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Abstract

Background: Metronidazole, a 5-nitroimidazole derivative, is the main antitrich-

omonal agent of choice for treatment of trichomoniasis. Since 1962, some cases of
treatment failure with metronidazole have been reported and recently drug resistance is now on the rise in the world. This study was aimed to determine current
Keywords:
susceptibility of Iranian isolates of Trichomonas vaginalis to metronidazole.
In vitro,
Methods: This study was performed on 50 T. vaginalis isolates collected from west
Iran,
and central areas of Iran. After axenisation of the parasites, susceptibility testing
Metronidazole,
was carried out by using serial twofold dilutions of metronidazole (400 to 0.1
Parasitic sensitivity
µg/ml). The minimum inhibitory concentration (MIC) and the minimum lethal
tests,
concentration (MLC) of the trichomonads were determined after 48 h incubation
Trichomonas vaginalis
at 35.5 °C. Drug susceptibility assays of the all isolates were carried out two times
in triplicate under aerobic and anaerobic conditions.
*Correspondence
Results: Ninety-eight percent of the T. vaginalis isolates (49/50) were sensitive to
Email:
metronidazole. Metronidazole resistance was defined as aerobic MIC ≥50 µg/ml,
rezaiian@sina.tums.ac.ir detected in one isolate. The means of aerobic MICs and MLCs and that of anaerobic MICs of the parasites were 2.91, 1.95 and 0.28 µg/ml, respectively.
Conclusion: This investigation showed in vitro low-level tolerance to metronidazole in a few T. vaginalis isolates that may be leading to the development of drug
resistance.
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Introduction

T

richomonas vaginalis, an anaerobic flagellated protozoan, is responsible for
human urogenital trichomoniasis with
notable prevalence in the worldwide. Trichomoniasis, known as a common sexually
transmitted disease (STD), is often accompanied with other STDs and suspected of increased risk of infection with other microbes
considerably HIV, cervical neoplasia and adverse pregnancy outcomes (1-5). The various
biological behaviors of T. vaginalis is one of the
most striking points of the parasite so that
clinical features of the disease can be observed
differently, ranged from severe to mild or
without clinical manifestations (6).
Drug resistance and treatment failure are the
two most important issues of trichomoniasis.
The nitroimidazole compounds are the only
drugs of choice for treatment of the infection
and cleared by the Food and Drug Administration (FDA) in the United State (7). The
recommended drug regimens are metronidazole or tinidazole 2 g orally in a single dose
and alternative regimen is metronidazole 500
mg orally twice a day for 7 d, CDC 2010. The
cure rate of metronidazole and tinidazole therapeutic regimens for trichomoniasis is 90-95%
and 86-100%, respectively (7). Two to five
percent of clinical trichomoniasis posses some
level of drug resistance to metronidazole, the
common antitrichomonal agent (7). Present of
T. vaginalis parasite, after two recommended
successive courses of metronidazole, is considered as clinical resistance reported since
1962 (8, 9). Clinical treatment failure can be
due to drug inactivation by vaginal bacterial
flora, defective absorption or delivery of drug
to the target site, reinfection and incomplete
treatment and finally, may be primarily caused
by parasite-dependent activity (9).
Because of the public health importance of
the issue and the existence of little information in this field, in this study we conducted
drug susceptibility testing of clinical T. vaginalis
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isolates for determining drug sensitivity among
Iranian isolates.

Materials and Methods
T. vaginalis isolates and culture

Parasite samples were acquired from women
attending gynecology clinics in Hamadan,
Toyserkan and Tehran City, during 2010 and
2011. Vaginal sampling was used to detect trichomoniasis in all participants. Specimens
were collected from women undergoing a genital examination and parasite survey was conducted by wet mount preparation and xenic
culture technique using Dorset culture medium (10). Then, T. vaginalis isolates cultivated in
TYI-S-33 (Diamond’s) medium supplemented
with 10 to 15 ml of heat-inactivated adult bovine serum, antibiotic (100 IU/ml penicillin,
100 µg/ml streptomycin sulfate, 50 µg/ml
gentamicine) and antifungal (1 µg/ml amphotericin B), incubated at 35.5 °C. The cell culture tubes were viewed daily under an inverted
microscope and they were passaged every 48 h.
Axenic culture of the parasites was achieved
after several subcultures, confirmed by elimination of the antibiotics used in the culture
medium and bacterial culture negative.

Determination of MIC and MLC

The minimum inhibitory concentration MIC
was defined as the lowest drug concentration
that the motile parasite was not observed in the
culture microtiter plate well examined by inverted microscope at high magnification (×400) after 24 and 48 h incubation under both aerobic
and anaerobic condition. In addition, the minimum lethal concentration (MLC) was defined as
the highest dilution of medicine prevented
growth of the drug-exposed parasites in fresh
antibiotic-free medium.

Drug susceptibility assays

In vitro drug susceptibility testing was conducted in accordance with Meingassner meth47
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od modified by the CDC (11, 12). Metronidazole powder (Sigma Chemical Co. St Louis)
was dissolved in distilled water sterilized
through filtration (0.22 µm pore size) and
stored at 4 ˚C. Serial twofold drug dilutions,
ranging from 400 to 0.1 µg/ml, were prepared
using medium culture. Recommended trichomonad cells for aerobic and anaerobic susceptibility assays were 1 × 105 and 5 × 103 trophozoites per well, respectively (13). Parasite
cells were added in 96-well flat-bottom microtiter test plate, containing serial dilutions of
the metronidazole. The test plates incubated at
35.5 ˚C in aerobic condition and monitored
microscopically after 24 and 48 h. Then, the
lowest concentration of the drug in microplate
wells in which no motile parasites were detected, considered as MIC. The aerobic MLC was
done in this manner: following determination
of aerobic MIC, 100 µl of the content of each
MIC well was transferred to 5 ml of fresh medium, without metronidazole, and incubated
aerobically. The tube cultures were surveyed
with inverted microscope for viable cells and
growth of parasites after 5 and 10 days of cultivation and then the highest dilution of the
drug that had parasite growth-inhibitory effect,
considered as MLC (14). For MIC anaerobic

tests, the test plates were placed in anaerobic jar
containing Anaerocult C pack (Merck) for generation of an anaerobic environment. All susceptibility tests of each isolate were performed
three times at least twice in aerobic and anaerobic condition compared with control.

Statistical analysis

SPSS statistical software, version 16 (Chicago, IL, USA), was applied to evaluate the relationship between the level of metronidazole
susceptibility and the clinical manifestations.
Comparison of mean of aerobic and anaerobic
MICs and MLCs of metronidazole was performed by paired sample t-test.

Results
Vaginal swab samples were examined by wet
mount and Dorset’s culture and 50 out of 950
specimens were positive for T. vaginalis.

Aerobic assays

After 48 h incubation, the in vitro metronidazole susceptibility of 98% of isolates
showed drug sensitivity ranged from 0.2 to 25
µg/ml and the mean MICs ± standard deviation was 2.91 ± 8.39.

Fig .1: Comparison of metronidazole MICs and MLCs of Iranian T. vaginalis isolates under both aerobic and
anaerobic environments
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Aerobic MIC of metronidazole equal or more
than 50 µg/ml considered as metronidazole
resistance (12), detected in one isolate. Aerobic MLCs of metronidazole were in the range
of 0.1 to 25 µg/ml with a mean of 1.45 µg/ml
and a standard deviation of 4.19 µg/ml. Ninety four percent of parasite isolates (47/50)
showed aerobic MLCs of metronidazole less
than 1.6 µg/ml, two MLCs were 12.8 µg/ml
and metronidazole resistant isolate had a MLC
equal 25 µg/ml (Fig.1). Aerobic MICs after 24
h were at least one dilution higher than those
after 48 h.

Anaerobic assays

Under anaerobic condition for 48 h incubation, MICs of metronidazole were achieved
from 0.1 to 3.2 µg/ml with an average of 0.28
µg/ml and a standard deviation of 0.46 µg/ml.
The most of isolates (47/50) had susceptibility
to metronidazole less than or equal to 0.4
µg/ml. Anaerobic MIC of resistant isolate was
3.2 µg/ml.

Statistical analysis

Three T. vaginalis isolates had MIC ≥ 25.6
µg/ml, caused symptomatic trichomoniasis
but there was no relationship between metronidazole susceptibility and clinical manifestations, at the 0.05 level (P= 0.235). Significant
differences were acquired between the means
of aerobic and anaerobic MICs (P=0.025) and
likewise, between aerobic MICs and MLCs
(P=0.009).

Discussion
Before the introduction of metronidazole in
1959, local vaginal therapy was the only way to
cure trichomoniasis and it was mainly palliative in women. After development of the nitroimidazole derivative, 1-β-hydroxyethyl-2methyl-5-nitroimidazole, a new horizon for
treatment of trichomoniasis emerged and was
found extremely effective in treating of severe
vaginal infection. Very soon, the new curative
drug encountered with reports about clinical
Available at: http://ijpa.tums.ac.ir

treatment failure, in 1962. Metronidazole resistance of T. vaginalis was divided suggested to
into two classes, aerobic and anaerobic. Ferredoxin, an iron-sulfur protein that operates as
an electron carrier in biochemical reactions, is
involved in aerobic resistance mechanism so
that production of ferredoxin is reduced by
resistance trichomonads. In anaerobic resistance, reduced activity of Pyruvate: ferredoxin oxidoreductase (PFOR) and hydrogenase, two hydrogenosomal proteins, are suspected in the phenomena (5, 6, 8).
To our knowledge, the present study is the
first comprehensive effort to investigate the in
vitro metronidazole susceptibility assays of
clinical T. vaginalis isolates in Iran. In this study,
drug susceptibility testing was accomplished
aerobically and anaerobically on 50 T. vaginalis
isolates from Hamadan, Tehran and Toyserkan including 35, 8 and 7 isolates, respectively.
The overwhelming majority of isolate sensitive
to metronidazole and 94% of them had MICs
of 3.2 ≤ µg/ml. Sensitivity equal 12.8 µg/ml
was detected in two isolates that can be indicated as development of drug resistance in the
society. Marginal resistance or in other words,
low-level tolerance (aerobic MIC=50 µg/ml),
was observed in one isolate from Hamadan. A
single point mutation in the rDNA gene, ITS1
C66T, may be correlated to metronidazole
resistance of T. vaginalis (15). Three trichomonad isolates that had MICs of ≥25 µg/ml
were mutant type (16).
These findings were approximately consistent with other reports of workers. According to the CDC, 2-5% of clinical status of the
infected patients may be accompanied with
low-level metronidazole resistance and highlevel resistance rarely is found (7). Meingassner et al. reported MICs and MLCs of all 94 T.
vaginalis isolates, utilized in the drug susceptibility in 1978, to be in the range of 0.1 to 1.6
and 0.4 to 6.4-µg metronidazole/ml, respectively (11). The MLC method was based on
microscopic examination and trophozoite motility (11). A study on 91 Spanish isolates, acquired from infected patients and female sex
49
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worker, showed 2.2% metronidazole-resistant
strains with sensitivity 50 µg/ml (17). In Atlanta, drug resistance survey of T. vaginalis parasite was performed on adolescent female
samples and exhibited two moderate level
(MLC of >50 µg/ml) and three low level
(MLC=50 µg/ml) metronidazole resistance
isolates (18). Schwebke et al. carried out susceptibility testing of 178 T. vaginalis achieved
from women presenting to a STD clinic in
Birmingham and detected 9.6% resistance isolates including eleven very low, three low, two
moderate and one high resistance with MLCs
of 50, 100, 200 and >200 µg/ml, respectively
(12). In 2012, five cases of refractory trichomoniasis were reported among 15 infected
women attending genecology clinics in Hamadan (19).
Various threshold values for detection of
metronidazole-resistant trichomonads have
been offered by workers. Some researchers
reported aerobically MICs of 25 and >200 µM
belonged to metronidazole-sensitive and clinically resistant isolates and under anaerobic
condition MICs of 3.2 and 25 µM, respectively
(13, 19). Muller and colleague’s demonstrated
threshold MLCs of metronidazole resistance
isolates based on treatment outcome of 199 T.
vaginalis-infected women. They reported aerobic and anaerobic MLCs of >100 and >3.1
µg/ml, respectively, and they also declared
that there was overlap of successful treatment
among resistant and sensitive strains (20). According to Meri et al., other threshold concentration of clinical resistant T. vaginalis were
proposed MICs of >75 and >15 µg/ml after
24 h aerobic and 48 h anaerobic cultivation, in
that order (14). In addition, for clinically sensitive parasite, those were <19 and <10 µg/ml
and unlike the previous study, they could not
find overlap between them (14).
There is no consensus approach to performance and interpretation of drug susceptibility
of T. vaginalis. Some workers have used the
MIC and/or MLC in aerobic and/or anaerobic environment. MIC value was four times
higher than MLC (9, 14). At the present study,
50

the mean value of MICs was more than that
of MLCs that this finding is similar to the previous study. It can be explained that the metronidazole-exposed parasites were irreversibly
influenced by the medication at lower concentration thus; they cannot grow anymore in
drug-free medium under the MLC assay condition.
In vitro drug susceptibility test of parasite is
not exactly correlated with the necessary dose
that is needed for treatment of trichomoniasis
(20). However, it is useful for predicting and
management of treatment process. Frequently,
the drug resistance is not absolute and refractory trichomoniasis can be cured by high dose
and long time period treatment. Treatment of
infection with marginal and moderate resistance strain require 10 and 40 g metronidazole, respectively, administered orally for several days (1).
It is supposed that clinically metronidazole
resistance is related to aerobic resistance phenomenon and can be created in parasites during the ordinary therapy of trichomoniasis.
Thus, the aerobic susceptibility testing appears
to be more discriminative and applicable than
the anaerobic assay (5, 6, 8, 21).

Conclusion
Drug sensitivity testing of T. vaginalis with
reliable methods, is required when refractory
trichomoniasis is found and the other agents
of treatment failure, especially poor drug
compliance and reinfection are excluded. This
study detected metronidazole tolerance in few
Iranian T. vaginalis isolates thus; future study is
needed to evaluate accurately correlation between in vitro drug susceptibility and in vivo
treatment outcome of trichomoniasis.

Acknowledgments
This study was financially supported by Tehran University of Medical Sciences (no Project: 90-02-27- 11738). The authors are grateful to other colleagues for their assistance in
Available at: http://ijpa.tums.ac.ir

Matini et al.: In Vitro Susceptibility of Iranian Isolates …

this research. The authors declare that they
have no conflicts of interest.

13.

References
1.
2.

3.
4.
5.

6.

7.

8.

9.

10.

11.

12.

Schwebke JR, Burgess D. Trichomoniasis. Clin
Microbiol Rev. 2004; 17(4):794-803.
Zhang ZF, Graham S, Yu SZ, Marshall J, Zielezny M, Chen YX, et al. Trichomonas vaginalis
and cervical cancer. A prospective study in
China. Ann Epidemiol. 1995; 5(4):325-332.
Sorvillo F, Smith L, Kerndt P, Ash L. Trichomonas vaginalis, HIV, and African-Americans.
Emerg Infect Dis. 2001; 79(6):927-932.
Soper D. Trichomoniasis: undercontrol or undercontrolled? Am J Obstet Gynecol. 2004;
190 (1):281-290.
Ali V, Nozaki T. Current therapeutics, their
problems, and sulfur-containing-amino-acid
metabolism as a novel target against infections
by "amitochondriate" protozoan parasites. Clin
Microbiol Rev. 2007; 20(1):164-187.
Petrin D, Delgaty K, Bhatt R, Garber G. Clinical and microbiological aspects of Trichomonas
vaginalis. Clin Microbiol Rev. 1998 Apr;
11(2):300-317.
Centers for Disease Control and Prevention.
Sexually transmitted diseases treatment guidelines. Morbid. Mortal. Weekly Rep. 2010;
59:58–61.
Cudmore SL, Delgaty KL, HaywardMcClelland SF, Petrin DP, Garber GE. Treatment of infections caused by metronidazoleresistant Trichomonas vaginalis. Clin Microbiol
Rev. 2004; 17(4):783-793.
Narcisi EM, Secor WE. In vitro effect of tinidazole and furazolidone on metronidazoleresistant Trichomonas vaginalis. Antimicrob
Agents Chemother. 1996 ; 40(5):1121-1125.
Matini M, Rezaie S, Mohebali M, Maghsood A,
Rabiee S, Fallah M, et al. Prevalence of Trichomonas vaginalis Infection in Hamadan City,
Western Iran. Iran J Parasitol. 2012; 7(2):67-72.
Meingassner JG, Havelec L, Mieth H. Studies
on strain sensitivity of Trichomonas vaginalis to
metronidazole. Br J Vener Dis. 1978; 54(2):7276.
Schwebke JR, Barrientes FJ. Prevalence of Trichomonas vaginalis Isolates with Resistance to

Available at: http://ijpa.tums.ac.ir

14.

15.

16.

17.

18.

19.

20.

21.

Metronidazole and Tinidazole. Antimicrob
Agents Chemother. 2006; 50(12):4209-4210.
Upcroft JA, Upcroft P. Drug susceptibility testing of anaerobic protozoa. Antimicrob Agents
Chemother. 200; 45(6):1810-1814.
Meri T, Jokiranta TS, Suhonen L, Meri S. Resistance of Trichomonas vaginalis to metronidazole: report of the first three cases from Finland and optimization of in vitro susceptibility
testing under various oxygen concentrations. J
Clin Microbiol. 2000; 38(2):763-767.
Snipes LJ, Gamard PM, Narcisi EM, Beard
CB, Lehmann T, Secor WE. (2000). Molecular
epidemiology of metronidazole resistance in a
population of Trichomonas vaginalis clinical isolates. J Clin Microbiol. 2000; 38(8):3004-3009.
Matini M, Rezaeian M, Mohebali M, Maghsood
AH, Rabiee S, Rahimi-Foroushani A, et al.
Genotyping of Trichomonas vaginalis isolates in
Iran by using single stranded conformational
polymorphism-PCR technique and internal
transcribed spacer regions. Trop Biomed. 2012;
29(4):605-612.
Perez S, Fernandez-Verdugo A, Perez F, Vazquez F. Prevalence of 5-nitroimidazole resistant
Trichomonas vaginalis in Oviedo, Spain. Sex
Transm Dis. 2001; 28 (2):115–116.
Bradshaw-Sydnor AC, Sawyer KE, Holland M,
Papp J, Unger E, Markowitz L, et al. Trich or
treat: drug resistant trichomoniasis among adolescents, abstr. 74834. In Abstracts of the 131st
Annual Meeting of the American Public Health
Association. 2003.
Rabiee S, Bazmani A, Matini M, Fallah M.
Comparison of Resistant and Susceptible
Strains of Trichomons vaginalis to Metronidazole
Using PCR Method. Iran J Parasitol. 2012;
7(3):24-30.
Muller M, Lossick LG, Gorrell TE. In vitro
susceptibility of Trichomonas vaginalis to metronidazole and treatment outcome in vaginal trichomoniasis. Sex. Transm. Dis. 1988; 15(1):17–
24.
Rasoloson D, Tomková E, Cammack R, Kulda
J, Tachezy J. Metronidazole-resistant strains of
Trichomonas vaginalis display increased susceptibility to oxygen. Parasitology. 2001; 123(Pt
1):45-56.

51

