 1=G ()
18 CMV (+) CMV serological test: reactivation/Ighl antibody (+)  IgM (+), IeG () ves
EBV (—3 EBYV serological test: primary infection VOA-IgM (), VCA-IgG (+), EA-1gG (—), EBNA-IgG () no
ig EBV{4) EBV serological test: primary infection VCA-IegM (—), VCA-IgG (+) ne
20 CMV (+) CMV pp65 antigenemia assay: positive IeM (=), 1=G () ves
GV CMV pp65 antigenemia assay: positive IgM (), IgG {4+ : ]
21 CMV serological test: reactivation/IgM antibody (+) yes
EBV(-) EBV serological test: primary infection VOA-IaM (), VCA-IgG (-+) EA-IgG (+ —). EBNA~IgG {-+) no
29 CMV (—) CMV serological test: previous infection IeM (—), 1egG (4 os
EBV (—) EBV serological test: previous infection VCA-IgM (=) VCA-IgG (+), EA-IgG (+—). EBNA-IgG (+) y
CMV(—) CMV serological test: previous infection IgM (=), IgG (+)
37 EBV(—) EBV serological test: previous infection VOA-TeM (—), VCA-IgG (), EA-1gG (=), EBMNA-IgG () ves
HSV-1(—) HSV-1 serological test: previous infection Ieh (=), IeG ().
40 CMV(+) colon biopsy™; immunohistochemistry: positive IgM (=), IeG (+-) ves
EBV(+) EB serological test: previous infection VCA-IgM (—), VCA-IgG (+), EBNA-IgG (+) no

CMV: cytomegalovirus, EBV: Epstein—-Barr Virus, HSV: herpes simplex virus
# Performed by Mitsubishi Chemical Medience Corporation, Tokyo, Japan. Pesitivity of serological test was determined based on positive IgM antibody.

¥k Performed in our institution
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Tuble 8. The Comparison of Hepatitis Virus PCR with Rou-

tine Method

Age Bex Typeof Qualitative PCRE Quantative PCR Commercially

hepatitis available PCR*

7% F  HBY positive 1.88%10° 7.94%107
69 F  HBV positive 4.39:10" 2515107
57 M  HBV positive 1490100 1.35 % 10°
80 M  HBY pusitive Lagxi0f 1.26% 10"
79 M HBY pasitive 1.60:x 10" 7.94 % 10
63 F HBY nositive 2,090 10" .01 10°
75 M HBV negative 10610 <391 % 10"
63 M  HCV N.E. 2.61x10° 2.00x10°
70 F  HCV N.E. 7,94 10° 1.00 X 10°
46 M HCV N.E. 3.98x10° 2.51x10°
8% M HCV N.E. 251 10" L0010
66 M  HCV N.E. 5.01 10" 100> 107
71 F  HCV N.E. 4,31 10° 1.26% 10
85 F  HOV NE. 25110 6.31310°

HBY: hepatitis B, HCV: hepatitis C, N.E.. Not examined
#: performed by Special Research Laboratory, Hachioji, Japan

sidual giant proerythroblasts. A diagnosis of PRCA due to
ParvoB19 was made, and the assay for ParvoB19 showed
6.9x10" copies/mL in accordance with a positive qualitative
PCR resuit and a positive serological IgM test for ParvoB19
(performed by SRL).

Discussion

The present study found a high incidence of viremia in
patients with unexplained liver dysfunction and undeter-
mined inflammation. The high proportion of hematologic
malignancies including allogeneic bone marrow transplanta-
tion, that were underlying diseases in the patients included
in this study may explain the high incidence of viremia. The
multiplex PCR procedure appeared to be very useful in the
clarification of uncertain liver dysfunction and inflammation.
The patients in this cohort turned out 10 be highly immuno-
deficient and susceptible to viral infection. The identification
of the high incidence of viremia may lead to better manage-
ment of these patients.

TTV (22) was the most frequenily detected virus in the
present study; however, the relationship between TTV-
positivity and the history of transfusion was unclear as
shown in Table 4, thus suggesting a previous TTV infection
in these TTV-positive patients. All patients in whom TTV
was detected exhibiled mild to moderate hepatitis, as ob-
served in previous reports (22), except for patients 11 and
15. The lever dysfunction improved after a short time in
these 2 patients, suggesting a transien{ exacerbation of TTV-
related liver dysfunction by immunosuppressive treatment.
This possibility, however, should be elucidated in the future
in a larger cohott of immune-deficient patients because the
relationship between the changes of liver dysfunction and
TTV load was unclear in the follow-up examination. Similar
incidences of HHV-6 viremia and TTV were observed in the
present study. Apart from TTV that is widely distributed in
the healthy peopulation (22, 23), HHV-6 viremia is consid-
ered (o be re-activation of this virus (24); therefore, this

viremia indicates a severe immune-compromised condition.
The high incidence of HHV-6 viremia in the present study
could be explained by the high proportion of patients that
underwent allogeneic or autologous hematopoietic stem cell
transplantation or patients with hematologic malignancies, or
AIDS. HHV-6 viremia occasionally advances to encephalitis
or pneumonitis if its load is high (25). Therefore, identifica-
tion of HHV-6 viremia is very important, and antiviral treat-
ment is required. The present study, found that liver dys-
function was improved as the load of HHVY-6 decreased in
all 6 patients that were re-assayed for HHV-6 (Tables 4, 5).
This suggests that liver dysfunction may be closely related
10 HHV-6 infection. While 2 of 17 patients in whom HHV-6
was detected showed normal liver function (Table 6), which
is consistant with previous reports describing that hepatitis is
not a major clinical manifestation of HHV-6 infection (26).
In contrast, HHV-6-related hepatitis is reported in patients
that underwent heart transplantation (27); therefore, the ex-
act relationship between HHV-6 infection and hepatitis in
immune-compromised patients should be clarified in the fu-
ture. It was also important that the liver dysfunction acted as
a proband that led to the discovery of serious viremia in the
present study.

EBV and CMYV infections can be categorized into 2
groups; primary infections that cause infectious mononu-
cleosis (IM), and re-activation of both viruses. The present
study, identified 2 patients with IM due to CMV (28) and |
with EBV-IM (29). IM can be easily diagnosed because of
its characteristic clinical picture. However, the multiplex
PCR assay had definite advantages because it provided rapid
results. The clinical significance of the re-activation of these
2 viruses is similar to that of HHV-6, and again in this situ-
ation, the assay system appeared to be highly useful.

Thete were some discrepancies regarding EBV deteciion
between the results obtained by multiplex PCR and those
obtained by routine serological tests as previously described.
Patients 18 and 21, showed re-activation or primary infec-
tion patterns for both CMV and EBV when examined by
routine serological methods, while EBV was not detected by
the assay system. EBV-IM appeared to be atypical in these 2
patients because of the normal white cell count. Further-
more, cross-reactivity of EBV-specific IgM antibodies with
CMV-antigens (30) or false positive EBV IgM serological
tests (31) occasionally observed. Therefore, their IM may
have been CMV-induced. EBV was detected in Patient 40,
regardiess of the previous infection pattern determined by
the serological method. This patient had ulcerative colitis
and was in an immune-deficient state. Persistent EBY vire-
mia is likely in such conditions, and normal immune re-
sponses that produce the IgM antibody may be suppressed.
Although the assay system appears to be reliable, further
improvement of our system is necessary.

The authors state that they have no Conflict of Interest (COT).
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FlELT, AN I2MEE RGBT 2%2AR7, o8B, |EICR2KMWETE S0
R E S 2 v 7V B 15 kT 5.
[ LightCycler®2.0 (A¥a « 477/ A5« v U i)
CODNAYAILRAEEFREEIEESE+ Bufferety b (BEAF7FV7 /U—EXKRKXSH
#D001-1)
ZENc O WTI AL T 7 2 ¥ — E AR S A EREN A& 5,
9>y 7L (#fE) DNA #1ug
DNA O 5B 3G R 82 JUE T O TIERICHETD 5.

O754%—, N7 70—7"1
Mt HASER TURERT & & TS HTRE.

BN ZY AL X (Herpes simplex virus : HSV-1, HSV-2)
KIE - BIRFEZ Y1 I X (Varicella-Zoster virus : VZV)

ISR AL XB19 (Parvovirus B19 : B19)

B RALARZY AL X6 (Human Herpes Virus type 6 : HHV-6)
P hAHOYAILZ (Cytomegalovirus : CMV)

BK ™LX (BKV), JC1JLX (JCV)

EB 1 L X (Epstein-Barr virus : EBV)

e rARITALLZTE (Human Herpes Virus type 7 : HHV-7)
ErALARZYL X8 (Human Herpes Virus type 6 : HHV-8)
BRIFFA Y 1 L X (Hepatitis B virus : HBV)

1 OAINAEY bDOTSAT—, TO-TJMNESEM ., 2788,

[ LightCycler® Capillaries (20 u L)

[ LightCycler® Centrifuge Adapters
HoLLOACTIHAMLTEL.

[] LightCycler® 2.0 Sample Carousel (20 u L)

[J LC Carousel Centrifuge 2.0

O =xZILACI (MB8662-SVL, YT FILKYU v Fit)

O B v
A5 mMLF a— 7RO TESL LD,

I, Ay bzl L TRy By bR,

1. PRE—Z v I XAOER
@ TS5AT—Zv I ADER
BTIA4v—Ly FRBEL 10 XL T <.

HSV primer F*# 20 u L
HSV primer R 20 1 L
CMV primer F 80 L
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CMV primer R 80uL
HHVE primer F 40ulL
HHVE primer R 40 1L
B19 primer F 60 L
B19 primer R 60 L
BKV JCV primer F 40 u L
BKYV JCV primer R 40 L
VZV primer F 20 L
VZV primer R 20 u L
Total 520 u L

k2 BISAT—E 100 pmol/ u LICRBEUIBOZAND.

@ AEEIY FO—ILEEF (C) B-JOEYTSAT—3 v ZADER
754 v —ER 4 pmol/ n LIcH T 3,

B -0 primer F 4l
B -7 primer R 4L
Nuclease free water 92 1 L
Total 100 w L

@ TIFT7LYIRAPCREAVYAY—Z v T XDIER

<1 RS>

Primer (@THELLHD) 0.60 1L
IC primer (@THBLzHD) 0.40 uL
Buffer 150 uL
EUEFIRIREER 025 L
dH,0 2.25 L
Total 500 u L

2. RO
HEoOFELL, HSHU D 4°CTHHEI L TE\v i LightCycler Centrifuge Adapters i< Light-
Cycler Capillaries (20 ;L) #3TTIT9.
@ ZFRINACNESULTDOFESTY—ICANS

B VRI—ZwIRZEZS5uLTDOAND

®Fv7L—hE02ugRIMLTERYF 4 VI TREL, XILF7—ET7Y—KTEEE
10 uLICRRET B

#3 CITREHEFZI0ULICULTWVDDRATED 20 u LFTEPED.

D FrESV—EFHYTH— L EEMERIMET 1,000 x g (3,000 rpm) T3W&EDLT
%:%:4

w4 FyESU—DOFEMHEVTVDYD, TAMDRELCLDIVIZR—YaVDRRNGDD.
ZNERTDcOFETELLENT L.
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