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ARTICLE INFO ABSTRACT

Keywords: Escherichia coli 0157:H7 is one of the most important food-borne pathogens to threaten public health. Cultural

E. coli 0157:H7 methods are used as a gold standard while they are laborious and time-consuming. Loop-mediated isothermal

LAMP amplification (LAMP) method is an alternative method that became widely used for the detection of food-borne

Spec_if_ic%ty pathogens. The aim of this study was to evaluate the specificity and sensitivity of LAMP method for detection of

Sensitivity E. coli 0157:H7, also to compare detection performances with VIDAS UP and ISO (International Organization for
Standardization) methods in different food matrices (beef meat, minced lamb meat, milk, cheese, apple puree,
and soybean sprouts). E. coli 0157:H7 were spiked in three different levels (high 4.58; medium 2.32; low 0.30
logyo CFU/g-ml) to food matrices. Although there were no significant differences in terms of the specificity and
sensitivity values among the three methods (p = .05), it was determined that the highest specificity and sensi-
tivity values obtained from the LAMP method. Sensitivity and specificity values of LAMP method were found as
0.997 and 0.988, for the ISO method were 0.989 and 0.971, and for the VIDAS UP method were 0.980 and 0.963,
respectively. In milk samples, sensitivity and specificity values of the VIDAS UP method were significantly lower
than LAMP and ISO methods (p < .05). However, there were no significant differences found for the other food
matrices among the three methods (p > .05). It can be summarized from this study that specificity and sensi-
tivity values of the LAMP method are equal or higher and less time-consuming than ISO and VIDAS UP methods.
In conclusion, using a simple, fast, and inexpensive detection method, such as LAMP, especially in endemic
regions or in an outbreak to control spreading of pathogens, is very important for public health.

1. Introduction

Food-borne pathogens found in food and water samples are lower in
counts (Aminul Islam et al., 2006). Sensitive, reliable and fast detection
methods are required for ensuring the food safety (Conrad et al., 2014;
Wang et al., 2017). Although, the conventional culture methods are
gold standard and accepted as irreplaceable, they are time consuming
and laborious (Mori and Notomi, 2009; Gehring et al., 2006; Niessen
et al., 2013; Zhao et al., 2010). Also, culture-based detection methods
require enrichment step on selective agar media and followed by con-
firmation which include biochemical, serological or molecular methods
(Kumar and Mondal, 2015). For this purpose, rapid detection methods
have been developed and which are divided into immunological, nu-
cleic acid amplification, and biosensor-based methods (Law et al.,
2015).

Shiga toxin-producing Escherichia coli (STEC) strains predominant
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serotype 0157 is one of the most important food-borne pathogens, and
threat to public health globally (Hara-Kudo et al., 2008; Aminul Islam
et al., 2006; Carvalho et al., 2014). This pathogen is responsible for
hemorrhagic colitis and hemolytic uremic syndrome (HUS) in humans
(Oporto et al., 2008) and the minimum infectious dose to humans
is < 10 pathogenic bacteria (Ngwa et al., 2013; Zhang et al., 2016;
Quilliam et al., 2011). The gastrointestinal tract of cattles are the main
reservoir of this pathogen (Carvalho et al., 2014) and some food such as
milk and milk products, meat and meat products, vegetables, and fruits
are closely related to outbreaks (Zhao et al., 2013; Sidari and Caridi,
2011). Annually, STEC strains causes approximately 176,000 cases,
2400 hospitalizations, and 20 deaths in United States (Scallan et al.,
2011). Therefore, rapid, sensitive, cheap and reliable methods are
needed to detect this bacterium (Zhao et al., 2010; Hara-Kudo et al.,
2007).

Researchers have developed methods to detect STEC strains
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serogroup O157 by using selective cultuvation, immunochromato-
graphic, immunomagnetic separation or immunological confirmation
tests (Jung et al., 2005; O'Brien et al., 2005). In addition, nucleic acid
amplification method, termed loop-mediated isothermal amplification
(LAMP) has been developed by Notomi et al. (2000). This method
amplifies the target DNA with high accuracy, efficiency and quickly
under isothermal conditions (60-65 °C), which depends on autocycling
strand displacement DNA synthesis carried out by Bst DNA polymerase
with four to six specific primers (Wang et al., 2017; Maruyama et al.,
2003; Chen et al., 2011; Sasitharan et al., 2013). LAMP method has
some advantages and differences from other methods. First of all, this
method does not require specialized and expensive equipments
(thermal cycler and gel electophoresis) (Yano et al., 2007; Quilliam
et al., 2011). Second, it is highly specific due to use of 4 or 6 different
primers which carry out the amplification of the target DNA (Jiang
et al., 2012). Finally, it is faster and easier to apply than PCR (Kouguchi
et al., 2010), and in a short time large amounts of target DNA can be
synthesized, positive results can be detected visibly without using any
sophisticated equipments (Wang et al., 2012a). Some organic PCR in-
hibitors showing inhibitory effect in the PCR reported to have no effect
on efficiency of LAMP (Kumar and Mondal, 2015). Therefore, LAMP
method could become a useful instrument for the rapid detection of
pathogen microorganisms which are important for food safety and
public health.

Development of a fast, accurate and sensitive method for the de-
tection of pathogen microorganisms is fundamental to control food-
borne diseases and outbreaks. Therefore, the aim of this study was to
not only evaluate the specificity and sensitivity of LAMP method for
detection of E. coli O157:H7, but also to compare detection perfo-
mances with ISO 16654 (International Organization for
Standardization-ISO 16654, 2003) and VIDAS UP methods in different
food matrices.

2. Materials and methods
2.1. Materials

Six different food matrices including beef cuts, minced lamb meat
(subcutaneous fat trimmed musculus longissimus dorsi was used in meat
samples which contain ~3% intramuscular fat) whole milk (at least
3.5% fat), full-fat white cheese (at least 45% fat in dry matter), apple
puree, and soybean sprouts used in the study were obtained from a local
supermarket. Food samples were analyzed for E. coli O157:H7 ac-
cording to standard analysis protocol (International Organization for
Standardization-ISO 16654, 2003) before used in the study, and E. coli
0157:H7 negative food samples were used for the experiment.

2.1.1. E. coli 0157:H7 strains and inoculum preperation

In this study, three reference and 5 wild type E. coli 0157:H7 strains
were used. Reference strains were ATCC 43985, ATCC 43984, and
ATCC 35150. Wild type strains ECO157-1, ECO157-2 and ECO157-3
were isolated from meat, ECO157-4 isolated from salad and ECO157-5
isolated from beef steak. All strains were incubated in Tyriptic Soy
Broth (Merck, Darmstad, Germany) at 37 °C for 24 h to obtain fresh
culture. At the end of the incubation period, the broths were cen-
trifuged at 4,000 rpm for 10 min. Then supernatant was removed and
the pellets were dissolved in 1ml 0.1% Pepton Water (Merck,
Darmstad, Germany) and strains mixed to obtain a bacterial cocktail
and final volume was adjusted to 10 ml with PW. Bacterial cocktail was
diluted with 0.1% PW to reach each of the spike levels used in the
study. Subsequently, 0.25ml inoculum from each of the spike level,
directly added to the 25 ml liquid food samples and 0.25 ml inoculum
spreaded to the surfaces of solid food samples and sprayed onto the
soybean sprouts. After inoculation, at least 10 min was given to the
cultures for the bacterial attachment to the samples. Three spike levels
used in the study were as follows, high (4.58 log;, CFU/g-ml), medium
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(2.32 log19 CFU/g-ml) and low (0.30 log;o CFU/g-ml). For the negative
control, analyzes were performed without any contamination to the
food samples that were already analyzed found negative for E. coli
0157:H7 analysis. In the study, different food matrices (6) x subsamples
(10) x spike levels (3) x replicate (2), totally 360 samples were used for
positive control samples, and different food matrices (6) x subsamples
(20) x replicate (2), totally 240 negative control samples were used for
each of the three detection methods.

2.2. Methods

2.2.1. Lamp assay

25 g/mL samples were taken from spiked food samples into the
sterile sampling bag under aseptic conditions, then 225 ml modified
Tyriptic Soy Broth with novobiocin (mTSB + N) (Merck, Darmstadt,
Germany) was added and incubated at 41.5 = 1°C for 18-24 h. At the
end of the incubation period, 50 ul of enrichment broth was used in
LAMP analysis. Verotoxin-producing Escherichia coli detection kit
(Eiken Chemical, Tokyo, Japan) were used according to the manufac-
turer's instruction. For DNA extraction 50 pl of the enrichment broth
was mixed with 50 pul of EXF (including in the kit) and incubated at
95°C for 5min. This mixed solution was centrifuged for 1 min at
2000 x g. After centrifuge, 5 ul of the supernatant was taken and added
to the reaction tube with 20 pl of reaction mixture. The reaction was
carried out in water bath at 65 °C for 60 min. Posivite reactions in tubes
were detected by visually.

2.2.2. ISO-16649 assay

25 g/mL samples were taken from spiked food samples into the
sterile sampling bag under aseptic conditions and 225 ml modified
Tyriptic Soy Broth with novobiocin (mTSB + N) (Merck, Darmstadt,
Germany) added. Subsequently, pre-enrichment culture incubated at
41.5 *= 1°C for 18-24h. After pre-enrichment step, immunomagnetic
separation was carried out according to the manufacturer's instruction
by using the Dynabeads anti-E. coli 0157 (71,004, Invitrogen, Dynal,
Norway). After immunomagnetic separation, 50 ul of Dynabead and
bacterial complexes were added on Sorbitol MacConkey agar (CT-
SMAC) (Merck, Darmstadt, Germany) containing Cefixime Tellurite and
plates were incubated at 37 °C for 18-24 h. At the end of the incubation
period, non-fermentative colonies in petri plates were confirmed using
latex agglutination test (DR0620, Oxoid, UK).

2.2.3. VIDAS UP assay

25 g/mL samples were taken from spiked food samples into the
sterile sampling bag, then 225 mlL buffered pepton water added and
homogenized. Subsequently, pre-enrichmet culture incubated at
41.5 = 1°C for 24 h. After the pre-enrichment step, 0.5 ml of samples
were added to the VIDAS UP test kits wells. Then kits were heated on
the VIDAS UP HEAT&GO (BioMérieux, France) for 5 min and VIDAS UP
analysis were made according to the manufacturer's instruction, sub-
sequently the results were evaluated.

2.3. Statistical analysis

Chi-squared Fisher's exact test was performed for comparison of
three diffrent methods. Statistical significance level was accepted as
p < .05. All statistical analyzes were performed by using SPSS 21.0
package program (SPSS, 2012).

3. Results

Sensitivity and specificity values of the three methods are given in
Table 1. Sensitivity and specificity values of LAMP method were found
0.997 and 0.988, respectively. Sensitivity and specificity values of the
ISO method were 0.989 and 0.971, and for the VIDAS UP method were
found as 0.980 and 0.963, respectively. Although specificity and
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Table 1
Sensitivity and specificity values of LAMP, ISO, and VIDAS UP methods detection of Escherichia coli 0157:H7 (n: 360 for positive control, n: 240 for negative control).
Method Recovery results (%) Sensitivity* Specificity? -p—"
Xh
+,+ (TP)* +,- (FP)* -- (TN)* -+ (FN)*
LAMP 357/360 (99.17%) 3/360 (0.83%) 239/240 (98.58%) 1/240 (0.42%) 0.997 0.988 0.208 X* = 8.434
VIDAS UP 351/360 (97.50%) 9/360 (2.50%) 233/240 (97.08%) 7/240 (2.92%) 0.980 0.963
ISO 353/360 (98.06%) 7/360 (1.94%) 236/240 (98.33%) 4/240 (1.67%) 0.989 0.971
? 4,4 True positive (TP); +,-: False positive (FP); —,-: True negative (TP); —,+: False negative (FP);

b Likelihood ratio.
¢ Sensitivity = TP/(TP + FN).
4 Specificity = TN/(TN + FP).

sensitivity values were found to be insignificant among the three
methods (p = .05), the highest specificity and sensitivity values ob-
tained from the LAMP method, followed by ISO and VIDAS UP. The true
positive values of LAMP, VIDAS UP, and ISO methods were found as
99.17% (357/360), 97.50% (351/360), and 98.06% (353/360), and
true negative values were found as 99.58% (239/240), 97.08% (233/
240), and 98.33% (236/240) respectively. LAMP method was found to
have higher true positive and true negative values compared to the
other two methods.

In different food samples, the sensitivity and specificity values of the
three methods used in this study are given in Table 2. Specificity and
sensitivity values of the three methods used in this study were found as
1.00 in beef meat and minced lamb meat. Sensitivity value of the LAMP
method was found as 0.984 only for soybean sprout, and 1.00 for the
other food samples used in the study. Sensitivity value of the ISO
method was found lower than 1.00 only for the cheese sample, how-
ever, the sensitivity values of the VIDAS UP method were found lower
than 1.00 for milk and soybean sprouts. In milk samples, VIDAS UP
method was significantly lower than other methods (p < .05), al-
though for other food samples there were no significant differences
observed (p > .05). Lowest sensitivity value of the three methods used
in this study was found in the cheese sample of the ISO method (0.934),
the lowest specificity value was obtained from the milk sample of the
VIDAS UP method (0.881).

In Table 3, the specificity and sensitivity values of the three methods
at different spike levels and food samples are given. It was found that
the specificity values at the highest spike level (4.58 log,o CFU/g-ml)
were 1.00. Sensitivity value of the LAMP method at the highest spike
level was found lower than 1.00. Sensitivity values of the VIDAS UP
method for the milk and soybean sprouts and cheese sample of the ISO
method were found lower than 1.00. The sensitivity values of the LAMP
and VIDAS UP methods in soybean sprouts and cheese sample of the
ISO method at moderate (2.32 log;oCFU/g-ml) and low (0.30
log;o CFU/g-ml) spike levels were found lower than 1.00. Lowest sen-
sitivity value was found in the cheese sample (0.810) in the ISO

Table 2

method, while the lowest specificity value was found in milk sample
(0.881) in the VIDAS UP method at low spike level.

4. Discussion

E. coli 0157:H7 causes hemolityic uremic syndrome and hemorragic
colitis in humans and currently there is no effective treatment available
for these diseases. Then, precautions and food surveillance systems
against these diseases and preventing them in humans are vital (Zhang
et al., 2016). Rapid, reliable, and sensitive methods are necessary for
applying an effective food surveillance system. However, some factors,
such as detection and isolation method, different type of sample, and so
on, have major impact on the detection performance and prevalance
findings of the E. coli 0157 (Aminul Islam et al., 2006). For this pur-
pose, in the last decades, some methods have been developed and LAMP
method is one of the important of these methods (Hara-Kudo et al.,
2008).

There was no significant difference between specifity and sensitivity
of three methods used in this study (Table 1). Among these methods
with equal specificity and sensitivity values, LAMP stands out with
some features. In this method, results can be obtained in a shorter time
than classical cultural methods (Zhao et al., 2010; Ngwa et al., 2013;
Hara-Kudo et al., 2007). In contrast to the VIDAS UP method, it is also
an important advantage that LAMP method does not require any ex-
pensive devices or instrumentations (Zhao et al., 2010). In addition, it
was shown that cross-reactivity could be seen with other types of
bacteria such as Escherichia hermannii, Salmonella O30 group, Hafnia
alvei, and Citrobacter freundii in VIDAS UP analysis (Garci'a-Aljaro et al.,
2005). On the other hand, it was found that the specificity and sensi-
tivity values of VIDAS UP method were statistically lower than the
LAMP method in some food matrices (Table 3). These results show that
the LAMP method is superior to the VIDAS UP method for the detection
of E. coli 0157:H7.

In this study, the specificity and sensitivity values of the three
methods in beef and minced lamb meat were found to be 1.00 (Table 2).

Specificity and sensivitiy values and P values of LAMP, ISO, and VIDAS UP methods on Escherichia coli 0157:H7 in food matrices (n: 60 for positive control, n: 40 for

negative control).

LAMP 1SO VIDAS UP

Food sample Sensitivity” Specificity” Sensitivity” Specificity” Sensitivity” Specificity” -P-Xx°

Beef meat 1.00 1.00 1.00 1.00 1.00 1.00 -

Minced lamb meat 1.00 1.00 1.00 1.00 1.00 1.00 -

Milk 1.00 1.00 1.00 1.00 0.948 0.881 0.026 X’=11.856
Cheese 1.00 0.976 0.934 0.923 1.00 1.00 0.611 X2 = 2.957
Apple puree 1.00 0.952 1.00 0.952 1.00 0.930 0.999 X2 = 0.440
Soybean sprouts 0.984 1.00 1.00 0.952 0.937 0.973 0.349 X2 = 6.259

abed: Means in the same column with different superscripts are statistically different (p > .05)

& Sensitivity = TP/(TP + FN).
" Specificity = TN/(TN + FP).
¢ Likelihood Ratio.



G.K. Incili, et al.

Table 3
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Specificity and Sensivitiy values of LAMP, ISO, and VIDAS UP methods detection of Escherichia coli O157:H7 in different spike levels in food matrices (n: 20 for

positive control samples, n: 40 for negative control samples) .

Spike level

4.58 log,o CFU/g-ml (High)

2.32 log;o CFU/g-ml (Moderate) 0.30 log;0 CFU/g-ml (Low)

b

Method Food sample Sensitivity® Specificity” Sensitivity® Specificity” Sensitivity® Specificity
LAMP Beef meat 1.00 1.00 1.00 1.00 1.00 1.00
Minced Lamb meat 1.00 1.00 1.00 1.00 1.00 1.00
Milk 1.00 1.00 1.00 1.00 1.00 1.00
Cheese 1.00 1.00 1.00 0.976 1.00 1.00
Apple puree 1.00 1.00 1.00 1.00 1.00 0.952
Soybean sprouts 0.952 1.00 0.952 1.00 0.952 1.00
VIDAS UP Beef meat 1.00 1.00 1.00 1.00 1.00 1.00
Minced lamb meat 1.00 1.00 1.00 1.00 1.00 1.00
Milk 0.870 1.00 0.870 1.00 0.833 0.881
Cheese 1.00 1.00 1.00 1.00 1.00 1.00
Apple puree 1.00 1.00 1.00 0.930 1.00 1.00
Soybean sprouts 0.833 1.00 0.833 1.00 0.826 0.973
IS0 Beef meat 1.00 1.00 1.00 1.00 1.00 1.00
Minced lamb meat 1.00 1.00 1.00 1.00 1.00 1.00
Milk 1.00 1.00 1.00 1.00 1.00 1.00
Cheese 0.833 1.00 0.833 1.00 0.810 0.923
Apple puree 1.00 1.00 1.00 1.00 1.00 0.952
Soybean sprouts 1.00 1.00 1.00 1.00 1.00 0.952

@ Sensitivity = TP/(TP + FN).
b Specificity = TN/(TN + FP).

Similar with our results, Hara-Kudo et al. (2008) reported that sensi-
tivity and specificity values of the LAMP method for the detection of E.
coli 0157 in the ground beef samples were found 1.00 and 0.983, re-
spectively. It is also stated that the LAMP method is superior or equal to
classical cultural methods. In this study, the specificity value obtained
from beef samples was found to be higher than the values obtained by
Hara-Kudo et al. (2008). In our study, in soybean sprouts the sensitivity
value at the high spike level was found as 0.952 (Table 3), in the study
conducted by Hara-Kudo et al. (2008) sensitivity values was found to be
1.00 for alfalfa sprout at high spike level. In addition, in the same study,
a non-inoculated ground beef and 3 alphaalfa sprout samples were
positive for IMS-plating on CT-SMAC method and negative for LAMP
method. In this study, in the beef and soybean sprouts there were no
false negative results in the ISO method, whereas in the LAMP method
only one false negative result was found in soybean sprout samples. It
was though that the differences between these studies caused by dif-
ferent spike levels or different food matrices (ground beef and alfaalfa
sprouts). Aminul Islam et al. (2006) reported in their study on 360 meat
samples that there was no difference between the VIDAS UP and the
IMS method for the detection of E. coli O157. Similarly, Vernozy-
Rozand et al. (1997) were found that there were no differences found
between the VIDAS UP and IMS method for the detection of E. coli 0157
in minced beef and raw milk cheese samples. Similar with these studies
results, in our study, it was found that there were no differences found
for the sensitivity and specificity values among three methods in the
beef, minced lamb meat and cheese samples (Table 2).

Among the three different methods used in this study, the highest
sensitivity and specificity values was found in the LAMP method
(Table 1). Similar to the results of this study, Hara-Kudo et al. (2007)
reported that LAMP method has higher sensitivity values than other
methods. In addition, Wang et al. (2012b) reported that the LAMP
method has 100% specificity and sensitivity values in ground beef
samples and no false negative and false positive results. In a different
study Wang et al. (2012a) reported that no false-positive and false-ne-
gative results found in the LAMP method in the ground beef, beef trim,
and produce samples. Similar to the results of these studies, in our
current study, specificity and sensitivity values were found to be 1.00 in
beef and minced lamb meat samples and false negative and false po-
sitive results were not obtained. It was reported in a different study

conducted by Wang et al. (2014) that there were no false negative and
false positive results in produce samples in LAMP method. However, in
our study, false positive (0.83%) and false negative (0.42%) results
were obtained in LAMP method. It was though that the differences
between our study and Wang et al. (2014) study may be caused by
using different primers (stx;, stxz, eae), different food matrices (lettuce,
spinach, and sprouts), and different spike levels.

5. Conclusions

It can be summarized from results of this study that specificity and
sensivity of the LAMP method is higher than ISO and VIDAS UP
methods. In addition, this methods is less time-consuming when com-
pared to the other methods used in this study. In conclusion, using a
simple, fast, and inexpensive detection method such as LAMP in de-
veloping countries and especially in endemic regions to control out-
breaks and the spreads of food borne pathogens, is crucial.
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