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Summary

Nifuratel (CAS 4936-47-4) displays a
strong antiprotozoarian and antibac-
terial activity and is provided with a cer-
tain fungicidal effect, but it is not active
against the physiologic flora. Its thera-
peutic effectiveness has been evaluated
in more than 12,000 patients. The wide
clinical experience with nifuratel con-
firms that the drug is safe and effective
for the treatment of trichomoniasis, bac-
terial vaginosis, candidosis, and, particu-
larly, in patients suffering from mixed va-
ginal infections.

A meta-analysis of clinical trials com-
paring nifuratel and metronidazole (CAS
443-48-1) in vulvovaginal infections was
performed. All parallel-group metronida-
zole-controlled trials carried out in
patients with vulvovaginal infections
have been included, complying with the
following criteria: 1) cure assessed both
as disappearance of symptoms and signs,
and negative microbiological findings;

2) microbiological tests performed with
valid methods still used in current prac-
tice.

Seven clinical trials have been se-
lected, including overall 1767 patients,
832 out of whom were treated with nifur-
atel and 935 with metronidazole. The re-
sults of the meta-analysis confirmed the
equivalence between nifuratel and me-
tronidazole: overall proportion of cured
patients in the two groups were 88.5 %
and 90.0 %, respectively, in the presence
of homogeneity among studies (p = 0.342).

In the fixed and random effect analyses,
the confidence interval of Odds ratio in-
cluded 1 and the p values for testing the
hypothesis of no difference between treat-
ments were 0.656-1.266, p = 0.582 (fixed
effects) and 0.643-1.290, p = 0.599 (ran-
dom effects), respectively, indicating
equivalence.

Furthermore, some controlled studies
and the wide clinical experience showed
that the cure rate of nifuratel in patients
with mixed infections due to
Trichomonas vaginalis + Candida or
Trichomonas vaginalis + bacteria or with
bacterial vaginosis and mixed bacterial
flora is higher than that of metronida-
zole, due to the wide spectrum of action
of nifuratel.
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Ubersicht

Zusammenfassung

f

Klinische Wirkungen von Nifuratel bei
vulvovaginalen Infektionen / Eine Meta-
Analyse von Metronidazol-kontrollierten
Studien

Nifuratel (CAS 4936-47-4) zeigt eine
starke antiprotozoische und antibakte-
rielle Aktivitit und besitzt eine gewisse
fungizide Wirkung, wirkt jedoch nicht ge-
gen die physiologische Flora. Seine thera-
peutische Wirksamkeit wurde an mehr
als 12 000 Patientinnen getestet. Die
breite klinische Erfahrung mit Nifuratel
bestiitigt, daB das Priiparat in der Thera-
pie von Trichomoniasis, bakterieller Vagi-
nose, Candida-Mykosen und insbeson-
dere vaginalen Mischinfektionen sicher
und wirksam ist.

Eine Meta-Analyse von klinischen
Studien, in denen Nifuratel und Metroni-
dazol (CAS 443-48-1) bei vulvovaginalen
Infektionen verglichen wurden, wurde
durchgefiihrt. Alle Metronidazol-kentrol-
lierten Parallelgruppen-Studien mit
Patientinnen mit vulvovaginalen Infektio-

nen, die folgende Kriterien erfiillen, wur-
den beriicksichtigt: 1) Die Infektion galt
als geheilt, wenn die Symptome und
Krankheitszeichen verschwunden und
gleichzeitig die mikrobiologischen Ergeb-
nisse negativ waren. 2) Die mikrobiologi-
schen Tests wurden mit validierten Me-
thoden durchgefiihrt, die noch heute in
der Praxis angewandt werden.

Sieben klinische Studien wurden aus-
gewiihlt, an denen sich insgesamt 1767
Patientinnen beteiligten; 832 von ihnen
wurden mit Nifuratel und 935 mit Metro-
nidazol behandelt. Die Ergebnisse der
Meta-Analyse bestitigten die Aquivalenz
von Nifuratel und Metronidazol: Der Ge-
samtanteil der geheilten Patientinnen be-
trug in den beiden Gruppen 88,5 % bzw.
90,0 % bei Homogenitit der Studien
(p = 0,342). In den Analysen der festen
und zufilligen Effekte lag das Vertrauens-
intervall des Verhiiltnisfaktors (odds ra-
tio) im Bereich von 1, und die p-Werte
fiir die Uberpriifung der Hypothese der
Aquivalenz beider Priiparate betrugen

0,656-1,266, p = 0,582 (feste Effekte)
bzw. 0,643-1,290, p = 0,599 (zufillige
Effekte), was auf Aquivalenz hindeutet.

Dariiber hinaus haben einige kontrol-
lierte Studien und die breite klinische Er-
fahrung gezeigt, daR die Heilungsraten
von Nifuratel bei Patientinnen mit Misch-
infektionen durch Trichomonas vaginalis
+ Candida oder Trichomonas vaginalis +
Bakterien sowie bei Patientinnen mit bak-
terieller Vaginose und gemischte Bakte-
rienflora héher sind als diejenigen von
Metronidazol, was auf das breite Wir-
kungsspektrum von Nifuratel zuriickzu-
fiihren ist.

1. Background

Most cases of discharge in women of childbearing age
are caused by bacteria; bacterial vaginosis represents
a complex change in vaginal flora characterised by a
reduction in the prevalence and concentration of hy-
drogen peroxide producing lactobacilli, and an increase
in the prevalence and concentration of Gardnerella va-
ginalis, Mycoplasma hominis, anaerobic gram-negative
bacteria belonging to the genera Prevotella, Bacteroides,
and Peptostreptococcus species [1]. Bacterial vaginosis
has been associated with several upper genital tract in-
fections and obstetrical complications, such as pelvic
inflammatory disease (PID), post-caesarean endome-
tritis, post-hysterectomy pelvic infection, chorioam-
nionitis, premature rupture of membranes, and preterm
labour and delivery [2-4]. Candida vaginitis is the
second most common cause of vaginal infections and
Candida albicans is responsible for 80 to 94 % of
episodes of Candida vulvovaginitis, while several inves-
tigators have reported an increased percentage of non-
albicans Candida species. Many factors increase sus-
ceptibility to vaginal Candida infections, such as preg-
nancy, taking old high-dose oral contraceptives, dia-
betes, systemic steroids, obesity and HIV infections.
The third cause of infectious vaginitis is due to Tricho-
monas vaginalis; this organism has been found to
coexist with a number of other infections, including
gonococcal infection and bacterial vaginosis. Tricho-

2 Mendling et al. — Nifuratel

monas infection is also associated with complications,
including abnormal Pap test, PID, and premature rup-
ture of membranes in pregnancy and neonatal respira-
tory tract infection as well as neonatal genital infections
{5-6].

Although the history and gynaecologic examination
are the source of important diagnostic clues, laboratory
tests, such as vaginal pool wet mount exam, the amine
whiff test, vaginal pH, and the Q-tip test, should rou-
tinely be performed in all patients presenting a vaginal
discharge to obtain a differential diagnosis, while
vaginal cultures are required only for confirmation,
according to the individual cases {7].

Metronidazole (CAS 443-48-1) continues to be re-
garded as the agent of choice in the management of
both bacterial vaginosis and trichomoniasis. Although
metronidazole is highly active against anaerobic bac-
teria, it is less active against Gardnerella vaginalis and
poor against Mobiluncus species. Despite this, a re-
peated 7-day course of metronidazole is often effective
treatment for a recurrence. A small number of women
shows multiple recurrences. Prolonged oral use of me-
tronidazole is associated with a high incidence of side
effects located to the gastrointestinal tract and a risk of
peripheral neuropathies. Its use in pregnancy has been
a matter of concern due to its theoretically supposed
teratogenic effects [8].

Several topical antifungals, such as clotrimazole,
miconazole, tioconazole, terconazole, nystatin, achieve
high cure rates in excess of 80 % in case of uncompli-
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cated vulvovaginal candidoses. The differences in for-
mulations are not considered to be clinically relevant.

Oral azoles, such as ketoconazole, itraconazole and
fluconazole, have also been shown to achieve high cure
rates, but they are currently contraindicated in preg-
nancy [9].

The vulvo-vaginal infections have progressively
changed during the last years, both quantitatively and
qualitatively, with the onset of mixed forms (where pro-
tozoa and mycetes are often associated with bacteria).

NifuratelV (CAS 4936-47-4) displays a strong antipro-
tozoarian and antibacterial activity and it is provided
also with some fungicidal effect [10-11]. Unlike doxy-
cycline, nifuratel is not active against Lactobacillus spp.
This fact is important in the vaginal infections where
the complete eradication of Lactobacillus spp. may pro-
duce change of vaginal microbial flora and vaginal pH.
Nifuratel has a very safe toxicological profile and it is
devoid of teratogenic effects; furthermore, the compar-
ison among past and recent clinical studies confirms
that no resistance phenomena to the treatment with ni-
furatel are reported [11]. Its therapeutic effectiveness
has been evaluated in more than 12,000 patients, and it
is on the market since 1965 in many European and ex-
tra-European Countries. The wide clinical experience so
far with nifuratel confirms that the drug is effective for
the treatment of trichomoniasis, bacterial vaginosis,
candidoses, and, particularly, in patients suffering from
mixed vaginal infections.

Several trials comparing nifuratel with metronida-
zole and other agents currently used in the treatment
of vulvovaginal infections have demonstrated the thera-
peutic equivalence of the treatments [12-21]. Most of
the studies have been performed before GCPs (good
clinical practice) came into force, and they reflect suit-
able methods for that period.

In order to assess the homogeneity of the results ob-
tained in these trials and to confirm the equivalence
between nifuratel and metronidazole in the treatment
of vulvovaginal infections, we applied the meta-analyt-
ical procedure, a retrospective quantitative technique
that pools data from multiple trials.

2. Methods

An extensive search of all controlled clinical trials with nifuratel
in vulvovaginal infections was performed. We included in the
meta-analysis all parallel-group, metronidazole-controlled tri-
als carried out in patients with vulvovaginal infections, like
trichomoniasis, bacterial vaginosis, candidoses and mixed va-
ginal infections, that comply with the following criteria: 1) cure

Y Available as Inimur® / Macmiror® (Taurus Pharma GmbH,
Polichem S.A.) in form of sugar coated tablets (200 mg nifur-
atel), pessaries (250 mg nifuratel) and 10 % ointment, re-
spectively.
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assessed both as disappearance of symptoms and signs, and
negative microbiological findings; 2) microbiological tests con-
ducted with valid methods still used in current practice.

Seven studies have been selected, four out of which were
performed in patients affected by Trichomonas vaginalis (T.v.)
and three in mixed forms (see Table 1). A brief description of
these trials is reported as follows.

Forty-two patients with recurrent trichomoniasis sub-
sequent to treatment with nifuratel and 37 patients with recur-
rence after metronidazole treatment were assigned to receive a
second treatment with nifuratel (40 cases — 200 mg oral three
times daily for 7 days and 250 mg/day vaginally for 10 days) or
metronidazole (39 cases — 250 mg orally twice a day and 100
mg/day intravaginally for 6 days). The cure rate was 87.5%
after nifuratel and 87.1 % after metronidazole [15]. No cross
resistance between metronidazole and nifuratel could be
proved in these cases.

Patients with trichomonal vaginitis were assigned to receive
metronidazole at the dosage of 200 mg orally three times a day
for 7 days (120 women) or nifuratel at the dosage of 200 mg
orally three times a day for 7-10 days (90 women). The cure
rate was 73 % and 77 %, respectively [16].

An open, randomised, parallel group trial compared the ac-
tivity of oral nifuratel and metronidazole in female patients
suffering from vaginitis due to Trichomonas vaginalis. The
treatments (nifuratel 1200 mg/day for 10 days or metronidazole
750 mg/day for 10 days) were randomly assigned to 184
patients (92 for each treatment group). The cure rate after the
1st cycle of therapy was 73.9 % and 78.3 %, respectively, while
the overall cure rate after 2 cycles was 80.4 % and 82.6 % [17].

A study compared nifuratel vaginal and oral treatment with
metronidazole, given at the following dosage: 500 mg/day va-
ginally for 7 days + 600 mg/day orally for 10 days in tricho-
monal vaginitis. A second cycle of the two treatments was fore-
seen in case of failure after the first one; concomitant oral
treatment for sexual partners was performed. The cure rates
after the 1st cycle (80 % nifuratel — 79 % metronidazole) and
the 2nd one (95 % nifuratel and 89 % metronidazole) were very
similar {18].

The efficacy of nifuratel (oral 600 mg/day and vaginal 250

~mg/day for 10 days) and that of metronidazole (oral 750 mg/

day and vaginal 500 mg/day for 10 days) were compared in
1050 cases. The cure rates were 79 % for nifuratel and 90 % for
metronidazole in patients with infections due to T.v. alone;
58 % and 45 %, respectively, in T.v. and fungi infections, 75 %
and 65 %, respectively, in T.v. and mixed bacterial flora infec-
tions. A second course in patients who were not cured after the
first treatment showed a cure rate of 80 % and 96 %, respec-
tively, in patients with T.v., of 90 % and 81 %, respectively, in
patients with T.v. and fungi and of 100 % and 95 % in patients
with T.v. and mixed bacterial flora [19].

One hundred and forty patients with vaginitis due to Tv.,
Candida, bacteria or mixed infections were randomly assigned'
to receive oral nifuratel 600 mg/day for 7 days + vaginal nifura- -
tel 250 mg/day for 10 days (70 cases) or oral metronidazole 600
mg/day for 7 days + vaginal nystatin 200000 [U/day for 7 days
(70 cases). Cure rates were 75 % and 69.2 %, respectively [20].

Thirty six patients with vaginitis due to T.v., Candida al-
bicans or “mixed non specific bacterial infections” [21] were
treated with nifuratel (200 mg orally three times daily for 7 days
and 250 mg intravaginally for 10 days) or metronidazole (250
mg 3 times daily orally and nystatin 1 vaginal pessary for 7
days). The cure rate was 54.5 % and 50 %, respectively.
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Table 1: Characteristics of the studies included in the meta-analysis.

Schmidt, H. 40/ 39 Trichomonas vaginalis N: oral, 7 days + vaginal, 10 days N: 600 mg + 250 mg
[15] M: oral, 6 days + vaginal, 6 days M: 500 mg + 100 mg
Gjonnaess, H. 90/ 120 Trichomonas vaginalis N: oral, 7-10 days N: 600 mg
[16] M: oral, 7 days M: 600 mg
Baron, A. 92 /92 Trichomonas vaginalis N: oral, 10 days N: 1200 mg
{171 M: oral, 10 days M: 750 mg
Block, E. 50 / 50 Trichomonas vaginalis N: oral, 7 days + vaginal 10 days N: 600 mg + 500 mg
{18] M: oral, 7 days + vaginal 10 days M: 600 mg + 500 mg
Goisis, M. 482 / 568 Trichomoniasis (170/230) N: oral, 10 days + vaginal, 10 days N: 600 mg + 250 mg
(19] Trichomonas vaginalis M: oral, 10 days + vaginal, 10 days M: 600 mg + 250 mg

+ fungi (50/38)

Trichomonas vaginalis

+ mixed bacteria (262/300)
Pathak U.N. 56 / 52 Trichomonas vaginalis (13/14) N: oral, 7 days + vaginal, 10 days N: 600 mg + 250 mg
[20] Moniliasis (28/23) M: oral, 7 days + vaginal, 7 days * | M: 600 mg

Mixed bacterial flora (15/15) + Nys 200,000 IU
Struthers J.O. 22/ 14 Trichomonas vaginalis (7/7) | N: oral, 7 days + vaginal, 10 days N: 600 mg + 250 mg
[21) Candidiasis (5/2) M: oral, 7 days + vaginal, 7 days * M: 750 mg

Mixed bacterial flora (10/5) + Nys 1 pessary

N: nifurated, M: metronidazole, Nys: nystatin.
* Oral metronidazole combined with vaginal nystatin.

2.1. Measures of efficacy

This meta-analysis focused on recovery from vulvovaginal in-
fection (eradication of the pathogen) at the end of treatment
as measure of efficacy. In all cases in which data were available,
intent-to-treat analyses were performed; withdrawal was con-

sidered as treatment failure.

2.2, Statistical analyses

The significance (p < 0.05, two-sided) of the overall treatment
effect was evaluated by a chi-squared statistic {association (17
test). Relative Risk (RR) and Odds Ratio (OR) with their 95 %
confidence intervals (CI) were calculated for individual trials
and for the summary results. For the analysis of dichotomous
variables, a treatment effect model (fixed or random effects
model) was selected by testing for heterogeneity of the effect
across the trials with a chi-square statistic, assuming a more
liberal level of significance (p < 0.1). If the test of heterogeneity
was significant, a random-effects analysis was carried out; in
addition, for each outcome measure, we also used the fixed-
effects and random-effects models to estimate summary treat-
ment effects for all studies combined [22-23].

Table 2: Summary results.

%

2.3. Sensitivity analyses

To determine whether the results were unduly influenced by a
single trial or a small number of trials, we repeated the meta-
analysis, by using fixed and random effects models, including
trials in chronological order to assess the robustness of treat-
ment effects over a period of time and after successively with-
drawing trials in decreasing order of their Odds ratio.
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(va)

Schmidt H. 40/39 35 (88 %)/ 1.029
{15] 34 (87 %) (0.273-3.878)
Gjennaess H. 90/120 69 (77 %)/ 1.195
[16} 88 (73 %) (0.634-2.253)
Baron A. 92/92 74 (80 %)/ 0.866

76 (83 %) (0.411-1.824)
Block E. 50/50 42 (84 %)/ 1.000
[18] 42 (84 %) (0.343-2.913)
Goisis M. 482/568 462 (96 %)/ 0.372
[19] 559 (98 %) (0.168-0.825)
Pathak U.N. 56/52 42 (75 %)/ 1.333
[20] 36 (69 %) (0.573-3.102)
Struthers J.O. 22/14 12 (55 %)/ 1.200
(21} 7 (50 %) (0.314-4.594)
Total 832/935 736 (88 %)/

842 (90 %)

Further tests and analyses
Test of heterogeneity 6.780, 0.342

Fixed effects analysis
(Odds ratio, 95 %
Confidence Interval, p)

0.912, (0.656-1.266), 0.582

Random effects analysis
(Odds ratio, 95 %
Confidence Interval, p)

0.911, (0.643-1.290), 0.599
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Fig. 1: Recovery rate (%) with nifuratel or metronidazole in vulvovaginal infections.

3. Results

Seven clinical trials with nifuratel in vulvovaginal infec-
tions met the inclusion criteria in the present analysis.
In these trials a total of 1767 patients has been en-
rolled, 832 out of whom were treated with nifuratel and
935 with metronidazole (Table 1). The results of the
meta-analysis confirmed the equivalence between nifu-
ratel and metronidazole (Table 2, Fig. 1): overall propor-
tion of cured patients in the two groups were 88.5 %
and 90.0 %, respectively, in the presence of heteroge-
neity among studies (p = 0.001). In the fixed and ran-
dom effect analyses, the confidence interval of Odds ra-
tio included 1 and the p values for testing the hypo-
thesis of no difference between treatments were 0.656—
1.266, p = 0.582 (fixed effects) and 0.643-1.290, p = 0.599
(random effects), respectively, indicating equivalence.

4. Discussion

Nifuratel is a drug endowed with a wide spectrum of
activity against micro-organisms responsible for vulvo-
vaginal infections, such as Trichomonas vaginalis, aer-
obic and anaerobic bacteria, Gardnerella vaginalis and
Candida spp. In trichomoniasis, in order to reach the
extravaginal localisations of the protozoa, it is essential
to combine the topical therapies (pessaries, ointment)
with the oral one (sugar coated tablets). The partner
should undergo the oral therapy since he is often the
symptomless carrier of the parasite. In case of evident
local symptoms, also the local treatment of the male
partner with the ointment is recommended. Oral treat-
ment is also indicated in vaginitis of uncertain origin. In
trichomonal vaginitis, when it is neither desirable nor
practicable to carry out local therapy, good results will
be obtained with oral therapy alone, using a higher dose.
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Nifuratel is on the market since more than 30 years;
clinical trials on the drug have been performed before
Good Clinical Practice came into force and they reflect
suitable methods for that period. However, a lot of ex-
perience has been gained in clinical practice up today
and nifuratel has been confirmed to be effective in
patients suffering from trichomoniasis, bacterial vag-
inosis, candidoses, and, particularly, in patients suffer-
ing from mixed vaginal infections.

The results of the present meta-analysis confirm that
nifuratel is as effective as metronidazole, the gold
standard therapy for trichomonal infections. The analy-
sis was not adjusted for study quality and, therefore,
potentially at risk for this bias. In fact, it has been
shown that inclusion of studies of low methodological
quality tend to show an increased estimate of benefits.
However, the sensitivity analysis performed on the con-
cerned data, did not detect any effect of exclusion of
individual trials or a publication bias.

Furthermore, some controlled studies and the wide
clinical experience showed that the cure rate of nifura-
tel in patients with mixed infections due to Tricho-
monas vaginalis + Candida or Trichomonas vaginalis +
bacteria or with bacterial vaginosis and mixed bacterial
flora is higher than that of metronidazole, due to the
wide spectrum of action of nifuratel.
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Summary

Nifuratel (CAS 4936-47-4) is a furane-de-
rivative provided with a strong tricho-
monicidal activity equivalent to that of
metronidazole (CAS 443-48-1); it has a
broad antibacterial spectrum of action,
including both Gram-negative and Gram-
positive organisms. It is active against
Chlamydia trachomatis and Mycoplasma
spp. and has also some degree of activity
against Candida spp. and mycetes. Its
broad spectrum of action, confirmed by
in vitro and in vivo studies, covers virtu-
ally all the micro-organisms responsible
for the infections of the genito-urinary
tract.

Nifuratel has a very safe taxicological
profile. It is practically non-toxic in
acute tests in mice and rats and is also
well tolerated after repeated oral and in-
travaginal administrations. Nifuratel is
devoid of teratogenic effects.

Zusammenfassung

The comparison among past and re-
cent clinical studies confirms that, in con-
trast to metronidazole, no resistance phe-
nomena to the treatment with nifuratel
are reported. The drug can be used dur-
ing pregnancy due to the absence of tera-
togenic effects. In conclusion, nifuratel
shows a very favourable risk/benefit ratio
for the treatment of patients with vulvo-
vaginal infections.

Mikrobiologisches und pharmakotoxiko-
logisches Profil von Nifuratel und sein
glinstiges Nutzen-Risiko-Verhiiltnis in der
Therapie von vulvovaginaien Infektio-
nen/ Eine Ubersicht

Nifuratel (CAS 4936-47-4) ist ein Fu-
ran-Derivat mit einer starken trichomo-

niziden Aktivitiit, die derjenigen von Me-
tronidazol (CAS 443-48-1) entspricht; die
Substanz besitzt ein breites antibakteriel-
les Wirkungsspektrum, das sowoh! die
gramnegativen als auch die grampositi-
ven Organismen einschlieft. Sie wirkt ge-
gen Chlamydia trachomatis sowie Myco-
plasma spp. und zeigt auch eine gewisse

Arznelm.-Forsch./Drug Res. 52, No. 1, 813 (2002)
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Aktivitiit gegen Candida spp. und Pilze.
Das brelte Wirkungsspektrum der Sub-
stanz, das durch In-vitro- und In-vivo-
Studien bestiitigt wurde, umfaRt prak-
tisch alle Mikroorganismen, die fiir Infek-
tionen des Urogenitaltrakts verantwort-
lich sind.

Nifuratel besitzt ein sehr sicheres toxi-
kologisches Profil; in Akuttests mit Miu-
sen und Ratten zeigt es praktisch keine

Toxizitit, Nach wiederholter oraler und
intravaginaler Verabreichung ist es gut
vertriiglich, und es ist frei von teratoge-
nen Wirkungen.

Der Vergleich von fritheren und neue-
ren klinischen Studien bestiitigt, daf im
Gegensatz zu Metronidazol iiber keine Re-
sistenz-Phiinomene in der Therapie mit
Nifuratel berichtet wird. Da die Substanz
keine teratogenen Wirkungen aufweist,

Reviews

kann es auch withrend der Schwanger-
schaft angewendet werden. Zusammen-
fassend kann festgestellt werden, dag
Nifuratel eine sehr giinstiges Nutzen-
Risiko-Verhiltnis in der Therapie bel Pa-
tientinnen mit vulvovaginalen Infektio-
nen zeigt.

Diagnosis and treatment
of vaginal infections

During the last ten years, a variation has occurred in
the nature and incidence of vaginal infections due to
changes in lifestyle resp. people’s sexual behaviour [1],
the wide-spread use of hormonal contraceptives or in-
tra-uterine device [2, 3], an improper use of antimicro-
bial agents [4] and the employment of specific products
for personal hygiene (5, 6].

Recent research has increased our understanding of
the disease process and its potential sequelae resulting
in improved diagnostic and treatment modalities {7].
Nevertheless, differential diagnosis in the office setting
of all forms of vaginitis, which include different types
of non-infectious and infectious vaginitis and among
vaginal infections the mixed forms, is often problematic
for practitioners. In fact, although the history and clin-
ical examination are the source of important diagnostic
clues, wet mount confirmation should routinely be per-
formed in all patients presenting with a vaginal dis-
charge, and laboratory investigations are necessary in
many cases.

The saline wet mount examination remains the cor-
nerstone of the diagnostic evaluation of the patient with
a vaginal discharge by giving a ,photograph®, in real
time, of the vaginal flora and making it possible to es-
timate the presence of an abnormal amount of white
blood cells, motile trichomonads, clues cells or budding
yeast cells and pseudohyphae.

In addition, office laboratory tests that should be
routinely performed include the amine Whiff test, and
the determination of the vaginal pH [8].

When an infectious vaginitis has been confirmed, va-
ginal cultures can be used on a selective basis to
identify the suspected pathogens, as there are yeasts, B-
streptococci or chlamydia. It is not useful to prepare
bacteriological cultures in all cases because facultative
aerobs and anaerobs are present in the healthy and the
ill vagina and differ only by count [9].

In order to get an idea of the incidence of the differ-
ent infections, it seems useful to look at the epidemio-
logical data reported in studies carried out throughout
the Italian territory in 1993 [10] (Table 1). Vulvo-vagin-
itis actually represents the main reason for consulting
a gynaecologist.

Armolmnl’orwh.lbmglbs. 52, No. 1, 8-13 (2002)
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As a matter of fact, out of 3,069 women involved in
the Italian study, 1,722 (i.e. 56.1 %) turned out to be
affected by a vulvo-vaginal inflammatory disease. The
history of the latest vulvo-vaginal episodes reveals a
considerable increase in the number of infections
caused by bacteria and mycetes, especially Candida al-
bicans, whose frequency has nearly doubled [4] in Eng-
land and the United States in the last few years. More-
over, the observation has pointed out that protozoa
(Trichomonas vaginalis) are often associated with a
bacterial infection, giving rise to a condition of mixed
aetiology. These forms of vaginitis are extremely obsti-
nate and tend to relapse after the treatment.

On the basis of such observations, it is not surprising
that the therapy of vulvo-vaginitis is adjusting itself to
the changing disease conditions. Accordingly, treat-
ments are focussing on the possibility to cover these
mixed vulvo-vaginal infections.

A remarkable progress in the ,global* struggle
against the agents responsible for vulvo-vaginal infec-
tions has been achieved with the synthesis of metroni-
dazole (CAS 443-48-1).

The clinical efficacy of metronidazole is very high
(cure rate 74-99 %) towards anaerobic Gram-negative
microorganisms (11, 12] but not so high towards Gard-

Table 1: History in 1722 patients with current vulvo-vaginitis [10].

Total patients with current vulvo-vaginitis (N) 1722

Total patients with first episode (N, %) 692 (40.2 %)

Total patients with previous episodes (N, %) 1030 (59.8 %)

Total episodes in the past (mean + SEM, 3.8+ 0.11 (1-30)

range)

Episodes during the preceding 12 months 1.5+0.04 (1-8)

(mean + SEM, range)

Etiology of the last episode (N, %):
— mycetes 400 (38.8 %)
— Trichomonas vaginalis 119 (11.6 %)
— mixed 95 (9.2 %)
- enterobacter 65 6.3 %)
— Gamnerella vaginalis 58 (5.6 %)
- viruses 14 (1.4 %)
- unknown 279 (27.1 %)
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nerella vaginalis, on which metronidazole acts through
the hydroxy metabolite produced in the liver [13].

All the 22 Mobiluncus mulieris breeds are resistant to
the drug [14]; 20 % of bacterial vaginosis either do not
react to this antibiotic or develop resistance to it [15,
16]. Prolonged oral use of metronidazole is associated
with a high incidence of side effects on the gastrointes-
tinal tract and a risk of peripheral neuropathies; its use
in pregnancy has been for years a matter of concern
{17, 18].

Therefore it is quite obvious that in the treatment of
mixed vulvo-vaginal infections there is a need for a drug
provided with a broad spectrum of action, devoid of
resistance phenomena, endowed with a good safety
profile, and, finally, suitable for using during pregnancy.

Several drugs have been investigated during recent
years, among these nifuratel” (CAS 4936-47-4). This re-
view airms at verifying, from a microbiological and phar-
maco-toxicological point of view, if nifuratel is a drug
which can satisfy the medical needs mentioned above.

In vitro and in vivo antimicrobial
activity of nifuratel

Nifuratel is a furane derivative, its chemical name is 5-
{(methylthio) methyl] - 3-{(5 - nitrofurfurylidene) amino) -
2-oxozolidinone, and it has a structural formula as
shown below. It is provided with a broad spectrum of
action against virtually all the microorganisms respon-
sible for infections of the genito-urinary tract, such as
Trichomonas vaginalis, Gardnerella vaginalis, aerobic
and anaerobic bacteria, Candida spp., Chlamydia trach-
omatis and Mycoplasma spp.

In vitro studies showed that the activity of nifuratel
against Trichomonas vaginalis is equivalent to that of
metronidazole with a MIC,, value (i.e. the minimum
concentration of drug which inhibits 90 % of colony
growth) for both compounds equal to 1 pug/ml. The in-
hibitory effect of nifuratel against Gardnerella vaginalis
is higher than that of metronidazole (MICq: 1.9 pg/ml

1 Available as Inimur® / Macmiror® (Taurus Pharma GmbH,
Polichem $S.A.) in form of sugar coated tablets (200 mg nifur-
atel), pessaries (250 mg nifuratel) and 10 % ointment, re-
spectively.
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Fig. 1: In vitro antimicrobial activity of nifuratel: Candida al-
bicans [20].

and 7.8 pg/ml, respectively). Against Gram-positive aer-
obic bacteria (B-haemolytic streptococci, Staphylococ-
cus aureus, Staphylococcus epidermidis), nifuratel shows
an inhibitory activity, while metronidazole is actually
inactive. Metronidazole is also inactive against Gram-
negative aerobic strains, while nifuratel shows a weak
inhibitory effect in vitro against E. coli (but a good effect
in vivo and in clinical trials) as well as against Klebsiella
pneumoniae, Enterobacter, Citrobacter and Shigella [19)
(see Fig. 1 and Table 2).

Towards Chlamydia, nifuratel showed an activity of
the bacteriostatic type as cell inclusion appeared again
in two subsequent subcultures treated without the
drug. Even the effects on Mycoplasma pneumoniae, My-
coplasma hominis and Ureaplasma urealyticum re-
markably increase the therapeutic interest of this drug.

Table 2: Comparative antibacterlal activity of nifuratel (MIC: pg/
ml; [19))

Micrococeus pyogenes

var. aureus To4 > 200 50 5
Micrococcus pyogenes

var. aureus To7 > 200 25 10
Micrococcus pyogenes

var. aureus C 40 > 200 50 10
Micrococcus pyogenes

var. aureus C 12 >200 50 10
Micrococcus pyogenes

var. aureus C 74 > 200 25 2.5
Sarcina lutea ATCC 9341 > 200 25 20
Bacillus subtilis >200 10 5
Pseudomonas aeruginosa > 200 > 200 > 200
Salmonella typhi C 901 > 200 25 25
Salmonella paratyphi B >200 25 25
Proteus vulgaris >200 50 50
Proteus mirabilis > 200 > 200 >200
Klebsiella pneumoniae >200 100 100
Shigella sonnei >200 25 25
Escherichia coli To 110 >200 25 5
Escherichia coli Coll. Ist. 1 >200 25 10
Escherichia coli Coll. Ist. 2 > 200 50 5
Escherichia coli Coll. Ist. 3 >200 50 5
Gardnerella vaginalis 7.8 - 1.9

Arzneim.-Forsch./Drug Res. 52, No. 1, 8-13 (2002)
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Fig. 2: In vitro antimicroblal activity of nifuratel: Escherichia
coli [20].

Unlike metronidazole, which is inactive against
fungi, nifuratel shows a certain degree of activity
against Candida spp. (C. albicans, C. krusei, C. pseudo-
tropicalis, and C. guilliermondii), the MIC ranging be-
tween 250 and 500 pg/m! (Fig. 2 and Table 3).

Furthermore, nifuratel is not active against Lacto-
bacillus spp. This finding is important for vaginal infec-
tions where the complete eradication of Lactobacillus
spp. may produce a change of vaginal microbial flora
and vaginal pH.

In animals, nifuratel proved to be a particularly ac-
tive agent against Trichomonas vaginalis, when admini-
stered with 50 mg/kg for four consecutive days, follow-
ing an intraperitoneal injection of T. vaginalis, or after
the concomitant intraperitoneal injection of T, vaginalis
and 6.25 mg/kg of nifuratel. It showed a good in vivo
activity like that of ciclopirox olamine against intravagi-
nal infections with Candida albicans in female rats [20).

Mycotic superinfections after nifuratel

Contrarily to the mycotic superinfections developed
after treatment with other antitrichomonal drugs (21},
in a clinical study surveying 800 patients affected by

Table 3: Comparative antimycotic activity of nifuratel (MIC: pg/
ml; [19]).

25+
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104
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Control :l

Metronidazole
Nimorazole
Tinidazole
Nifuratel

Fig. 3: Fungal superinfections after Trichomonas-killing therapy
(% values) [22].

Trichomoniasis, treatment with nifuratel resulted in a
lower urogenital incidence of fungi-induced superinfec-
tions in vivo if compared to metronidazole (22] (Fig. 3).

It has been assumed that the pro candida effect of
antitrichomonal drugs takes place through a modifica-
tion of the intestinal and vaginal bacterial flora.

Resistance phenomena

In order to define any possible appearance of resistance
phenomena concerning nifuratel, the data reported in
less recent papers have been compared to those re-
ported in more recent ones. The papers dealing with
vaginal treatment are those by Arias Huerta [23],
Schmidt [24, 25], Baron (26], Heiss {27, 28], Turanava
and Skuratovich [29], Block [30], and Rognoni and Sa-
gone [31] (Table 4).

The development of resistance phenomena towards
a chemoantibiotic drug is theoretically possible but not
evidenced for nifuratel, as pointed out by Imperato [32],
Scuri and Failla [33], Savoia and Leoncavallo [34], Bar-
bier {35], Hamilton-Miller et al. [36], Dubini and Furneri
[19) and Coppi [20] (Table 5) when comparing older

Candida albicans Institute’s
Table 4: Clinical experience with nifuratel during 10 years: nifur-
Collection > 500 > 500 > 500 atal rate of trichomonal infections.
Candida albicans vag, isolations | > 500 > 500 > 500
Candida albicans vag. isolations > 500 > 500 500
Candida guilliermondi var mem- ; i
branaefacens ) 500 1 >500 250 Arias Huerta [23] 1968 45 |open 87
Candida guilliermondi Ba 11 250 > 500 250 Schmidt et al. [24] 1969 137 open 84
Candida parapsilopsis Dutch Baron et al. [26) 1970 146 open 88
brood 250 > 500 250 Heiss et al. [27] 1971 92 open 88
ebaryomyces rmans 500 500 125 Heiss et al. [28) 1972 72 double blind 87
‘T)hrulo neofo z 500 : 500 500 Schmidt et al. [25] 1972 40 open 88
psis rosea > Turanova et al. (29} | 1972 48 open 85
Tricophyton tonsurans >500 | >500 3125 | Blocket al. [30] 1975 44 | double blind 80
Cryptococcus neoformans > 500 >500 62.5 Rognoni et al. [31) 1976 33 open 80
eim.-Forsch./Drug Res. 52, No. 1, 8-13 (2002)
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Table 5: Evidence of absence of resistance phenomena with nifur-
atel. Comparison of microbiological results during a period of
30 years.

S

Imperato 1963 [32]
Scuri and Failla 1964 [33)

Savoia and Leoncavallo 1970 [34] 5-10
Barbier 1974 [35) 2-3
Hamilton and Miller et al. 1978 [36) 6.10
Dubini and Furneri 1985 [19)] -
Coppi 1993 (20) 1.56-6.25

microbiological results with the newer data. During the
last years, no occurrence of a significant resistance of
pathogenic strains to the effects of nifuratel has been
reported.

Safety profile of nifuratel

The preclinical safety evaluation (38, 39] has confirmed
the good safety profile of nifuratel Nifuratel proved to
be practically non-toxic in acute tests in mice and rats.
Indeed, it was impossible to determine the LDs,, since
the single doses up to 5 g/kg orally and up to 2 g/kg
intraperitoneally resulted in no mortality even after a 5-
day oral administration to mice and rats [38] (Table 6).
Nifuratel orally administered to Wistar rats aver 47 days
at 150 and 450 mg/kg/day (10 to 20 times the thera-
peutic dose) did not affect the weight gain nor did it
cause any symptoms of toxicity or behavioural changes
[39] (Table 7). No case of death was recorded with 150
mg, while with 450 mg, 5/20 animals died (2/20 in the
untreated control group). In a 6-month toxicity study
with dogs, a dose 10 times higher than the therapeutic
one (i.e. 100 mg/kg/day administered orally) did not
cause any toxic effect or any change in the behavioural
experiments and blood tests.

Nifuratel is also well tolerated after repeated intrava-
ginal administrations and it is devoid of teratogenic ef-
fects, as tested in mice, rats, and rabbits [37-39].

Table 6: Nifuratel acute toxicity [37].

p.o. (single dose) | mouse 5000 600X

rat 5000 600X
i.p. (single dose) | mouse 2000 250X
rat 2000 250X

* Human oral therapeutic dose = 8.57 mg/kg/day.
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Table 7; Nifuratel repeated dose toxicity [37].

Wistar rats
Dogs

47 days
6 months

150 mg/kg/day
100 mg/kg/day p.o.

» NOEL = no effect level, i.e. the maximum dose without any effect
in toxicity studies.

Conclusions

On the basis of its microbiological and pharmaco-tox-
icological profile, nifuratel is a good alternative agent to
metronidazole in the treatment of vaginal trichomoni-
asis, and it can be considered a therapeutic agent of
choice in mixed uro-genital infections due to its broad
spectrum of antimicrobial activity. In fact, this spec-
trum of action includes Trichomonas vaginalis, aerobic
and anaerobic bacteria, Gardnerella vaginalis, Candida
spp., Chlamydia trachomatis, and Mycoplasma spp. Its
activity against Trichomonas vaginalis is quite equiva-
lent to that of metronidazole. It does not alter the va-
ginal microflora due to its lack of activity against Lacto-
bacillus spp., it has a weak activity against Candida spp.
It can be used also during pregnancy without risk of
teratogenic effects. Finally, no resistance phenomena
have been reported during more than 30 years of nifur-
atel use in clinical practice.

By considering all these data, nifuratel can be con-
sidered a drug with a favourable risk-to-benefit ratio for
the treatment of vulvo-vaginal infections.
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