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Abstract

Infection with Trichomonas vaginalis and its relation to some diseases have
lately had much attention. The objective of this study was to assess the infection
rate of T. vaginalis and its relation to pelvic inflammatory diseases, infertility, and
vaginosis. The study also assessed some demographic, clinical, and immunological
parameters in women infected with T. vaginalis. The study included 160 non-
pregnant married women who attended some private clinics and public hospitals in
Baghdad from October 2020 to February 2021. All participants had symptoms of
vaginal discharge only or vaginal discharge with lower abdominal pain. The
participants were divided into an infertility group (n = 61) and fertility group (n =
99). The participants were also divided into Pelvic Inflammatory Disease (PID)
group (n=41) and non-PID group (n=119). All participants underwent vaginal
examination. Vaginal swabs were taken from all participants for T. vaginalis,
bacteria, yeast, clue cell, pH, and vaginal leukocyte examinations. Sera were also
taken to measure both IL-1a and 1L-8 using sandwich ELISA technique to compare
them with apparently healthy control subjects who had no vaginal discharge. The
study revealed that the total infection rate of T. vaginalis was 14.37%. The results
showed no significant relations between T. vaginalis positive status and each of age,
infertility, vaginosis, contraceptive use, and high BMI. While a significant relation
(P=0.03) was noticed between T. vaginalis positive status and PID. Women with
PID exhibited a higher infection rate with T. vaginalis (24.39%) versus non PID
women (10.92%). High clue cells number was not significantly related to T.
vaginalis positive status, only if both PID and vaginosis were considered in the
statistical analysis. In addition, high leukocytes count was not related to T. vaginalis
positive status. While abnormal vaginal pH was significantly (P=0.01) related to T.
vaginalis positive status. Finally, the levels of both IL-1a and IL-8 were noticed to
be declined in women who had T. vaginalis infection, although they were not
declined significantly. This study gives an insight about some clinical aspects of T.
vaginalis infection among PID women. T. vaginalis is highly predictable in women
with PID. Consequently, attention and more investigation would be needed on this
topic in Iraq.
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1. Introduction

Trichomonas vaginalis (T. vaginalis) is a protozoan parasite of the human urogenital tract that
causes trichomoniasis [1]. Women's trichomoniasis symptoms range from asymptomatic to
serious vaginitis, whereas men are most likely asymptomatic trichomoniasis carriers [2]. T.
vaginalis infection is the most common non-viral sexually transmitted infection in the world.
Nearly 90% of these infections, according to the World Health Organization (WHO),
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occurred among people living in resource-limited settings [3]. T. vaginalis is more prevalent
than Chlamydia trachomatis and Neisseria gonorrhoeae, [4]. With no surveillance programs,
the epidemiology of T. vaginalis is not completely known. It is known, however, to vary
greatly by population and geography [1]. Trichomoniasis can increase the risk of getting or
spreading other sexually transmitted infections. T. vaginalis has been shown in some studies
to increase vulnerability to bacterial vaginosis and induce genital inflammation, all of which
increase the risk of HIV infection or transmission to a sexual partner [6]. T. vaginalis
infection was found to be related to infertility and PID [7, 8]. T. vaginalis infection may cause
infertility because of endometritis, salpingitis, and atypical pelvic inflammatory symptoms
[9].

On other hand, many studies suggest that colonization of T. vaginalis is increased in the
presence of bacterial vaginosis-defining phenomena, such as elevated amine production, loss
of facultative lactobacilli, and increased pH [10]. T. vaginalis can establish a symbiosis
with some kinds of bacteria implicated in bacterial vaginosis [11]. The presence of such kind
of bacteria has been demonstrated in trichomonad isolates from different geographical areas.
Even though T. vaginalis and some kinds of bacteria are able to induce disease independently
in the vagina, their association has been shown to have important consequences for the
pathogenicity of each of them [12]. T. vaginalis-associated inflammation is thought to be
primarily caused by a cell-mediated immune response [13]. Neutrophils, the most
inflammatory cells in the immune system, are abundantly recruited to the vagina during T.
vaginalis infection. Neutrophils are also the most abundant immune cell type in the blood [14]
and since they extravasate from the blood, they are the first cells recruited to the site of most
infections. While within the infected tissue, their effector functions destroy pathogens
effectively and eventually limit their spread [15].

Inflammatory cytokines secreted at the site of T. vaginalis infection, such as IL-1, TNF, and
IL-8, are thought to play a role in neutrophil extravasation from the blood into the tissue [16].
In Iraq, there have been many studies that reported the infection rates of T. vaginalis among
women in Dohuk, Mousl, Baghdad, and Basra (5.4%, 15.5%, 16.6%, and 13%, respectively)
[17-20]. However, little is known regarding the association between T. vaginalis infection
with infertility, pelvic inflammatory disease, and vaginosis. Therefore, the purpose of this
study was to evaluate the clinical features of T. vaginalis infection among women with
infertility, pelvic inflammatory disease, and vaginosis.

2. Materials and Methods

2.1. Study design and subjects

Non pregnant married women (n=160) who attended some gynecology private clinics and
public hospitals in Baghdad from October 2020 through February 2021 and who had
symptoms of vaginal discharge only or of vaginal discharge with lower abdominal pain were
included in this study. The mean age of the participants was 31.56 + 7.7 years (range: 16-54
years). Gynecologists conducted routine gynecological examinations after informing
participants about the purpose of the test and obtaining a signed consent document from each
participant. The participants were divided into two groups: Infertile (n = 61) and fertile (n =
99). The participants were also divided into PID group (n=41) and non-PID group (n=119). A
diagnosis of the PID was made by gynecologist, depending on the presenting symptoms of
vaginal discharge, lower abdominal pain, lower abdominal tenderness, and cervical motion
tenderness [21].

2.2 Vaginal examination

A gynecologist used a sterile metal speculum without lubricate to examine each woman's
vagina for vaginal discharge characteristics (color, consistency, and odor). The pH of the
vaginal fluid was then measured by placing a pH paper against the lateral wall [22].
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2.3 Sample collection

Samples were taken from the posterior fornix using sterile cotton swabs. The vaginal swabs
were then inoculated into a tube containing approximately 2 ml of saline and examined within
10 minutes to identify the motile trichomonod [23]. Five millilitres of the collected blood
sample was placed into a gel tube, centrifuged, and the serum was stored at -20 °C for further
immunological examination.

2.4 Laboratory examinations

Gram stain of the vaginal discharge smear was examined microscopically using a 100 x oil-
immersion objective lens. The numbers of clue cells and normal epithelial cells were
estimated [24]. Whiff test was performed to detect the occurrence of bacterial vaginosis or
trichomonod in vaginal discharge. A drop of 20% potassium hydroxide (KOH) was mixed
with some vaginal discharge. A fishy odor was generated as a positive result. Then the slide
was examined microscopically to identify the presence of budding yeast or pseudohyphae.
Smears with yeast vaginosis usually have thick, white, so-called cottage cheese discharge
with normal pH, without abnormal odour, and with negative Whiff test result [25]. The motile
trophozoites of T. vaginalis were examined using saline wet mounts, followed by
morphological identification on Giemsa stained smears [23]. The diagnosis of bacterial
vaginosis was performed by means of the Amsel’s method [26], which is based on the
presence of three or more of the following criteria: clue-cells in the Gram stain, pH > 4.5,
positive Whiff test, and thin and homogeneous vaginal discharge. Clue cell number was
considered as high when it recorded >20% of epithelial cells per field, while pH was
considered as abnormal if its value was > 4.5 [28].

2.5 Vaginal leukocyte count

Leukocyte quantification was determined in wet mount under 400x field by the observation of
10 nonadjacent microscopic fields. Vaginal leukocyte counts were considered as high at > 6
cells/high-power field on wet mount [28].

2.6 Immunological tests

Both IL-1a and IL-8 were measured using sandwich enzyme-linked immunosorbent assay
(ELISA) kits based on the manufacturer’s instructions (BioSource, San Diego/ USA).
Samples were screened in a 96-well plate for some women included in this study (T. vaginalis
positive samples and T. vaginalis negative samples). Plates were read at 450 nm by ELISA
reader. The control group included 15 serum samples of apparently healthy women with no
vaginal discharge or any known illness.

2.7 Statistical Analysis

Data analysis was achieved by SPSS 16.0 (SPSS Inc., Chicago, IL, USA). The data were
assessed by chi-square test and ANOVA. P values < 0.05 were considered statistically
significant.

3.Results

3.1 Infection rates of T. vaginalis

The total infection rate of T. vaginalis in the surveyed population was 14.37%, where 23 out
of 160 participants were microscopically positive for T. vaginalis (Figure 1).
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Figure 1- Trichomonas vaginalis was detected microscopically in the vaginal discharge
samples by staining with Giemsa stain (100x)

No significant differences were noticed between different age groups regarding infection rate
of T. vaginalis, although the age group of > 45 years old showed the highest infection rate
(44.44%) compared to other age groups (table 1). The results also showed that T. vaginalis
infections were not found to be related to infertility; no significant differences were noticed in
the infection rate of T. vaginalis between infertile and fertile groups. While PID was found to
be related significantly (P=0.03) to T. vaginals infection rate. Regardless infertility status, the
majority of T. vaginalis infection rates were reported in PID women (24.39%) versus non-
PID women (10.92%). The results indicated a significant relation between PID and
Trichomoniasis only in fertile women (P=0.02); higher infection rates were noticed in those
women who were PID and fertile (27.58%) compared with non-PID and fertile group (10%).
While no significant relation was indicated between PID and Trichomoniasis among infertile
women, although the infection rate was higher in PID-infertile women versus non-PID-
infertile women. The results also showed no significant association between vaginosis
(bacterial or yeast vaginosis) with the occurrence of T. vaginalis, although women with
bacterial vaginosis had the highest (16.27%) infection rate compared with yeast vaginosis
group, yeast - bacterial coinfection group, and no-vaginosis group. The results also showed
that the use of contraception methods among surveyed women was not significantly related to
T. vaginalis infection. Convergent infection rates were noticed in both women with
contraceptive use (14.03%) and women with no contraceptive use (14.56%). The results
revealed no significant relation between high body mass index (BMI) and the occurrence of
Trichomoniasis, although high infection rate was observed in high BMI-group (obese and
overweight) (15.21%) versus normal BMI group (12.19%).

3.2 Clue cells, vaginal pH, and vaginal leukocytes

High clue cell count was noticed in 28.75 % (46/160) of the total studied population. Women
with a positive result of T. vaginalis test were more likely to have a high clue cell count
(43.47%) than those with a negative result (26.27%). High clue cell count was recorded in the
majority (62.5%) of infertile T. vaginalis +ve women, while other groups (infertile T.
vaginalis —ve, fertile T. vaginalis +ve, and fertile T. vaginalis —ve) were less likely to have
high count. There was no significant correlation between high clue cell count in the vagina
and positive result of T. vaginalis in infertile and fertile groups. While, high clue cell count
was more likely to be associated with T. vaginalis and vaginosis. The majority of women with
PID T. vaginalis +ve with vaginosis (71%) and non-PID T. vaginalis +ve with vaginosis
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(60%) had high clue cell count. There were significant differences (P=0.00018) among these
groups (table 2).

Abnormal vaginal pH was detected in 48.17% (66/137) of the total tested population. A
significant relation between the presence of T. vaginalis infection and abnormal vaginal pH
was found. Most (65.2%) of the women who had positive T. vaginalis results were most likely
to have abnormal vaginal pH, while only 37.2% of the women that had negative T. vaginalis
results showed abnormal vaginal pH. Abnormal vaginal pH was also noticed in the majority
of infertile-T. vaginalis +ve (75%) and fertile T. vaginalis +ve (60%) groups. No significant
correlation was noticed between abnormal vaginal pH and the presence of T. vaginalis among
fertile and infertile women. On the other hand, the results indicated a highly significant
relation (P=0.00081) between abnormal vaginal pH and vaginosis, regardless of the T.
vaginalis positive status. The majority of all vaginosis groups had abnormal vaginal pH (table
3).

High vaginal leukocyte count was found in 43.75% (70/160) of the total population. The
results showed that T. vaginalis positive rate was not associated significantly with high
vaginal leukocyte number, although 52.17 % of T. vaginalis positive women had high vaginal
leukocyte number, versus 43.28% of T. vaginalis negative women who had high vaginal
leukocyte number. No significant relation between the presence of T. vaginalis and high
vaginal leukocyte number was found in both infertile and fertile women, although 50% and
53.3% of infertile T. vaginalis +ve and fertile T. vaginalis +ve had high vaginal leukocyte
numbers, respectively. No significant relation was noticed between positive results of T.
vaginalis and high vaginal leukocyte number among PID groups (table 4)

Table 1- Prevalence of T. vaginalis among PID, infertile, fertile, age, BMI and vaginosis
groups for women infected with T. vaginalis

n(%)T. vaginalis positive 2 ip.
Group N women X° (P-value)
All 160 23 (14.37%)
18-24 26 3 (11.53%)
25-34 79 9 (11.39%)
35-44 46 7 (15.21%) 7.37(0.06)
45> 9 4 (44.44%)
Infertile women 61 8 (13.11%)
Fertile women 99 15 (15.15) 0.127.(07)
PID women 41 10 (24.39%) -
Non PID women 119 13 (10.92%) 4.49 (0.03)
PID-fertile women 29 8 (27.58%) -
Non-PID fertile women 70 7 (10%) 4.9(0.02)
PID-infertile women 12 2 (16.6%)
Non-PID infertile women 49 6 (12.24%) 0.124(07)
Bacterial vaginosis 43 7 (16.2%)
Yeast vaginosis 43 5 (11.62%)
Yeast- bacteria coinfection 34 5 (14.7%) 0.127 (0.7)
No-vaginosis 40 6(15%)
Women with contraceptive use 57 8 (14.03%) 0.008 (0.9)
Women WIth(LL;te contraceptive 103 15(14.56%)
Obese & overweight group 119 18(15.21%) 0.2 (0.6)
Normal BMI group 41 5 (12.19%) A
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Table 2- percentage of cases with high clue cell count among women with T. vaginalis, PID

and vaginosis groups

Group N n(%) High clue cells X2 (P-value)
All 160 46 (28.75%) i
T.vaginalis (+) women 23 10 (43.47%) 2.8(0.9)
T.vaginalis (-) women 137 36 (26.27%) R
Infertile T.vaginalis (+) women 8 5 (62.5%)
Infertile T.vaginalis (-) women 53 17 (32.07%) 6.43 (0.09)
Fertile T.vaginalis (+) women 15 5 (33.3%) ' '
Fertile T.vaginalis (-) women 84 19 (22.6%)
PID T.vaginalis (+)with vaginosis 7 5 (71%)
PID T.vaginalis (-)with vaginosis 20 6 (30%)
PID T.vaglnz_allls (+)W|thout 3 0 (0%)
vaginosis
PID T.vaglnz_;llls (—) without 1 0 (0%)
vaginosis
Non PID T.vaginalis (+) with o 28.361
vaginosis 10 6 (60%) (0.00018)*
Non P!D T.ve}gmglls O] 83 27 (32.5%)
with vaginosis
Non PID T.vag!nall.s (+) without 3 0(0%)
vaginosis
Non PID T.vag_mal!s (-) without 23 0(0%)
vaginosis

Table 3- Percentage of cases with pH among women with T. vaginalis, PID and vaginosis

groups
Group N n(%)Abnormal vaginal pH>4.5 X2 (P-value)
All 137 66 (48.17%) i
T.vaginalis (+) women 23 15 (65.2%) -
T.vaginalis (-) women 137 51 (37.2%) 6.36 (0.0)
Infertile T.vaginalis (+) women 8 6 (75%)
Infertile T.vaginalis (-) women 53 22 (41.5%) 6.5 (0.057)
Fertile T.vaginalis (+) women 15 9 (60%) T
Fertile T.vaginalis (-) women 84 29 (34.5%)
PID_T.vaglr_1aI|s_ (+) 7 5 (71%)
with vaginosis
PID_T.vagl_naI|§ ) 20 14(70%)
with vaginosis
PID T.vaglna}lls (_+) without 3 2(66.6%)
vaginosis
PID T.vagmglls (-) without 1 5(45.4%)
vaginosts . 24.83
Non PID T.va_gma}lls (+) with 10 6(60%) (0.00081)*
vaginosis
Non PI_D T.vqglne_llls ) 83 20(34.9%)
with vaginosis
Non PID T.vag!nall_s (+) without 3 3(100%)
vaginosis
Non PID T.vag_lnal!s (-) without 23 3(13%)
vaginosis
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Table 4- Percentage of cases with vaginal leukocytes count among women with T. vaginalis,
PID and vaginosis groups
n(%)High vaginal leukocytes

2
Group N Uil X* (P-value)
All 160 70 (43.75%)
T.vaginalis (+) women 23 12 (52.17%) 0.7(0.3)
T.vaginalis (-) women 137 58 (43.28%) A
Infertile T.vaginalis (+) women 8 4 (50%)
Infertile T.vaginalis (-) women 53 18 (33.9%) 3.2(0.3)
Fertile T.vaginalis (+) women 15 8 (563.3%) v
Fertile T.vaginalis (-) women 84 40(47.61%)
PID T.vaglpalls_ (+) with 7 5 (71%)
vaginosis
PID T.vaglpall§ (-) with 20 10 (50%)
vaginosis
PID T.vaglna_llls (_+) without 3 2 (66.6%)
vaginosis
PID T.vagmglls (—) without 1 8 (72.7%)
vaginosis _ 11.69
Non PID T.vagmqhs (+) with 10 4 (40%) (0.1)
vaginosis
Non P!D T.ve}gmglls 83 35 (42.1%)
(-) with vaginosis
Non PID T.vag!nallls (+) without 3 1(33.3%)
vaginosis
Non PID T.vaginalis 23 5(21.7%)

(-) without vaginosis
3.3 IL-10 and IL-8 levels in the studied population
The results show that IL-1a level was relatively low in both T. vaginalis +ve and T. vaginalis
-ve groups of infected women compared with the control group. The mean concentrations of
IL-1a were 8.7653 + 2.44 and 9.4119 * 2.99 pg /ml in the positive and negative groups,
respectively, while the value in the control group was equal to 8.208 + 2.34 pg/ml. No
significant differences were noticed between the groups regarding IL-1a (Figure 2).

15

14
13 RS
12

11

10

IL1a (pg/ml)
(<]

6 -

'
T.vaginalis +ve group Tvaginalis -ve group Control group

Figure 2-1L-1a level in T. vaginalis positive and negative groups.

The results also demonstrated non-significant differences regarding IL-1a levels among
fertile (T. vaginalis +ve and —ve), infertile (T.vaginalis +ve and —ve), and control group.
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Nevertheless, infertile T. vaginalis -ve group showed the highest mean level of IL-1a (9.8979
* 3.94 pg/ml) as compared to the other groups (Figure 3).

15 .

14 -
13
12
11

10 0
9

IL1a (pg/ml)

1
T.vaginalis +ve T.vaginalis -ve T.vaginalis +ve

infertile fertile fertie T.vaginalis -ve Control group

fertile
Figure 3-1L-1a level in T. vaginalis in the fertile and infertile groups

The PID T. vaginalis +ve group showed slightly higher levels of IL-1a (10.374 £ 2.14) pg/ml
compared to PID T.vaginalis —ve, non PID (T.vaginalis +ve and —ve), and control groups
(Figure 4), although no significant differences were noticed.

15 *
14
[ ]
13 ¢
12
~ 11
w10
o,
z 9 -
=
8
7
6
5
4
T.vaginalis +ve T.vaginalis -ve T.vaginalis +ve T.vaginali
: - - .vaginalis -ve Control group
with PID with PID without PID without PID

Figure 4-1L-1a level in T. vaginalis group in PID and non PID groups

Furthermore, no significant differences were found among different groups (T. vaginalis +ve
with vaginosis, T. vaginalis -ve with vaginosis, T. vaginalis -ve without vaginosis) regarding
serum IL1a level. The mean levels of IL-1o were 8.9464 £ 2.76, 9.3413 + 3.22, and 9.6562 +
2.11 pg/ml, respectively, compared to the control group (8.208 + 2.34 pg/ml) (Figure 5).
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T.vaginalis +ve T vaginalis -ve T.lvaginaﬁs_we. T.vaginalis -ve Control group
with vaginosis with vaginosis without vaginosis without vaginosis

Figure 5-1L-1a level in T.vaginalis group with vaginosis and non-vaginosis groups

IL-8 levels were also detected for the same groups. It was noticed that T. vaginalis +ve group
has interestingly lower level of IL8 (179.5433 + 49.89 pg/ml) compared to T. vaginalis —ve
and control groups (266.3247 + 228.64 and 267.126 + 153.90 pg/ml, respectively). No
significant differences were noticed among the groups (Figure 6).

400 ‘ .

300

IL8 (‘pJLr;'m )]
n
=)

200

150

T -

Tvaginalis +ve group Tvaginalis —ve group Contral group

Figure 6-1L-8 level in T. vaginalis positive and negative groups

Similar results of low IL-8 levels were observed in both T. vaginalis+ve infertile and T.
vaginalis +ve fertile groups (156.352 = 19.91 and 189.339 + 57.42 pg/ml, respectively),
versus a high level of IL-8 in the control group (267.126 + 153.90 pg /ml). On the other hand,
a high level of IL-8 was noticed in the T. vaginalis-ve infertile group (316.4316 = 382.70
pg/ml). The statistical analysis showed no significant differences among groups (Figure 7).
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Figure 7-1L-8 level in T. vaginalis in the fertile and infertile groups

Low levels of IL-8 were found in both PID T. vaginalis +ve (179.448 + 29.62 pg /ml) and
non-PID T. vaginalis +ve (177.791 = 59.04 pg /ml) groups, versus a higher level in the control
group (267.126 + 153.90 pg /ml). However, the level of I1L-8 was slightly increased in non-
PID T. vaginalis -ve group (284.9014 + 265.79 pg /ml). No significant differences were
noticed among these groups (Figure 8).

The results also illustrated lower concentrations of IL-8 in both T. vaginalis +ve with
vaginosis group and T. vaginalis +ve without vaginosis groups (179.4636 + 47.56 and
179.7625 + 63.85 pg/ml, respectively). While the level of IL-8 was slightly increased in T.
vaginalis -ve with vaginosis group (269.4613 + 258.25). compared to the control groups.
(267.126 + 153.90) pg /ml. The statistical analysis indicated no significant differences among
groups (Figure 9).
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Figure 8-1L-8 level in T. vaginalis group in PID and non PID groups
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3. Discussion

4.1 Infection rate of T. vaginalis

T. vaginalis belongs to the group of neglected parasitic infections (NPIs) which has been
causing sexually transmitted diseases worldwide [7]. Accurate diagnosis and effective control
management of sexually transmitted infections represent important strategies for the
prevention, since the parasite causes adverse health problems that include infertility, HIV
infection, and pelvic inflammatory disease [30]. In the current study, the total infection rate of
T. vaginalis was 14.73%, which is considered as a high infection rate. This value is higher
than that obtained by an earlier study [17], which showed 5.4% infection rate among 425
women in Dohuk province, north Irag. However, it is lower than the value reported by another
study [18], which showed 15.5% infection rate among 440 women in Mousl province, north
Irag. In addition, it was lower that the 16.6% value reported among 114 women in Baghdad
province, central Irag. The variations in infection rates of T. vaginalis among different studies
are likely due to some influences, including sample size, diagnostic method used, living
circumstances, socio-economic conditions, and immunological standings [31]. Moreover,
T.vaginalis infection depends on many other factors, including age, sexual activity,
association of other STIs, and period of menstrual cycle [32]. No significant differences were
noticed among different age groups regarding infection rate of T. vaginalis, although high
infection rates were noticed among elder women (age group > 45 years). This result was
compared with some other studies [33, 34] which showed that the prevalence of T. vaginalis
infection did not differ by age category. Furthermore, the results agree with the findings of
Ginocchio et al. [29] who reported that the prevalence of the infection was higher in women >
40 years old. While Sutton et al. [36] showed a higher rate (2.8 %) of infection among young
women with the age of 18-25 years and above in the population. However, the parasite
infected women in all reproductive-age and the prevalence of the infection is unknown [35,
36].

No significant relation was noticed between infertility and infection with T. vaginalis in the
current study, although some investigators showed that T. vaginalis infection likely caused
compromising in tubal patency in women, that may have led to infertility [8]. This result
disagrees with El-Shazly et al., 2001, who showed that T. vaginalis plays an important role in
female infertility [37].
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On other hand, there are limited studies on T. vaginalis infection and its correlation with PID.
None has looked into the association between trichomoniasis and histologically confirmed
PID [8]. In the current study, trichomoniasis was significantly associated with pelvic
inflammatory disease. High incidence of the infection was reported in women with PID group
versus non PID group. This association may be occurring due to untreated T. vaginalis
infection or as a result of co-infection with other SIDs [29]. These results agree with that
stated by Cherpes et al. [35] who reported a significant correlation between acute endometritis
and fallopian tube abstraction with T. vaginalis infection, HSV-2, and other bacterial
vaginosis conditions. These results also agree with those reported by Trigg et al. [38],
Moodley et al. [39] and Paisarntantiwong et al. [40]. who stated the association of PID with
sexually transmitted infection, including T. vaginalis infection.

The results showed that the association of the PID with T. vaginalis infection was higher
among fertile women compered to infertile women.

Usually, the fertile are less likely to make screening and attend gynecological clinic, or they
might have asymptomatic infection or fail to have successful treatment [21]. In addition, some
fertile women are less likely to use contraceptive methods. This explanation agrees with
Baeten et al. [41], who stated that there was association between women who used
contraceptive pills and the increased risk of acquiring pelvic inflammatory disease,
chlamydia, and vaginal candidiasis. Also, there was an association between PID and using
intrauterine device [27]. Moreover, using birth control, like oral contraceptive, was reported
to confer a protective barrier against T. vaginalis infection, although it was not protective
against bacterial and yeast vaginosis [42]. In this current study, no significant association was
found between contraceptive uses and low infection rate of T. vaginalis. This result agrees
with that of Mahdi et al. [20] who found that T. vaginalis infection was not associated with
contraceptive use. On the other hand, our finding disagreed with some other studies. This
disagreement is likely due to differences in the age groups, sample size, or association of T.
vaginalis with other sexually transmitted infections. It was noticed from the results of the
current study that there was no infection (0%) among the use of condom. This agrees with
Holmes et al. [43] who reported that the use of condoms may be associated with protecting
women against T. vaginalis and other sexually transmitted infections.

The results of the current study showed that higher infection rate was noticed among women
with high BMI compared with women who had normal BMI, although no statistical
association was noticed. The high infection rate of T. vaginalis among women with high BMI
can be due to the role of specific factors, such as obesity-associated hormonal and metabolic
dysfunctions and dietary habits; all these factors can be correlated indirectly to STI [44]. This
finding agrees with Lokken et al. [44] and DeMaria et al. [45] who stated that women with
higher BMI were less likely to be diagnosed with STD than those with a normal BMI. Our
results are in contrast to the results of Leech et al. [46] and Kershaw et al. [47] who found
that women with high body mass index were more likely to have STI than those with normal
BMI.

4.2 Clue cells, vaginal pH, and vaginal leukocytes

Lactobacilli, as normal flora, stabilize vaginal environment and maintain a normal vaginal pH
(3.8 to 4.2) by generating lactic acid [48]. T. vaginalis and bacterial vaginosis infections are
associated with elevated pH, to values higher than 4.5, and clue cell count to higher than 20%
per one field of microscopic examination at 40X magnification. These factors can be used as
diagnostic features to detect the infection [49, 50]. The results of the current study showed
significant elevation of both pH value and clue cell count among women with T.vaginalis.
These findings agree with the findings presented by Van Der Pol et al. [51], who identified
clue cells in 11.5% of women infected with T. vaginalis. These results also agree with the
same study regarding pH, which confirmed the significant difference between elevated pH
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and high clue cell count in women with T. vaginalis and vaginosis infection as compared to
women with no infection. The current results showed high values of both vaginal pH and clue
cells among PID women compared with non PID women. These results can be due to the
decline in Lactobacillus numbers, which may contribute to overgrowth of some pathogenic
bacteria, resulting in the subsequent development of PID [52]. On the other hand, no
significant correlation was noticed between high leukocyte count and T. vaginalis positive
status, although about half of the T.vaginalis +ve women and the majority of the PID positive
women had high leukocyte count, regardless of T. vaginalis status. These results are likely
due to the infection and inflammation of the upper genital tract that characterize women who
had PID [53]. This finding agrees with that of an earlier work [54], which found no
correlation between vaginal leucocytosis and vaginal infections. Another study showed that
secretory leukocyte protease inhibitor (SLPI) concertation was lower in women with T.
vaginalis infection [28]. However, there are many factors that might elevate leukocyte count
among women, which include viral infection and urinary tract infection; some were not
considered in this study.
4.3 1L-1and IL-8

The virulence factors of T. vaginalis are responsible for the evasion of the host immunity.
The interaction between the parasite and inflammatory response remains unclear. Although
the host may have developed antibodies, but reinfection may still occur [28]. The results of
the current study showed low level of IL-1a in T. vaginalis infected women compared with
the control group. This finding may indicate that T. vaginalis cytoadherence induced cytokine
modulation and down-regulated the expression of proinflammatory response [55]. Low level
of IL-8 was also noticed in T.vaginalis +ve women compared with the control group; this may
be due to the possibility that T. vaginalis generates an immunosuppressive response in
monocytes, macrophages, and dendritic cells to evade the host immunity [56]. These results
agree with those of Shaker and Hussein [57], who reported a low level of IL-8 among T.
vaginalis positive women. Moreover, this result agrees with the same study regarding the
non-significant differences between the infected and control groups. These results also agree
with other investigators, including Shaio et al. [58] who reported an approximately 55%
reduction in the half-life of IL-8 mMRNA in monocytes culture treated with membrane T.
vaginalis components. However, our results disagree with some other studies, such as that of
Kucknoor et al. [59] and Ali [60]; they found a higher level of IL-8 in both acute and chronic
T. vaginalis infections. T. vaginalis releases extracellular exosome-like vesicles and other
factors that play important roles in immunomodulation of some interleukins in response to
infection [5]. This fact can explain the decrease in Both IL-la and IL-8 in our study
population. The finding of the current study provided some insights about some clinical
aspects of T. vaginalis infection among infertile and PID women. T. vaginalis is highly
predictable in women with PID. Consequently, attention and more investigation would be
required on this topic in Irag.
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