ISSN (Print) 0023-4001
ISSN (Online) 1738-0006

Korean J Parasitol Vol. 54, No. 3: 329-334, June 2016
http://dx.doi.org/10.3347/kjp.2016.54.3.329

▣ BRIEF COMMUNICATION

Loop-Mediated Isothermal Amplification Targeting Actin
DNA of Trichomonas vaginalis
Youn-Kyoung Goo1, Won-Sik Shin2, Hye-Won Yang1, So-Young Joo1, Su-Min Song1, Jae-Sook Ryu3,
Hyun-Hee Kong4, Won-Ki Lee5, Dong-Il Chung1, Yeonchul Hong1,*
Department of Parasitology and Tropical Medicine, Kyungpook National University School of Medicine, Daegu 41944, Korea; 2Department of
Obstetrics and Gynecology, Shinsegae Women’s Hospital, Daegu 41535, Korea; 3Department of Environmental Biology & Medical Parasitology,
Hanyang University College of Medicine, Seoul 04763, Korea; 4Department of Parasitology, Dong-A University College of Medicine, Busan 49201,
Korea; 5Center of Biostatistics, Kyungpook National University School of Medicine, Daegu 41944, Korea
1

Abstract: Trichomoniasis caused by Trichomonas vaginalis is a common sexually transmitted disease. Its association
with several health problems, including preterm birth, pelvic inflammatory disease, cervical cancer, and transmission of
human immunodeficiency virus, emphasizes the importance of improved access to early and accurate detection of T.
vaginalis. In this study, a rapid and efficient loop-mediated isothermal amplification-based method for the detection of T.
vaginalis was developed and validated, using vaginal swab specimens from subjects suspected to have trichomoniasis.
The LAMP assay targeting the actin gene was highly sensitive with detection limits of 1 trichomonad and 1 pg of T. vaginalis DNA per reaction, and specifically amplified the target gene only from T. vaginalis. Validation of this assay showed
that it had the highest sensitivity and better agreement with PCR (used as the gold standard) compared to microscopy
and multiplex PCR. This study showed that the LAMP assay, targeting the actin gene, could be used to diagnose early infections of T. vaginalis. Thus, we have provided an alternative molecular diagnostic tool and a point-of-care test that may
help to prevent trichomoniasis transmission and associated complications.
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Trichomoniasis, which is caused by the protist, Trichomonas
vaginalis, is one of the most common non-viral sexually transmitted infections, with an estimated prevalence of 276 million
new infections worldwide each year [1,2]. T. vaginalis infection
causes vaginitis and cervicitis, and is associated with serious
complications, such as preterm birth, pelvic inflammatory disease, infertility, and an increased risk of co-infection with human immunodeficiency virus [3-9]. However, more than 50%
of T. vaginalis infections in women are asymptomatic and remain undiagnosed [10]. Thus, early diagnosis and treatment
of these infections, especially those that are asymptomatic, are
imperative to alleviate this public health concern for women.
The most common clinical diagnostic test for T. vaginalis infection is microscopic examination of vaginal wet preparations
(or “wet mount”); however, the sensitivity of wet mounts for

detecting T. vaginalis is only 50-70% [11]. Recently, nucleic acid
amplification tests, such as PCR and transcription-mediated
amplification, using samples derived from vaginal swabs, have
been developed. These methods show an improved sensitivity
and specificity for the detection of T. vaginalis, compared to
microscopic examination and culture, with sensitivity ranging
from 64% to 100% [12,13].
Loop-mediated isothermal amplification (LAMP), which is
a relatively straightforward and sensitive technique based on
rapid DNA amplification under isothermal conditions, was recently developed to remove the need for sophisticated and expensive thermal cyclers [14]. LAMP involves the specific amplification of target DNA by a Bacillus stearothermophilus (Bst)
DNA polymerase, which has a high strand displacement DNA
synthesis activity. The assay is performed with a set of 4-6
primers that recognize independent regions of the target gene;
this improves the specificity and the speed of the amplification. Herein loop-structured amplicons are formed, which results in a typical ladder-pattern of multiple bands imaged after
DNA electrophoresis [15]. A positive reaction is easily determined by eye as turbidity [16] or fluorescence through the in-
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clusion of fluorescent detection dyes, such as SYBR green or
hydroxynaphthol, which can be detected using UV light
[17,18]. These features allow the use of LAMP assays to detect
many pathogenic organisms such as viruses, bacteria, fungi,
and parasites [19-22].
The present study was undertaken to develop a LAMP assay
detecting T. vaginalis and to validate the assay using vaginal
swab samples obtained from females visiting the obstetrics
and gynecology clinic with suspected T. vaginalis infections.
First, to select a target gene for the Trichomonas LAMP assay
with high sensitivity and specificity, LAMP primers were designed specific to several candidate genes, such as Tvk [23-25],
β-tubulin [26,27], and actin [28,29]; all of which were previously reported as PCR markers for the detection of T. vaginalis.
Sequences were retrieved from GenBank (Tvk, GenBank no.
XM_001579000; β-tubulin, GenBank no. L05468; actin gene,
GenBank no. AF237734), and LAMP primers were designed
based on previously described methods using the Primer Explorer program [30] (http://primerexplorer.jp/elamp4.0.0/index.html). LAMP primer sets for T. vaginalis consisted of F3
(forward outer primer), B3 (backward outer primer), FIP (forward inner primer), BIP (backward inner primer), LF (loop
forward primer), and LB (loop backward primer) (Table 1).
LAMP was performed in a Loopamp real-time turbidimeter
(Realoop-30; Eiken Chemical Co., Ltd., Tokyo, Japan) for 90
min at 64˚C in a 25 μl mixture containing 40 pmol each of FIP
and BIP, 5 pmol each of F3 and B3, 20 pmol each of LF and
LB, 1.4 mM deoxynucleoside triphosphates, 0.8 M betaine, 1
μl of Bst DNA polymerase (New England Biolabs, Ipswich,
Massachusetts, USA) with 2.5 μl of buffer (20 mM Tris–HCl,
pH 8.8; 10 mM KCl; 10 mM (NH4)2SO4; 8 mM MgSO4; and
0.1% Tween 20), and 1 μl of template DNA. In our experiments, the actin gene was the only target amplified among the
3 candidate genes (data not shown) and was selected for further experiments. An optimal temperature and time for the
LAMP reaction was determined using a cloned actin gene fragment (100 pg per reaction) under isothermal conditions at
Table 1. Primer sequences for T. vaginalis actin LAMP		
Primer
F3
B3
FIP
BIP
LF
LB

Sequence (5ʹ→3ʹ)
GCTTCTCACAGAGCGTGG
GCTCATTGCCGATTGTGATG
AGGGCGACATAGCAAAGCTTCTGCTTTCAACACAACAGCCG
TGCTGAAATGGAGAAGGCCGCCGTTGCCATCTGGAAGTGTG
CTTGATGTCACGAACGATTTCCTTT
TACAGACTCCTCCATCAACGT

temperatures ranging from 60˚C to 65˚C for 120 min, by
monitoring turbidity. Although amplification targeting of the
actin gene was detected at all tested temperatures, a threshold
value of absorbance (0.1) was reached fastest at 64°C (data
not shown). Nonspecific amplification was not detected in the
negative control (plasmid containing no insert) after at least
120 min of incubation. Thus, the subsequent LAMP reactions
were conducted at 64˚C for 90 min.
To assess sensitivity, actin LAMP was conducted with serially
diluted T. vaginalis genomic DNA ranging from 100 pg to 10 fg
per reaction. This actin LAMP amplified the targeted region at
each dilution from the highest concentration (1 ng per reaction) (Fig. 1A-C) to as little as 1 pg of T. vaginalis genomic
DNA per reaction; all concentrations tested reached the threshold value of absorbance (0.1) within 40 min (Fig. 1A). As
shown in Fig. 1B, a typical ladder pattern of amplified LAMP
products was observed by agarose gel (2.0%) electrophoresis
in lanes containing reactions performed with 1 pg to 1 ng of
template DNA (Fig. 1B, lanes 1-4). To determine the specificity
of the actin LAMP assay, the amplified LAMP products from
the T. vaginalis genomic DNA were digested with HindIII. The
sequence of the target region of actin contained this restriction
site, and the expected fragments were generated (Fig. 1B, lane
5). Amplified products of the positive reactions were also visually detectable using the Loopamp fluorescent detection reagent (FD; Eiken Chemical Co., Tokyo, Japan) under UV light
(Fig. 1C). Alternatively, DNA was extracted from approximately 1× 102 parasites, serially diluted 10-fold to the equivalent of
100 to 0.01 parasites per reaction, and used as a template for
the LAMP assays and PCR. The LAMP procedure amplified the
DNA of parasites diluted to a concentration equivalent to 1
parasite per reaction (Fig. 1D). Similarly, PCR amplified the
DNA of parasites at the equivalent dilution (Fig. 1E). Thus, the
detection limit of the LAMP assay was consistent with that of
PCR. The specificity of the T. vaginalis LAMP assay was evaluated with the genomic DNA of 3 known sexually transmitted
disease-associated species (Candida albicans, Chlamydia trachomatis, and Neisseria gonorrhoeae) and 3 pathogenic but trichomoniasis-unrelated protozoan parasites (Cryptosporidium parvum, Entamoeba histolytica, and Giardia lamblia) and 1 unrelated bacterial species (Escherichia coli). As shown in Fig. 1F, color
change (green) of the amplified LAMP products, with the Loopamp fluorescent detection reagent, was only observed for T.
vaginalis genomic DNA. The T. vaginalis LAMP assay showed
no detectable amplification of the other DNAs (brown).
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Fig. 1. Functionality of T. vaginalis actin LAMP assays. (A) LAMP on 10-fold serial dilutions of T. vaginalis genomic DNA (10 ng to 1 pg
per reaction) monitored by measuring absorbance. Distilled water was used as a negative control. (B) LAMP products were visualized by
gel electrophoresis. Lane 1, 1 ng; lane 2, 100 pg; lane 3, 10 pg; lane 4, 1 pg of T. vaginalis genomic DNA; lane 5, LAMP product after
HindIII digestion; lane 6, distilled water; lane M, 100-bp DNA marker. (C) LAMP products were visualized under UV light using the Loopamp fluorescent detection reagent. Lane 1, 1 ng; lane 2, 100 pg; lane 3, 10 pg; lane 4, 1 pg; lane 5, 100 fg; lane 6, 10 fg of T. vaginalis
genomic DNA; lane 7, distilled water. (D-E) T. vaginalis at a density of 1× 102 parasites/μl was serially diluted and tested using the LAMP
assay (D) and PCR (E) with F3 and B3 primers (Table 1). Lane M, 100-bp DNA marker; lane 1, 100; lane 2, 10; lane 3, 1; lane 4, 0.1;
lane 5, 0.01 parasite(s) per reaction; lane 6, positive control, 100 pg of plasmid DNA containing the LAMP targeting regions of actin
gene; lane 7, distilled water. (F) Specificity of LAMP primers for detection of T. vaginalis assessed using template DNA from other microbial species. Lane 1, T. vaginalis; lane 2, Candida albicans; lane 3, Chlamydia trachomatis; lane 4, Neisseria gonorrhoeae; lane 5, Cryptosporidium parvum; lane 6, Entamoeba histolytica; lane 7, Giardia lamblia; lane 8, Escherichia coli; lane 9, human genomic DNA. LAMP
products were visualized by a color change that was also observable by the naked eye under normal visible light.
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Table 2. Comparison of diagnostic methods among T. vaginalis detection (n= 50)						
Assay
Microscopy
Multiplex PCR
PCR
LAMP

No. positive
12
23
40
43

Sensitivity (95% CI) Specificity (95% CI)

PPV (95% CI)

NPV (95% CI)

Kappa

30 (17.1-46.7)
57.5 (41.0-72.6)

100 (65.5-100)
100 (65.5-100)

100 (69.9-100)
100 (82.2-100)

26.3 (13.9-43.4)
37 (20.1-63.2)

0.146 (0.037-0.256)
0.351 (0.161-0.542)

100 (89.1-100)

70 (35.4-91.9)

93 (79.9-98.2)

100 (56.1-100)

0.789 (0.562-1)

Sensitivity and specificity of the tests were determined using the PCR results as gold standard.						
PPV, positive predictive value; NPV, negative predictive value; CI, confidence interval.						

To validate the T. vaginalis LAMP, vaginal swab specimens
were obtained from 50 female patients, with clinical suspicion
of trichomoniasis, visiting obstetrics and gynecology clinics.
These samples were subjected to the LAMP assay and 3 alternative available methods of T. vaginalis detection, including
microscopic examinations, PCR, and multiplex PCR. The
study was approved by the Institutional Review Board of
Kyungpook National University Hospital (IRB no. KNUH
2013-04-051). Wet mount microscopy was performed at the
clinic and classified as positive when motile trichomonads
were observed. Genomic DNA was extracted from vaginal
swab specimens using a QIAamp DNA mini kit (Qiagen,
Hilden, Germany) and the diagnosis of T. vaginalis infection
was made using the results of multiplex PCR and PCR that targeted Tvk [27] in triplicate, as previously described [31]. In this
study, PCR was used as a gold standard and the sensitivity,
specificity, positive predictive value (PPV), and negative predictive value (NPV) were calculated for each test (Table 2). The
percentage sensitivities and specificities with 95% confidence
intervals, differences in the sensitivities and specificities, and
the degree of agreement were determined a previously described [31]. Of the 50 female patients, 12 (24%), 23 (46%),
40 (80%), and 43 (86%) were determined to be T. vaginalis
positive using microscopy, multiplex PCR, PCR, and LAMP, respectively. All 40 positive specimens identified by PCR were
positive using the LAMP assay. When PCR was used as the
gold standard, the LAMP assay had the highest diagnostic sensitivity (P < 0.001) and better agreement (kappa value: 0.789)
with PCR than multiplex PCR and microscopy (Table 2).
These findings indicate that the LAMP assay had a higher sensitivity for detection of samples infected with T. vaginalis compared to that of multiplex PCR and microscopic examination
of wet mounts.
In this study, the LAMP assay was developed to detect T. vaginalis and was compared to currently available tests, including
microscopic examinations, multiplex PCR, and PCR, using 50

vaginal swab specimens. Being a diagnostic test for trichomoniasis, microscopic examinations of vaginal swab samples are
still routinely performed in primary clinics of South Korea. As
shown in Table 2, microscopic examinations had the lowest
sensitivity (30.0%) among the 4 tests performed in this study.
This result is noteworthy since misdiagnosis of T. vaginalis, resulting from use of a less accurate diagnostic method, would
result in a persistent infectious state, and may subsequently
lead to serious T. vaginalis-associated complications and possible transmission of the infection. Among the currently available tests, PCR is still the most sensitive and specific method
for T. vaginalis detection. However, the need for expensive laboratory equipment, trained specialists, and time-consuming
procedures limit the usefulness of PCR in the primary clinic.
In contrast, a LAMP assay does not require a thermal cycler
and can be performed with minimal laboratory facilities, such
as a heat block or a water bath, and yields results that can be
assessed by eye. The straightforward sample preparation for
molecular diagnosis reduces the risk of cross-contamination
and the turnaround time for diagnosis, therefore, we prepared
the crude cell lysates from vaginal swab specimens by direct
heat-treatment [32].
LAMP assays and PCR performed on heat-treated lysates
yielded the same results as those obtained using DNA extracted using a DNeasy tissue kit (data not shown). A T. vaginalis
LAMP assay, based on 2-kb repeated DNA species-specific sequence has recently been developed [33] and evaluated for its
sensitivity and specificity using spiked genital swabs and urine
specimens. However, the goal of the present study was to select
more efficient target DNA, through comparison of DNA amplification of candidate genes, and validate the assay using
clinically obtained specimens. Moreover, the results of the actin LAMP assay using heat-treated samples were consistent
with those of the LAMP assay using samples obtained from a
commercial kit. Thus, this T. vaginalis LAMP assay could eliminate the need for DNA extraction, without compromising as-
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say sensitivity, and reduce the time required to diagnose. Furthermore, individuals with low parasite density can provide
reservoirs for transmission, and thus an early and accurate diagnostic tool such as the one described herein could help to
prevent transmission of T. vaginalis infections.

ACKNOWLEDGMENT
This work was supported by a Biomedical Research Institute
grant, Kyungpook National University Hospital (2013).

CONFLICT OF INTEREST
We have no conflict of interest related to this work.

REFERENCES
1. Gerbase A, Rowley J, Heymann D, Berkley S, Piot P. Global prevalence and incidence estimates of selected curable STDs. Sex
Transm Infect 1998; 74(suppl): S12-S16.
2. Rowley J, Toskin I, Ndowa F, World Health Organization. Global
incidence and prevalence of selected curable sexually transmitted infections-2008. Geneva, Switzerland. WHO. 2012.
3. Fichorova RN. Impact of T. vaginalis infection on innate immune
responses and reproductive outcome. J Reprod Immunol 2009;
83: 185-189.
4. Cotch MF, Pastorek, JG, Nugent RP, Hillier SL, Gibbs RS, Martin
DH, Eschenbach DA, Edelman R, Carey CJ, Regan JA. Trichomonas vaginalis associated with low birth weight and preterm delivery. Sex Transm Infect 1997; 24: 353-360.
5. Kigozi GG, Brahmbhatt H, Wabwire-Mangen F, Wawer MJ, Serwadda D, Sewankambo N, Gray RH. Treatment of Trichomonas
in pregnancy and adverse outcomes of pregnancy: a subanalysis
of a randomized trial in Rakai, Uganda. Am J Obstet Gynecol
2003; 189: 1398-1400.
6. Moodley P, Wilkinson D, Connolly C, Moodley J, Sturm AW.
Trichomonas vaginalis is associated with pelvic inflammatory disease in women infected with human immunodeficiency virus.
Clin Infect Dis 2002; 34: 519-522.
7. Rendón-Maldonado J, Espinosa-Cantellano M, Soler C, Torres J,
Martínez-Palomo A. Trichomonas vaginalis: in vitro attachment
and internalization of HIV-1 and HIV-1-infected lymphocytes. J
Eukaryot Microbiol 2003; 50: 43-48.
8. Guenthner PC, Secor WE, Dezzutti CS. Trichomonas vaginalis-induced epithelial monolayer disruption and human immunodeficiency virus type 1 (HIV-1) replication: implications for the sexual transmission of HIV-1. Infect Immun 2005; 73: 4155-4160.
9. Kissinger P, Amedee A, Clark RA, Dumestre J, Theall KP, Myers L,
Hagensee ME, Farley TA, Martin DH. Trichomonas vaginalis treatment reduces vaginal HIV-1 shedding. Sex Transm Infect 2009;

36: 11-16.
10. Workowski KA, Berman S. Sexually transmitted diseases treatment guidelines, 2010. MMWR Recomm Rep 2010; 59: 1-110.
11. Radonjic IV, Dzamic AM, Mitrovic SM, Arsenijevic VSA, Popadic
DM, Zec IFK. Diagnosis of Trichomonas vaginalis infection: The
sensitivities and specificities of microscopy, culture and PCR assay. Eur J Obstet Gynecol Reprod Biol 2006; 126: 116-120.
12. Lawing LF, Hedges SR, Schwebke JR. Detection of trichomonosis
in vaginal and urine specimens from women by culture and PCR.
J Clin Microbiol 2000; 38: 3585-3588.
13. Schirm J, Bos PA, Roozeboom-Roelfsema IK, Luijt DS, Möller
LV. Trichomonas vaginalis detection using real-time TaqMan PCR.
J Microbiol Methods 2007; 68: 243-247.
14. Notomi T, Okayama H, Masubuchi H, Yonekawa T, Watanabe K,
Amino N, Hase T. Loop-mediated isothermal amplification of
DNA. Nucleic Acids Res 2000; 28: E63.
15. Mori Y, Notomi T. Loop-mediated isothermal amplification
(LAMP): a rapid, accurate, and cost-effective diagnostic method
for infectious diseases. J Infect Chemother 2009; 15: 62-69.
16. Mori Y, Nagamine K, Tomita N, Notomi T. Detection of loopmediated isothermal amplification reaction by turbidity derived
from magnesium pyrophosphate formation. Biochem Biophys
Res Commun 2001; 289: 150-154.
17. Goto M, Honda E, Ogura A, Nomoto A, Hanaki K. Colorimetric
detection of loop-mediated isothermal amplification reaction
by using hydroxy naphthol blue. Biotechniques 2009; 46: 167172.
18. Tomita N, Mori Y, Kanda H, Notomi T. Loop-mediated isothermal amplification (LAMP) of gene sequences and simple visual
detection of products. Nat Protoc 2008; 3: 877-882.
19. Han ET, Watanabe R, Sattabongkot J, Khuntirat B, Sirichaisinthop J, Iriko H, Jin L, Takeo S, Tsuboi T. Detection of four Plasmodium species by genus- and species-specific loop-mediated
isothermal amplification for clinical diagnosis. J Clin Microbiol
2007; 45: 2521-2528.
20. Tao ZY, Zhou HY, Xia H, Xu S, Zhu HW, Culleton RL, Han ET,
Lu F, Fang Q, Gu YP, Liu YB, Zhu GD, Wang WM, Li JL, Cao J,
Gao Q. Adaptation of a visualized loop-mediated isothermal
amplification technique for field detection of Plasmodium vivax
infection. Parasit Vectors 2011; 4: 115.
21. Patel JC, Oberstaller J, Xayavong M, Narayanan J, DeBarry JD,
Srinivasamoorthy G, Villegas L, Escalante AA, DaSilva A, Peterson DS, Barnwell JW, Kissinger JC, Udhayakumar V, Lucchi NW.
Real-time loop-mediated isothermal amplification (RealAmp)
for the species-specific identification of Plasmodium vivax. PLoS
One 2013; 8: e54986.
22. Karanis P, Ongerth J. LAMP--a powerful and flexible tool for
monitoring microbial pathogens. Trends Parasitol 2009; 25:
498-499.
23. Crucitti T, Van Dyck E, Tehe A, Abdellati S, Vuylsteke B, Buve A,
Laga M. Comparison of culture and different PCR assays for detection of Trichomonas vaginalis in self collected vaginal swab
specimens. Sex Transm Infect 2003; 79: 393-398.

334  Korean J Parasitol Vol. 54, No. 3: 329-334, June 2016

24. Kengne P, Veas F, Vidal N, Rey JL, Cuny G. Trichomonas vaginalis:
repeated DNA target for highly sensitive and specific polymerase
chain reaction diagnosis. Cell Mol Biol (Noisy-le-grand) 1994;
40: 819-831.
25. Lawing LF, Hedges SR, Schwebke JR. Detection of trichomonosis
in vaginal and urine specimens from women by culture and PCR.
J Clin Microbiol 2000; 38: 3585-3588.
26. Katiyar SK, Edlind TD. Beta-tubulin genes of Trichomonas vaginalis. Mol Biochem Parasitol 1994; 64: 33-42.
27. Madico G, Quinn TC, Rompalo A, McKee KT Jr, Gaydos CA. Diagnosis of Trichomonas vaginalis infection by PCR using vaginal
swab samples. J Clin Microbiol 1998; 36: 3205-3210.
28. Crucitti T, Abdellati S, Van Dyck E, Buve A. Molecular typing of
the actin gene of Trichomonas vaginalis isolates by PCR-restriction
fragment length polymorphism. Clin Microbiol Infect 2008; 14:
844-852.
29. Espinosa N, Hernández R, Lopez-Griego L, Arroyo R, Lopez-Vil-

lasenor I. Differences between coding and non-coding regions
in the Trichomonas vaginalis genome: an actin gene as a locus
model. Acta tropica 2001; 78: 147-154.
30. Notomi T, Okayama H, Masubuchi H, Yonekawa T, Watanabe K,
Amino N, Hase T. Loop-mediated isothermal amplification of
DNA. Nucleic Acids Res 2000; 28: E63.
31. Goo YK, Shin WS, Yang HW, Joo SY, Song SM, Ryu JS, Lee WM,
Kong HH, Lee WK, Lee SE. Prevalence of Trichomonas vaginalis in
women visiting 2 obstetrics and gynecology clinics in Daegu,
South Korea. Korean J Parasitol 2016; 54: 75-80.
32. Madico G, Quinn TC, Rompalo A, McKee KT, Gaydos CA. Diagnosis of Trichomonas vaginalis infection by PCR using vaginal
swab samples. J Clin Microbiol 1998; 36: 3205-3210.
33. Reyes JCB, Solon JAA, Rivera WL. Development of a loop-mediated isothermal amplification assay for detection of Trichomonas
vaginalis. Diagn Microbiol Infect Dis 2014; 79: 337-341.

