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Abstract: It is known that physicochemical conditions (e.g., pH, temperature, and ionic strength) affect the size of tricho-
monads. In this study, the sizes of 4 isolates of Trichomonas vaginalis cultured for more than a year (called “old T”) and 3
isolates freshly isolated from vaginitis cases (called “fresh T”) were compared by scanning electron microscopy. Although
the fresh T had shorter body length, body width, and flagellar length than old T, total length (about 26 pm), including body
length, flagella length, and axostyle length was almost the same in the 2 groups. A striking difference was observed be-
tween the axostyles of the 2 groups; the axostyle length of the fresh T (8.2 um) was more than twice as long as that of the
old T (4.0 um). However, in several parasitology textbooks, the length of T. vaginalis is said to vary widely from 7 to 32 um,
and its undulating membrane is said to extend about half way (53.5%) to the posterior end of the body. On the other
hand, in our study, the undulating membrane was observed to extend more than 3/4 of the body length (72.1%) in old T,
whereas in fresh T it could not be measured. Taken together, we suggest that T. vaginalis averages 26 (21-32) um in total
length, with 9.5 (7.4-11.4) pm of body length and 6.8 (5.3-7.7) uym of width, and its undulating membrane extending 3/4 of
its body length. Therefore, these findings may provide useful information for morphological characteristics of T. vaginalis.
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Physicochemical conditions (e.g., pH, temperature, oxygen
tension, and ionic strength) and ingredients of the medium
affect the dimensions of Trichomonas vaginalis; Winston [1] re-
ported that the variation in size of T. vaginalis was due to the
effects of the host environment. Moon et al. [2] and Kim et al.
[3] reported that trophozoites cultured at unfavorable pH in
TPS-1 medium were significantly larger than those cultured at
pH 7.0 and were less pathogenic. Honigberg and Brugerolle [4]
reported that physicochemical conditions affected the shape
of trichomonads. The size of T. vaginalis therefore may be ex-
pected to differ between trichomonads cultured for a long
time and freshly isolated trophozoites.

We performed this study to observe size difference in scan-
ning electron micrographs between trichomonads grown for
more than a year (called “old T”) and T. vaginalis (called “fresh
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T”) freshly isolated from cases of vaginitis. In addition, we
compared the size of T vaginalis (called “schematic T”) ob-
tained from schematic drawings in parasitology and related
books with those of old T and fresh T. Finally, we suggested
the dimensions of T. vaginalis as measured by scanning elec-
tron microscopy in this study.

Atotal of 7 T. vaginalis isolates were used. Isolates KT4, KT9,
and KT-Kim were collected from Koreans with vaginitis, and
isolate 50148 was purchased from ATCC (Manassas, Virginia,
USA). These 4 isolates had been cultured for more than a year
in TYM (trypticase-yeast extract-maltose, pH 6.2) medium. In
addition, 3 isolates of T. vaginalis were freshly obtained from
women with vaginitis; they were prepared for scanning elec-
tron microscopy (SEM) immediately after they were collected.
SEM was used to detect any superficial morphological differ-
ences between the trichomonads cultured for more than a year
and the freshly isolated trophozoites. T. vaginalis isolates were
fixed in 3% glutaraldehyde in 0.13 M Millonig's phosphate
buffer (0.13 M NaH,POs, 0.1 M NaOH, pH 7.3) at 4°C. They
were then washed 3 times with PBS, allowed to adhere to
poly-L-lysine-coated glass coverslips, post-fixed for 1.5 hr at
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room temperature in 1% OsO, in Millonig's phosphate buffer,
dehydrated in ethanols, dried in a critical point dryer, and
mounted on stubs. They were then coated with gold using an
ion sputtering coater, and observed with a scanning electron
microscope (S-2380N, Hitachi, Tokyo, Japan) at an accelerat-
ing voltage of 25 kV. Fifteen trophozoites from the 4 isolates
grown for more than a year and 27 trichomonads from the 3
fresh isolates were observed and measured. The size of the ex-
ternal (superficial) organelles of each trophozoite, namely
length and width of body, length of the 4 anterior flagella, dis-
tance of axostyle protrusion from the end of the body, was
measured. In addition, we measured the length of body, fla-
gella, and axostyle in schematic drawings of T. vaginalis (called
“schematic T”) in 7 parasitology and related textbooks [5-11].
The ratios of flagella, body width, and axostyle length to body
length were measured and compared with those of old T and
fresh T.

The body length and width of fresh trichomonads (average
LxW; 8.5%5.7 pm) were less than those of old trichomonads
(9.5% 6.8 pm). However, their ratios of width to length (68.6%
in fresh T vs 71.9% in old T) were similar. Flagella were slightly
shorter (average 10.5 um) in fresh samples than in old ones (av-
erage 11.5 pm), and the ratio of flagellar length to body length
was lower (107.4%) in the former than the latter (123.5%).
Axostyle length differed the most between fresh T (average 8.2
pm) and old T (average 4.0 pm). When axostyle length was cal-
culated as a percentage of body length, fresh trophozoites had
significantly higher ratios (100.9%) than old trichomonads
(40.5%) (Fig. 1). The total length including body, flagella, and
axostyle was almost the same in the 2 groups (fresh T; 26.3 pm

vs old T; 26.0 um). The ratio of the length of undulating mem-
brane (UM) to body length in old trichomonads was 72.1%,
and it was difficult to observe the undulating membrane in
freshly isolated trophozoites. Therefore, the ratio of UMs could
not be measured.

The ratio of body width to body length in the schematic
trichomonads was 64.8%, lower than those of fresh trichomo-
nads (68.6%) and old trophozoites (71.9%). The ratios of
axostyle and flagella to body length in the schematic T were
also lower than in the fresh and old T. A significant difference
was also seen in the ratio of axostyle to body length in sche-
matic T (30.4%) and fresh T (100.9%), and the ratio for the
flagella of schematic T (90.9%) was significantly lower than
that for old T (123.5%). The undulating membrane in the
schematic T (ratio 53.5%) extended only about a half of the
length of the body, compared with 72.1% in old T (Table 1).

The axostyle of T. vaginalis runs from the anterior towards
the posterior end of the cell. It forms the capitulum in the an-
terior portion and a narrow tube in the posterior [12]. It may
have 2 functions in trichomonads; 1) it may be a supportive
entity, 2) it may participate in the cell division process, causing
constriction of the nucleus during karyokinesis [13]. Although
the axostyles of fresh T were twice as long as those of old T, it
is hard to determine the specific role of the longer axostyles in
the fresh T; the fresh T need to overcome the flushing effects of
the normal fluid secretion of the vagina in order to survive. In
those conditions, the axostyle may have to be strong to fulfill a
supportive role. Honigberg and Brugerolle [4] suggested that
the shape of cells grown in culture tends to be more uniform
than that of those in vaginal secretions. Consistent with this,

Fig. 1. Scanning electron microscopy of T. vaginalis. Two fresh isolates of T. vaginalis (A, B) collected from vaginitis cases have longer
axostyles than isolates KT9 (C) and KT4 (D) cultured for more than a year in TYM.
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Table 1. Comparison of dimensions of cultured and freshly isolated Trichomonas vaginalis

Body Axostyle Flagella UM portion/ Total
L (um) WEm) WL (%) Lum)  AUBL (%) Lum) FLBL@®%)  BL(O) L (um)
Cultured 95+13 6809 719+68  40+1.3 405+160 11.5+23 1235243 721105 26.0=3.2
trophozoites (N=15)  (7.4-11.4)  (6.3-7.7) (1.3-5.3) (7.4-17.3) (21.0-32.0)
Freshly isolated 8523 57+1.0° 686+121 82:3.3%1009+34.4° 105+29°107.4+352  ND 26.3+6.6
trophozoites (N=27)  (5.6-12.6)  (4.1-9.0) (2.5-16.1) (4.5-18.8) (19.4-42.2)
Trophozoites on 7 ND ND  64.8+4.04° ND 30.4 + 9.5° ND  909+37.3 535=114®  ND

diagrams (N=7)

L: length, W: width, W/L: width/length, AL: axostyle length, BL: body length, FL: flagellar length, UM: undulating membrane, ND: not done.

8P <0.05 vs cultured trophozoites.
5P <0.05 vs freshly isolated trophozoites.

we found that old T varied less in length than fresh T.

It is known that trichomonads tend to increase in size under
certain, usually unfavorable, condition. Old T was about 1 pm
longer and wider than fresh T, although their ratios of width
to length were similar. This difference was in accordance with
previous reports in which the culture medium probably affect-
ed the size of trichomonads [2,3,14].

Since the ratio of the length of the UM to that of the body
has often been considered an important parameter distin-
guishing the 3 species of human-infecting Trichomonas [15],
the UM extends about 2/3 of the length of the cell in Tricho-
monas tenax; and about 1/3 the length of the cell in T vaginalis,
while in Trichomonas hominis, it extends the whole length of the
body [9]. However, the ratio (in percent) of the length of the
UM to that of the body in T. vaginalis was 62.1+10.3% based
on data in Table IIT of Honigberg and King [16]. In the present
study, old T (72.1+10.5%) had significantly longer UM exten-
sion ratios than those of the schematic T as given in several
parasitology textbooks (53.5+11.4%). The UM of fresh T,
however, could not be measured because of the presence of ap-
parent pseudopodial extension of the cytoplasm, especially on
the side of the UM. Therefore, we suggest that the UM of T.
vaginalis extends about 3/4 of the length of the body.

Measurements of the total length of T. vaginalis should in-
clude the body length, flagellar length, and axostyle length.
The detailed reports of the structure of T. vaginalis by Honig-
berg and Brugerolle [4] and Benchimol [13] did not mention
the total length, whereas several parasitology textbooks quoted
a wide range of size (7-32 pm in length) [5-11]. Fresh and old
trichomonads in the present study had almost the same aver-
age length (about 26 pm). Hence, it needs to present the size
of T vaginalis with some approximation to real trophozoites.
In summary, we suggest that the total length of T vaginalis (in-
cluding the body length, flagellar length, and axostyle length)

averages about 26 (21-32) pm, its body measures 9.5 (7.4-
11.4)x 6.8 (5.3-7.7) pm, and its undulating membrane extends
3/4 of its body length.
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