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ABSTRACT

The objective of the study was to evaluate the use of loop-mediated
isothermal amplification (LAMP) technique for detection of Salmonella
spp. in chicken eggs. Eight Salmonella strains and 26 non-Salmonella
enteric strains were used to verify the specificity of the LAMP assay for
detection of Salmonella. The Sal4 primer set was used to specifically
amplify the target sequence on the invA gene of Salmonella and the
hydroxyl naphthol blue was used as the indicator to read the reaction
results. Blank egg samples were spiked with serial 10-fold diluted
Salmonella suspensions to determine the limit of detection at 50%
(LODso) of the assay. Egg samples collected from multiple locations
in Ho Chi Minh City were tested for the presence of Salmonella using
both LAMP method and the traditional culture method to compare the
effectiveness of these two methods. Among 34 bacterial strains tested by
LAMP assay, false-positive or false-negative results were not observed.
The assays of spiked egg samples showed that the LODsg of the LAMP
method was less than 2 CFU/25 g sample. These results indicated a high
specificity and sensitivity of the LAMP assay in detection of Salmonella
in egg samples, even with those of low levels of contamination. Upon
testing collected egg samples (n = 42), the LAMP assay produced the
same results of Salmonella detection as the culture method. Salmonella
was detected in 4 out of 42 samples. This study showed that the LAMP
method is highly effective and would be suitable for use in detection of
Salmonella in egg samples. The assay has several advantages such as
saving time and labor compared to traditional culture methods.

Cited as: Tran, K. T., & Nguyen, T. T. P. (2023). Application of loop-mediated isothermal am-
plification to detect Salmonella spp. in egg samples. The Journal of Agriculture and Development

22(3), 1-8.

1. Introduction

EFSA & ECDC, 2021). Among them, eggs and
egg products are the most important source of

Non-typhoidal Salmonella is an important
zoonotic pathogen relating to food and feed safety
concerns. In 2017, there were an estimation of
95.1 million cases of enterocolitis caused by this
pathogen worldwide, with 50.771 deaths and
3.1 million cases of disability-adjusted life-years
(Stanaway et al., 2019). Most cases of Salmonella
infection in humans have been associated with
the consumption of contaminated eggs, poultry,
pork, beef or dairy products (Park et al., 2014;

Salmonella infection (EFSA & ECDC, 2021).

To ensure food safety, it is important to use
reliable and effective methods of testing for the
presence of Salmonella before delivering foods to
markets. Usually, Salmonella is present in food in
low quantities (< 100 CFU/g) along with millions
of other bacteria in the sample (Velusamy et al.,
2010). Therefore, to detect this bacterium, it is
necessary to use a method that has high sensitiv-
ity and is not affected by inhibitors in samples.
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The conventional culture method instructed by
FDA (FDA, 2015) and ISO (ISO, 2017) is recog-
nized as the “gold standard” for the detection of
this bacterium in foods. However, this method is
labor-intensive, and time-consuming, thus reduc-
ing the shelf life of tested foods due to inspecting
time (Lin et al., 2020).

Loop-mediated  isothermal  amplification
(LAMP) assay was first introduced by a Japanese
research group in 2000 (Notomi et al., 2000).
Briefly, in a LAMP assay, 2 - 3 pairs of primers
are designed to specifically detect 6 - 8 regions
of target gene by using a DNA polymerase with
high strand displacement activity (Nagamine et
al., 2002). The assay has an efficiently amplified
property, which could produce 10° copies of the
amplified DNA within an hour (Notomi et al.,
2000). The technique has been proved to have
various advantages such as simplicity, carrying
out reactions in an isothermal condition, requir-
ing little of equipment, low cost of chemicals,
short processing time, and directly observing
of the results by the naked eye (Notomi et al.,
2015). Nevertheless, LAMP primers have been
said to be a key factor determining success to
the assay. Recently, FDA has approved a new set
of primers which have been used for detection
of Salmonella from a variety of food samples
including cantaloupe, beef, tomato, etc. (Yang et
al., 2016) and animal feeds (Domesle et al., 2020)
but eggs. Therefore, this study was conducted
to test the applicability of LAMP using these
primers to detect Salmonella in egg samples.

2. Materials and Methods
2.1. Bacterial strains and culture conditions

The strains used in this study were divided
into 2 groups of Salmonella (8 strains) and non-
Salmonella enteric bacteria (26 strains). The
strains were either kindly provided by VPH
Lab (Faculty of Animal Science and Veterinary
Medicine, Nong Lam University HCMC) or iso-
lated from chicken fecal samples in this study (Ta-
ble 1).

Isolation of Salmonella was conducted follow-
ing instructions by VS (2017). All Salmonella
strains were confirmed by a slide agglutination
test with Salmonella O polyvalent antisera (Pas-
teur Institute, HCMC).

Non-Salmonella strains were isolated by cul-

turing freshly collected fecal samples from farm
chickens onto MCA agar (MacConkey Agar; Ox-
oid, CM0115) and/or EMB agar (Eosin Methy-
lene Blue Agar; Oxoid, CM0069). These iso-
lates were roughly identified by the IMViC tests
and kept in TSB (Tryptone Soya Broth; Oxoid,
CMO0129) containing 30% glycerin at -20°C for
later use.

2.2. Bacterial enrichment and DN A extraction

Bacterial strains were recovered from frozen
stocks by streaking onto MCA plates and incu-
bated at 37°C/24 h. One typical colony of strain
was transferred onto a TSA slant (Tryptone soya
agar; Oxoid, CM0131) and incubated at 37°C/24
h, which was then kept in a refrigerator during
the study. For DNA extraction, a loop of bacteria
on TSA slant of each strain was transferred into a
1.5 mL Eppendorf tube containing 500 pL of puri-
fied NFW (nuclease-free water; Promega, P1197),
and vortexed thoroughly to obtain a homoge-
neous suspension. The sample was centrifuged at
3000 rpm/10 min and the supernatant was gently
discarded (washing step). Then, 200 pL of NFW
was added, and the precipitate was dissolved by
pipetting. The tube was heated in a water bath
at 96°C/10 min, then placed on ice for at least
20 min, and centrifuged at 14000 rpm/10 min.
Finally, 100 uL of the supernatant solution (con-
taining DNA) was transferred to a sterilized Ep-
pendorf tube. Bacterial DNA templates were used
immediately or stored in a refrigerator for use
within 2 - 3 days.

For DNA extraction from egg samples, yolk and
white of eggs were pooled into a clean plastic bag,
and homogenized by a steriled glass stick. For
each sample, 25 g of egg blend was pre-enriched
with 225 mL BPW (Buffered Peptone Water; Hi-
media, RM001) at 37°C for 16 h. One mL of pre-
enrichment sample in BPW was transferred to
a sterilized 1.5 mL tube and centrifuge at 3000
rpm/10 min. The supernatant was discarded fol-
lowed by adding 500 pL of NFW and vortexed
thoroughly. Then, samples were washed and ex-
tracted DNA as described above.

2.3. Salmonella-LAMP assay

The Sal4 primer set (Table 2) and the thermal
condition of reactions were adapted from Yang
et al. (2016). LAMP reactions were carried out
in 200 nL. Eppendorf tubes with a total volume
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Table 1. Bacterial strains (n = 34) used for optimization of the Salmonella-LAMP assay’

Species/groups Origin Numbers of strains Codes
VPH lab, Nong Lam 4 NLS001, NLS002,
Salmonella strains University HCMC NLS003, NLS004
From chicken fecal 4 NLS005, NLS006,
samples in this study NLS007, NLS008
VPH lab, Nong Lam
E. coli strains University HCMC 1 NLEOOL
From chicken fecal 9 NLEO002 to
samples in this study NLEO10
Coliforms From chicken fecal 10 NLCO001 to
samples in this study NLCO010
Proteus spp. From chickep fecal 3 NLPO001 to
samples in this study NLP004
Shigella spp. From chicken fecal 3 SHI001 to SHO03

samples in this study

LLAMP: loop-mediated isothermal amplification.

of 20 pL including the following reactants: 2 pL
of IAB II, 10X (Isothermal Amplification Buffer;
New England Biolabs, M0538S); 1.2 uL. MgSOy4
(100 mM); 0.8 uL. BST (Bacillus stearother-
mophilus) 3.0 polymerase (8000 U/mL) (New
England Biolabs, M0538S); 2.4 pL. ANTP Mix
(25 mM) (New England Biolabs, N0447S); 1.5 pLL
dimethyl sulfoxide; 1.8 pM FIP/BIP primer; 0.1
pM primer F3/B3; 1.0 pM Loop-F/B primer (In-
tegrated DNA Technologies); 1.0 uM HNB (300
mM) (hydroxy naphthol blue; Alpha Chemika,
63451-35-4), 2 pL of sample DNA extraction and
added NFW to 20 pL. The reactions were per-
formed at 65°C for 45 min using a PCR machine
(Benchmark, TC-32). The reaction was stopped
at 80°C/10 min.

The result of the LAMP reaction was read
based on the color change of the hydroxy naph-
thol (HNB) indicator. Positive results were ob-
tained when the reaction turned blue color; while,
negative samples still remained violet color (Goto
et al., 2009).
of

2.4. Determination of the

Salmonella-LAMP

specificity

The specificity of the Salmonella—-LAMP as-
say was performed with 8 strains of Salmonella
spp. and 26 strains of non-Salmonella bacteria
(Table 1). The specificity results of the LAMP
assay were verified by the number of reactions
that gave positive results with Salmonella strains
and the number of reactions that gave negative
results with non-Salmonella strains. In addition,

to interpretation of the color change of each re-
action, the LAMP products were electrophoresed
on 1.5% agarose gel to confirm the results.

of

2.5. Determination of

Salmonella-LAMP

sensitivity

To prepare blank samples, the yolk and white
of each egg were homogenized by a sterilized glass
stick and 25 g of the egg blend was taken for
detection of Salmonella by culture following the
instructions of VS (2017). Samples from which
Salmonella was not detected were used as nega-
tive control, which were stored in refrigerator at
4°C for using within 3 to 4 days. The suspensions
of Salmonella strains NLS001 and NLS002 were
serial 10-fold diluted to concentrations of 10° -
10* CFU/mL. One mL of each bacterial dilution
was spiked into each of 5 blank samples (25 g egg
blend /sample), the suspension was homogenized
by shaking sample bags. Each spiked sample was
added 225 mL PBW and incubated at 37°C/24
h. DNA was extracted and Salmonella-LAMP re-
actions were performed. The limit of detection
at 50% (LODsg) was determined following ISO
guidelines (ISO, 2016).

2.6. Detection of Salmonella by LAMP versus
culture method

Commercial eggs were purchased from 7 loca-
tions that are mini-supermarkets and 7 locations
that are individual business households at wet
markets in Ho Chi Minh City for Salmonella de-
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Table 2. The Sal4d primers set for Salmonella-LAMP!

Primers Sequence (5’ — 3’) bp
FIP GCGCGGCATCCGCATCAATATCTGGATGGTATGCCCGG 38
BIP GCGAACGGCGAAGCGTACTGTCGCACCGTCAAAGGAAC 38
F3 GAACGTGTCGCGGAAGTC 18
B3 CGGCAATAGCGTCACCTT 18

Loop-F TCAAATCGGCATCAATACTCATCTG 25

Loop-B AAAGGGAAAGCCAGCTTTACG 21

Yang et al. (2016); LAMP: loop-mediated isothermal amplification.

tection by using both conventional culture and
Salmonella-LAMP methods. Samples from ten
eggs were pooled as one sample for analysis. At
each site, three pooled samples were collected. In
this study, total 42 pooled samples were used for
detecting the presence of Salmonella. To collect
the egg content, egg shells were disinfected with
1% iodine alcohol solution for 1 minute and dried
at room temperature. Ten disinfected eggs were
cracked, pooled into a clean plastic bag, and ho-
mogenized by a steriled glass stick. An amount
of 25 g of each sample was pre-enriched with 225
mL BPW at 37°C/16 - 24 h. Pre-enriched sam-
ples were analyzed for Salmonella by both LAMP
assay as described in sections 2.2 and 2.3 and cul-
ture method as described in VS (2017). Results
of Salmonella detection from both methods were
compared.

3. Results and Discussion
3.1. Specificity of the Salmonella-LAMP

All 8 Salmonella strains gave positive results
with the LAMP assay whereas no color change
(negative results) was observed from all 26 sam-
ples of non-Salmonella strains. This agreed with
the summary of the meta-analysis study by Yang
et al. (2018) of which many LAMP reactions
used for detecting different Salmonella strains
had specificity rates of 97.4 — 100% with pos-
itive control samples, and 100% with negative
controls. When electrophoresis was conducted
for LAMP products of the control strains, all
8 Salmonella strains showed ladder-like pattern
of LAMP products and all non-Salmonella sam-
ples did not have the presence of LAMP products
(Figure 1).

3.2. Sensitivity of Salmonella-LAMP

Limit of detection at 50% obtained by the
Salmonella-LAMP on egg samples was less than
2 CFU/25 g (Table 3). This agreed with the re-
sults of 10° CFU/25 mL by Yang et al. (2013),
and 1.63 - 4.18 CFU/25 g by Hu et al. (2018).
Meanwhile, LODsy obtained by the traditional
culture method on the dried egg powder samples
(with confidence interval 95%) was 6.0 (4.7 - 7.7)
CFU/25 g (the annex attached to ISO (2017) for
detecting Salmonella). Thus, Salmonella-LAMP
showed a better detection of Salmonella at low
levels of contamination in samples comparing to
the culture method.

3.3. Efficacy of LAMP assay in detection of
Salmonella from egg samples

3.3.1. Detection of Salmonella in egg samples

A total of 42 pooled egg samples were tested
for the presence of Salmonella by both LAMP
and culture methods, from which the results
were similar (Table 4). This would indicate a
strong recommendation to use LAMP for detec-
tion of Salmonella in egg samples over the culture
method.

The high similarity in results of Salmonella de-
tection by the two methods have been noted in
many studies (Zhang et al., 2011; D’Agostino et
al., 2016; Hu et al., 2018). Wang et al. (2015)
showed similar results obtained by LAMP and
culture without and with a pre-enrichment step
(89.58% and 100%, respectively). In a recent
study (Ge et al., 2019), the comparison of LAMP
and culture methods to detect Salmonella in mul-
tiple laboratories concluded that LAMP method
rigorously met the validation of AOAC, FDA, and
ISO guidelines. Ge et al. (2019) also proposed
the use the LAMP assay to screen samples for
Salmonella and only those with positive results
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Figure 1. Results of Salmonella-loop-mediated isothermal amplification were obtained by hydroxy
naphthol blue indicator and electrophoresis. Lane M, 100 bp DNA ladder (ThermoFisher,
15628019); Lane NFW, nuclease-free water; Lanes NLS: Salmonella strains; and others were
non-Salmonella strains.

Table 3. Limit of detection of Salmonella-loop-mediated isothermal amplification for egg samples
spiked with NLS001 and NLS002 strains

NLS001 NLS002
Concentration Positive Concentration Positive

0 CFU/25¢ 0/1 0 CFU/25¢g 0/1

0.95 x 10° CFU/25 g 4/5 1.14 x 10° CFU/25 g 3/5
0.95 x 10* CFU/25 g 4/5 1.14 x 10! CFU/25 g 5/5
0.95 x 10> CFU/25 g 5/5 1.14 x 102 CFU/25 g 5/5
0.95 x 10 CFU/25 g 5/5 1.14 x 103 CFU/25 g 5/5

LODs¢ (*) (95% confidence 1.91 (0.64 - LODsg (*) (95% confidence ~ 0.86 (0.26 -

interval) 5.65) interval) 282)

(*): LODs5g or limit of detection at 50% and 95% confidence interval calculated following the guidance of ISO (2016).

Table 4. Comparison of Salmonella detection in egg samples using the Salmonella-
LAMP (loop-mediated isothermal amplification) and culture methods

Culture
Positive Negative
Positive 100% (4/4) 0%
LAMP Negative 0% 100% (38/38)
Total 4 38
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should undergo bacterial isolation. This would re-
duce time, labor, and increase the efficiency of
testing and isolating Salmonella from samples.

Salmonella was detected from 4 of 42 egg sam-
ples (9.5%), of which 3 samples were from mini-
supermarkets and 1 sample was from a wet mar-
ket. This was higher than those from previous re-
ports. For example, the bacteria were found from
2 out 52 egg yolk samples taken in Hau Giang
province (Tran, 2012), while the bacteria were
not detected from 115 egg samples collected from
some retailers in Ha Noi (Ha et al., 2017).

Meanwhile, high detection rates (at over 25%)
of Salmonella from poultry, pork and beef sam-
ples have been reported (Luu et al., 2013; Le et
al., 2019). In a study in Ho Chi Minh City, 68.4%
meat samples were detected with Salmonella
(Nguyen et al., 2018). These results strongly in-
dicate high prevalence of Salmonella presence in
products of animal origins in Vietnam.

A report in Europe in 2020 presented low
prevalence of Salmonella in egg and egg products
(0.63%) and in fresh meat samples of all kinds
(0.40 - 8.01%) (EFSA & ECDC, 2021). How-
ever, outbreaks of human salmonellosis in Eu-
rope have been most associated with the con-
sumption of eggs and egg products. In the de-
tail, 44% of 84 salmonellosis outbreaks in Europe
in 2020 were associated with eggs and egg prod-
ucts, followed by pork and pork-related products
with only 13.1% (EFSA & ECDC, 2021). This
shows that although the prevalence of Salmonella
in eggs is lower than in meat products, the role
in food safety of this bacterial contamination in
egg samples is of significant importance. There-
fore, the high prevalence of Salmonella in eggs in
this study represents a major health hazard to
consumers.

3.3.2. Efficiency of the Salmonella-LAMP assay

The LAMP assay for detection of Salmonella
consumed approximately 20 h, of which most of
the time (16 h) was spent on the pre-enrichment
phase. Techathuvanan et al. (2012) noted that the
limit of detection of Salmonella by LAMP for pre-
enriched samples at 6 h, 12 h, & 16 h were 109,
10%, & 10° CFU/25 mL, respectively. Therefore,
a pre-enrichment step for 16 h would be optimal
to obtain reliable results, especially with samples
that have low levels of contamination. In other
words, it would take less than a day to get the

results for Salmonella detection in food samples
using LAMP assay comparing 5 - 7 days by the
standard culture method. LAMP is more suitable
for testing Salmonella in products having a short
shelf life such as eggs and ready-to-eat foods (Lin
et al., 2020). Furthermore, the assay meets the
need of quickly testing pathogens in hatched eggs
for breeding in poultry husbandry (Trampel et
al., 2014).

4. Conclusions

The Salmonella-LAMP assay demonstrated
advantages including convenience, simplicity in
chemical preparation, and saving time and la-
bor when compared with the standard culture
method. Therefore, it would be strongly recom-
mended as an alternative approach for detection
of Salmonella in egg samples.
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