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Abstract: [Objective] To evaluate the diagnostic value of droplet digital PCR (ddPCR) for detecting Candida
infections in critically ill patients. [Methods] A ddPCR assay for Candida detection was established and optimized,
including design of primers and probes, optimization of PCR reaction, and validation of analytical specificity and cutoff
threshold. Clinical specimens were analyzed by ddPCR and fungal culture in parallel to assess clinical performance and
reliability. [ Results] The ddPCR assay demonstrated high analytical specificity for Candida detection. The sensitivity and
specificity of ddPCR for detecting Candida in clinical samples were 0.583 (95%CI: 0.433, 0.721) and 0.962 (95%CI:
0.924, 0. 982). The ddPCR detection results were consistent with the fungal culture results (Kappa=0.604, P<0.05). The
total assay time for ddPCR was approximately 7 hours, substantially shorter than conventional fungal culture.[ Conclusion]
The ddPCR assay provides reliable and rapid detection of Candida in critically ill patients with markedly reduced
turnaround time compared with conventional culture. Given its high specificity and operational efficiency, the ddPCR-
based method holds significant potential for clinical implementation as a complementary diagnostic tool.
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A B W (Candida) 2 5 5E Wi 37995 5+ (intensive
care unit, 1CU) B 198 WL ORI A Z — A SCik
A 12 28 M & Bk U (invasive candidiasis, 1C)
5 ICU S BT AT G Bl ER 20% o HLAR R L1+
S TR R PR IEAE B2 Be AR i v 2 4
FRIERS 4 R DL SR (2@ P R B 2 T A
ST RGN 2 — TR R DRI T g E R
it 1 K fz A PR 48 A B BB RS TR I AE
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R G (0 A2 G212 Wy 1 (il 35 5% ) A7 78 R BRI
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SR Y S BR TR B G I 2 W AT R WA AT
T ddPCR A I 77 HAE £ 5 BR TR e Y12 Wi
FHOE , o Rk 2 Wrde it TR s AR .

1 A# 57 *

1.1 #&#

W 2018 4E 8 A 2 20204F 12 H rhili K 2F9hik
il 22 2 B e JAE I 24 RHICTA A I R =5 3 PR B Bk
PRI () A Bt S, WSO BB T 8 Y I T
& (bronchoalveolar lavage fluid, BALF) | ML AR A4S,
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Table 1 Experimental instruments and equipment

Name Manufacturer Type

Haimen Kylin—Bell Vortex—5

Vortex mixer

Pipette Rainin
Mini centrifuge Xinzhuang XK-400
PCR thermocycler EASTWIN ETC 811

Droplet generator FOREVERGEN
FOREVERGEN

MicroDrop—400A

Droplet reader MicroDrop—400B
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132 #F PCR#&M & PCR ¥ 384k A ey Bl HL
18 WLPCR WM 2 WL 2% 5 DNA 1A | i%4%
PR A5,
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1.3.4 ¥ &-4F 1Y PCR IR NV /N0 % B8 28 96
LSRR L, F M B 0E 1 7 40k
1.3.5  H #3471 96 FLAR A BT PCRAY P, 15
BN ARE AT PCR Y 1S, PCR 914 =2 W R 0 -
50 °C,2 min 1 MAEH 595 °C, 10 min 1 1E 3 ;
94 °C,30 s 28, 60 °C, 60 s B Kk FEHIEPEFT 40 4
IR 598 °C, 10 min 1 NMEH ;16 CLOREF; B R
TEE 105 °C, FEAMRFR 50 WL, THA IR H 3 1.0 °Cls.,
1.3.6  PCR ¥ 3 )2 I J5 % 96 fLA & T Detector 13
TR IUAS (T ZR 2 7 s A= W B A BR 28 7)) Hp
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PR 8% 7% BH % S BAPE AR A 45 6 9] dAPCR BHHE AR AR 5
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Table 2 Baseline characteristics of patients in both groups (xs,n)
ltem Culture positive (n=36) Culture negative (n=224) t P
Agelyear 68.9+12.3 65.8+14.7 1.42 0.157
Gender (male/female) 23/25 127/136 = 0.956

The age distribution conforms to normality and homogeneity of variance. For variable gender, Fisher’s exact test was employed due to small

sample sizes.
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LB R 300 copies/mL il 150 copies/mL iX 2 ¥
FERRIE SR G 45 04T 10 R R IR BUG I . B A
95% LA - BHPEA H 36 i vie B VR Ry dme A1 HH B, Pl b
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Table 3 The best primers and probes for four Candida species

Candida species

Primers or probes

Nucleotide sequence

Candida albicans

upstream primer

downstream primer

CTTGGTATTTTGCATGTTGCTCTC
GTCAGAGGCTATAACACACAGCAG

probe VIC-TTTACCGGGCCAGCATCGGTTT-BHQ1
Candida glabrata upstream primer CCTGTTTGAGCGTCATTTCC

downstream primer AGCACGCACAAAACACTCACTTAT

probe FAM-TAGGTTTTACCAACTCGGTGTTGAT-MGB
Candida parapsilosi upstream primer GGGTTTGGTGTTGAGCGATAC

Candida tropicalis

downstream primer
probe

upstream primer
downstream primer

probe

GGAGTTTGTACCAATGAGTGGAAA
FAM-CTCCGCCTTTCTTTCAAGCAAACCCAG-BHQ1
GCGGTAGGAGAATTGCGTT
TCATTATGCCAACATCCTAGGTTTA
VIC-CGCAGTCCTCAGTCTAGGCTGGCAG-BHQ1

&4 dIPCREEEBFE RN —HMIR

Table 4 Comparison of results between ddPCR and fungal culture

Sample number Target  Positive  Negative ~ Sum of Copies/ul,  Copies/20 L. Resultof  Result of fungal
gene droplets  droplets  droplets ddPCR culture

Sputum sample 1~ C.alb 13808 43772 57 580 1 908.01 38 160.19
C.gla 0 57 580 57 580 0 0 Candida Candida
C.para 0 61 194 61 194 0 0 albicans albicans
C.tp 0 61 194 61 194 0 0

Sputum sample 2 C.alb 0 47 058 47 058 0 0
C.gla 1014 46 044 47058 207.56 4151.18 Candida Candida
C.para 0 68 599 68 599 0 0 glabrata glabrata
C.up 0 68 599 68 599 0 0

Sputum sample 3 C.alb 0 62571 62571 0 0
C.gla 0 62571 62571 0 0 Candida  Candida parap-
C.para 0 51249 51249 0 0 parapsilosi silosi
C.trp 1526 49 723 51 249 210.36 4207.17

Sputum sample 4 C.alb 0 63 174 63 174 0 0
C.gla 0 63 174 63 174 0 0 Candida Candida
C.para 11 698 53353 65 051 1379.55 27 591.00 tropicalis tropicalis
C.trp 0 65 051 65 051 0 0

Positive droplets: the number of droplets exhibiting increased fluorescence ; Negative droplets: the number of non—fluorescent droplets; Sum
of droplets: the number of positive droplets plus negative droplets. Copies/ wL: the absolute initial copy number of the target gene determined by fit-
ting the fraction of positive droplets into a Poisson distribution. C.alb: Candida albicans; C.gla: Candida glabrata; C.para: Candida parapsilosis;C.
trp: Candida tropicalis. The results of ddPCR are completely consistent with that of the fungal culture. The amplification specificity and efficiency of
the above—mentioned primers and probes are both relatively high, and the sensitivity of detection is higher when using these combinations. What” s

more, there is little interaction among such primers and probes.
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Table 5

Comparison of detection rates at different template concentrations

Template concentration

300 copies/mL

150 copies/mL

Detection rate/%

Positive cases/n Detection rate/%

Term Positive cases/n
Candida albicans 10
Candida glabrata 10
Candida parapsilost 10
Candida tropicalis 10

100
100
100
100

5 50
6 60
5 50
4 40

Detection rate (%)=(positive cases/10)x100%.

£6 2606ItrA ddPCREEFEFRLER
Table 6 Results of 260 specimens between ddPCR

and fungal culture

[tems ddPCR+ ddPCR- total
Culture (+) 28 20 48
Culture (=) 8 204 212
Total 36 224 260

2.6 fMiENXEFE PCR S E &5 75 M4 I B 18] &
%N AR

AHFFE T, ddPCR R 12 A6 I 32 f4) ARG 00 i) ]
TR R IR . EREE |, ddPCR &
R R AR B AR AR HE AT AL B R R AN
35.8 b, H ARG s ()AL T 7 h, 15 58 ) B 85 37 I
20 A0 5 I 18] DU 55 2 168 he 117 A 7 1T, ddPCR
K 3 bR A T AL B 576 TC s M L 2 T, LT 1 55
B U e R bR AR A TR A2 235 70(3 8) .

i

33t

T3 , PR R T A R WL
Ve SR D I A A A 0
AR SR AR, ELBOAE 45 B (A REILTT SR I R

N7 FH B g 55 5 10 45 FP 25 A IR 97 R 0% R GE I R
M), S 5 R TR 1 R R AT TE BT R 2 Fi
H BTG 2 AT AR BB A ROSE AR e B iR
BTG . b, B A BR TR B G 1 U 0
B, UL W K AT 25 AR A, T RE R R
) T A R B PR R 22— R R R P
ST A BR R R 1) B 2 — |, R S
AT LS TR B R AT BT L D 2 ) SR S 5, e
BORARRIHE S IG IRPU R 25 T B FC A B
JEIAEK , B R AR, AN REIA BRI 2 B AT
M E R . BB EAERFR IS W B AR i FL R A G
PG 4N B-D - R BERE I , G W 5% o, Hoxt I
1R B R S M A O 65%~85% N T5%~
85%""  AHZE 5y BB BRE 5 e T 28
U259 IR ERER (1 LI S, B B-D—H R A
AT B A RE I 107 A TGTE X 4y AR B
Pl AZTR PCR AN e T A 7 11, H R S AH
HHEEAR , 5T 7R ddPCR e fIAS HE FR 3.2 45 DL/L,
11 qPCR A H BR Ay 3248 DL/ A7 AEAR BH /B 14
R R AR IS B [

ddPCR J&—FP %R /0 F 4t e A, il ik
FEA Sy E BT A S0 AT Al S 47 48, S B AR
DNA 73 By 4a X 71450, LBy - ARifE PCR BN A4

R®7 2600lirAK ddPCR 5 E R4 R —BUMELLR

Table 7 Comparison of consistency between dd PCR and fungal culture results in 260 specimens

ddPCR ddPCR PPV NPV
Method Sensitivity 95%Cl/% Specificity 95%Cl/%
(+) (=) 95%Cl1/% 95%Cl1/%
Culture (+) 28 20
58.3 (43.3, 72.1) 96.2 (92.4, 98.2) 77.8 (60.4, 89.3) 91.1 (86.4, 94.3)
Culture (=) 8 204

PPV positive predictive value; NPV : negative predictive value; 95%Cl: 95% confidence interval.
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Table 8 Comparisons of detection time and cost

between ddPCR and fungal culture

Method Detection time/h Cost/yuan
ddPCR 7 576
Culture 168 235

Rt A BROFR R = A A I, BB A 7 5N
A — Ak 2 A48 DUAY B AR RR ARG L 43 7 (DNA 45
M), SEP B0y TR PCR Y18, 4843 PCR 7 25
25 A R Sy T IR ) B 2 R AR B R
S NS R A SR W AR BE A SR S . AR AR
TR SR B B 2965 5 AR IR 43 A 1
BHPAE A ) L A1) R B 5 2555 8 i, ) FH e
ST A ) H AR AR T 4 I 4 X e TR
B B LB, ddPCR 1 55 A% & I R (Timit of
detection, LoD) A ik 2|/ 5045 Dl/mL, 5 qPCR
FH LG, ddPCR 1 R 5 5 T $2 71 500 £5 . AT
WFFE 2 BA, ddPCR X AR A 48 5 2 2R AR, Houh &
TR T PR 4G 0 R ARG 2 1~2 /> 5 (K 41 4% DL/ B R, 7 I
I RUE BALF S5 5 Ze AR I R EE > 95% 1 R
150 E R [ S 2 TS s N Db s 7 NI [
PRI T2 R A S AT IR R SR B R e i
WA RBOTREZ —.

RIIFRATEAT T /SR B ddPCR A 4 7 32 8
L HET RIS B BRI ARE | U WA Il R T R
YL I BALF FEAS 78 H b 4T 2 B B 57 )
i AT & BR B ddPCR A, 55 HiE 358 ddPCR 1 E
BB IR ARG I K B, £355 PEAS ddPCR A6 )5 125 14 B
JRRE R SebE CEE A RN R IE R . UREE T 260
BN RFR A BEAT ddPCR KGN, 4% 5 3 B A BIF 5 i
ST ddPCR YA PR TE A I J7 v 5 1l R L P 3
FREEREAR b — 3, o il LR B R PR 3 4, 9]
£ 178 4], ddPCR FH P 2 1] (B 179 451 . ddPCR FH
P21, 8 ELTA K% 37 BH % 39 1] B4k 28 4], dAPCR
BEVE 29 461, [ 14 38 46 . BALF L[ 1% 35 b1 B B
FRAN4S 6 4], ddPCR BHE 5 61 B 7 61 . ddPCR &
TAE MR FRAS BRI BALF ARAS 5 BB 1 7545 SR 3
A—F. FH, LA KR I bRiE, ddPCR R ELH
e 15 PR S e B B T A F 2 R AR B o X TR
5 ddPCR B B 25 55 mT L n] 5 i FH s 2 1 U

Yo X F il AR5 AN A BB B 245 2
YrEIfE A=y 7 4 2 B A . 1 ddPCR 1)
TR E A 2% , F2 WX ddPCR AP BRI PR 1o 2 PR B 114
B YR TR ORI U B LR =
GPNRIT IS . I, 1SS ddPCR #EA TR i
2 DL s CHERR AR S BR ARG, FEXT ddPCR PH
HEAT RE SRR B0 R I 5T X 2 O MR YT, LA
/D 2 A 16K LR R R B BT A R[] AR 3
Al BB — PP AT AR A2 Wi g . (B IR FRAE FIlfG
PR Il L R 5 R AR B AR, ELR EL P B 7 A PH
R, LA FLTR 35 AR AR SR PE AN ddPCR 114 Uk
PE RESE M T RE S S I PR SE PRI FHAFAE A0 . 7RG
WEFE] L, ddPCR AN 2955 7 h, B 0 TR Ge iy 1
PSR, TEARIO I A L A IR S (4 e ) I 34

B FRATTIN A ddPCR A8 0 11 A A8 B B A
IS ELA B i VR AR I A (L, I R A A1 7 A
B BYREAK I, ddPCR A4S I B 6] 451, 7 75 A AR
/b, 5 qPCR BRI G TR AR L, B3R B T
R TR I RS BR R G 2 Wi B AT )
AR , ELAT I RAME

ZE Tk ARBF ST A HE T ddPCR BR 1)
o R R A R TR ARG U 1 A A R TR I R 12
o B BOR AV AE L FH A A, A 2R A I DR B AT
PEAEAT ORI Ty i o SR, AHIFSERE A D, BH
PEREAS B A /D e AR B A o BH A B 04X 2
B, nT BB F RIS 1 AT R ST R 2l |
RAFEAR I PRI I 2E— 25 B UE ddPCR AS I X AN 7] 3
P AR N A E . 5351, ddPCR AR 11
PRAET A7 sk ik - OFR AL B B2k, H FT 1 S8
— 5| Wy AR AR R B B A o (i C (5845
DUEOIE 050 AR R R i AR i AR AN G — L K
TN 235 SR wfe AR ) %oF b, L B =2 0 S 56 2 A X EL 56
WE. @ uA Ty, AL AR S5 AEM B 38 B i & T
1 45 J5 3 (s ML PCR ML 85 3% ), HL Rk Ak (1
ddPCR ¥ & B0 R 8 A FEree de 0 9% i, T30
ddPCR A5 9% FH Lo TR 15 3% 5, AT RE 52 ) 3% 4
ARAEE)Z I I B HET 3 Mo Ol IR (6 7
T , 5 BT 1 5% LA, ddPCR B = 25 Wy USG5
S RE G T 15 (%) it 245 35 D), R R Wi G B TS 24 B 1
S A 55 0 SRR, S B B 5 4 [ e 7 22
T R T 22 1 BE PR I R 53 B0 uE FL e 8 S FH 2 7
A5 A
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