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Background: Bacillary dysentery caused by Shigella genus is a major cause of morbidity and mortality 
worldwide. In China, the popular strain was mainly Shigella flexneri (S. flexneri). Therefore, fluorescent 
microspheres (FMs)-based immunochromatographic test strip (ICTS), as a novel, reliable, sensitive and 
uncomplicated method, was evaluated to detect S. flexneri.
Methods: Sixty-three clinical samples of S. flexneri were collected in this paper. Polymerase chain reaction 
(PCR) combined with FMs-ICTS based on magnetic purification assay was developed for the quantitative 
detection of Shigella. And the genus-specific gene of ipaH and drug resistant gene of CTX-M-9 from Shigella 
were selected to investigate the potential of this new method. The sensitivity and specificity of this method 
were demonstrated by classical microbiological methods (API Coryne System), PCR assay based on agarose 
gel electrophoresis (PCR-GE) and the real-time fluorescent quantitative PCR (RTFQ-PCR) method.
Results: Under optimized conditions, the lower detection limits of PCR-ICTS, PCR-GE and RTFQ-
PCR were 2.5×10−7, 2.5×10−5 and the 3.2×10−7 ng/μL, respectively. Experiments demonstrated the PCR-
ICTS has a diagnostic agreement of 100% with conventional PCR and RTFQ-PCR on detection of clinical 
samples and could correctly recognize Shigella and non-Shigella from different microbial samples. After 
the purification of PCR products with Silicon coated magnetic nanoparticles (Si-MNPs), the false positive 
results were removed because of the strong screening ability of the purification process. Our results showed 
that FM-based ICTS was promising for measurable and sensitive detection of S. flexneri within 3 h.
Conclusions: The results from immunochromatographic test were agreement with those from API 
Coryne system and RTFQ-PCR. Hence, this developed method might be useful for screening and 
monitoring clinical sample of S. flexneri, due to its speed, non-poisonous, simplicity and low-cost and helpful 
for promoting the prevention and control of communicable diseases caused by enteric pathogens such as S. 
flexneri.
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Introduction

Shigella can cause an acute bloody diarrhea in humans which 
is becoming an increasing public health burden due to 
development of multiple antimicrobial resistance frequently 
resulting in treatment failure (1,2). It has been estimated 
that 165 million cases of shigellosis occur annually 
worldwide, resulting in 1.1 million deaths (3-5).

At present, the traditional detection technologies 
of microbiological cultivation and drug resistance are 
laborious, time-consuming and insensitive, it generally 
takes 2–3 days to complete the steps of enrichment 
and confirmation. Molecular detection methods are 
characterized by rapid identification, high sensitivity 
and specificity compared with the culture methods. Two 
approaches have emerged: polymerase chain reaction (PCR) 
(6,7) and immunochromatographic techniques (8-15). The 
traditional PCR assay based on agarose gel electrophoresis 
(PCR-GE) and real-time fluorescent quantitative PCR 
(RTFQ-PCR) methods are now widely used in the 
pathogenic microorganism detection field. However, PCR-
GE can only perform qualitative test and the following 
nucleic acid dyes in agarose gel electrophoresis step are also 
toxic. The equipment of RTFQ-PCR is expensive, which is 
adverse to the extensive use in the clinical practice.

Immunochromatographic technology was first introduced 
in the 1980s. Design of immunochromatographic test 
strip (ICTS) can be currently used for pathogens’ nucleic 
acid detection, and is called “nucleic acid lateral flow 
immunoassay” (NALFIA) (8,16-19). Several recent reports 
have described the detection of PCR amplicon in flow with 
functionalized nanoparticles on the strip (16-18,20-24). To 
our knowledge, immunochromatographic technology is 
most used for qualitative experiments (9-15,25-27) and their 
sensitivity is worrying.

In this study, PCR-ICTS method, as a novel rapid, 
quantifiable, sensitive and specific technique, which is 
conducted by introducing magnetic beads purification, 
biotin-streptavidin system and fluorescent microspheres 
(FMs) for the detection of clinical samples of Shigella 
flexneri (S. flexneri). The magnetic beads enable the 
isolation or extraction of target molecule or substance 
due to the good biocompatibility and adequate functional 
groups for chemical fixation which have been applied to 
immunoassay (28,29). Silicon coated magnetic nanoparticles 
(Si-MNPs) we made can be used for specific bioaffinity 
capture of molecules. Moreover, FMs have good thermal 
stability, dispersibility, biocompatibility, high fluorescence 

stability, surface modification, narrow particle size and high 
luminous efficiency (30-33), and FMs are rarely employed 
for the immunochromatography methods. In addition, 
the genus-specific genes of ipaH (invasion plasmid antigen  
H) (34) and drug resistant gene of CTX-M-9 that encoding 
CTX-M ESBLs (extended spectrum β-lactamase) (35) from 
Shigella were selected to investigate the potential of the 
new immunochromatographic technology in early clinical 
detection as well as to compare the currently used classical 
microbiological methods (API Coryne System), PCR-GE 
and the RTFQ-PCR method.

Methods

Microbial cultivation conditions and identification

The strains used in this study were listed in Table 1.  
Sixty-three Shigella strains of the clinical samples were 
provided by Jiangsu Provincial Center for Disease Control 
and Prevention (Xuzhou, China). Additional, non-Shigella 
strains were selected from Affiliated Hospital of Xuzhou 
Medical University (Xuzhou, China) to assess the specificity 
of PCR-ICTS. The standard strain used in this study was 
S. flexneri (ATCC 12022) which was obtained from Bena 
Culture Collection (Beijing, China). Strains identification 
was performed by API Coryne System (BioMerieux, 
France) and drug sensitivity experiments were performed 
by VITEK-2 Compact automatic microbial analysis system 
(Merieux, France) and DNA sequencing.

DNA extraction

The DNA extractions from all samples were performed by 
TIANamp Bacterial Genomic DNA kit (Tiangen, Beijing, 
China), according to the manufacturer’s protocols. The 
quality of DNA was evaluated by measuring the ratio of 
A260/A280 on an ultraviolet spectrophotometer (Merinton 
SMA 1000, Beijing, China) and detecting integrity with 
agarose electrophoresis. The genomic DNA (gDNA) of the 
strains above was stored at −80 ℃ until they were thawed on 
ice immediately prior to analysis.

PCR applications and agarose gel electrophoresis

Upstream primer and downstream primer of  two 
marker genes (ipaH, CTX-M-9) (34,35) from Shigella 
were synthesized and labelled on 5'-end with biotin and 
digoxigenin, respectively, by Sangon Biotech Co., Ltd. 
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Table 1 Comparison of PCR-ICTS results with PCR-GE and API Coryne system results (ipaH)

No. Species/strain
Detected by

PCR-ICTS PCR-GE API Coryne system

1 S. flexneria + + +

2 S. flexneria + + +

3 S. flexneria + + +

4 S. flexneria + + +

5 S. flexneria + + +

6 S. flexnerib + + +

7 S. flexnerib + + +

8 S. flexnerib + + +

9 S. flexnerib + + +

10 S. flexnerib + + +

11 S. flexneric + + +

12 S. flexneric + + +

13 S. flexneric + + +

14 S. flexneric + + +

15 S. flexneric + + +

16 S. flexnerid + + +

17 S. flexnerid + + +

18 S. flexnerid + + +

19 S. flexnerid + + +

20 S. flexnerid + + +

21 S. flexnerie + + +

22 S. dysenteriae + + +

23 S. boydii + + +

24 S. sonnei + + +

25 Salmonella – – –

26 K. pneumoniae – – –

27 E. coli – – –

28 P. aeruginosa – – –

29 A. baumannii – – –

30 A. cloacae – – –

31 P. vulgaris – – –

32 S. maltophilia – – –

33 A. junii – – –

34 S. aureus – – –

35 S. epidermidis – – –

36 S. Pneumoniae – – –

37 S. mitis – – –

38 E. faecium – – –

39 C. albicans – – –

+, positive signal; –, negative signal; a, clinical isolates of S. flexneri in 2012; b, clinical isolates of S. flexneri in 2013; c, clinical isolates of 
S. flexneri in 2014; d, clinical isolates of S. flexneri in 2015; e, standard strain of S. flexneri (ATCC12022). PCR, polymerase chain reaction; 
PCR-GE, PCR assay based on agarose gel electrophoresis; RTFQ-PCR, real-time fluorescent quantitative PCR.
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(Shanghai, China). The gene CTX-M-9 has been identified 
with a high positive rate detected by VITEK-2 Compact 
and DNA sequencing in our previous literature (36). The 
primers used to amplify the target sequences of S. flexneri 
and their sequences were listed in Table 2. The PCR reaction 
mixture contained 10 μL of Green Taq mix (Vazyme, Nanjing, 
China), 0.5 μL of forward primer (10 μmol/L), 0.5 μL of 
reverse primer (10 μmol/L), 1 μL of sample DNA and 
sterile deionized water (Tiangen, Beijing, China) to a final 
reaction volume of 20 μL. Direct PCRs were performed 
using a Bio-Rad PCR System (Shanghai, China) under the 
following conditions: 94 ℃ for 5 min, 30 cycles of 94 ℃ for 
50 s, 57.5 ℃ for 50 s (ipaH) or 60 ℃ for 30 s (CTX-M-9) 
and 72 ℃ for 1 min, and a final extension at 72 ℃ for 5 min. 
The amplification process was completed in approximately 
2 h. The PCR products were divided into two parts, one 
for electrophoresis analysis and the other for PCR-ICTS 
detection. In PCR-GE analysis, the products of PCR were 
analyzed by electrophoresis in 1.5% (w/v) agarose gel with 
gelred nucleic acid dye and the DNA bands were visualized 
by gel imaging system (Bioshine GelX 1850, Shanghai, 
China) and compared to DL1000 Marker (TaKaRa, Dalian, 
China) to verify the size of amplicons.

PCR-ICTS detection

Purification of PCR products
PCR products of Shigella above were carried out for 
purification as follows: 5 μL PCR products added  
10 μL of Si-MNPs and the mixture was incubated at room 
temperature (RT) with gentle mixing for 5 min so that 
the DNA fragments could be completely adsorbed. Then 
SiMNPs-DNA complex was immobilized by a magnet for  
2 min. After washing 2 times with ethanol solution 
(85%), the Si-MNPs were resuspended by 15 μL of 
sterile deionized water, and then DNA was released from 
the Si-MNPs. The sterile deionized water suspended 
contained PCR product was placed at RT for 5 min to fully 

eluted and the purified PCR product could be used for 
immunochromatographic detection or stored at −20 ℃. The 
overall process is shown in Figure 1.

Detection of purification of PCR products by ICTS
The reaction mixture containing 15 μL of purified PCR 
products was added onto the sample pad of ICTS we made 
(Nanoeast, Nanjing, China) and then 85 μL of PBS (pH 7.4) 
was added, the reaction mixture was localized to the specific 
positions which were designated as the capture test lines 
on the strip, and 100 μL PBS solution (pH 7.4) was used 
as the blank control. After 5 min the results were observed 
by the test strip reader of Nanoeasy 1700 which we made. 
To evaluate the repeatability, all samples were detected 
triplicates.

Detection of sensitivity and specificity of ICTS
The sensit ivity of  ICTS ( ipaH )  was evaluated by 
gDNA of S. flexneri strain at different concentration  
(2.5×100–2.5×10−8 ng/μL) prepared by dilutions with free 
deionized water and compared with the results of gel 
electrophoresis (Figure 2). Standard DNA is diluted from 
25 to 2.5×10−8 ng/μL for PCR amplification to evaluate the 
detection limit of PCR-GE and PCR-ICTS. Free deionized 
water was used as negative control and the tests were 
repeated three times at each concentration. And the last 
dilution that yielded a positive result was regarded as the 
detection limit of the test strip. With the test strip of reader 
Nanoeasy 1700, results can be quantified and shared in real 
time via the internet. The threshold value of fluorescence 
signal value was defined as 500 (Cutoff value) on the test 
line. If the signal value was greater than 500, it indicated 
that the result was positive, and vice versa, a negative 
outcome would be indicated by the signal value less than 
500 at the test regions.

ipaH was used to detect the specificity of Shigella 
(Figure 2C), samples of S. flexneri and the other pathogenic 
microorganism (11 gram-negative bacteria, 4 gram-positive 

Table 2 Primers used to identify marker genes of S. flexneri in PCR reactions

Marker genes Primer sequences (5'-3') Product size (bp) T annealing (℃)

ipaH F: TACCGTCTCTGCACGCA 204 57.5 (50 s) 

R: TCGAAAAGGCCTTCTGATGC

CTX-M-9 F: GTTACAGCCTTCGGCGATGATTC 860 60 (30 s) 

R: GCGCATGGTGACAAAGAGAGTGCAA

F, forward primer; R, reverse primer; PCR, polymerase chain reaction.
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bacteria and 1 Candida albicans) were used to assess the 
specificity of the test strips. 20 cases of S. flexneri were 
selected from 2012 to 2015. The non-Shigella strains used 
in this study were listed in Table 1. The results of ICTS 
were compared with PCR-GE and API Coryne System to 
determine the specificity and accuracy of ICTS.

The quantitative detection by RTFQ-PCR

RTFQ-PCR reaction was carried out on a cobas®z 480 
Automatic Fluorescence Quantitative PCR Analyzer (ABI, 
America) using a SYBR Green PCR kit (Vazyme, Nanjing, 
China). Each 20 μL reaction mixture contained 10 μL 
AceQ® qPCR SYBR® Green Master Mix, 0.4 μL primer-F 
(10 μmol/L), 0.4 μL primer-R (10 μmol/L), 0.4 μL of  
50× ROX Reference Dye1, 1 μL of DNA templates, and 
sterile deionized water was used to make the volume up 
to 20 μL. Cycling conditions were as following: an initial 
denaturation at 95 ℃ for 5 min, 30 cycles of 95 ℃, 10 s, 
60 ℃, 50 s, 72 ℃, 1 min and a final elongation 72 ℃ for  
5 min. The sensitivity of RTFQ-PCR (ipaH) was evaluated 
by gDNA of S. flexneri strain at different copy number 
(2.0×108–2.0×104 copies/μL). All runs were repeated in 

triplicate including a negative control and positive control. 
Eleven cases of S. flexneri were selected from 2012 to 2015 
to detect genus-specific genes (ipaH) of S. flexneri by PCR-
ICTS and RTFQ-PCR.

Results

The principle of ICTS

The ICTS consisted of six parts: the sample pad, the 
nitrocellulose membrane (NC), the conjugate pad, the 
absorption pad, the polystyrene backing card as well as a 
detection region with test and control lines. gDNA isolated 
from the analyzed pathogenic bacteria was amplified using 
PCR with two tagged primers specific to S. flexneri. The 
amplified PCR product is labeled with biotin at one end, 
combined with FM-labeled streptavidin, and the other 
end is labeled with digoxigenin, which binds to the anti-
digoxigenin antibody on the test line, thereby fluorescence 
detection system receives fluorescence signal. The more 
FMs are combined, the stronger fluorescent signal can be 
detected, with the test strip of reader Nanoeasy 1700, results 
can be quantified and shared in real time via the internet. 
However, excess streptavidin-coated FM uncomplexed with 

Figure 1 Overall process of Si-MNPs purified PCR products. Si-MNP, silicon coated magnetic nanoparticle; PCR, polymerase chain 
reaction.
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biotin-labeled PCR products conjugated with the biotin 
at the control line (Figure 3A). The response is directly 
proportional to the amount of analyte and quantitative data 
may be obtained by recording the optical responses with a 
portable strip reader. A detailed schematic of the ICTS was 
given in Figure 3A and the photographs of the complete 
ICTS in its polystyrene casing and the internal structure 
were shown in Figure 3B.

The positive result appeared with two data at the test 
and control line positions on the strip, whereas the negative 
result with very low value (value <500) at the test line 
position. The negative control, for which PBS was used 

instead of PCR products, did not result in any value on 
the test lines. Thus, we confirmed that the ICTS can be 
utilized for detection of Shigella spp. No false-positive or 
false-negative results were ever seen with the ICTS, and 
the results were comparable to PCR-GE and RTFQ-PCR  
(Table 1). Characteristics of the common methods for 
detecting Shigella were shown in Table 3.

Sensitivity of PCR-ICTS

To determine the sensitivity of ipaH detection by PCR-GE 
and PCR-ICTS, the standard DNA stock (25 ng/μL) was 

Figure 2 Sensitivity comparison of PCR-GE and PCR-ICTS for the detection of ipaH (A) The correlation curve was established with 
DNA concentration as the abscissa and the signal value (T value) of ICTS as the ordinate. Each value was derived from three independent 
detections. (B) Detection sensitivity of PCR-GE using serially diluted S. flexneri (ipaH): lane M, DL1000 marker; lanes 1–9, DNA 
concentration from 2.5×100 to 2.5×10−8 ng/μL. The size of the PCR products (ipaH) was 204 bp. (C) Detection specificity of PCR-GE using 
shigella (ipaH) and non-shigella: lane M, DL1000 marker; lanes 1, S. flexneri; lanes 1, S. flexneri (ATCC 12022); lanes 3–17, non-shigella. 
PCR, polymerase chain reaction; PCR-GE, PCR assay based on agarose gel electrophoresis; ICTS, immunochromatographic test strip.
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serially diluted tenfold (Figure 2). Each gDNA (1 μL) was 
used as a template for PCR where the respective dilutions 
were subjected to thermal cycling using the primer pair 
of biotin-labeled ipaH-F and digoxigenin-labeled ipaH-R, 
which amplified a 204-bp fragment from the ipaH gene of 
S. flexneri. In PCR-ICTS, standard DNA dilutions gave a 
fluorescence signal values ranging from 32.85 to 28,733, 

and a linear relationship (y=273.59x2+4860.7x+21380) 
was observed with ipaH titers decreasing from 2.5×100 to 
2.5×10−8 ng/μL. The correlation analysis revealed that the 
Pearson correlation coefficient (Pearson’s r) between DNA 
concentration and ICTS results was 0.9888 (R2=0.9888) 
(Figure 2A). The results showed that the sensitivity of PCR-
ICTS for the detection of ipaH was 2.5×10−7 ng/μL, which 

Figure 3 Schematic diagram of immunochromatographic test strip (ICTS). (A) Schematic diagram of immunochromatographic test strip for 
the detection of S. flexneri. (B) Photograph of the packaged ICTS and its internal structure, consisting of a sample pad, a conjugate pad, a 
detection region with test and control lines, and an absorbent pad.
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Table 3 Parameters comparison of methods used for detection of Shigella 

Method
Time needed for detection of  

S. flexneri
Demands for 

instrumentation
Potential for semiquantitative assay of 

specific DNA sequence

PCR-electrophoresis 240 min (30+120+90)1 Medium No

PCR-ICTS 180 min (30+120+30)2 Medium Yes

RTFQ-PCR 160 min (30+130)3 Higher Yes

Traditional microbiological method 2–3 days Very low No
1, DNA extraction, PCR, electrophoresis; 2, DNA extraction, PCR, purification, ICTS; 3, DNA extraction, RTFQ-PCR. PCR, polymerase chain 
reaction; ICTS, immunochromatographic test strip; RTFQ-PCR, real-time fluorescent quantitative PCR.
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was 100 times more sensitive than PCR-GE assay (Figure 2).

Comparison of ICTS and RTFQ-PCR

According to Figure 4A, there was a good linear relationship 
between the logarithm of DNA concentration and the cycle 
threshold (Ct) value of RTFQ-PCR. The linear equation 
was y=−3.194x+33.95, with a R2 value of more than 0.99. 
The minimum detection limit for plasmids containing target 
genes was 2 copies/μL, which was converted to a DNA 
concentration with a sensitivity of 3.2×10−7 ng/μL. From 
Figure 4B, it could be judged that the detection results of 
different DNA concentrations of S. flexneri had very good 
repeatability. At the same time, combined with the results 
of Figures 2C,4, the above results indicated that the selected 
ipaH gene and specific primers could separate Shigella 
from other bacteria, and had very good repeatability and 
sensitivity. It can be seen that the sensitivity of ICTS is 

basically the same as the sensitivity of RTFQ-PCR, but the 
cost of PCR-ICTS is low (equipment costs less than 30,000 
RMB), and the result of ICTS is easier to interpret.

Specificity of PCR-ICTS

The specificity of the PCR-ICTS was determined in 
the presence of fifteen non-Shigella samples. To validate 
the specificity of the ICTS, the purified PCR product 
of ipaH was analyzed using the ICTS and the agarose 
gel electrophoresis, separately. Table 1 demonstrated 
interpretation of ICTS and electrophoresis results in the 
recognition of Shigella and non-Shigella from different 
microbial samples. The electrophoretic images showed 
that all the amplified products of ipaH had the correct 
bands of 204 bp, and non-Shigella had no bands (Figure 2C). 
The results were consistent with the ICTS results, which 
indicated that the ICTS exhibits a high degree of specificity.

Figure 4 Detection sensitivity of RTFQ-PCR using standard strain of S. flexneri. (A) The standard curve of the RTFQ-PCR for the 
detection of 5 S. flexneri samples from 1.9×10−4 to 1.9×10−8 ng/μL; (B) The amplification curves of RTFQ-PCR method of these 5 S. flexneri 
samples with different concentrations. Numbers 1–5 represent the different concentrations. PCR, polymerase chain reaction; RTFQ-PCR, 
real-time fluorescent quantitative PCR.
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The results of before and after purification of PCR products

To obtain the clarification of PCR product, Si-MNPs were 
used to purify the amplicons to remove the false positive 
results. As shown in Table 4, the value of test line in the 
dilution group (blank control) showed a low background 
signal value (i.e., low fluorescence intensity), indicating that 
the test strip itself did not produce false positives. In the 
negative control group, the fluorescence intensity of the 
signal before purification of the negative sample was 1,628, 
indicating that non-target band was amplified to cause a 
false positive result, the signal intensity after purification 
was reduced to 180, indicating that most of the non-target 
bands (including primer dimers) were removed during the 
purification process and ICTS could be utilized for the 
detection of Shigella. There was no significant difference 
in the signal values between the positive samples H1, H2 
and H3 before and after the purification, and the signal 
values were strong, indicating that the purification process 
can filter the target bands very strongly. These results were 
consistent with the results of agarose gel electrophoresis. 
Thus, the test strip had good repeatability and strong 
screening ability, which can remove false positive results.

2nd application: detection of drug resistance genes of S. 
flexneri

Sixty-three Shigella strains were selected for the detection of 
drug resistance genes of CTX-M-9. All Shigella strains of the 
clinical samples were identified by API Coryne System and 
their drug resistance had also been verified by VITEK-2 
Compact and DNA sequencing. The CTX-M-9 gene from 
Shigella was amplified by PCR using primers (Table 2). 
The PCR products obtained were detected by agarose gel 
electrophoresis and ICTS, respectively. The results are show 

in Table 5, the results of PCR-ICTS were in accordance 
with the traditional VITEK-2 Compact combine with 
DNA sequencing. However, the target band of three PCR 
products obtained by agarose gel electrophoresis was weak, 
but they still showed higher fluorescence intensity when 
tested with ICTS (Table 5). This result shows that the ICTS 
has good sensitivity and strong screening ability which can 
remove false negative results.

Discussion

The drug resistant genes of CTX-M group have become 
the most common type of ESBL in Asia and Latin America 
(35-39), the presence of CTX-M-9 in all of the resistance 
to β-lactams mediated by CTX-M enzymes was 49.2%, of 
which is a common CTX-M ESBLs gene (35,36,38,40,41). 
In this study, 30 (47.6%) samples were positive by using 
PCR-ICTS and traditional VITEK-2 Compact combine 
with DNA sequencing, the target band of three PCR 
products obtained by agarose gel electrophoresis were weak, 
but they still showed higher fluorescence intensity when 
tested with ICTS. This result shows that the ICTS has good 
sensitivity and strong screening ability which can remove 
false negative results. In addition, ICTS can simultaneously 
detect Shigella spp .  and its drug resistance gene of 
pathogenic microorganisms and provide effective method 
for clinical accurate detection of pathogenic microorganism 
infections and drug resistance, and provide reference for 
clinician using drugs. This paper is the first to use ICTS to 
detect the third-generation cephalosporin resistance gene 
of pathogenic microorganisms. The minimum detectable 
DNA concentration of the ICTS was 2.5×10−7 ng/μL after 
amplificatin under optimized condition. However, the 
conventional PCR assay based on gel electrophoresis only 
reached 2.5×10−5 ng/μL, which further demonstrated the 

Table 4 The fluorescence intensity results of before and after purification of PCR products

Variable
PCR product (before purification) PCR product (after purification)

T line Control line T line Control line

Diluent 87 39,073

Negative control 1,628 30,298 180 34,798

H1 13,016 26,669 11,959 34,292

H2 16,393 25,351 15,597 36,035

H3 18,389 27,637 15,264 35,678

H1, H2, H3 represent PCR amplified products of ipaH gene. PCR, polymerase chain reaction.
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Table 5 Detection of drug resistance genes

No. Species/strain No.
Detected by

ICTS PCR-sequencing

1 S. flexneri (W2) + +

2 S. flexneri (W10) – –

3 S. flexneri (W13) – –

4 S. flexneri (W18) + +

5 S. flexneri (W19) + +

6 S. flexneri (W26) – –

7 S. flexneri (W36) + +

8 S. flexneri (W60) + +

9 S. flexneri (W62) + +

10 S. flexneri (W71) + +

11 S. flexneri (W77) + +

12 S. flexneri (W94) + +

13 S. flexneri (W96) – –

14 S. flexneri (W100) + +*

15 S. flexneri (W104) – –

16 S. flexneri (W116) + +

17 S. flexneri (W124) + +*

18 S. flexneri (W132) – –

19 S. flexneri (W134) – –

20 S. flexneri (W155) – –

21 S. flexneri (X5) + +

22 S. flexneri (X11) – –

23 S. flexneri (X12) – –

24 S. flexneri (X20) – –

25 S. flexneri (X39) + +*

26 S. flexneri (X43) – –

27 S. flexneri (X48) – –

28 S. flexneri (X60) + +

29 S. flexneri (X67) – –

30 S. flexneri (X73) + +

31 S. flexneri (X78) + +

32 S. flexneri (X80) – –

33 S. flexneri (X109) + +

34 S. flexneri (X130) – –

Table 5 (continued)
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PCR-ICTS had good sensitivity than PCR-GE.
A s  p r e v i o u s  l i t e r a t u r e s  r e p o r t e d ,  t h e 

immunochromatographic method can only detect one 
specific bacterium based on monoclonal or polyclonal 

antibodies (42-47), and most test strips are only used for 
qualitative experiments (9-15,25-27). In this study, FMs 
were used to bind streptavidin to capture biotin-labeled 
PCR product. Compared with colloidal gold, FMs have 

Table 5 (continued)

No. Species/strain No.
Detected by

ICTS PCR-sequencing

35 S. flexneri (X132) – –

36 S. flexneri (Y8) – –

37 S. flexneri (Y26) – –

38 S. flexneri (Y27) – –

39 S. flexneri (Y28) – –

40 S. flexneri (Y66) – –

41 S. flexneri (Y72) – –

42 S. flexneri (Y76) – –

43 S. flexneri (Y78) – –

44 S. flexneri (Y85) + +

45 S. flexneri (Y86) + +

46 S. flexneri (Y87) + +

47 S. flexneri (Y101) – –

48 S. flexneri (Y106) + +

49 S. flexneri (Y107) – –

50 S. flexneri (Y109) + +

51 S. flexneri (Y113) + +

52 S. flexneri (Y114) + +

53 S. flexneri (Z27) + +

54 S. flexneri (Z30) + +

55 S. flexneri (Z31) + +

56 S. flexneri (Z34) + +

57 S. flexneri (Z44) – –

58 S. flexneri (Z82) + +

59 S. flexneri (Z104) – –

60 S. flexneri (Z108) – –

61 S. flexneri (Z116) – –

62 S. flexneri (Z118) – –

63 S. flexneri (Z120) – –

+*, weakly positive. PCR, polymerase chain reaction; ICTS, immunochromatographic test strip.
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higher signal values, wider linear range, better interbatch 
repeatability and it is also suitable for the quantitative 
detection (48). Moreover, the highly specific affinity and 
multistage amplification effect between biotin and FM-
SA could be used at the test lines to improve the sensitivity 
of immune binding and tracer analysis. In addition, some 
ICTS-based methods need large sample and require 
special equipments as well as complex analysis process. 
For example, Xu et al. had presented a novel ICTS using 
FMs labeled with polyclonal antibodies for the detection of 
Campylobacter jejuni (C. jejuni), which can only qualitatively 
detect C. jejuni (43). The ICTS developed by Zhang Fan 
based on lanthanide chelate-loaded silica nanoparticles had 
been used for the rapid detection of Pantoea stewartii subsp. 
stewartii (Pss), but the more samples were required (45). 
Blažková et al. developed a ICTS detection method, which 
requires special equipments and complex analysis process 
(with a total analysis time of 16 hours) (49). The PCR-
ICTS can be used for rapid quantitative detection clinical 
pathogens based on the PCR products, which can greatly 
increase the detection range of pathogenic bacteria. The 
specially labeled PCR amplification products were purified 
by magnetic beads and put into the prepared FMs-ICTS 
for quantitative detection. The sensitivity of the detection 
scheme reached 25 fg/μL DNA samples through the 
exploration and optimization of sensitivity, specificity and 
other parameters. Compared with the traditional clinical 
method, this method has a fast detection speed, reduces the 
detection workload and reduces the probability of bacterial 
contamination, whereas the traditional microbiological 
method usually require 2–3 days to obtain a definitive 
result, which are time consuming and labor intensive (49,50).

However, ICTS provides following advantages over 
gel electrophoresis in detection of PCR product: (I) 
Compared with electrophoresis (90 min), it takes only  
30 min (25 min of purification and 5 min of ICTS) to finish 
the detection; (II) it is capable of quantitative detection; 
(III) no dangerous compounds is used while nucleic acid 
dye is used in electrophoresis. Compared with conventional 
PCR, this method can be used for quantitative detection 
of target genes. Compared with the existing shigella 
immune chromatography technology, the developed 
ICTS can simultaneously detect gene- specific genes 
and drug resistance genes. Thus, the ICTS can instead 
of gel electrophoresis to detect PCR products due to its 
specificity, speed, simplicity and low-cost. Compared with 
the RTFQ-PCR method, PCR-ICTS provides several 
advantages such as low detection cost, no technical expertise 

in performing the test and interpreting the results as well 
as the compact size (the same size as A4 paper) of the strip 
reader. Moreover, SYBR green I dye used in RTFQ-PCR 
method can combine any double-stranded DNA, which 
might produce false positive results. However, the products 
in PCR-ICTS must be purified before using the ICTS, so 
the PCR-ICTS could reduce false positive results. Hence 
this plan is more advantageous to clinical and medical 
equipment backward area of promotion, the preparation 
can be realized rapid detection kit of shigella and their 
drug resistance gene quantitative test of low cost and high 
sensitivity and precision.

The objective of this study was to eliminate the use of 
gel electrophoresis in PCR product analysis and replaced 
it with ICTS which could offer a more rapid, quantitative 
and cost-effective method. Moreover, the sensitivity of the 
ICTS was consistent with that of RTFQ-PCR, but the cost 
was much cheaper than that of RTFQ-PCR, which was 
more suitable for the detection of clinical samples, especially 
for the intestinal pathogens in poor working conditions of 
hospital, which have few money to buy expensive medical 
equipments. Therefore, the developed PCR-ICTS can 
be used as the ideal tool for the quantitative and accurate 
detection of important intestinal pathogens such as Shigella 
to immediately confirm the patients who contact with the 
pathogen due to its sensitivity, specificity, simplicity, low-
cost and better detectability.

In this paper, ICTS can detect amplification products 
of a single gene at a time, then we will design multi-
channel immunochromatography to rapidly identify more 
pathogens, hoping to help clinicians diagnose early. In 
addition, we also carried out rolling circle amplification 
experiments, applied to immunochromatography, which 
can further improve the overall sensitivity, provide an 
effective promotion program for clinical accurate detection, 
diagnosis and treatment of intestinal important pathogen 
infection.

Conclusions

This work described a FM-based ICTS method to realizing 
the detection of S. flexneri as low as 2.5×10−7 ng/μL in  
3 h. The results demonstrated that the novel PCR-ICTS 
method can instead of PCR-GE and RTFQ-PCR to detect 
Shigella due to its speed, non-poisonous, simplicity and low-
cost. In particular, this PCR-ICTS method displayed high 
specificity and sensitivity without the requirement of very 
specific and expensive equipment as well as the complicated 
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techniques, which is convenient for the rapid detection of 
enteric pathogens and has a potential to be a useful tool for 
the rapid and easy-to-use detection of clinical samples.
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