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Vibrio cholerae serogroup 01 is known as the cause of epidemic cholera. Cholera
is a pandemic or epidemic infectious disease that only occurs in humans and if it is not
paid attention, it will lead to death in 6 hours or less a week. Recent epidemics of cholera
around the world make the rapid and reliable detection of Vibrio cholerae necessary
more than ever. Therefore, its early, accurate and on-time detection seems essential to
prevent its epidemic and the devastating effects. There are several methods for detecting
Vibrio cholerae, such as culturing, immunoassay, PCR and Real-time PCR. All these
methods are time consuming and require large numbers of bacteria in the initial sample,
expensive laboratory equipment and professionals in this field. In this study, PCR method
was studied and compared with LAMP method to detect Vibrio cholerae. Bacterial DNA
was extracted according to standard methods and detected using specific primers in PCR
machine based on thermal cycle program. In contrast, the specific primer sets were
amplified by LAMP method, at a single temperature in a thermal block and created
products were identified through the turbidity examined visually and using gel
electrophoresis. The results of both methods in molecular detection of Vibrio cholerae
showed that LAMP method is faster, cheaper and more specific and Vibrio can be detected
in a shorter time, using a very simple and inexpensive heat block and at a single
temperature of 62 °C, as well as, observing the turbidity resulted from gene amplification
process in new ways compared with electrophoresis method in examining PCR products,
instead of expensive PCR machine and multi-temperature thermal cycle program. This
method can be used for quick, accurate and affordable molecular detection of Vibrio
cholerae with wide application in diagnostic laboratories, laboratory in underdeveloped
regions and mobile laboratories.
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Mibrionaceae family has three genera,
Vibrio, Aeromonas and Plesiomonas, that are
clinically significant for humans and widely
distributed in nature. Vibrioisfound in pond water
and salt water and separated from
Enterobacteriaceae by positive oxidase reaction
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and the presence of polar flagella (1). Vibrio
cholerae causes epidemic and endemic cholera
considered asacause of illnessand death in many
parts of the world, especially Asiaand Africa (2).
Although the disease is easily preventable, it is
one of the main causes of deathsin the world, so
the World Health Organi zation (WHO) refersto it
as disaster tragedy. Its annual incidence is
estimated to be about 5 million (3) and a large
increase occurred in cholera cases in 2005. This
report included 131943 patients with cholera,
including 2272 deathsfrom 52 countries (4). Since
Vibrio cholerae is one of the most well-known
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infectious agentsworldwide, soitsearly detection
isof particular importance (5, 6). Therefore, arapid
and sensitive method for the early detection and
control of disease is required. Methods used in
microbiology laboratoriesto detect choleradepend
on the specific features and immunological
evaluation of its poison (7). But these methods
require along time, alot of costs and restrictions
on the number of cases diagnosed. Although PCR
method is a rapid and sensitive test with many
advantages, it also possesses some limitations,
such as high thermal cycles, use of expensive
thermocycler machine and some methodsto detect
and identify product and for this reason, it needs
much timeand can’t be used in mobilelaboratories
(8,9). Loop- Mediated Isothermal Amplification
of DNA (LAMP) isanew, easy method with high
performance introduced by Notomi et al. 2000 that
lacks these limitations. In this method, DNA is
amplified specifically and with high speed and
performanceinisothermal conditions. Inthisway,
four primers are used (two internal primers and
two externd primers), that, intotal, identify six gene
regionsof target DNA and target regionisamplified
during a continuous process and the formation of
hairpin regions at a temperature of 65-60 °C and
using athermostable DNA polymerase enzyme (10).
This method has many advantages; such that
LAMP is able to amplify DNA with high
performance under isothermal conditionsand can
initiate to detect with a small number of DNA.
LAMP iseven able to identify less than 6 copies
of DNA inthereaction mixture. LAMP method is
simple and easy to do and only requires a primer,
DNA polymerase and reaction mixture, and no
special equipment is needed and the reaction can
bedonein awater bath or heat block (10). Reaction
products are a mixture of DNA hairpin structure
with different sizesand cauliflower-like structure
with multiplerings. That itispossibleto reveal the
final result of reaction based on the turbidity of
reaction environment which can be seen by eyes
or a device (11). This method doesn’t need to
denature the initial DNA and even to extract the
initial DNA from somebiological samples(12, 13).
In this study, PCR and LAMP methods were
investigated to detect Vibrio cholera in water and
west water and it was shown that LAMPiseasier,
faster and more accurate than PCR.
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MATERIALSANDMETHODS

Preparation of Bacteria

In thisstudy, the strain used was prepared
fromthe Ministry of Health Reference Laboratory
and confirmed using culturing, biochemical and
immunological techniques.

How to preparesamples

50 ml of desired sample were taken and
cultured on 5.1 ml of LB broth and incubated at 37
°C for 24 h. then, they were prepared for DNA
extraction.

The DNA of cultured Mibrio choleraewas
extracted by phenol-chloroform standard method
(14, 15) and then the presence of their genomewas
confirmed on a 1% agarose gel. Prior to testing
LAMP to confirm the Vibrio cholerae genome,
conventional PCR method using the following
primers and PCR optimization method were used
for molecular diagnosis of Vibrio cholerae (Table
1.

PCR detection limit

Needed tests were done on clean water
and urban wastewater samples for PCR detection
limit. 1.35"107 CFU/mI bacteriawere detected, of
which 100 ml were inoculated into 10 ml spring
water and wastewater. As a result, contaminated
water and wastewater were diluted at a ratio of
1:100, that the number of bacteriareaches1.35™ 107
CFU/ml. PCR detection limit was calculated
according to this amount.

LAMPTest

6 specific primers, designed by Lockman
et al. based on Mibrio cholerae ctxA gene and
synthesized by Sigma Co., were used for LAMP
reaction. Sequencesof primersare shownin Table
3.

All factors, affectingthe LAMP reaction
were optimized to reproduce the desired fragment
well. After applying all effective factors, the
amount of materials and thermal cyclein LAMP
reaction are asfollows (Table 4).

Agarosegel electrophoresis

DNA sample extracted from Vibrio
cholerae was reproduced based on the optimized
LAMP method. Then, the product was analyzed
on 2% agarose gel electrophoresis. Variousfactors
affecting the replication process, such as the
amount of different materials and thermal
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conditionswere optimized to obtain the best resuilts.
Detection of LAMP productsusing fluor escent
SYBR Green hasahigh affinity for double-
stranded DNA and emitsgreen light after exciting
the fluorescent dye. Upon completion of LAMP
amplification reaction, , the results were assessed
according to the color changes by adding 1 ml of
diluted SY BR green sol ution to the reaction mixture.
In the case of the presence of target gene (ctxA),
green color (positive result) is created due to the
accumulation of grate products and binding of
SYBR green. Finally, Fluorescence intensity
increases by UV light and thus, positive samples
should be seen as bright green. But observing no
changesintheoriginal color of SYBR greenfrom
orange to green indicates that there is no target
gene and amplified products (negative result).

RESULTS
Confirmation of DNA Extraction
Electrophoresis was performed after

extracting DNA from Mibrio cholerae. Theimage
of desired DNA isvisibleat theleft of generuler (O

Table 1. Primer Sequences

Primer Primer Sequence

(F3) GCA AAT GAT GAT AAG TTA TAT CGG
(R3) GACCAGACAATATAGTTT GACC
Table 2. PCR Cycle

Cycle Time Temp Stage

1 Min5 Ccco4 Initial denaturation

30 Minl Ccco4 Denaturation
Minl Tm-3(51°C) Annealing
Sec30 Cce72 Extension

1 Min5 Cce72 Final extension
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Generuler bpplus-VIVANTIS)

DNA Confirmation: PCR reaction was
performed in 30 cycles after preparation of DNA,
the mixture of PCR and primers F3 and B3.
Electrophoresiswas performed.

Finally, a single sharp band was formed
with the size of 240 bp (in the expected range), that
indicatesthe compl ete accuracy of PCR conditions,
from the number of cycles to concentrations in
PCR reaction. Theimage of thedesired PCR product
bandisvisibleintherange of 240 bp at theright of
generuler (O Generuler kb plus-VIVANTIS).

PCR detection limit

PCR was performed for DNA samples
extracted from spring water and wastewater in
different dilutions. After adding 100 pl of bacteria
to 10 ml of spring water, and wastewater, 1 ml of it
was removed and the extraction was performed.
DNA obtained was then dissolved in 10ul of
distilled water and its PCR result was positive with
[ 11 and showed a sharp band in the desired range.
Thus, the DNA, dissolved in 1140 of H20, was
diluted at therate of 1:100 and its PCR result was

Fig. 1. DNA extracted from Vibrio cholerae

Table 3. LAMP primer sequences

Sequence (5'to 3') Primer
TCTGTCCTCTTGGCATAAGACGCAGATTCTAGACCTCCTG CtxA-FIP
TCAACCTTTATGATCATGCAAGAGGCTCAAACTAATTGAGGTGGAA CtxA-BIP
GCAAATGATGATAAGTTATATCGG CtxA-F3
GACCAGACAATATAGTTTGACC CtxA-B3
CACCTGACTGCTTTATTTCA CtxA-LF
AACTCAGACGGGATTTGTTAGG CtxA-LB
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positivewith|il. PCR wasperformed for genomic
DNA in different dilutions to determine the
detection limit. PCR samples were reported
positive (Figure 3). Finally, bacteriadetection limit
was obtained 33CFU/m.
LAMP Confirmation

LAMP reaction was performed after a
positive PCR and the confirmation of DNA
accuracy and the presence of ctxA gene. The
reaction was performed in different amounts of
materials. LAMP product was centrifuged for 2
min at rpm 10000 after completion of thereaction.
Finally, turbidity was visually observed my
magnesium pyrophosphate (Figure4). 1ul SYBR
green was added to LAMP products to confirm
them and seen by UV spectrometry and the result
reported was positive (Figure 5).

Table 4. Concentrations in LAMP reaction

Material Stoke Thefinal
concentration  concentration
of eachreaction
dNTP mM 10 mM1/0- mM4/0
LAMP buffer X10 X1
BSM Polymerase Uil us
Enzyme
MgSO, mM100 mM?-mMS
FIPBIP Primer iM10 il 8/0
LF,LB Primer iM10 i18/0
B3,F3 Primer iM10 iM2/0
Betaine M5 M4/0

o™ 11y P Dk i, pty Ao
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Line 1: PCR-positive sample diluted 1:20
Line 2: PCR-positive sample diluted 1:50
Line 3: PCR-positive sample diluted 1:100

Fig. 3. PCR product samples
extracted in different dilutions
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The resulted sample was confirmed by
electrophoresis to confirm LAMP reaction
accuracy (Figure6).

DISCUSSION

Cholera is an ancient disease and has
been remained endemic in many parts of the
developing world and yet, causes many deaths
annually (16). Vibrio cholerae is a water-borne
pathogen, which causes gastrointestinal
symptomssuch asdiarrhealike-rice and vomiting.
Epidemic choleraiscreated by toxigenic strains of
serotypes O1 and O139. These strains are often
found inwater contaminated with the bacteria (17).

Virulence of Vibrio cholerae is due to having
choleraetoxin genes(ctx) (18). So, because Vibrio

Thansabi ™1 1 Fion DA Linidee. eyl

LT

Fig. 2. PCR product of Vibrio cholerae 01 ctxA gene

Sample 1: positive sample, observation of turbidity caused
by the accumulation of white precipitate of magnesium
pyrophosphate

Sample 2: negative sample, with no turbidity

Fig. 4. detection by visual turbidity
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cholerae is one of the most important globally
recognized infectious factors and cholera disease
is always considered as pandemic or endemic,
therefore, its early detection has a special
importanceand itisrequired to find amethod able
to test many samples in a short time with a high
sensitivity (19, 20). Traditional detection methods
used to identify Vibrio cholerae are time
consuming and laborious. In addition, traditional
methods have low sensitivity for patient samples
(especially in patients who have previously
received antibiotic treatment). Itisalsodifficultto
identify it in caseswith low number of bacteriain
thesample. Mibrio choleraecellsmay also enter
the VBNC state (viable but uncultivable) in poor
diet and physical stress. This could be an
explanation for thefailure of traditional cultivation
methodsto isolate this organism from contaminated
waters and food samples during an outbreak
through food (21, 22). Detection methods, based
on nucleic acid such as polymerase chain reaction
(PCR) and other molecular techniques, are proper
alternatives for culturing and microscopy,
especially for environmental samples. However,
detection can be performed more quickly by these
molecular techniques. Therange of sensitivity and
the specificity of molecular methods are
comparable or even better than conventional
culturing methods (19). In this study, PCR method
wasfirstly used asarapid diagnostic method using
specific primers designed based on Vibrio

Microtube 1: positive sample after adding SYBR green
Microtube 2 negative sample after adding SYBR green

Fig. 5. Detection by SYBR green under UV,
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cholerae ctxA gene. The primers used to detect all
pathogenic serotypes of Vibrio cholerae, because
all pathogenic serotypes have Vibrio cholerae
toxin genes. Given that PCR was able to detect
Vibrio cholerae samples, but it had some
disadvantage, such asits duration compared with
LAMP molecular methods and the use of expensive
equipment, aswell asthe use of substances harmful
to humans. This study, with the aim of resolving
the disadvantages of the methods mentioned,
attempted to provide arapid and sensitive method
for the identification of the bacteria. So, LAMP
method was used to detect Mibrio choleraein water
and wastewater as a detection method more
superior than PCR. This method is faster, easier
and with more features compared to conventional
PCR methods. Moreover, because alarge amount
of DNA is produced in LAMP method, far more
byproducts are also produced. One of the
byproducts is pyrophosphate that makes a white
precipitate of magnesium pyrophosphate with
magnesium ions present in the reaction mixture
and causes the reaction mixture becomes turbid.
Thus, the amplified product can be detected from
the created turbidity (23).

Yamazaki et al. examined the sensitivity
of LAMP method for detection of toxin-producing
strains of Vibrio cholerae O1 compared to
conventional PCR methods. They prepared serial
dilutions using phosphate buffer from strains
growninAPW. Intheir study, LAMPreaction was

Line 1: negative control
Line M: marker 1kb (1kb Plus O ‘Gene ruler, Fermentas).
Line 2: LAMP laddering band

Fig. 6. LAMP product
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positive upto 0.1 CFU, but conventional PCR was
positiveupto 1.4 CFU. They concluded that LAMP
method iseasier and faster and more sensitive than
conventional PCR methods in detecting toxin-
producing Vibrio cholerae (23).

Okadaet a. also used LAMP method to
identify Vibrio choleraewith ctxA geneinclinical
samples. They also used different times from the
method, but reported 60 minutes as the best time
for 64 °C. Inthisway they were ableto detect 0.54
CFU in each reaction using purified DNA. While
the sensitivity of PCR assay for theidentification
of this gene was lower than the LAMP method in
their study and PCR was able to detect only 54
CFU ineach reaction (24).

Various optimizationswere conducted in
this study and showed that the sensitivity of both
methodsisthe samein the detection of bacteriain
water and domestic wastewater and detection
limitsof PCR and LAMPfor Vibrio cholerae was
33 CFU/ml. But 4 to 5 hoursis required for gel
electrophoresis and gel staining in the
conventional PCR method for DNA amplification,
while thereis only atwo-step DNA extraction of
sample and amplificationin LAMP method, which
is done in 35 to 70 min. Additionally, DNA
amplification in LAMP method is confirmed
visually, without the need for electrophoresis.

CONCLUSON

Dueto the high sensitivity and specificity
of LAMP, aswell asthelack of the need for skilled
personnel and expensive equipment, and also
because thismethod issimpler and less costly and
time saving, can be a good alternative to
conventional PCR methods to identify Vibrio
cholerae and other infectious agents.
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