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Quantitative assessment of viral load in the blood and
urine of patients with congenital cytomegalovirus
infection using droplet digital PCR
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YA MATE T ANA(CMV) I RYE D A b ZBEGE O R C R ERD— D
THY BHAED0TWRITAELD ESND R A M AT r T AL ZAEYE (cCMV)
TR E L2 BT D RRE T AN AEYIE L L TIEIRETHDH, cCMV BEDEL X
HAEREIER TH 225, 10-15% (SRS HEEERE, NEUE, ITHME, ik lx2 235
JEGRMERE Th D, cCMV OZENITITMER IR ORI Z MW 7 A VAR AR Y A
7 —BHEEH L (PCRIEFENP AW LA, ITFETIZY 7% A LERE PCR i (QPCR) 3
— BRI SN TS, BEDOFIZIE qPCR IETHIE SN MR PR R P TY A L
ZENEEERTEHE VDN, EEOFESEIERE & U AL X &S OEIZITERN
HbD,

droplet digital PCR (ddPCR) i 13 #axl E&EIC L V. #Ek D qPCR IEICH R THEKE T
BEMEREWTFEE SN TWD, AFZETIL, cCMV BFO2MmMP B I RNRF OV A
JV A % ddPCR {%, qPCRIEIZ LV ER L. cCMV EEF T3 3 5 HIRKIZH T 5 ddPCR
EOF MO 21T > 72,
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WO TEFERR L LT ddPCR #£ & qPCR EDKE L@ &M, B E1T -
7o SRR RS (WHO) O CMV AR YEW)E % B A\ O 421l 200ul (2 spike in L, 10
B2 &I 13102 -1x10°TU/ml O A RFN 2 Epk L7z, R L Y DNA 2L, 2h %
DDA VAR % ddPCR £ & qPCR £ & TiER L 72, ddPCR £ & qPCR {E TIEE— 0
Primer & TaqMan probe Zf#H L 72, CMV &% ddPCR, qPCR i£ & % (T copies/ml & &
FL L7, assay M. assay [ OB O i IC I3FE MR 22 2 ) E Chr L = B @i %
FAuniz,

W4 TR RKFZELAMEFRFEEZ %22 LTz cCMV BEOXRE LT cCMV 2Kk
OafP IR L CRY CMV & & B OJERO A HESAER 18 22 A B LU 36 72
SMCTORERBOAEE OB Z % HFEMICHRET Lz, BEEREE 1ITRT, cCMV
B O DNA (X2 BriRF o 4 if1 200pl 3 X OVUR 140ul L f L7z b O &2 L 72, CMV
#|X ddPCR £ & qPCR L oM #H W TE=R L7, M3 E oM
developmental quotient (DQ) % V>, Et% 18 2 H & 36 A TENZ Tl L 7=, DQ 80
Al & FE W & LT,
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B 12T £ D ddPCR k& qPCRIED E &R R Z/R7, 5. 50, 500 ¥ X T 5,000
IU/reaction @ CMV &(Zxt7 2 E &HZ <7, EIXM PCR % & b 50 IU/reaction T
HY[FA%Th o7z, ddPCR &, qPCR IEDOMBEBREIIZ N Z T 0.998, 0.969 & &\ Ml
Zos L7z, 2 2|2 PCRVED assay N, assay fi] O i iE e 2 7n 37, assay WL TO
50 . 500 35 X TN 5,000 IU/reaction ® CMV &% €& L7 OZEHE 1L, ddPCR £ T
ZThFH 0.267, 0.071, 0.042 T Y . qPCR # T 0.438, 0.029, 0.060 T& - 7=, ddPCR



EOFEEMIT qQPCRELFAFRWLIZZENAL ETH o7z, Assay M TD 50 | 500
B LV 5,000 IU/reaction @ CMV &% & LB OELEREIL, ddPCR IETIXZENZE
A 025, 0.128, 0.021 TH» Y. qPCR ¥ TIX 0.625, 0.149, 0.141 TH -7, ddPCR ¥
£ qPCRIEICHE L THEMEA®mWZ RS,

WAZ R R AR O 21 P . OR O CMV &% ddPCR ¥, qPCR IETENZHIE L
72o WIE L7z cCMV B3 D cCMV Z Wik o 21l CMV &%, ddPCR %, gqPCR k&
HIHE MR & BE M RE & OMICHBERZTRD oo, o, EEMERE
N TR RS OAE, BEEMEGEFETROAEICL 22 CMV &b i L72as,
ddPCR %, qPCR {EE HIZ CMV BICA B R EEZBO RN o Tz, WITHMIEEL cCMV
ZWRFO R MF CMV & & OBEIZ DWW TG L7z, % 18 7> A FF R T DR R O
X D 2T CMV BISEWITERED R~ 7, UL, ddPCR i THIE L 7z 41
P CMV &%, AR 36 PARRTHRERROD HHDIT I, BEENORWEEIZE
L TRV MBI 23 4 & 41U 72 (ddPCR 35 H 9 : 3.0x10% vs 6.2x10% copies/ml, p=0.059, qPCR
% i 3.9x10% vs 2.9x10% copies/ml, p=0.172), & Z T, 4% 36 »H KA TOREE
EMICARICBE LT, 24838 O ddPCR {EIC X D cCMV ZHiFEo 2 CMV &2 D
ROC B Z Bk L7, RBERBHZROL2BELZHMEL LG ORKEIT 57.1%, FR
FEIX 84.1% Th o7, I DITITAEZ 18 BL 36 NARER TORERNDO U A7 % T
9% ddPCR L2 & %5 cCMV ZWikF o 2 1fl 1 CMV & D cut off fEZ HH L7z, #55
ILE%% 18 7> H T 662 copies/ml, 4274 36 2> H T 2,950 copies/ml Tl ->7-, Z D cut off
EEHWTHEZL 18 BELV 36 MAR R TOREEROA ML MG L, £% 18 A
TlX cCMV ZWFRFO2IMHT CMV & & B EEROFEICARERETIROLNR NS T
(B 3(A)), —FHTH% 36 MARFEOKRFT, &2fF CMV & 2,950 copies/ml L ET
1% 4/7 NITHEER 28D, CMV i 2,950 copies/ml AT TH LR & 588 5 BF O E|
A6 N EVAEEIZZWZ Enbrolz (X3 (B, C)), cCMV ZHiEED R+ CMV
wETHAMmF CMV & & [FERIZ ddPCR {%, qPCRIEICE D CMV A HIE L, HAERE
e A M EGMEEE COMTEE, G REETROAE, £% 18 L3610 A
RS CORERBKOAEL OMEZMF L2, AEE2RBOLHEBAIEIR -2 (K 4),
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AlEl cCMV BE KT 5 cCMV ZWRED 21 CMV &0 ddPCR £ % H W72 1l E
IZ LY. 2,950 copies/ml BL =D CMV &% 279 5 B TIXAER 36 2» H RF R CTIHEEN
FRTLOARMENELSRD I L2 R L, HAERMO KT CMV & & MifkEE & o
BEIZ DWW TOREICHEFENIEEFEZ EERICL TWDHORHL T, RS LR
COBBEAERTHE T TN TH D, Lanari M, etal il L 2 HE TiL., L A MER 100
& 7= > CMV &2 100 copies & M 2 DB 13 4% 12 02 AR R TOREEN 278 O
HAREMENELSRDZ LB RLTWAS, — T, MarsicoC,etal.lZ & 545 CTIHAERE
PEBE OB AERM O MR CMV & & MRIEE & OEITR O Rholc LTHY
BUR Tl CMV & LR E & OBRICOWTEE » 72 RfRIZ 2V, A RIOHE LA



%36 MAETRMICZ e — L, HARBORM S CMV & 23K 5 3112 1 12 B 5
HZEERLIEMO TORETH D,

AHFFE OB IL I — % TO®R G R TH L Z ENLBERMPRE I LTV
ZENRBITFEND, £, cCMVIZEH L Ca=R—=H VR T ) —=0 T HfTo> T3
W2 L CHEMEMEBFE I U CEBEERENE o 7m, EEMERFE IR EREZRD
LEENENZ D, BIRICEERBELZROLUINZL Ro o/ BERH D,
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ddPCR {51 qPCR JEIC R TRHEE IXFRRE TH 208, BEELS SN EBARS
iz, £72, ddPCRIEIZ L D cCMV OZKIFRFO M H O CMV &%, A 1% 36 7> H KA
TORZETHTHICHATEDREERS D Z LN RE I N7z, ddPCRILIZE D VA
I A D E BIX BB & < L CMV &\ HIE ORE S, 1B ADFRIE & L CTHRIR
ISHERD Z s D,



(1) Characteristics of cCMYV patients.

Symptomatic (n = 21) Asymptomatic (n = 18) p value

Gestational age (weeks) 38 (36.0-39.0) 39.0 (38.040.0) 0.008
Birth weight (g) 2,580 (2,040-2,831) 2,814 (2,580-3,122) 0.018
Hearing loss 13/21 (62%) 0/18 (0%) <0.001
Abnormal brain image 14/21 (67%) 0/18 (0%) <0.001
Developmental delay at aged 18 months

6/17 (35%) 3/13 (23%) 0.691
(DQ < 80)
Developmental delay at aged 36 months

7/13 (54%) 1/14 (7%) 0.013

(DQ < 80)

Note: Data of gestational age and birth weight are median (IQR, interquartile range).
Abbreviations: cCMV, congenital Cytomegalovirus infection; DQ, developmental quotient.

(3 2) Comparison of within-run (intra-assay) and between-run (inter-assay) variability for ddPCR
and qPCR using the WHO standard

ddPCR qPCR
Assigned copy 5 50 500 5,000 5 50 500 5,000
number (IU)
Intra- Mean n.d 15 140 1,875 n.d 16 631 4,320
assay SD - 4 0 78 - 7 18 260
(n=4) Ccv - 0267 0.071 0.042 - 0438 0.029 0.060
Inter- Mean n.d 12 156 1,821 n.d 32 601 3,783
assay SD - 3 20 39 - 20 90 533
(n=3) Ccv - 0250 0.128 0.021 - 0.625 0.149 0.141

ddPCR, Droplet Digital PCR; qPCR, quantitative PCR; SD, standard deviation; CV, coefficient of variance
(=SD/Mean); n.d, not detected
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Regression analysis of measured values of ddPCR and qPCR against assigned CMV copy number. Each dilution was
assayed in four replicate reactions.
CMYV, cytomegalovirus; ddPCR, droplet digital PCR; qPCR, quantitative PCR.

Any symptoms Abnormal brain Developmental delay
at birth imaging
18 months 36 months
10° 1 7 7 7
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n=18 n=20 n=6 n=14 n=21 n=8 n=19 n=7

(X2)
The CMV load in whole blood was measured using ddPCR (upper row) and qPCR (lower row). Whole blood CMV
DNA loads were compared between cCMV patients with and without any symptoms at birth, abnormal brain imaging,
and developmental delay at 18 and 36months of age.
cCMYV, congenital CMV infection; CMV, cytomegalovirus; ddPCR, droplet digital polymerase chain reaction; gPCR,
quantitative PCR.

-5-



1.0

0.6

Sensitivity
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AUC =0.673

AUC =0.744
Cut-off value =662 copies/mL

Cut-off value = 2,950 copies/mL

Sensitivity = 0.750 Sensitivity = 0.571
02 Specificity = 0.619 0.2 Specificity = 0.842
0.2 0.6 1.0 0.2 0.6 1.0
1-specificity 1-specificity
(©)
Developmental delay at 36 months old
CMYV DNA loads
(copies/mL) Yes (n) No(n) Total (n)
>2,950 4 3 7
<2,950 3 16 19
7 19 26
p=0.034
(X3)

ROC curves derived from CMV load in whole blood as measured with ddPCR and the presence of developmental delay
in congenital CMV patients at (A) 18 months and (B) 36 months old. Black dots indicate the best cutoff values. (C)
Association between CMV load in whole blood as measured by ddPCR and developmental delay at 36 months old. p
value was calculated by Fisher's exact test. Developmental delay was defined as a developmental quotient <80.

CMYV, cytomegalovirus; ddPCR, droplet digital polymerase chain reaction; ROC, receiver operating characteristic.
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CMYV load in urine was measured with ddPCR (upper row) and gPCR (lower row). Urine CMV DNA loads were
compared between cCMV patients with and without any symptoms at birth, abnormal brain imaging, and

Any symptoms

Abnormal brain

Developmental delay

at birth imaging
18 months 36 months

=0.665 =0.606 | p=0.888 ] p=0.462

) .- [

e ) B

No Yes No Yes No Yes No Yes

n=15 n=20 n=7 n=13 n=20 n=9 n=16 n=7
p=0.868 p=0.968 p=0.706 ] p=0.423_

] [

R ]

No Yes No Yes No Yes No Yes

n=15 n=20 n=7 n=13 n=20 n=9 n=16 n=7

developmental delay at 18 and 36 months old.

cCMYV, congenital CMV infection; CMV, cytomegalovirus; ddPCR, droplet digital polymerase chain reaction; gPCR,

quantitative PCR.





