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Fusarium solani, as the most predominant agent of mycokeratitis, may also
occur as a mixed infection with HSV. Furthermore due to similarities in their clinical
features,   sometimes  it leads to  misdiagnosis. The aim of this research ,was the rapid
and accurate detection of F. solani as a main etiological agent or as a mixed infection in
cases suspected  to HSV. Accordingly, 65 negative, and 35 positive samples for HSV were
collected. LAMP technique with (TEF-1) as the target gene , was developed for   detection
of F. solani. The test was carried out in 1-h reaction at 65 °C in a heater block  . Using this
method for the total, 2 cases among the negative samples were found to be positive for F.
solani. All were rechecked by PCR and the results were the same. The specificity of the
test was 100% and its sensitivity was one copy of genome. It showed that, both   methods
were equal for this purpose. However, due to   advantages of the LAMP technique, it can be
a substitute for PCR, even in low technology laboratories. Besides this can be concluded,
some cases  suspected to herpeskeratitis ,are related to F. solani, which could be detected
by molecular methods.
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Fusarium solani has been reported as
the most common etiological agent of mycokeratitis
in many surveys1-10. It may also occur as a mixed
infection with herpes simplex virus (HSV)10.
Furthermore, the clinical features of fungal keratitis
are pleomorphic. The early stages of fungal ulcers
appear like a dendritic ulcer of HSV origin. These
features, sometimes, lead to misdiagnosis and
prompt treatment with antiviral drugs or
corticosteroids, ensuring treatment delays11.

Early and specific diagnosis is very

important to choose the best strategy for treatment.
Traditional identification and classification
methods primarily based on morphologic
characteristics require relatively much time to reveal
the final result, and sometimes it would be difficult
to identify the fungi because of atypical cultural
findings and a lack of sporulation. Therefore,
further research needs to focus on the development
of rapid, reliable and specific identification and
diagnostic methods1,3.

Molecular methods based on nucleic acid
sequencing, especially gold standard polymerase
chain reaction (PCR) method, are powerful tools
for diagnosis of fungal infections and specific
identification of etiological agent. However,
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because of the expensive equipments like
thermocycler needed for gold standard PCR
method, it cannot be used in low technology
laboratories. Loop-mediated isothermal
amplification (LAMP) is one of the molecular
techniques  that was initially designed by Notomi
and his colleagues in 2000. This method employs a
set of six primers that can recognize a total of eight
distinct sequences on the target DNA. These
primers are named FIP and BIP as inner primers, B3
and F3 as external primers, ,BLP and FLP as the
loop primers. In this method, strand displacement
DNA polymerase in isothermal conditions
(approximately 65 °C) eliminates the need for a
thermal cycler. The cycling reaction continues with
accumulation of 109 copies of target in less than
one hour (12, 13). Currently, LAMP is mainly applied
in the fields of medicine, virus detection, food
safety testing, and so forth, with a relatively lesser
application in Diagnosis of fungi, bacteria,
nematode, insects and protozoa14-19.

In the present study, LAMP method has
been established for rapid and specific diagnosis
of F. solani as a main etiological agent or as a
mixed infection, in corneal samples which were
suspected to herpetic keratitis. The results were
compared with the results of PCR reference method
by chi-square test.

MATERIALS   AND  METHODS

Extraction of DNA from standard strain
The standard lyophilized strain belonging

to bacterial and fungal collection of Iranian
Research Organization for Science and Technology
(IROST), PTCC NO. 5284 (UMAH 7419), was
cultured in sabouraud dextrose broth (SDB). After
one week incubation, 500 µl of the medium was
taken and centrifuged at 10000rpm for 2 min. The
supernatant was discarded and the sediment was
suspended in 100 µl dabbled distilled water (ddw).
Afterwards, DNA was extracted by DNG-plus
method.
Designation of specific primers for LAMP
technique

Primers were designed by Primer explorer
V4 based on transcription elongation factor (TEF-
1±) region of the organism genome (Table 1).
Reaction mixture for LAMP

LAMP reaction mixture was prepared as

following: DDW: 5.2 µl, Betaine 5Mol: 4µl, dNTP
(10 mM): 3.5 µl, 10X buffer: 2.5 µl, MgSo4 (100
mM): 1.8 µl, primer Mix(A): 1µl, primerMix(B): 1µl,
Bst DNA polymerase enzyme (New England
BioLabs;Lot:33/110806): 1 µl, target DNA
(extracted DNA from standard strain): 5 µl, and
total volume is 25 µl. primer Mix(A) contaning FIP,
BIP primers concentration are 40, 10 µl DDW in
100 µl total volume respectively, and  primer Mix
(B) containing LF, LB concentration are 20 , 60 µl
DDW in 100 µl total volume, respectively. The
reaction  followed by incubation at 65 °C for 1 h.
Analysis of LAMP product

At the end of the reaction, 1 µl of 0.1%
SYBER Green was added to each tube, and then
the tubes were visualized under UV light.
Identefication of LAMP  sensitivity and specificity

To determine the sensitivity of the test, a
serial dilution of fungal DNA from 1,000,000 copies
of DNA (10-1 dilution) to 1 copy of DNA (10-6

dilution) was prepared.
DNA of HSV, Streptococcus pneumoniae,

Staphylococcus aureus and some other species
of Fusarium except for solani including
oxysporum, verticillioides, poea, graminearum
and prolifratum were used for specificity test.
Reaction mixture for PCR

The mt cytb gene was considered as a
target gene for PCR, and ffuso1 (5'-CTC TGT TAA
TAA TGC AAC TC-3') and rfuso2 (5'-TGG TAC
TAT AGC TGG AGG A-3') were used as specific
PCR primers (1). PCR was carried out in a total 25 µl
reaction mixture containing 5µl DNA sample, 2.5 µl
PCR 10x buffer, 1 µl of forward and reverse specific
primer 10 mM, 0.75µl MgCl2 (50 mM),0.5 µl dNTP10
mM, 0.4 µl Taq DNA polymerase 5u/µl followed by
primary denaturation at 94 °C for 2 min, cycles
denaturation at   94 °C for 1 min, polymerization at
72 °C for 2 min, and final polymerization at 72 °C for
10 min.  The total number of cycles was 35. The
sensitivity and specificity of the test were evaluated
by the same method described for LAMP
technique.
Analysis of PCR product

The electrophoresis of the reaction
product was carried on the agarose gel containing
1/5% syber green (sina colon Cat.No.: MR7730C)
in  TBE 0/5 x buffer.
Clinical sample collection and extraction of
samples DNAs
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100 samples of DNA which were extracted
by DNG method from scrapping of ocular ulcer
suspected to herpetic keratitis were collected. 65
of them were found to be negative for HSV, while
35 of them were observed to be positive for this
virus using both LAMP and PCR methods. The
samples belonged to Farabi hospital.
Application of optimized LAMP and PCR test for
the clinical samples

Both of the optimized LAMP and PCR
tests were carried out using the entire 100 DNAs,
and the results were compared by chi-square test.

RESULTS

At the end of the LAMP reaction, after
adding 5µl SYBR Green to each tube, the positive
reaction tube was specified by a bright green
flouresence under UV 366 nm light, while in
negative control and negative reaction tubes no
flouresence was observed under UV light ( Fig.
1a).  In parallel, the PCR products were confirmed

by electrophoresis on 1.5% agarose jel; the size of
PCR product was 330bp and the target gene was
mt cyt b (Fig. 1b).

The results of specificity test indicated
that there was no cross reactivity in LAMP
technique and its specificity for detection of F.
solani was 100% (Fig. 2a).The same results were
obtained by PCR method (Fig. 2b). The detection
DNA limit of LAMP technique is one copy of
genome(Fig. 3b).  The same results were obtained
by PCR test(Fig. 3a).

Using the LAMP method for 100 clinical
samples, 2 out of 65 negative samples for HSV
were found to be positive for F. solani (Figs. 3a).
However, among the 35 positive samples for HSV,
no positive case for F. solani was detected (data
not shown). The same results were obtained by
the PCR test (Fig 3b). Comparison of the results of
the two methods by chi-squared test revealed that
both of them are equal for diagnosis of F. solani in
corneal samples.

Table 1. Features  of primers

Name of primer Sequence of primer

F3fso 5’-GCTTCTCCCGAGTCCCAA-3’

B3fso 5’-AGGAACCCTTACCGAGCT-3’

FIPfso 5’-CTTTGTCCAACGTCGCCCGAGTTTTGCGGTTCGACCGTAAT-3’

BIPfso 5’-AACACCAAACCCTCTTGGCGCAGCGGCTTCCTATTGTTGAA-3’

Lbfso 5’-GCATCACGTGGTTCATAACAGACA-3’

Lffso 5’-GGGGTAAATGCCCCACCAAAAA-3’

Fig. 1(a). LAMP optimization
1: Positive reaction
2: Negative reaction

Fig. 1 (b). PCR optimization
1: Size marker 1kb termoscientific
2: Positive control (330bp)
3: Negative control
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Fig. 2a: 1: Streptococcus pneumoniae Fig. 2b: 1: Middle Range DNA Ladder 1113      Termoscientific
2: HSV 2: F.solani
3: F. solani 3: HSV
4: Staphylococcus aureus 4: Streptococcus pneumoniae
5: F. oxysporum 5: Staphylococcus aureus
6: F. verticillioides 6: F. oxysporum
7: F. poea 7: F. verticillioides
8: F. graminearum 8: F. poea
9: F. prolifratum 9: F. graminearum

10: F. prolifratum

Fig.3a: 1: Positive control Fig. 3b: 1: Size marker DNA Ladder 1Kb Termoscientific
2&3: Positive sample 2: Positive control
4: Negative sample 3: Negative control
5: Negative control 4: Positive sample

5: Negative sample

DISCUSSION

F. solani  is the most virulent Fusarium
species, which has been reported as an species
most frequently isolated from mycokeratitis cases,
over the last two decays1-10. However, the
epidemiological pattern of Fusarium keratitis
varies from country to country10, 11. As it mentioned
before, it may   also occur as a mixed infection with
herpes simplex virus. Moreover, similarities in its
clinical features sometimes lead to misdiagnosis11.
Early identification of Fusarium at the species level
is very important. It has a high level of resistance
to several antifungal drugs, on the other hand, the
different species have different patterns of
sensitivity to antifungal drugs. Thereby, sometimes

it may require combination therapy3, 20, 21.
Identification of the pathogen at genus

level is not difficult, while identification of it at the
species level requires a greater degree of expertise.
Traditional identifications are very time-
consuming, and they are based on morphological
methods which are cumbersome and requiring
adequate training. Consequently, the identification
of 33 to 55% of Fusarium isolates is either
erroneous or missing (3, 22). To solve these problems,
new molecular diagnostic tests have been
developed. PCR-based methods have been
developed to detect F. solani in corneal samples1,

2. Although these assays are effective for F. solani
detection, the necessity of utilizing relatively
expensive laboratory equipment limits their
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usefulness. On the other hand, LAMP can be
performed with minimal laboratory facilities such
as heating block or water bath. Furthermore, the
use of a fluorescent dye or visual assessment of
turbidity reduces the need for time-consuming
post-PCR procedures such as agarose gel
electrophoresis.

LAMP method is a very powerful tool for
identifying species, particularly, in a mix infection.
Because of using six primers for target gene in this
technique, it is highly specific to identify species.
Some important factors, including efficacy of DNA
extraction and quality of designed primers, can
affect the sensitivity and specificity of the assay23-

25. In order to use molecular methods like RAPD,
RFLP and PCR for isolation of Fusarium, the DNAs
were previously developed26-28. The major objective
of the current study was to develop LAMP method
and further optimize it for specific, sensitive and
rapid detection of organisms directly in a sample,
even in a low technology laboratory.  In this study,
LAMP test was carried out in 1 h. However for the
same analysis by PCR method, the time consumed
was 3 h. In addition to rapidity, we observed an
equal level of sensitivity and specificity using the
LAMP method compared to gold standard PCR
test. In some other studies, a higher level of
sensitivity has been reported for LAMP method
as compared with PCR29-32. In general, LAMP offers
a better alternative, with its major advantages being
possibility of visual judgment by color, being time
saving, and being independent of costly PCR
apparatus and gel scanner.

As it mentioned above,quality of
designed primers and the sequences of elected
target genes can affect the sensitivity and
specificity of the molecular assays3, 29, 33. Different
molecular studies employ  richly varied sequences
of multiple loci such as elongation factor 1 (EF-
1)), -tubulin (-TUB), calmodulin (CAM), RNA
polymerase II second largest subunit (RPB2), the
nuclear ribosomal ITS region, domains D1 and D2
of the 28S ribosomal DNA (rDNA) large subunit
for Fusarium sp. identification.  However, the
available data clearly demonstrate that sequences
from the nuclear ribosomal Internal Transcribed
Spacer (ITS) region and domains D1 and D2 of the
28S ribosomal DNA (rDNA) large subunit are too
conserved to resolve most of the clinically

important fusaria at the species level. Moreover,
use of ( ITS) and ²-tubulin within F. solani species
complex should be avoided due to paralogous or
duplicated divergent alleles3, 34-36. In this study,
TEF-1 was considered as the target gene.
According to the reported results by Arif et. al.
(2012), this sequence was highly specific for F.
solani and did not show cross reaction with any
other similar species of Fusarium36. This agreed
with the results obtained in the current study. As
shown in Fig. 2a, the specificity of the test is 100%.
Therefore, the established test can precisely detect
F. solani in the sample and differentiate the
organism even in a mixed infection. Moreover, as it
can detect even one copy of genome in the sample,
this technique can be very effective for rapid and
accurate diagnosis of F. solani in ocular clinical
samples.

In the current study, no cases of F. solani
as a mixed infection were observed among the 35
positive samples.Perhaps, some more cases needed
to be examined to investigate the probability of
mixed infection. In the other group of samples,
among the 65 negative samples for HSV, two cases
were found to be positive for F. solani. Supposedly,
because of similarities in clinical features they had
been initially misdiagnosed as herpetic keratitis.

Early diagnosis is important to manage
the consequences of infections.  The results of
different researches have shown combination
therapy to be effective in curing fusarium
infections37-40.  LAMP, as a more recent molecular
technique for diagnosis, enjoys some advantages
like rapidity, sensitivity, cost effectiveness as
allowing for easy visual judgment of the result. To
the best of our knowledge, this is the first attempt
to establish this technique for detection F. solani
in corneal samples. The obtained results were
compared with the results of gold standard PCR
method by chi-squared test. Both tests were equal
for diagnosis of F. solani in corneal samples.
Considering the specificity and sensitivity of the
optimized test, it can be useful for precise
identification of pathogen at early stage of infection
and it can be used in every clinical laboratories
instead of PCR. This method can be suggested to
be applied for groups which also bear a high risk
for disseminated fusariosis.
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CONCLUSION

The results of this study indicate that
some cases of corneal infection suspected to
herpetic keratitis are due to F. solani which can be
detected by molecular methods. Some advantages
like rapidity, accuracy and simple equipments
required for LAMP assay have made a better
alternative for gold standard PCR even in low
technology laboratories.
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