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1) cfb () QPCR VEANGH R 15 R iR TAG I . X 4 1) QPCR B YE (RS F5 P (0 PT SR i ik, 3
i 3 U B O AR LB AT RT3 (MALDI-TOF MS) « FLAREESEGTE G AT CAMP
RIGHEATY4 5, FIF MGl DNBSEQ-T7 il Nanopore-PromethlON 48 il /551 4 34T 4= 3 R 41,
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Complete cfb gene deletion in Streptococcus agalactiae leads to qPCR false
negatives: a molecular mechanism study
Wang Xiu, Leng Guiyun, Yang Yunsi, Tang Wei, Zhou Qiang, Yao Jie
(Dept of Clinical Laboratory, The Second Affiliated Hospital of Anhui Medical University, Hefei
230601)

Abstract Objective To investigate the causes of false negative results in the detection of
Streptococcus agalactiae using fluorescent quantitative PCR (qPCR) targeting the CAMP

factor gene (cfb), and to perform a comprehensive analysis of the associated molecular
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mechanisms. Methods A total of 76 vaginal secretion samples were evaluated using both gPCR
based on cfb gene and bacterial culture methods. Four suspicious strains exhibiting negative qPCR
results but positive culture findings were identified using matrix-assisted laser desorption
ionization time-of-flight mass spectrometry (MALDI-TOF MS), latex agglutination antigen
detection, and the CAMP test. Whole genome analysis was conducted utilizing the MGI
DNBSEQ-T7 and Nanopore-PromethlON 48 sequencing platforms. Phylogenetic and circular
evolutionary trees were constructed using the 16S rRNA gene for strain verification. Multilocus
sequence typing (MLST) was conducted, and cfb sequences were aligned and analyzed based on
spliced sequences and original data. Specific primers targeting the cfb gene were designed for
full-length amplification, followed by verification through agarose gel electrophoresis. Results
The four strains identified as suspicious were classified as S.agalactiae through MALDI-TOF MS,
antigen detection, and 16S rRNA gene analysis, with MLST typing indicating ST862. Phenotypic
analysis revealed a negative CAMP test. Whole genome sequence alignment failed to detect the
cfb gene or any homologous sequences, and molecular testing confirmed the absence of cfb gene
PCR amplification products, thereby confirming its complete deletion. Conclusion  This deletion
is identified as the molecular mechanism responsible for the false negative gPCR detection of S.
agalactiae when targeting this specific gene. It is recommended that the gPCR detection targeting
a single cfb gene has limitation, and this may impact clinical diagnosis and treatment decisions.
This limitation warrants careful consideration.
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ionization time-of-flight mass spectrometry; cfb; whole genome sequencing; multilocus sequence
typing
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S.agalactiae 475 M) CAMP i

SR, JTAE [E N AN R G SR IE T Ae s kit S.agalactiae 43112 Wi ) @ k1250, Tickler et
Al R A R EAT A BRI 7 R, L cfb SR AR AR X ISAFAE 4 BN IR K/ Yt 1 B
B; BEfS, Creti et al BIESET cfb BB RATE N IRFIRIGIRIE, (EX) cfb
R BRSO T AR . ik, iZFFEX 4 ¥k gPCR BAMER) S.agalactiae, @3 433 K40
D e Koxt ofb FED K HI0IE, RGHRIT 1 HkEE qPCR Rl 7> 7Bl 24 RN
I PR 258 2 43T A B A [ 50 R AR YA VT S A3 5 22 0 AR AR AR , I HE S Ik PR ARSI A% 114
AR TE .

1 MRl ETE

1.1 w1

111 BEMRRIERERE R T 2023 455 H—12 A MR B RER %55 — B B bt B
FAIE7» WL 76 9o M rhifiade ty 4 MRANER 35 77 B VEE qPCR A5 B4 561 S.agalactiae 73
BORRAE NN 5, 452050 9A. 41B. 44C. 76D. L3k BibkI B E H I A% R RE
K, BT RACEEETEE. FEHREERXH MALDI-TOF MS. HitJR K IIAT 165 rRNA F K
753 W SRR B Ik (S.agalactiae ATCC 13813, JRJInEK1E ATCC 29212, 45 (8 #j Bk ATCC
25923) KRHEAGEM AN E

112 FEMBSEN  FHO A FE IR (B AERIE A D ;s cfb 5147 DNA Marker
1 PCR Master Mix(_E A4 T A A F], $55 : H510012-0002 ., B500345-0050 . B110006-0001);
S.agalactiae #zBA IR & (AL EZRWEHA R A7 $85: C-006) ; S.agalactiae $iJ5
R e AR SR RAY TR AR AFD ;. NucleoBond® HMW DNA {77 & ([
LYNTE 7], 55 . B518255-0050) 5 BEAR AR ( Ll RAERHAT IR AR, A5 : Tanon 1600
D KA (GEEMASAF, A5 Mini-Sub Cell GT) 5 4 H31% % PCR 4T (L
PRz AR AR, A5 cobas z 480) ; NanoDrop HfE /6T (EEFEIR K
/R, %S NanoDrop One) ; —A% MGI DNBSEQ il FF4% GRYIE R &R A
BRAE, A5 T7)5 =48 Nanopore 543 (& B 440K LR A PR A 7], 245 : PromethION
48) .

12 H

1.2.1 ¥Em) cfb (¥ gPCRIERIM R4 A E% PCR 2T, S A S 1 0

BT A BT I 51 ) S5 PR #E17) S.agalactiae J K 2H CAMP [BlFF & R e PE LR 57 X 3 (G



I SNP AL AR RS 4t SRH S B A 15 LA R i B A ke

1.2.2 MALDI-TOF MS il i ] — X PEAG SR B ST AR IR IRAE 96 FLASAEERR b, Jn 1
uL70% F RR MR R A, SEAR THRJ5, I 1 pl FEFRAOT LA I, JRa A O e S
T REE R B T LB A B P A A T BRI T AE IR A R I AT I IR 43 A
2%, WA EFIEIEIE . SME > 2.000 RS E B B A RO,

1.2.3 S.agalactiae o5t (FLEGE) il PEkg S HE TS R B4R UL R, {7 S.agalactiae
USRI G AT HURA . gl (C L) FAtLEK, ML (TE A %a4BLk
%% FIREARAEAE S.agalactiae iR . Rz, BTk,

124 CAMP L FEMISUIRFAR b S B M 0 B M R <6 3 €% 2 BK T8 ATCC 25923,
B 9 ELRIZEFFAHEE 0.5~1 cm. 35 °C. 5%CO, 35 7% 24 h J&, I E A8 F4b B0 i s X
CAMP [, 2z, FTE. PRIZGERE ATCC29212 Al S.agalactiaeATCC13813 43 HilfE Ay H 4
pagicy i ER e oy

1.25 ASERAMF K8 f#H NucleoBond® HMW DNA X716, $#2HUE K41 DNA
(gDNA) . RH] NanoDrop i 43 ot BE v FIBR ISR B FRIKEOAR , Kl gDNA VR FE |
AURE R SERErE, XA gDNA BET i@ s 5105 B, fE SOl R, iRkt
ATEE N DNA F B Kuikh 5. 3°0mn A, WP eskiEse, PCR 1 LK F= Al fh 5 5
fE. CEEME S, B3 MGI DNBSEQ-T7 Al MinlON Flow Cell “F-&, X} gDNA #4717
] Canu FAEXTHRAS 0 SR A6 Pt By, AT BEAIZH 3, FIM nextpolish (v1.4.1) F1 Pilon
(v1.18) KX HF 51

1.2.6 RERKBMAATER R ME B REFEA TR 165 rRNA T4, FHHET
JEEELXT, K RIS 16S rRNA 741 5 3% 8 [E ARV AR (S Borh 0 165 rRNA i 217
toxt, 1B 24 identify > 95, EH identify % =i AT 30 2k 16S rRNA JF51] (AN 24 ED
FFEFIF mafft ok (v7.505) HEAT 312 B ELO IR BT IALEE, DL 4 SRR RS R E
ARFIFR T AL <

1.2.7 ZA7 5 5% (multilocus sequence typing, MLST) 735 3% HL 7 %4 5 3k HIM (adhP,
pheS, atr, gInA, sdhA, glcK, tkt) , R )7 41 5 OB SRS R e AT LUxs, B e
TR R (K S5 A HE R G 5, BRI  OMRE (K 7 B Y, AT B RRIEAT MLST 437
1.2.8 cfb J7 41 ELxd 43 #7 SR ofb P AN, BT 4 BRI RSP B0 F0 R 4R B 3R T
RNIIHT, LT 5 2 57



1.2.9 cfb 4 B4 I L https://iwww.ncbi.nlm.nih.gov/tools/primer-blast [k, #it#EE)
ctb &KFHIM S Y. SIMFAIIE: IER 59
5°-ATGAACGTTACACATATGATGTATCTA-3’, K[54

5 -TTATTTTAATGCTGTTTGAAGTGCTG-3", T /=4 K Ny 768 bp. H4 4 FRAFII B
Pk % S.agalactiae ATCC 13813 73 Jll B T P4, BT 35 °CH5 7% 24 ho A& EHT F 7% »
BT RASREE € SRR B 120 i B, 8 FH ) SR B 4L 4 DNA,
IRAFHAN DNA. PCR #2444 : 95 °CTHAEE 2.5 min; 95 °CAEPE 1565, 50~55 °CiB K
30's, 72 °CZEAH 1 min, 35 MEH; 72 °CHZ LN 10 min. PCR T 5EMUG, #i8WK
F 2%35 IR BRI Bk o0 B9 o B A UG R GonT B K IO HEAT AR, WLERIE S BT 18
FEI S R

2 R

21 oPCREMLR EIOGEEMMAERT, CIEHRECHRAS, J65RE AL bRL:
HlF ez (B 1) o B PCR & HEEAT, PAVEXT BB “S” JESey 4R, i
4 BRI MR O STEBAY B ARG 24 THAC H PR K/KSF, R A B, Al
GNP

1 4 BREHRK qPCR 1 £k

Fig.1 gPCR amplification curve of 4 strains
2.2 MALDI-TOF MS Ky iEglE  fEpigatrd, DLE TR (miz) (EAREAARR,
BRI GREE Cinetens) A ARDRZ I BT uE e (18 2) o X 4 PREETARIEAT BE 70 Hr B,
FLJF T sy S ILTE T R, U (a] SR 0B, JCE S B R ILR . @l S EdEE T O
%1 S.agalactiae F) b #E BT LLXF,  FFRAHE ™A% B T ATIL RSN, HUSE 4 BR BRI N
S.agalactiae, H%E/E>2.200 (K1) , RUIEESRAEMFIEE. 20 4 kbl
W P AT PRI 1% B AR BE 3 A7, 45 SR BIR B A PR R I R — 2. Wik, 4 ARIE RS



4 S.agalactiae V29 CTL.

Bl 2 4 FRERIK MALDI-TOF MS F )5 1 ik I
Fig.2 Mass spectrogram of MALDI-TOF MS of the 4 strains
#1 4¥KEk MALDI-TOF MS 42458

Tab.1 Identification results of MALDI-TOF MS of the 4 strains

Strain numbers Matched pattern Score value
9A S.agalactiae V29 CTL 2.276
41B S.agalactiae V29 CTL 2.359

44C S.agalactiae V29 CTL 2417




76D S.agalactiae V29 CTL 2.445

2.300~3.000: Highly reliable species-level identification; 2.000~2.299: Reliable species-level
identification.

2.3 PUERMER  xF LIR 4 DMFEARBAT LS, K S0 TR - i ke fL, 10~20
min WA R . AiRER (B3) , RBLk (C 4 ML (T4 ¥l —%4a6
Lok MAERIEEE, CARBERIIKMAT RATHE, T LR ORYFEA DL/ S.agalactiae
PrlE. Bk, %45 KR HIX 4 MEAH S.agalactiae Ft 5 FH %

K 3 4 #REMER S.agalactiae HiJEAEMISE R
Fig.3 S. agalactiae antigen detection results of the 4 strains
24 CAMPRIRER K4 MEk S &R OHEEKE (ATCC 25923) 7E 35 °C. 5%CO;
TEIRAAILEE IR 24 he SGURINIA 4 BoR, PSSR X PR M BLA MNGEX . R4E CAMP {56
FRERRE, 245 KRN 4 PREPR CAMP {583 9 AL .

B4 4 BREHRK CAMP R

Fig.4 CAMP response of the 4 strains



1-4: 4 strains; N (negative control): Enterococcus faecalis (ATCC 29212); P (positive control):
S.agalactiae (ATCC 13813).
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Fig.5 Circular evolutionary tree of the 4 strains

Bl 6 4 BRERIA P REAAN
Fig.6 Circular evolutionary tree among the 4 strains

2.6 MLST 43® ] MLST *F4& (https://github.com/tseemann/mist) 47 5ET 7 % & 5 3k
(adhP, pheS, atr, gInA, sdhA, glcK, tkt) ) MLST 47, #fik 4 FRE & MLST 4372
Y75 ST862 (adhP =16, pheS=1, atr=4, gInA=70, sdhA=9, glcK=3, tkt=2) .
2.7 cfb FPRILEX SR LK cfo FpAUE RS HbritE, X 4 BREBRIOPHR T 1) KR 4607
AT ER I (R 2. R 3D - TR 4 BRERI AR S5 S8 cfo AU A B
UESEIX 4 PRERRATAE cfb SE 4Rk

x2 BH cfh WFPFILLNE R

Tab.2 The sequence alignment results according to the cfb

Strain
9A 41B 44C 76D

numbers
Total reads 9279 482 (100%) 11 314 170 (100%) 9487 536 (100.00%) 9 848 644 (100%)
Total mapped 0 0 0 0
Mutiple mapped 0 0 0 0
Uniquel

auely 0 0 0 0
mapped
Read-1 mapped 0 0 0 0
Read-2 mapped 0 0 0 0

Reads map to

3




Reads map to - 0 0 0 0

Reads mapped
in proper pairs

* 3 4APKERKK S.agalactiae ATCC 13813 K cfb & HifE 1

Tab.3 Detection of CAMP factor and cfb gene of the 4 strains and S.agalactiae ATCC13813

Strain numbers CAMP factor cfb

9A negative negative
41B negative negative
44C negative negative
76D negative negative
ATCC 13813 positive positive

2.8 TRARBEEER EIKE RN ofb TR S AT A Ky Y, T RE RN 768 bp.
PCR 4 ¥ 5E UG, SR FIBR BRI Bk o BS 97 7= UG i ik S5 R EoR (B 7D« P
%} S.agalactiae ATCC 13813 7£ 4> T fAric 700~800 bp 257 2 6] ) H b X 35 Hi BH B — 5 BT
Fitr, KANETH 768 bp —5, UESLH MR RA R SR 4 Bk B ARLEX R B 35 A I 3]
H s, AR e bR Ay ofb 371 B

B 7 4 BRBEARE R E
Fig.7 Electropherograms of the 4 strains
M: Marker (1031 bp); 1-4: 4 strains; P: S.agalactiae ATCC 13813.
3 Wig
ILAEK, S.agalactiae WS T2 Wk 41 H 253 2 . SCHREHRIE, 7E36E 52 /K4
Hiy X US4 3] 31 Rk Xpert Kl i) S.agalactiae, JLRASRIFAEHIX 257 (0%~7.1%) .
ML MLST Fl ke i LKk 70 A, 3X 31 #k S.agalactiae 7] 7304 4 N raffe. xfHrh 15 ¥k



LR TR TR, 10 BREN B CGRE M cfb) « 7 Pk ST-860 #2k 181 bp, 2 k
ST-23 Al 1 #k ST-19 Hlt2k 522 bp, AL E AL T Xpert 51 FHREN B 1F X 3%, B B ik CAMP
RIGRATE: SR, 5340 5 PRE K F Bk 1Pk ST-22 A1 1 FRoR A7 BLGR % 7 kb, 3 #& ST-19
K 49 kb, FTA Btk CAMP [k, B E W 7R A 6 bR 2> F AR A%, 85 4=k PRI
JP 3 7R FAZAE 7~33 kb ANSF (R 2 v B, FLA A 1Rk K/ Tickler et al 4R &) ST-22
FIRARML: % 6 BRET#RT 5 Mk CAMP e HITE, 1 BREFIFAME: EAETREKZ, BAEmE
T5 MLST 43 BUAHIR, BARIIERR KN AL BAAAE Rt E R ofb SR it T i .
TRYIH X 8 4381215 Bk ofb f Btk S.agalactiae, 3t MLST 43% & CAMP J W 5 AHfF 7
BRR—5. (EAUEIE B cfo J BLy SBAMERfIN, RIEAT BRI o AT 7058 I 4 R
e 4K ofb 3 H9IESE 4 ¥R qPCR (1) S.agalactiae BJ7E1E cfb 58 4B 2. 47 BRI, cfb
BRI JE S.agalactiae #EE 7RI ¥ 5 X L VENLE], FE50INN “cfb fAE T Fra 1
S.agalactiael” M FTAEIE, H BRI SRS B0 AT BE b ™ H AR o

4, ofb GREFFFILR S FAR I OERERR . IR V2 R ¥ qPCR 2l i PR s i
ZE P AR AR T MU AR A . (RS — B ofb ¥ qPCR AAEE IS KUK, AT
BESIA I PR R 3G 24P TRAE TR cfb BT 12195 44 B b 1oT) 30 CAMP 46 B
Pho B, A CAMP 1R58 H G Ak 78 Kl Smg ) SE 86 =, AT RERIFETIN 5 qPCR Al EL
ARSI RS o

g5 LR, cfb 58 4B Bl S.agalactiae HEIREFE [F11%FE [H ¥ gPCR K, B0 H 1
i3, IGIKRLINERYS S.agalactiae 43T AT MMl i3 2 SEARIE A Rl SHEms f 16 U

A7 75 58 LA R AR AR AR -

SE R
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