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Abstract: [Background] Bacteria of Enterobacteriaceae are the main pathogens of foodborne
and clinical infections, posing a threat to human and animal health. The numerical
identification method using API 20E as the “gold standard” is one of the main identification
methods for Enterobacteriaceae. However, the existing numerical identification methods have
problems such as laborious sample addition, low accuracy, and high prices. [Objective] To
develop a semi-automatic, high-precision, and low-cost biochemical kit for identifying the
bacteria of Enterobacteriaceae based on the numerical identification method. [Methods] On
the basis of the theoretical model and supporting software of the numerical identification
system for Enterobacteriaceae established by our team, we designed and optimized 24 biochemical
matrix trace formulations. Furthermore, a semi-automatic freeze-drying identification strip was
developed. Using the commercialized numerical identification strip API 20E, MALDI-TOF
MS, and 16S rRNA gene sequencing as the controls, we evaluated the performance of the
developed biochemical kit that integrated semi-automatic biochemical identification strips and
online analysis software. [Results] The biochemical spectra of 458 strains of Enterobacteriaceae
were obtained, with the overall identification accuracy of 98.5% at the genus level and 96.5%
at the species level. The kit only needed twice sample addition to obtain the identification
results, with the price only 4.46% that of API 20E. The shelf life of the product was 7 days, and
the biochemical experiments had repeatability. [Conclusion] We develop a semi-automatic
biochemical kit for identification of Enterobacteriaceae based on the numerical identification
method, which has simple operation, a low cost, and high accuracy. This study provides
technical support for the identification of Enterobacteriaceae and the development of
biochemical products for numerical identification of other families and genera of bacteria.
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Cross section and operation diagram of identification strip!**.
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B2 MHE#EREIERERNFISERESER  FIAWHE CMCC(B)45301 R E ATCC51329
1 BRI  5E0 T T CMCC(B)50093 Bk BEHPE(BHTE AR 100, B i s i 4x @), ar 5w 2 A
CMCC(B)49005 . il EIEFF i CMCC(B)49027 ., i R A RE CMCC(B)51572 I IR B 4 4 7 1
FSCC(1)205006 Jif Ay BAPE(FHPE A 0, 6 i a4 )

Figure 2 Gradient test results of arabinose-reactive sugar fermentation additives. Enterobacter cloacae
CMCC(B)45301, Enterobacter sakazakii ATCC51329, and Salmonella paratyphi A CMCC(B)50093 should
be positive (with a positive probability of 100 and a color of yellow or chartreuse), while Proteus
mirabilis CMCC(B)49005, Proteus vulgaris CMCC(B)49027, Shigella flexneri CMCC(B)51572, and
Providencia rettgeri FSCC(I)205006 should be negative (with a positive probability of 0 and a color of blue
or green).
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Code: 66330713 (V)
Raf Lac Sor Mel Cel Esc Cit Ind Phe Xyl H,S Om . .
. : - - A Identification result:
bt ! s S E =R
“ E ‘ L w e ‘ . Enterobacter sakazakii
Suc Malt Dul Tre ONPG Malo Ure MR Rha Ara Lvs AAO
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L]
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NV T T T
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B R TMEL HEBOME . ZTE TR, SRAHELAR p-D-RERLMEMIAETY . Lot N ZRRE . ArEmE . KA.
BEHEST . HJEZL . RNERR . W . ARWE . BRLamE . mifba . BEmR . S AR SR IR

Figure 3 Identification strip test results of Cronobacter. The reaction sequence of the identification strip is raffinose,

sucrose, lactose, maltose, sorbitol, dulcitol, melibiose, trehalose, cellobiose, ONPG, esculin, malonate, citrate, urea,
indol, methyl red, phenylalanine, rhamnose, xylose, arabinose, H,S, lysine, ornithine and amino acid control.

Uit mna rne AYl o urn - "
% Z R Identification result:

Enterobacter amnigenus 1

FSCC(1)145106 Enterobacter amnigenus 1 (+)

\4

Adonitol (=) (V) Enterobacter sakazakii ()

[

x1 BHERITERRREEERGR

Table 1  Suspicious results of systematic identification of Enterobacteriaceae standard strains

MS result Number Code Biochemical Appraisal ~ Similarity Result API 20E
identification result score (%) (%) evaluation result

Shigella CMCC(B)51105 00004110  Shigella flexneri, 85.27 99.99 Acceptable Shigella spp.

dysenteriae Group B

Shigella CMCC(B)51252 06204140  Shigella boydii, 84.81 99.99 Acceptable Shigella spp.

dysenteriae Group C

Shigella CMCC(B)51056 00010100  Shigella boydii, 41.02 0.13 Unacceptable  Shigella spp.

dysenteriae Group C

Salmonella  ATCC14028 03301177 Salmonella enterica  93.95 99.99 Excellent Salmonella

typhimurium subsp. houtenae IV Spp.

http://journals.im.ac.cn/actamicrocn
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Table 2 Suspicious results of systematic identification of Enterobacteriaceae isolates

MS result Number Code Biochemical Appraisal Similarity Result API 20E 16S RNA gene
identification  score (%) (%) evaluation result identification
result result

Escherichia  FSCC(I) 43310167 Salmonella 54.35 0.00 Unacceptable Salmonella  Escherichia coli

coli 14901086 enterica subsp. arizonae
diarizonae

Escherichia  FSCC(I) 43330177 Salmonella 66.30 0.00 Unacceptable Citrobacter ~ Escherichia coli

coli 14902751 enterica subsp. freundii
diarizonae

Escherichia  FSCC(I) 43330177 Salmonella 66.30 0.00 Unacceptable Citrobacter ~ Escherichia coli

coli 14902752 enterica subsp. freundii
diarizonae

Escherichia  FSCC(I) 43310170 Escherichia 40.22 4.55 Unacceptable Escherichia  Escherichia coli

coli 149795 coli, inactive coli 1

Escherichia  FSCC(I) 55310173 Escherichia 51.21 0.00 Unacceptable Salmonella  Escherichia coli

coli 149977 coli arizonae

(#28)
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MS result Number Code Biochemical Appraisal Similarity Result API 20E 16S RNA result
identification  score (%) (%) evaluation result
result
Escherichia  FSCC(I) 47310170 Escherichia 50.8 3.03 Unacceptable Escherichia  Escherichia coli
coli 14902407 coli, inactive coli 1
Escherichia  FSCC(I) 47310172 Escherichia 62.55 1.10 Suspicious Salmonella  Escherichia coli
coli 14902726 coli arizonae
Yersinia FSCC(I) 22636144 Yersinia 99.99 4.76 Acceptable Yersinia Yersinia
frederiksenii 234036 enterocolitica frederiksenii/  frederiksenii
intermedia
Yersinia FSCC(D) 22214104 Yersinia 64.67 0.03 Suspicious Yersinia Yersinia
enterocolitica 234005 enterocolitica frederiksenii/ frederiksenii
intermedia
Yersinia FSCC(I) 23236114 Yersinia 91.28 0.00 Acceptable Yersinia Yersinia
enterocolitica 234006 enterocolitica frederiksenii/  frederiksenii
intermedia
Citrobacter ~ FSCC(I) 03253171 Citrobacter 99.93 100.00 Excellent Citrobacter ~ Citrobacter
braakii 135011 werkmanii youngae freundii
Citrobacter ~ FSCC(I) 73711147 Serratia 50.52 <0.01 Unacceptable Citrobacter ~ Citrobacter
freundii 21501186 odorifera freundii freundii
biogroup 1
Citrobacter ~ FSCC(I) 41315171 Citrobacter 69.84 0.01 Unacceptable Citrobacter ~ Citrobacter
freundii 14901713 freundii freundii freundii
Citrobacter ~ FSCC(I) 43711171 Citrobacter 98.88 20.06 Very good, Citrobacter ~ Citrobacter
freundii 14903169 spp. identify to braakii freundii
genus level
Citrobacter ~ FSCC(I) 63615174 Citrobacter 62.94 0.94 Suspicious Citrobacter ~ Citrobacter
koseri/ 21501112 amalonaticus koseri/farmeri amalonaticus
amalonaticus
Citrobacter ~ FSCC(I) 02615170 Citrobacter 65.08 0.01 Unacceptable Citrobacter ~ Citrobacter
koseri/ 21501515 amalonaticus koseri/ amalonaticus
amalonaticus amalonaticus
Enterobacter FSCC(I) 71331034 Enterobacter  68.19 0.00 Unacceptable Enterobacter Enterobacter
sakazakii 145269 sakazakii sakazakii sakazakii
Enterobacter FSCC(I) 71331054 Enterobacter 57.97 0.00 Unacceptable Enterobacter Enterobacter
sakazakii 145656 sakazakii sakazakii sakazakii
Enterobacter FSCC(I) 71731064 Enterobacter  74.79 0.01 Unacceptable Enterobacter Enterobacter
sakazakii 145766 sakazakii sakazakii sakazakii
Enterobacter FSCC(I) 37771074 Enterobacter  61.71 0.31 Suspicious Enterobacter  Enterobacter
cloacae 215180 cloacae cloacae roggenkampii
Enterobacter FSCC(I) 77771074 Enteric group 69 96.60 33.33 Good Enterobacter Enterobacter
215266 cloacae ashuriae
Enterobacter FSCC(I) 41670570 Enteric group 64 63.32 99.99 Good Buttiauxella  Pseudocitrobacter
ludwigii 215109 agrestis faecalis
Enterobacter FSCC(I) 41670570 Enteric group 64 63.32 99.99 Good Pantoea spp. Pseudocitrobacter
bugandensis 215110 vendiensis
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Figure 4 Comparison test results between identification strips and API 20E of four Enterobacteriaceae strains
with “unacceptable identification results”. The reaction sequence of the identification strip is raffinose, sucrose,

lactose, maltose, sorbitol, dulcitol, melibiose, trehalose, cellobiose, ONPG, esculin, malonate, citrate, urea,
indol, methyl red, phenylalanine, rhamnose, xylose, arabinose, H,S, lysine, ornithine and amino acid control.
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Table 3 Accuracy of systematic identification of Enterobacteriaceae

Genus Total bacterial count

Accuracy (species level, %)  Accuracy (genus level, %)

Enterobacteriaceae standard bacteria 30

Escherichia coli 92
Salmonella 78
Yersiniavan 62
Serratia 41
Citrobactern 49
Klebsiella 27
Cronobacter 68
Other Enterobacteriaceae bacteria 11
Total 458

86.7 100.0
96.7 96.7
100.0 100.0
95.2 100.0
100.0 100.0
93.9 98.0
100.0 100.0
100.0 100.0
63.6 72.7
96.5 98.5
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Table 4 Interpretation table for negative and positive qualities of quality control strains

Strains ATCCS8739 CMCC(B)49005 ATCC13048 CMCC(B)50018 CMCC(B)51592
Raffinose - - - -

Sucrose - - + - -

Lactose + - + - -

Maltose + - + + +

Sorbitol + - + + -

Dulcitol + - - - -
Melibiose + - + + -
Trehalose + + + +
Cellobiose - - + - -

ONPG + - + - +

Esculin + - + - -

Malonate - - + - -

Citrate - - + - -

Urea - + - -

Indol + - - - -

Methyl red + + - + +
Phenylalanine - + - -

Adonitol - - + - -
Rhamnose + - + + +

Xylose + + + + -
Arabinose + - + - +

H,S - + - - -

Lysine + - -
Ornithine - + +

#5 BHEREUEERREHRESR

Table 5 Stability test results of Enterobacteriaceae biochemical identification strip

Strains No. 4°C,14d 37°C,9d 42 °C,7d

ATCC8739 All correct All correct All correct

CMCC(B)49005 All correct All correct Sorbitol, cellobiose, ONPG, esculin, malonate (+)
ATCC13048 All correct All correct All correct

CMCC(B)50018 All correct All correct Raffinose, sucrose, trehalose, ONPG, esculin, malonate (+)
CMCC(B)51592  All correct Phenylalanine, H,S (+) Adonitol (+)

YE . API 20E, 16S rRNA FERN A, XfAc %
TE ST ROR VS . AWFTEITF & B BUE % E &R
G A e TR IR I DR R UL A I AT B R
W, TEJRKOF b SR 5 e M ik B 98.5%,
TEFP K T B AR SE e HERR R R B 96.5%, 4
B 7d, R E T EE, e T EE
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