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Abstract 
Introduction: Trichomonas vaginalis (TV) is the etiological agent of the common non-viral sexually transmitted infection (STI), trichomoniasis. 
TV can inherently harbour Mycoplasma hominis and Trichomonas vaginalis virus (TVV) species. Endosymbiosis of TV with M. hominis and 
TVV may contribute to metronidazole resistance in this pathogen. This study determined the prevalence of TVVs across clinical isolates of TV, 
as well as the symbiosis between TV, TVV, and M. hominis in relation to metronidazole resistance.  
Methodology: Twenty-one clinical isolates of TV were analysed in this study. The isolates were subjected to drug susceptibility assays using 
varying concentrations of metronidazole. Nucleic acids (RNA and DNA) were extracted from the isolates for molecular assays. The presence 
of intracellular M. hominis was determined by 16S rRNA polymerase chain reaction (PCR) with specific primers. The presence of the individual 
TVVs was determined by PCR using gene specific primers with template cDNA.  
Results: The prevalence of TVV and M. hominis were 76% (16/21) and 86% (18/21), respectively. No significant associations were observed 
between the presence of TVV and clinical symptoms. A significant association was noted between the coinfection of TVV4 and M. hominis (p 
= 0.014). The presence of any TVV was significantly associated with metronidazole susceptibility patterns (p = 0.012). No significant 
associations were noted between the coinfection of endosymbionts and metronidazole resistance.  
Conclusions: The information obtained displays the ability of TV to form an endosymbiotic relationship with several microorganisms, 
simultaneously. Based on these findings, both endosymbionts pose no significant influence on metronidazole resistance. 
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Introduction 

T. vaginalis (TV) is a parasitic protozoan and the 
most common non-viral sexually transmitted infection 
(STI) responsible for trichomoniasis [1]. In 2021, the 
World Health Organization (WHO) estimated that there 
were approximately 156 million cases of trichomoniasis 
infections [2]. The only known host for TV is humans 
and the infection is spread by sexual intercourse [3]. In 
women, the infection persists for long periods of time 
ranging from months to even years, whereas in men 
they persist for less than 10 days [4].  

Although TV infection is asymptomatic in the 
majority of women, trichomoniasis can present with 
genital signs and symptoms, such as abundant vaginal 
secretions with a foul odour, inflammation of the vagina 
accompanied by burning, itching and yellow to greenish 
secretions, redness and inflammation around the labia 
and its surrounding areas [3]. Common symptoms 
include frequent urination with pain, dysuria, urethritis, 
cystitis, cervicitis, itching and burning of the vulvar 
region, dyspareunia, swollen labia, and vaginal 

secretions [4]. Older age in women has also been 
associated with TV infections.  

TV can be detected through either a microscopic 
examination of a wet mount of vaginal fluid or by 
highly sensitive nucleic acid amplification tests 
(NAAT) [7–10]. The current treatment recommended 
by the Centers for Disease Control and Prevention 
(CDC) and WHO for TV infections are metronidazole 
(MTZ) and tinidazole [11,12]. 

A double-stranded RNA (dsRNA) virus, first 
identified in 1985, has been observed to infect TV [13]. 
This virus, termed Trichomonas vaginalis virus (TVV), 
belongs to the viral family Totiviridae, is non-
segmented, 4.5–5.0 kilo-base pair (kbp) in size, and is 
enclosed within an 85 kilodalton major viral protein 
capsid in a 120-subunit icosahedral configuration [14]. 
The TVV genetic material is replicated using viral 
RNA-dependant RNA polymerase. The overall protein 
expression of TV is affected by the presence of TVV 
[15,16]. Specific examples of this are the expression of 
the immunogenic protein P270 and cysteine 
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proteinases, which are associated with host immune 
evasion, cytotoxicity, cytoadherence, and degradation 
of basement membrane components produced by the 
vaginal epithelial cells [17]. There are 4 different viral 
isolates of TVV (TVV1, TVV2, TVV3 and TVV4) 
which can co-infect TV simultaneously, with each of 
these having different effects on numerous aspects of 
TV pathogenesis [18,19].  

Carriers of either one of the TVVs have been 
suggested to upregulate pro-inflammatory host 
responses [20]. In terms of clinical symptoms 
experienced with TVV, correlations between specific 
symptoms such as dysuria, erythema, and vaginal 
discharge have been identified, when TVV is present in 
TV [21]. Specifically, TVV1 and TVV2 have been 
associated with genital symptom severity, whilst TVV2 
and TVV3 have been correlated with virulence factors 
of TV and surface expression of P270 [22,23].  

Recently, Austin et al. performed viral sequence 
mining in publicly available transcriptomes across 60 
RNA-seq accessions that represented a minimum of 13 
distinct TV isolates [24]. Thereafter, using a strategy 
known as de novo sequence assembly followed by 
taxonomic classification, they discovered six isolates of 
the newly identified fifth species known as 
Trichomonas vaginalis virus 5 (TVV5) [24]. These 
newly discovered isolates show high sequence identity 
to each other but low sequence identity to isolates of the 
other four species [24]. 

Additionally, some previous reports show that 
trichomonads harbouring TVV have shown an 
increased susceptibility to metronidazole [25]. In 
addition to TVV infection, some TV isolates can be 
naturally infected with Mycoplasma hominis, an 
intracellular bacterium that usually inhabits the lower 
genital tract [26]. Previous studies have speculated the 
possible role for coinfection of M. hominis and TVVs 
in the increase of metronidazole resistance [27]. 
Additionally, strong associations between M. hominis 
coinfection and metronidazole resistance in vitro have 
been proposed [28]. 

It is uncertain to what extent TVV interferes with 
clinical response to therapy and whether it modifies 
trichomonal virulence. The prevalence of 
endosymbionts, TVV and M. hominis, and their 
association in TV pathogenesis in a South African 
cohort is not yet known. Therefore, the aim of this study 
was to determine the prevalence of TVVs across 
clinical isolates of TV, as well as determine the 
symbiosis between TV, TVVs, and M. hominis in 
relation to metronidazole resistance. 

 

Methodology 
Culturing of TV isolates from storage 

A total of 21 stored TV isolates were available for 
testing in this study. These isolates were obtained from 
a cross sectional study which included 362 pregnant 
women who were recruited during October 2018–
March 2019 from the King Edward VIII hospital in 
Durban. The women participating in this study were ≥ 
18 years old. They were willing to provide written 
consent and willing to provide a self-collected vaginal 
swab to be tested for TV infection. The laboratory 
testing and storage of the TV isolates were performed 
at The School of Clinical Medicine Research 
Laboratory, Nelson R Mandela School of Medicine, 
University of KwaZulu-Natal. The isolates were stored 
at -70 ℃ until further use. For the current study, the 
isolates were thawed and grown in tubes containing 
Diamonds TYM media (BiORAD, Hercules, USA) 
composed of 20 g Baltimore Biological Laboratory 
(BBL) trypticase peptone, 10 g yeast extract, 5 g 
maltose, 1 g/L cysteine hydrochloride, 0.2 g L-ascorbic 
acid, 0.5 g agar, 900 mL distilled water, and 100 mL of 
heat inactivated donor horse serum). Diamonds TYM 
medium was supplemented with amikacin (4 µg/mL), 
amphotericin (5 µg/mL), ampicillin (1 mg/mL), 
chloramphenicol (1 µg/mL), ciprofloxacin (2 µg/mL), 
and vancomycin (5 µg/mL) to prevent the growth of 
unwanted microbes. The inoculated media were 
incubated at 37 °C and examined by wet mount 
microscopy after 24–48 hours until axenic cultures 
were obtained. The axenic cultures were then subjected 
to drug susceptibility testing, RNA extraction, cDNA 
synthesis, and genomic DNA extraction.  

 
Drug susceptibility testing 

Metronidazole susceptibility testing was performed 
in 96 well flat-bottomed microtiter plates under 
anaerobic incubation conditions. Two-fold serial 
dilutions of metronidazole was performed in Diamond's 
TYM medium (BiORAD, Hercules, USA). A 
standardized inoculum of 1.5 x 104 of 
trichomonads/well was used in the assay. Each TV 
isolate was added into a distinct well, excluding the 
ATCC control wells. The TV ATCC 50148 isolate was 
used as a control isolate and untreated cultures of the 
respective isolate were used as growth controls. The 
plates were incubated in air-tight anaerobic jars 
containing Oxoid™ AnaeroGen™ 2.5 L gas pack 
(BiORAD, Hercules, USA) and Oxoid™ Resazurin 
Anaerobic indicator strips (BiORAD, Hercules, USA) 
at 37 °C for 48 hours. TV motility and growth was 
assessed using the inverted microscope at ×  400 
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magnification. TV growth and motility was scored 
according to the scoring criteria described by Upcroft 
and Upcroft [29]. Trophozoite numbers were scored as 
1+ (0–10 motile parasites; not more than 20% coverage 
of well surface, and significantly less active); 2+ (20–
50% coverage of the well surface and some trophozoite 
motility); 3+ (> 50 % coverage of the well surface, 
almost confluent growth with much motility); and 4+ 
(confluent growth with full motility). The minimum 
inhibitory concentration (MIC) was defined as the 
lowest concentration of metronidazole in which a score 
of 1+ was observed after 48 hours of incubation. 
Breakpoints suggested by Upcroft and Upcroft [29] 
were used. MIC ≤ 1 µg/mL was considered susceptible; 
MIC = 2 µg/mL was considered intermediate (low-level 
resistance); and MIC ≥ 4 µg/mL was considered 
resistant. All experiments were performed in triplicate 
for each TV isolate. 

 
RNA extraction 

Total RNA was extracted from the cell pellets using 
the PureLink RNA Mini Kit (BiORAD, Hercules, 
USA), according to the manufacturer's instructions. 
Cells were transferred to a 15 mL tube and centrifuged 
at 2,000 × g for 5 minutes at 4 ℃ to pellet the cells. The 
kit instructions were then followed without any 
modifications. The purified RNA was then stored on ice 
and converted immediately to cDNA. 

 
Synthesis of complementary DNA 

The extracted RNA (7 µL) was converted to cDNA 
using the Maxima H Minus cDNA synthesis Master 
Mix with dsDNase ( (BiORAD, Hercules, USA) 
according to the manufacturer’s instructions. A 
nanodrop was used to measure the A260/A280 ratio and 
concentration (ng/µL) of the cDNA. The converted 
cDNA was stored at -20 °C until further use.  

 
PCR amplification of the TVV 

The four TVVs were amplified using the primers 
listed in Table 1. The amplification reactions were 
performed using the DreamTaq (BiORAD, Hercules, 
USA) 2X PCR master mix according to the 

manufacturer's instructions. A 10 µL reaction mixture 
was made using the 0.3 µL of the forward and reverse 
primers, 3.4 µL of water, 5 µL of PowerUp (BiORAD, 
Hercules, USA), and 1 µL of cDNA. The amplification 
products were resolved on a 1% agarose gel and viewed 
under a UV transilluminator. 

 
DNA extraction from cultured isolates 

To eliminate contamination by Mycoplasma, TV 
isolates were cultured in a medium called Diamond’s 
TYM medium (BiORAD, Hercules, USA) which was 
supplemented with 50 μg/mL of gentamicin. 
Thereafter, sub-cultures were done daily for seven days 
or until axenic cultures were obtained. Extractions of 
DNA from TV axenic cultures were performed using 
the phenol-chloroform method [30]. The cultures were 
centrifuged twice for 10 min; thereafter cells were 
washed twice with phosphate buffer saline (PBS); 
followed by centrifugation at 1500 x g for 10 min. Lysis 
buffer (500 µL) was added to the TV cells and the 
solution was transferred to Eppendorf tubes. The tubes 
were then incubated at 65 °C for 30 min and left to cool 
at room temperature. DNA was then purified by adding 
equal volumes of phenol chloroform (1:1). The solution 
was centrifuged at 1500 × g for 10 min and the aqueous 
phase was transferred into a clean tube. The above-
mentioned purification step was done twice. DNA was 
then precipitated by adding 2× volumes of 95% ethanol 
and 0.1 volume of 3M sodium acetate, followed by 
centrifugation at 1500 × g for 10 min. The supernatant 
was discarded, and the pellet was left to dry for ± 2 
hours at room temperature. Finally, the DNA was 
dissolved in 50 µL TE buffer. The DNA purity and 
concentration was then measured using a nanodrop. 

 
Detection of M. hominis within TV isolates 

The presence of the 16S rRNA gene from M. 
hominis was investigated using TV DNA as a template. 
The following M. hominis specific primers, were used 
to identify TV isolates infected with M. hominis: 
forward 5’-ATACATCGATGTCGAGCGAG-3’ and 
reverse 5’-CATCTTTTAGTGGCGCCTTAC-3’. PCR 
was performed in a total volume of 50 µL. The reaction 

Table 1. Primers used for TVVs detection. 
Primer Name Sequence 5’-3' 
TVV1 forward ATTAGCGGTGTTTGTGATGCA 
TVV1 reverse CTATCTTGCCATCCTGACTC 
TVV2 forward GCTTGAGCACTGCTCGCG 
TVV2 reverse TCTCTTTTGGCATCGCTT 
TVV3 forward AAATTAATCAACACCCTCC 
TVV3 reverse CAGATCACTTTGTGTGTC 
TVV4 forward ATGCCAGTTGCTTTCCG 
TVV4 reverse TTCCCCAATAGTTATCAG 

TVV: Trichomonas vaginalis virus. 
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mixture contained 16 μL of nuclease-free PCR water, 
25 μL of the DreamTaq PCR Master Mix (BiORAD, 
Hercules, USA), 2 µL of each primer, and 5 μL of 
template DNA. The cycling conditions were: initial 
denaturation at 95 °C for 3 minutes; followed by 30 
cycles at 95 °C for 1 minute, 53 °C for 30s, 72 °C for 1 
minute; and a final extension at 72 °C for 5 minutes. 
PCR amplification was performed in a T100 
thermocycler (BiORAD, Hercules, USA). The PCR 
products were analysed by electrophoresis on a 1% 
agarose gel in 0.5X TBE buffer at 80 V and viewed 
under a UV illumination system (Gene Genius System, 
BiORAD, Hercules, USA).  

 
Statistical analysis 

Associations between TVV and selected 
demographic and clinical characteristics, and 
metronidazole resistance were examined using Chi-
square and t test statistics. All analyses were conducted 
using R Studio Computing [23]. 

 
Results 
Metronidazole susceptibility patterns of TV isolates 

The anaerobic MICs for metronidazole ranged from 
0.25 to 4 μg/mL, and the mean MICs ± standard 
deviation was 1.63 ± 0.95 μg/mL. Of the 21 TV isolates 
tested, 9.5% (2/21) had an MIC of 4 µg/mL (resistant), 
38.1% (8/21) had an MIC of 2 µg/mL (intermediate), 
and 52.4% (11/21) had an MIC ≤ 1 µg/mL (susceptible) 
(Table 2).  

 

Prevalence of TVVs and intracellular M. hominis 
Figure 1 shows the gel images of the individual 

TVVs amplified across the clinical isolates of TV. The 
size of the PCR amplicons was 400 bp. The most 
prevalent TVV was TVV1, which was detected in 12 
out of the 21 isolates tested (57.1%); and the second 
most prevalent virus was TVV2, which was detected in 
11 isolates (52.3%). TVV3 and TVV4 were detected in 
3 (14.2%) and 2 (9.52%) isolates, respectively. 
Additionally, 27 viruses were identified in 16 TV 
isolates, with more than one TVV detected in 10 
isolates. Out of 21 Trichomonas vaginalis (TV) isolates 
screened for M. hominis (Figure 2), 18 harbored 
intracellular M. hominis, with a prevalence rate of 
85.7%. The expected 200 bp amplicon size, 
corresponding to the 16S rRNA gene of M. hominis, 
was detected in these 18 isolates. Lane analysis of the 

Table 2. T. vaginalis metronidazole susceptibility results 
T. vaginalis isolate Metronidazole MIC 

(µg/ml) 
Susceptibility 

profile 
TV101 2 Intermediate 
TV128 1 Susceptible 
TV171 1 Susceptible 
TV179 1 Susceptible 
TV182 2 Intermediate 
TV184 1 Susceptible 
TV209 2 Intermediate 
TV211 2 Intermediate 
TV230 2 Intermediate 
TV231 1 Susceptible 
TV233 2 Intermediate 
TV241 2 Intermediate 
TV253 4 Resistant 
TV266 1 Susceptible 
TV270 4 Resistant 
TV275 1 Susceptible 
TV302 1 Susceptible 
TV329 1 Susceptible 
TV341 2 Intermediate 
TV357 1 Susceptible 
TV358 0.25 Susceptible 

MIC: Minimum inhibitory concentration. 

Figure 1. Agarose gels representing TV isolates screened for 
TVV. 

A. shows TVV1 and B. shows TVV3. The TVV1 isolate was present in 
12/21 samples (57.14%) whereas 9/21 samples (42.86%) showed no 
amplification for TVV1. In the case of the TVV3 isolate 3/21 samples 
(14.29%) showed positive amplification and 18/21 samples (85.7%) did 
not show any amplification. The estimated band size of the virus’s presence 
(TVV positive) is 400bp. A. Lane 1-21: Individual samples screened for 
TVV1; 12/21 samples: Positive for TVV1 amplification (band at 400bp); 
9/21 samples: Negative for TVV1 amplification (no band at 400bp). B. 
Lane 1-21: individual samples screened for TVV3; 3/21 samples: positive 
for TVV3 amplification (band at 400bp); 18/21 samples: negative for 
TVV3 amplification (no band at 400bp). TV: Trichomonas vaginalis; 
TVV: Trichomonas vaginalis virus. 
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isolates showed that 18/21 were positive for M. 
hominis, displaying a band at 200 bp, while 3/21 
isolates were negative, showing no band at this marker. 

 
Association between M. hominis infection, presence of 
TVVs, and metronidazole susceptibility patterns 

The highest proportion of isolates that tested 
positive for intracellular M. hominis (100%), were 
classified as having intermediate resistance to 
metronidazole when compared to 50% that were 
classified as being resistant, and 81.8% that were 
classified as being susceptible. There was no significant 
association between the presence of intracellular M. 
hominis and metronidazole susceptibility patterns (p = 
0.181). This indicates that symbiosis between M. 
hominis and TV does not have a contributory role 
towards metronidazole resistance in TV (Table 3).  

Overall, the presence of any one of the four TVVs 
was significantly associated with metronidazole 
susceptibility patterns (p = 0.012). Despite the highest 
frequency of TVV1 being present in metronidazole 
resistant isolates (72.7%) when compared to 
intermediate (37.5%) and susceptible isolates (50%), 
this association was not significant (p = 0.381). 
Similarly, for TVV2, TVV3, and TVV4, the highest 
frequencies of these viruses were shown to be present 
in metronidazole resistant isolates; however this was 
not significant (p > 0.05). This indicates that symbiosis 
between TVVs and TV does not have a significant 
contribution towards metronidazole resistance in TV 
(Table 3).  

Association between M. hominis infection and the 
presence of TVV 

Overall, there was no significant association 
between co-infection of M. hominis and TVVs (p = 
0.549). However, when stratified by individual TTVs, 
of the isolates that tested positive for TVV4, none of 
them had been co-infected with M. hominis. This shows 
an inverse relationship between TVV and M. hominis 
and this was significant (p = 0.014, Table 4). 

In order to determine if previous treatment for 
sexually transmitted infections would have provided a 
selective pressure for the acquisition of TVVs, the 
association between past treatment and the presence of 

Figure 2. Agarose gel representing TV isolates screened for M. 
hominis. 

Of the 21 isolates: 18 isolates harboured intracellular M. hominis. The 
expected amplicon size of 200 bp corresponding to the 16S rRNA from M. 
hominis was detected in the 18 isolates. The prevalence of M. hominis was 
85.7%.  
Lane 1-21: individual TV isolates screened for M. hominis; 18/21 isolates: 
positive for M. hominis (band at 200bp); 3/21 isolates: negative for M. 
hominis (no band at 200bp).TV: Trichomonas vaginalis; TVV: 
Trichomonas vaginalis virus. 

Table 3. Detection of M. hominis and T. vaginalis viruses (TVV) stratified by metronidazole susceptibility patterns.  
Metronidazole susceptibility patterns Intermediate 

(N = 8) 
Resistant 
(N = 2) 

Susceptible 
(N = 11) p value Overall 

(N = 21) 
M. hominis status    0.181  
Negative 0 (0.0%) 1 (50.0%) 2 (18.2%) Fisher's 3 (14.3%) 
Positive 8 (100.0%) 1 (50.0%) 9 (81.8%)  18 (85.7%) 
TVV    0.012  
Negative 4 (50.0%) 1 (50.0%) 0 (0.0%) Fisher's 5 (23.8%) 
Positive 4 (50.0%) 1 (50.0%) 11 (100.0%)  16 (76.2%) 
TVV1    0.381  
Negative 5 (62.5%) 1 (50.0%) 3 (27.3%) Fisher's 9 (42.9%) 
Positive 3 (37.5%) 1 (50.0%) 8 (72.7%)  12 (57.1%) 
TVV2    0.120  
Negative 6 (75.0%) 1 (50.0%) 3 (27.3%) Fisher's 10 (47.6%) 
Positive 2 (25.0%) 1 (50.0%) 8 (72.7%)  11 (52.4%) 
TVV3    1.000  
Negative 7 (87.5%) 2 (100.0%) 9 (81.8%) Fisher's 18 (85.7%) 
Positive 1 (12.5%) 0 (0.0%) 2 (18.2%)  3 (14.3%) 
TVV4    0.581  
Negative 8 (100.0%) 2 (100.0%) 9 (81.8%) Fisher's 19 (90.5%) 
Positive 0 (0.0%) 0 (0.0%) 2 (18.2%)  2 (9.5%) 
% and p values based on non-missing cases. 
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TVVs was determined. As shown in Table 4 and 5, 
neither the overall presence of any one of the four TVVs 
nor any of the individual TVVs were significantly 
associated with past symptoms or the past treatment of 
STIs (p > 0.05). This indicates that previous exposure 
to infection or past treatment with metronidazole does 
not provide a selective pressure for the acquisition of 
TVVs. In addition, having current symptoms of STIs 
such as abnormal vaginal discharge was not 
significantly associated with the presence of TVVs (p > 
0.05) (Table 4). This reiterates that clinical factors are 
not the drivers for the acquisition of these viruses in TV.  

The association between current abnormal vaginal 
discharge and the presence of TVV was investigated 
and the results yielded showed that testing positive for 
any TVV was not associated with current abnormal 
vaginal discharge.  

 
Discussion 

To the best of our knowledge, this was the first 
study in Durban, KwaZulu Natal to determine the 

prevalence of TVVs across clinical isolates of TV, and 
to determine the symbiosis between TV, TVVs and M. 
hominis in relation to metronidazole resistance in our 
current setting.  

In this study, 76% of the isolates tested positive for 
at least one of the TVVs. The prevalence of TVVs 
found in this study is comparable to a prevalence of 
81.9% (95% CI: 71.1–90.0) reported in a study in Cape 
Town, South Africa [31] and 75.0% (95% CI: 55.1–
89.3) reported in a study in Baltimore, Maryland, USA 
[31]. More recent studies have reported lower carriage 
of TVV of 16% (95% CI: 7–34), in Turkey [33] and a 
higher prevalence of 44% (95% CI: 30–58) in Italy [34]. 
In this study, overall, 27 viruses were identified in 16 
TV isolates, with more than 1 TVV detected in 10 of 
the isolates. TV can be infected by more than one 
species of TVV, simultaneously [34]. The ability of 
diverse viral species to cohabit a single host is common 
among Totivirus as they are predominantly non-
cytopathic and can well-adjust in the host cell 
environment [20]. Rivera et al., suggested that the 

Table 4. Detection of T. vaginalis viruses (TVV) stratified by M. hominis infection status.  
M. hominis Negative 

(N=3) 
Positive 
(N=18) p value Overall 

(N=21) 
TVV   Fisher's, p = 0.549  
Negative 0 (0.0%) 5 (27.8%)  5 (23.8%) 
Positive 3 (100.0%) 13 (72.2%)  16 (76.2%) 
TVV1   Fisher's, p = 0.229  
Negative 0 (0.0%) 9 (50.0%)  9 (42.9%) 
Positive 3 (100.0%) 9 (50.0%)  12 (57.1%) 
TVV2   Fisher's, p = 1.000  
Negative 1 (33.3%) 9 (50.0%)  10 (47.6%) 
Positive 2 (66.7%) 9 (50.0%)  11 (52.4%) 
TVV3   Fisher's, p = 0.386  
Negative 2 (66.7%) 16 (88.9%)  18 (85.7%) 
Positive 1 (33.3%) 2 (11.1%)  3 (14.3%) 
TVV4   Fisher's, p = 0.014  
Negative 1 (33.3%) 18 (100.0%) 0.029 19 (90.5%) 
Positive 2 (66.7%) 0 (0.0%) 0.029 2 (9.5%) 
% and p values based on non-missing cases. 
 
 
Table 5. Association between past treatment for sexually transmitted infections (STIs) and the presence of T. vaginalis viruses (TVVs). 
Previously treated for STI in the past No 

(N = 14) 
Yes 

(N = 7) p value Overall 
(N = 21) 

TVV   Fisher's, p = 0.624  
Negative 4 (28.6%) 1 (14.3%)  5 (23.8%) 
Positive 10 (71.4%) 6 (85.7%)  16 (76.2%) 
TVV1   Fisher's, p = 0.642  
Negative 7 (50.0%) 2 (28.6%)  9 (42.9%) 
Positive 7 (50.0%) 5 (71.4%)  12 (57.1%) 
TVV2   Fisher's, p = 1.000  
Negative 7 (50.0%) 3 (42.9%)  10 (47.6%) 
Positive 7 (50.0%) 4 (57.1%)  11 (52.4%) 
TVV3   Fisher's, p = 0.247  
Negative 13 (92.9%) 5 (71.4%)  18 (85.7%) 
Positive 1 (7.1%) 2 (28.6%)  3 (14.3%) 
TVV4   Fisher's, p = 1.000  
Negative 13 (92.9%) 6 (85.7%)  19 (90.5%) 
Positive 1 (7.1%) 1 (14.3%)  2 (9.5%) 
% and p values based on non-missing cases. 
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occurrence of numerous TVVs may be a result of more 
than one TV isolate infecting the same patient, as 
opposed to concurrent infections of different TVVs in a 
single TV cell [35]. The occurrence of numerous TVVs 
in a single TV cell may contribute to the upregulation 
of inflammatory reactions and development of 
trichomoniasis [34]. Similar to previous reports, TVV1 
and TVV2 were the more dominant viruses in this study 
when compared to TVV3 and TVV4 [36]. Bahadory et 
al. reported in their systemic review and meta-analysis 
on the global status of TVV, that African regions have 
the highest prevalence of 66% (95% CI: 25–92%), of 
TVVs [37]. Accumulated evidence suggests that the 
endosymbiotic TVV may play a role in drug 
susceptibility of TV, and in the modulation and 
influence of the protozoan’s virulence [38]. TVV is 
known to alter the expression profile of host cysteine 
proteases, which are responsible for promoting TV 
cyto-adhesion to the vaginal epithelium and mediating 
cytotoxicity to aid in parasite survival, and host immune 

evasion [39]. Previous studies have shown that TV 
isolates infected with TVV have a higher growth rate 
and are increasingly difficult to maintain in a culture 
[39]. Amongst the TV isolates in this study, it was noted 
that protozoa uninfected by viruses had a slower growth 
rate as compared to those that contained the virus. 
These results are in line with those by Rivera and 
colleagues [35]. In addition, Margarita et al. noticed 
that TV isolates infected by all 4 TVVs were difficult to 
cultivate in vitro [34]. 

The array of clinical symptoms caused by TV can 
differ from asymptomatic to serious symptoms. TVV 
has been frequently identified in symptomatic patients. 
However, numerous studies have found that there are 
no significant associations between TV isolates 
harbouring TVVs and clinical symptoms [1,40]. In this 
study, in order to determine if previous treatment for 
STIs would have provided a selective pressure for the 
acquisition of TVVs, the association between past 
treatment of STIs and the presence of TVVs was 

Table 6. Association between past symptoms of sexually transmitted infections (STIs) and the presence of T. vaginalis viruses (TVVs). 
Past STI symptoms No 

(N=10) 
Yes 

(N=11) p value Overall 
(N=21) 

TVV   Fisher's, p = 0.311  
Negative 1 (10.0%) 4 (36.4%)  5 (23.8%) 
Positive 9 (90.0%) 7 (63.6%)  16 (76.2%) 
TVV1   Fisher's, p = 0.387  
Negative 3 (30.0%) 6 (54.5%)  9 (42.9%) 
Positive 7 (70.0%) 5 (45.5%)  12 (57.1%) 
TVV2   Fisher's, p = 0.670  
Negative 4 (40.0%) 6 (54.5%)  10 (47.6%) 
Positive 6 (60.0%) 5 (45.5%)  11 (52.4%) 
TVV3   Fisher's, p = 0.586  
Negative 8 (80.0%) 10 (90.9%)  18 (85.7%) 
Positive 2 (20.0%) 1 (9.1%)  3 (14.3%) 
TVV4   Fisher's, p = 0.214  
Negative 8 (80.0%) 11 (100.0%)  19 (90.5%) 
Positive 2 (20.0%) 0 (0.0%)  2 (9.5%) 
% and p values based on non-missing cases. 
 
 
Table 7. Association between current symptoms of sexually transmitted infections (STIs) such as abnormal vaginal discharge and the 
presence of T. vaginalis viruses (TVVs). 
Current abnormal vaginal discharge No 

(N = 13) 
Yes 

(N = 8) p value Overall 
(N = 21) 

TVV   Fisher's, p = 0.325  
Negative 2 (15.4%) 3 (37.5%)  5 (23.8%) 
Positive 11 (84.6%) 5 (62.5%)  16 (76.2%) 
TVV1   Fisher's, p = 0.673  
Negative 5 (38.5%) 4 (50.0%)  9 (42.9%) 
Positive 8 (61.5%) 4 (50.0%)  12 (57.1%) 
TVV2   Fisher's, p = 1.000  
Negative 6 (46.2%) 4 (50.0%)  10 (47.6%) 
Positive 7 (53.8%) 4 (50.0%)  11 (52.4%) 
TVV3   Fisher's, p = 0.257  
Negative 10 (76.9%) 8 (100.0%)  18 (85.7%) 
Positive 3 (23.1%) 0 (0.0%)  3 (14.3%) 
TVV4   Fisher's, p = 0.505  
Negative 11 (84.6%) 8 (100.0%)  19 (90.5%) 
Positive 2 (15.4%) 0 (0.0%)  2 (9.5%) 
% and p values based on non-missing cases. 
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determined (Table 6). According to the analysis, neither 
the overall presence of any one of the four TVVs, nor 
any of the individual TVVs were significantly 
associated with past symptoms or the past treatment of 
STIs. We suggest that previous exposure to infection or 
past treatment with metronidazole does not provide a 
selective pressure for the acquisition of TVVs; however 
future studies with a larger number of isolates are 
needed to confirm this statement. In addition, this study 
showed that having current symptoms of STIs such as 
abnormal vaginal discharge is not significantly 
associated with the presence of TVVs (Table 7). This is 
consistent with the data from previous reports that 
showed that clinical factors are not the drivers for the 
acquisition of these viruses in TV. However, an 
association between TVV and clinical symptoms 
(vaginal discharge and erythematous), have been 
recognized by some studies [41]. These results may 
differ from the findings from the current study due to 
the heterogeneity in sample number and geographical 
areas. Previous studies showing associations between 
TVV and clinical symptoms have identified that TVV1 
is linked to milder symptoms of dysuria and vaginal 
discharge, whilst TVV2 is specifically associated with 
more serious symptoms when compared to those 
described above [41]. Associations between the 
presence of TVV and metronidazole resistance in TV 
have been elucidated in previous reports [41]. This 
study noted that the presence of any one of the four 
TVVs was significantly associated with metronidazole 
susceptibility. However, the findings in this study 
showed the lack of relationship between the presence of 
TVV and metronidazole resistance, as no significant 
association was noted. This indicates that the symbiosis 
between TVVs and TV may not have a significant 
contribution towards metronidazole resistance in TV. 
However as mentioned previously, this finding can only 
be confirmed in future studies using a larger sample size 
of isolates. 

In addition to TVV, this study evaluated the 
prevalence of intracellular M. hominis infection in TV 
clinical isolates and assessed whether associations exist 
between metronidazole resistance and coinfection with 
M. hominis and TVV. M. hominis can survive, multiply 
and invade the cytoplasm of TV, aiding in its defense 
mechanism during human infection [42]. In this study, 
86% of the TV isolates tested positive for M. hominis 
and of this, 72% were co-infected with TVV. Previous 
reports have described varying prevalence rates of 
intracellular M. hominis in symbiosis with TV, based on 
different geographical regions. These range from as 
high as 92.5% in Mozambique, Angola and Italy, to as 

low as 20% in the United States of America [43]. The 
symbiosis of M. hominis in association with TV has 
significant clinical consequences and correlations with 
metronidazole resistance of TV. Majority of TV isolates 
infected with M. hominis were susceptible to 
metronidazole. This finding is similar to previous 
literature that showed no association between 
metronidazole resistance and M. hominis infection [27]. 
In terms of the co-infection of M. hominis and TVV, 
this study demonstrated that 72.2% of TV isolates 
harboring M. hominis were infected by at least one 
subclass of TVV; however this association was not 
significant. However, statistical correlation and 
significance was demonstrated between the presence of 
M. hominis and TVV4. This study further showed that 
none of the TV isolates were devoid of either M. 
hominis or TVV. This suggests that TV can adapt to 
symbiosis with different microorganisms to aid in its 
pathogenesis. Future studies are needed to confirm the 
role of other microorganisms in the pathogenesis of TV.  

The influence of the aforementioned 
endosymbionts on TV resistance to metronidazole was 
assessed. Previous studies have reported on positive 
correlations between infection by either TVV or M. 
hominis with metronidazole resistance [44]. However, 
some reports showed a lack of correlation between the 
endosymbionts and metronidazole resistance [42]. 
Similarly, this study showed no significant association 
between the presence of intracellular M. hominis and 
metronidazole susceptibility patterns. Furthermore, 
81.8% of the isolates that tested positive for M. hominis, 
were susceptible to metronidazole. No significant 
associations were seen in TV isolates infected with both 
endosymbionts in terms of metronidazole resistance. 
This suggests that the endosymbiosis between M. 
hominis and TVV may not contribute towards 
metronidazole resistance in TV. This suggestion 
advocates the importance of conducting further large-
scale studies in order to provide associations between 
metronidazole resistance in TV and the presence of both 
TVV and M. hominis. 

 
Conclusions 

The prevalence of TVV in this study showed that 
majority of the TV isolates were infected with TVV. 
The study was limited by the small number of isolates 
screened for TVV, which made it challenging to assess 
any associations of TVV carriage on clinical signs and 
symptoms. TVV was not associated with clinical 
symptoms or metronidazole resistance. These results 
suggest that TVV and TV may have a commensal 
relationship. Regardless of the low number of TV 
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isolates, the presence of all individual and mixed (co-
infections) TVV subtypes were detected in our isolates. 
This demonstrates that there is likely prominent genetic 
diversity of TVV in the TV isolated from women in 
Durban, South Africa. Additional studies with a higher 
number of isolates should be conducted to substantiate 
these results. The data obtained showed the high 
prevalence of TV isolates infected with different types 
of TVVs as well as M. hominis, displaying the ability of 
TV to establish an endosymbiotic relationship with 
different microorganisms, simultaneously. The 
presence of M. hominis in TV showed no association 
with TVV or metronidazole resistance. The findings in 
this study suggest the necessity for more cohort and 
cellular studies to understand the interaction between 
TV, TVV, and M. hominis; and assess how they 
influence pathogenicity, symptoms, and modification 
of host responses.  
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