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ABSTRACT
Background. Metronidazole susceptibility and the presence of Trichomonas vaginalis virus (TVV) are the phenotypes
found to be significantly correlated with the microsatellite-based genotypes of T. vaginalis. These phenotypes were
assessed in T. vaginalis isolates from select urban areas to determine preliminary “type” of Philippine T. vaginalis.
Methods. Culture and microscopy were used to detect T. vaginalis in vaginal swab samples collected from women
attending social hygiene clinics in Metro Manila and Angeles City, Philippines. Screening of TVV on T. vaginalis was
performed using RNA gel electrophoresis and RT-PCR. A modified protocol for metronidazole susceptibility assay was
used to determine the aerobic minimum lethal concentration (MLC) of metronidazole in axenized T. vaginalis isolates.
Results. A total of 42 T. vaginalis were screened for the presence of TVV and assayed for metronidazole susceptibility.
TVV was detected in 13 of the isolates. All but one of the samples was susceptible to metronidazole.
Conclusion. This is the first study to assess the in vitro metronidazole susceptibility of Philippine T. vaginalis
isolates. The isolates are generally susceptible to metronidazole even with the presence of TVV. The metronidazole
susceptibility and presence of TVV are not enough to classify the isolates into type 1 or type 2.
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Metronidazole is the drug of choice for the standard
treatment of trichomoniasis. It is a 5-nitroimidazole
compound with 85-95% efficacy against trichomoniasis, the
most widespread non-viral sexually transmitted infection
(STI) worldwide with approximately 276.4 million incident
cases every year.1,2 Trichomonas vaginalis, the causative agent
of human trichomoniasis, may harbour double-stranded
RNA virus classified as Trichomonas vaginalis virus (TVV).
The endosymbiont TVV can cause upregulation of human
pro-inflammatory reaction to the protozoon and has been
associated to metronidazole susceptibility.3,4 Metronidazole
susceptibility and the presence of TVV have been noted to
be of high association to the microsatellite-based genotypes
of T. vaginalis: type 1 is sensitive to metronidazole and often
TVV-infected whereas type 2 is resistant to metronidazole
and TVV-free.5
In the Philippines, a network of social hygiene clinics
(SHC) provides a weekly STI screening and treatment of
female “entertainment workers” in over 140 cities and reports
on the prevalence of T. vaginalis.6-9 Our group has recently
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reported the presence of TVV in Philippine T. vaginalis
isolates, however, studies on the protozoon’s metronidazole
susceptibility is still lacking.10 With the availability of data
on the TVV-infection and metronidazole susceptibility of
T. vaginalis, typing of Philippine isolates based on these
phenotypes can be performed. This study determined
the presence of TVV and metronidazole susceptibility of
T. vaginalis.

Methods
Sample Collection

Ethical approval for this study was obtained from the
Ethics Review Committee of the Philippine Department
of Health. Seven SHCs in three cities in Metro Manila
and two SHCs in Angeles City participated in this study
(Figure 1). The participants from Metro Manila were female
SHC attendees that were employed in spas, massage parlors
and entertainment clubs while Angeles City participants
were registered female sex workers. Women attending the
SHCs were informed and had consented into giving vaginal
swab samples prior to swab collection by the assisting
certified medical personnel.

Figure 1. Location of sampling sites (shaded) in Luzon
Philippines: Angeles City, Pampanga and Metro
Manila. The detailed map on the right shows the three
cities in Metro Manila that participated in this study.

The swab samples were inoculated in tubes with BI-S33 medium supplemented with 10% heat-inactivated horse
serum, 500 µg/ml streptomycin and 500 U/ml penicillin.11
The inoculated samples were then transported to the
laboratory within 24 hours and incubated at 37⁰C for 24
to 72 hours. Microscopic examination was done every 24
hours to detect growth of T. vaginalis. Samples with motile
T. vaginalis were subcultured and axenized by continuous
passage in the same medium under similar conditions.

TVV Detection through RNA Gel Electrophoresis
and RT-PCR

The total RNA of axenized, 24-h old T. vaginalis
was extracted using the TRIzol reagent (Ambion, Life

554

ACTA MEDICA PHILIPPINA

Technologies, Carlsbad, CA, USA). The manufacturer’s
protocol was followed in the extraction of RNA. TVV
screening on protozoans from Metro Manila and Angeles
City was performed through RNA gel electrophoresis.12
Briefly, the denaturation reaction consisting of 2 µL RNA,
2 µL 10X MOPS (3-(N-morpholino)-propanesulfonic
acid) electrophoresis buffer in DEPC-treated water, 4 µL
formaldehyde, 10 µL formamide and 1 µL ethidium bromide
in DEPC-treated water (200 µg/mL) was incubated for 60
min at 55⁰C. After incubation, samples were chilled for
10 min in iced water, centrifuged, and added with 2 µL of
formaldehyde gel-loading buffer. The gel-loading buffer
is made up of 50% glycerol diluted with DEPC-treated
water, 10 mM EDTA, pH 8, 0.25% (w/v) bromophenol
blue, 0.25% (w/v) xylene cyanol FF. The samples were then
loaded to 1.5% agarose gel with 2.2 M formaldehyde (1.5 g
agarose, 72 mL sterile distilled water, 10 mL 10X MOPS
electrophoresis buffer, 18 mL formaldehyde) submerged
in 1X MOPS electrophoresis buffer. Electrophoresis was
set at 4-5 V/cm for 4-5 hours. The gel was then visualized
under UV light and samples presenting a band of 4.0- 5.5 kb
was considered positive for TVV. The screening of TVV in
samples from SHC in Angeles City was done using reversetranscription polymerase chain reaction (RT-PCR). The
OneStep RT-PCR kit (Qiagen GmbH, Hilden, Germany)
and TVV species-specific primers were used to amplify the
complementary DNA (cDNA) of the target viral genes.13 The
RT-PCR reaction mix (50 µL) consists of 1X Q-buffer, 400
µM of each dNTP, 0.6 µM of each primer, 2 µL of enzyme
mix, and 1 µL of total RNA extract. Reverse transcription
was conducted at 45⁰C for 30 min. The amplification of
cDNA was performed using the following conditions: 95⁰C
for 15 min for initial activation, 35 cycles of 94⁰C for 10 sec,
50⁰C for 1 min, 68⁰C for 4 min; and 68⁰C for 10 min for
final extension. Amplicons were visualized under UV light
in 1.5% agarose gel with SYBR Safe stain (Invitrogen, Life
Technologies, CA, USA). Samples presenting an amplicon
size of around 500 bp were considered positive for TVV.

Metronidazole Susceptibility Assay

A modified protocol of metronidazole susceptibility
assay in aerobic condition was adapted to microplate
setting and performed in triplicates.14,15 Briefly, axenic T.
vaginalis were cultured for 24 hours then quantified using
hemocytometer prior to the assay. The estimated density
of T. vaginalis was 1 x 106 cells/ml. In a microtiter plate,
each well was filled with 150 µl of T. vaginalis culture
added with 50 µL of BI-S-33 medium incorporated with
decreasing dose of metronidazole (from 400 to 0.2 µg/mL).
DMSO served as the drug carrier and negative control. The
motility of T. vaginalis in each well was observed under light
microscope after incubation at 37⁰C for 48 h. The minimum
lethal concentration (MLC) was determined as the lowest
concentration of metronidazole in which no motile cells
was observed.
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Results
A total of 1,171 vaginal swabs were collected from
women attending SHCs in Metro Manila and Angeles City.
Culture method revealed that 111 samples were positive for
T. vaginalis. Axenization of the cultures through sequential
subculture and antiprotozoal assay was successfully done
on 42 samples. Figure 2 shows the matrix of the samples in
this study.

Table 1. Metronidazole MLC of T. vaginalis isolates under
aerobic conditions
Metronidazole MLC*
(µg/mL)
0.2
0.4
0.8
1.6
3.1
6.3
12.5
25.0
50.0
100.0
200.0
400.0
Total

No. of T. vaginalis
TVV-infected
TVV-free
2
3
6
2
2
14
2
5
3
2
1
13
29

* T. vaginalis with metronidazole MLC ≥ 50 µg/ mL under aerobic
conditions is considered resistant.

Figure 2. Matrix of Metro Manila and Angeles City samples.
The percentage distribution of swab samples on
the sampling locations with and without T. vaginalis
and those subjected to metronidazole susceptibility
assay is shown.

Twelve concentrations of metronidazole were
considered in determining the MLC values of the 42 axenic
T. vaginalis cultures. Table 1 shows the metronidazole MLC
values of the isolates under aerobic conditions. All but one
of the isolates was susceptible to metronidazole. Samples
that have aerobic MLC of ≥50 µg/mL metronidazole
were considered resistant strains.16 Forty one samples were
susceptible to metronidazole (MLC: 0.8-25 µg/mL) and
one sample has low resistance to metronidazole (MLC:
100 µg/mL).
Of the 42 isolates tested for metronidazole susceptibility,
13 were found to harbor TVV. The virus was detected in
both metronidazole-susceptible and -resistant isolates as
shown in Table 1.

Discussion
Two clinical phenotypes, metronidazole susceptibility
and presence of TVV, were noted to be highly associated
to the microsatellite-based, two-type population structure
of T. vaginalis.5 The high association of these phenotypes
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to the genotypes suggests that they may be used in typing
T. vaginalis, however, the results of this study suggests
otherwise. Typing of Philippine T. vaginalis using these
phenotypes was not possible since TVV was detected in
both metronidazole-susceptible and -resistant T. vaginalis
(Table 1). The results are in agreement with earlier
studies noting the lack of association between TVV and
metronidazole-resistance in T. vaginalis.17,18
The nitroimidazoles – metronidazole and tinidazole –
are the only antimicrobials known to be effective against
trichomoniasis and are the only drugs with FDA approval
for oral and parenteral treatment of trichomoniasis.19 With
the very limited choice of drug against trichomoniasis, the
emergence of nitroimidazole-resistant T. vaginalis is alarming
especially in areas with relatively high rates of nitroimidazoleresistant T. vaginalis strains. Resistance to metronidazole,
believed to be acquired through a series of mutations, affects
the gene expression of proteins needed for drug activation.
Mutations lead to drug resistance in a multistep fashion of
aerobic to anaerobic resistance.20 This study showed that T.
vaginalis from women in select regions in the Philippines
were generally susceptible to metronidazole. The number of
metronidazole-susceptible isolates with only a single case
of low-level metronidazole-resistance indicate that cases
of trichomoniasis in Metro Manila and Angeles City can
still be treated with metronidazole.21 However, it must be
noted that the treatment of participants with metronidazolesusceptible and -resistant T. vaginalis is not under the scope
of this study. Proper SHC authorities were notified of the
results and the authors were kept blind on the action of the
SHC physician and the response of the participants.
TVV was detected only in T. vaginalis from Angeles City.
This suggests that high-risk individuals have high chances
of having both the protozoon and its endosymbiont virus found to upregulate the inflammatory reaction in an in vivo
host-protozoon-virus-bacteria environment.3 Female sex
workers from Angeles City are high-risk individuals while
ACTA MEDICA PHILIPPINA
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employees of spa and clubs from Metro Manila are classified
as medium-risk individuals. The medium-risk group is the
bridging subpopulation since they may have sexual contact
with individuals that have low- or high-risk of STI exposure
while high-risk individuals experience high rates of STI
exposure.2 Sex workers are often exposed and not in control
of risk factors like multiple sex partners, unprotected sexual
intercourse, and unsafe working conditions.22
This study was restricted by the viability and axenization
of the protozoon as shown in the matrix of the samples
(Figure 2). The axenization and maintenance of T. vaginalis
in culture was done by continuous passage in broth medium
with antibiotics. However, loss of viability of the protozoon
was encountered in the laboratory. Bacterial contamination
is a major problem in the culture of T. vaginalis even with the
addition of antibiotics in the medium.23 Upon axenization,
immediate nucleic acid extraction and metronidazole
susceptibility assay must be performed. Additionally, typing
of T. vaginalis using other markers and a collaborative study
with medical staff to establish the prevalence and clinical
factors or consequences of harboring metronidazole-resistant
T. vaginalis are warranted.
In summary, susceptibility to metronidazole was
observed in both TVV-infected and TVV-free T. vaginalis,
thus, phenotype-based typing of Philippine T. vaginalis
isolates was not made. In general, Philippine T. vaginalis
isolates have zero to low resistance to metronidazole.
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