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Abstract 

The purpose of this study was to determine the prevalence and antimicrobial resistance of species isolated from specimens 
llected from Turkish women with gynaecological infections. Mobiluncus species were isolated on enriched Schaedler agar and RLK agar 

c~ates under anaero~ic conditions. The MI~s of various antibiotics_ were evalua~ u~~g an agar ~ilutio~ pr~edure. The prevalence of 
species from abscesses, endometnal smears, and bactenal was 2%, 4.7%, 3.8% and 

49~, respectively. isolates were only resistant to metronidazole (81 % resistance). The isolation rate of M. curtisii was higher 
h M mulieris in Turkish women with bacterial vaginosis, vulvo-vaginal abscesses, endometritis or salpingitis. t an • . . . 

© 2005 Elsevier B. V. and the of Chemotherapy. Ali nghts reserved. 
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1. Introduction 

The association of the curved rods of Mobiluncus spp. 
' th vaoinal fluid has been recognised since the turn of 

M o . h the century [l] . These bactena were t _ ought to _ be poten-
. il pathogenic for man as they were alone 

ua y oether with other anaerobes, from breast and umbili-m . . 
1 bscesses. spp. have also been found a 

c; ad culture from a woman with liver cirrhosis and in the 
b 00. amnionic membranes ofa placenta at preterm deliv-. . 

Multivariate of fl ora has shown 
ery · 1 b . b . 1 Mobiluncus spp. occur arge num ers acten a 
that f · ct· . (BV) and may there ore serve as an or-~ oo . • for this clinical syndrome [1 ,7] . Women BV 

· · k f h · b h · · 0 Iso found to be at o art o were a . . ·t' s upper aenital tract (UGTI), postpartum and . o . . . . d . " . 
b rtal endometritis an posta o ' 

~onding author. Tel.: +90 212_4 14 30 75 . 
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following gynaecological surgery or diagnostic procedures 
(8-11). 

Mobiluncus curtisii and M. mulieris have been frequently 
observed in wet mounts or Gram stained of vaginal 
fluid of patients with BV [12) . The fastidious nature of these 
strictly anaerobic organisms meant they were not isolated us-
ing conventional culture techniques. Smith and Moore [13) 
first isolated them by using cold enrichment and a selective 
medium, RLK agar. Although metronidazole of 
women with BV successfully eliminated the symptoms and 
signs of vagina! discharge. high re-occurrence rates of the 
disease were reported due to re-infection by sexual contacts 
and this increased the risk of many BV related infections 
[14,15]. Effective antibiotics to eliminate pathogenic anaer-
obes as Mobiluncus species need to be defined [15- 19]. 

We deterrnined the antimicrobial resistance and the preva-
lence of Mobiluncus species isolated from Turkish women 
with vulva-vagina! abscess, endometritis, salpingitis and BV 
in order to evaluate their importance in gynaecological and 
obstetric infections. 
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M. mulierir strains resistant to metronidazole whereas in our 
stud1, 6 of24M. mulieris strains were resistant. May be this 
resistance could be attributed to the preferential and empiri-
cal use of metronidazole to treat common parasitic infections 
in our country. All of our strains were found susceptible to 
penicillin G, cefox:itin, imipenem, sulbactam + ampicillin and 
clindamycin. 

We concluded that there was a high prevalence of 
metronidazole-resistant Mobiluncus species in our popula-
tion and the isolation rate of M. curtisii were higher than those 
of M. mulieris in Turkish women with BV, vulvo-vaginal ab-
scesses, endometritis and salpingitis. 

Acknowledgement 

This work was supported by The Istanbul University Re-
search Found Project no. B-313/240999. We thank for this 
support. We also thank Dr. Sami Sari bas, PhD (NEOSE Tech-
nologies ine., USA) for corrections of the English spelling 
and for the support for the clarity and flow of the manuscript. 

References 

(l] Spiegel CA. Gardnerella vagina/is and Mobiluncus species. In: Man-
dell GL, Bennett JE, Dolin R, editors. Principle and practice of in-
fectious diseases. New York: Churchill Livingstone Inc.; 1995. 

[2] Edrniston CE, Krepe! CJ, Walker AP. Recovery of cur-
tisii subspecies holmesii rnixed non-puerperal breast abscess. 
Eur J Clin Microbiol Infect Dis 1989;8: 1315-7. 

[3] Stum AW, Sikkenk PJH. Anaerobic curved rods in breast abscess. 
The Lancet 1984;24:1216. 

[4] Weinbren MJ, Perinpanayagarn RM, Malnick H, et al. 
spp.: pathogenic role in nonpuerperal breast abscess. J Clin Pathol 
l 986;39:342-3. 

[5] Glupezynski T, Labbe M, Crokaert F, et al. Isolation of 
in four cases of extragenital infection in adult Eur J Clin 
Microbiol 1984;3:433-5. 

[6] Hillier SL, Martius J, Krohn M, et al. A control study of chorioarn-
nionic infection and histologic choriamnionitis in N 
Engl J Med 1988;19:972-8. 

[7] Hillier SL, Critchlow CW, Stevens CE, et al. Microbiological, epi-
demiological and clinical correlates of vagina! colonisation by Mo-
biluncus species. Genitourin Med 1991;67:26-31. 

(8] Di Rosa R, Mastrantonio P. Anaerobic bacteria and gynaecological 
infections. Recenti Prog Med 1993;84:794-800. 

[9] Hemse! DL, Ledger WJ, Martens M, et al. Concerns regarding the 
Centers for Disease Control's published guidelines for pelvic inflarn-

disease. Clin Infect Dis 1991;32:103-7. 
[ O] Monif GR, Baer H. Impact of diverging anaerobic technology on cul-

de-sac isolates patients with 
J Obstet Gynecol 1982;142:896-900. 

[il] Ledger WJ, Gee CL. Pollin PA, et al. A new approach to patients 
with suspected anaerobic pelvic infection. 
inal uterine aspiration for culture and for 

J Obstet Gynecol 1976;126:l-o. 

[12] Nugent RP, Krohn MA, Hillier SL. Reliability of diagnosis bacte-
rial vaginosis is by a standardised method of Gram stain 
interpretation. J Clin Microbiol 1991;29:297-300. 

[13] Smith J, Moore HB. Isolation of species clinical 
by using cold enrichment and selective J Ciin 

Microbiol 1988;26:1134-7. 
(14] Spiegel CA. Bacterial vaginosis. Clin Microbiol Rev 

1991 ;4:485-502. 
[15] Holst E. Reservoir of four organisms associated with bacterial 

vaginosis suggests lack of sexual transmission. J Clin Microbiol 
1990;28:2035-9. 

[16] Larsson PG, B, Forsum U, et al. Treatment of bac-
terial vaginosis in women with vagina! bleeding. 
tion or discharge harboring Mobiluncus. Gynecol Inv 
1990;24:296-300. e5t 

[ 17] Goldstein IJC, Citron DM, Cherubin CE, et al. Comparative susce _ 
tibility of the Bacteroides Jragilis group species and other anaer~-
bic bacteria to irnipenem, piperacillin, cefoxitin. • _ 
cillin + sulbactarn, clindarnycin and J Antimicrob~~J 

1993:31:363-72. 
[ 18] BA, Bush K, Tally FP. Antimicrobial resistance in anaer-

obes. Clin lnfect Dis 1997;24:110-20. 
[19] S, Watanabe K, Katq N, et al. In vitro activities of 

1 o_ agents bactenal vaginosis associated anaer-
pregnant Japanese and Thai women Ant· · · Agents 1997;41:2297-8. 

(20] Spiegel CA. Susceptibility of Mobiluncus species 23 · . 
agents and 15 other Antirnicrob Che h 

1987;31:249-52. mot er 
[21] Summanen P, Baron EJ, Citron DM. et al. Wadsworth an b" . aero 

bactenology manual. 5th ed. Belmant: Star Publ. Co.; 1993. 
[22] Monif GR. failure of IUD to alter bacterial flora 

m a J Reprod lm-
Microbiol 1986;12:55-7. 

[23] Newton ER, Prihoda TJ, Gibbs RS. A clinical and microb· I . 
. . 10~ 

of nsk factors for puerperal endometritis. Obstet G 
1990;75:402-6. ynecol 

[24] Watts HD, Krohn MA, Hillier SL, et al. Bacterial . ,, asa nsk 
factor for Obstet Gynecol 1990;75:52_8 

[25] DM. of anaerobes in the clinical I bo · 
tory. Anaerobe 1999;5:109-13. a ra-

[26] Roberts MC, Hillier SL. Schoenknecht FD et al Co . . ' · 
of Gram DNA probe and culture for the • . . . . of 

of specirnens. J lnfe . 
1985;152:74-7. et 

[27] Murray P, Weber CJ, Niles A. evaluation of thr . . . . ee 
systems for anaerobes. J Microbiol 1985;22:52_5 

[28] National Committee for Clinical Laboratory Standards. Method · 
antirnicrobial susceptibilitiy testing of anaerobic bacteria A s for 
S d d S. h Ed. . 2004 d . pproved tan ar - ocument MI l-A6. NCCLS W 
PA. , ayne. 

[29] Ro_senblatt JE. Antirnicrobial ~usceptibility testing of anaerobic bac-
tena. in: Lonan V. laboratory medicin 1 
Willi d W.lki W I e. ed arns an ns aver ey Co.; 1996. · 

[30] Larsson PG, B, U. et al. and 1 . . c ue cells 
as of PID after abortion. Acta Obstet S 
1989:68:217-20. cand 

[31] Faro S, Martens M, Maccato M, et al. Vagina! flora and . 
· fi d" O ammatory J bstet Gynecol 1993;169:470-4 

(32] Hillier SL. Kiviat NB, Hawes SE, et al. Role of bacterial v ·. . 
· d · • . 

J G 
1996: 175 :435-4 



270 H. Bahar et al. / Intemational Iournal of Antimicrobial 25 (2005) 268-27 J 

Table 1 
Prevalence of Mobiluncus species in specimens taken from Turkish women with vulvo-vaginal abscesses, endometritis, salpingitis and BV 

lnfection 

Vulvo-vaginal abscess 
Salpingitis 
Endometritis 
Bacterial vaginosis 

Specimens (n) 

Pus (102) 
Pus (26) 
Endometrial smear ( 42) 
Vagina! discharge ( 194) 

with A. prevotii, P. bivia, P. disiens and P. asaccharolytica 
(Table 1). 

The antimicrobial susceptibility ofMobiluncus isolates is 
shown in Table 2. 

The antimicrobial MICs for the control strain ATCC 
35241 were: penicillin O.O 15 mg/1, ampicillin + sulbactam 
0.06 mg/1, cefoxitin 0.06 mg/1, imipenem 0.015 mg/1, clin-
damycin 0.06 mg/1, metronidazole 128 mg/1. Ali isolates 
were susceptible to ali antibiotics except for metronidazole. 
Eighty-one isolates were resistant to metronidazole. 

4. Discussion 

There have been several reports on the polymicrobial na-
ture of obstetric and gynaecological infections [6,8,10,11]. 
Obiigate anaerobes, which are usually mixed with faculta-
tive bacteria, were found as potential pathogens in these in-
fections. P. bivia, P. disiens, peptostreptococci and B. frag-
ilis group bacteria were common pathogen anaerobes par-
ticularly in closed space infections such as tubo-ovarian and 
vul vo-vaginal abscesses [ 8-11]. 

BV, the most common vagina! infection, is characterised 
by depletion of vagina! Jactobacilli with increased G. vagi-
nalis Mobiluncus spp., Prevotella spp., Peptostreptococ-
cus spp. and Mycoplasma spp. [1,7,8,12,13,26]. Mobiluncus 
species have been used as an indicator for BV because of 
their frequent isolation from vagina! smears of affected pa-
tients [l,7,8, 12, 13,26]. Recent studies reported that BV asso-
ciated bacteria could ascend to the upper genital tract and give 
rise to serious infections such as cervicitis, salpingitis, en-
dometritis, postoperative infections, urinary tract infections, 
UGTI, chorioamnionitis, postpartum endometritis and also 

delivery and premature rupture of the membranes 
[6,8, 10, 11]. 

Table 2 

M. curtisii strains, n (%) 

2 (2) 
1 (3.8) 
2 (4.7) 

70 (36.1) 

M. mulieris strains, n (%) 

25 (12.8) 

Larsson et al. [30] looked for Mobiluncus species in vaoi-
. ö 

nal from women admitted their departrnent for a 
first-trimester abortion and found a correlation between the 
presence of Mobiluncus in vagina! discharge and the inci-
dence of UGTI. Faro et al. [31] found a relationship between 
BV and postoperative infections in both obstetric and gynae-
cological settings. Newton et al. (23] and Watts et al. [24] 
showed that BV was a risk factor for puerperal endometritis. 
Finally, Hillier et al. (32] deterrnined the role of BV and bac-
terial vaginosis-associated microorganisms in endometritis. 
Reoccurrence of BV and related infections after metronida-
zole treatment depends on many factors [ 14 ]. There are specu-
lations that the antirnicrobial resistance of pathogenic anaer-
obes plays an important role in these infections and could 
be one of the causes of reoccurrence (7,14,16,19,20]. The 
antimicrobial susceptibilities of Mobiluncus spp. and their 
resistance rate to metronidazole have been documented in 
various populations (17-19]. it was also reported that 4% of 
Mobiluncus species were clindarnycin resistant (17,19]. For 
the sensitive strains, the MIC 90 was s0.06 mg/1 ( 17]. In our 
study all of our strains were sensitive to clindamycin and 
the MIC 90 was 0.125 mg/1. Several investigators showed 
that metronidazole had little effect on Mobiluncus species 
and a metronidazole resistance of about 30-70% was re-
ported for these isolates (16-19]. In many studies MIC 90 
of metronidazole was deterrnined 128mg/I [17,19]. In this 
present study the 100% of M. curtisii strains and the 24% 
of M. mulieris strains were found to be resistant to metron-
idazole. The resistance rate was 81 %. Metronidazole hada 
MICso of 32mg/I anda MIC90 of 128mg/I for M. curtisii 
strains and an MIC50 of 4 mg/1 and an MIC90 of 64 mg/1 for 
M mulieris strains. Unlike previous studies, Turkish strains of 
Mobiluncus species were found to be highly resistant proba-
bly due to the intrinsic metronidazole resistance of M. curtisii 
that affected 75% of our strains. Spiegel [20] reported 5 of 

The M!Cs (mg/1) of six antinticrobial agents against 75 strains of Mobiluncus curtisii and 25 strains of Mobi/uncus isolated fromdifferent gynaecological 
and obstetric infections 

Anti microbial agent M. 75) M. mulieris (n: 25) 

(mg/1) MIC 50 (mg/1) MIC 90 (%) s (%) R Range (mg/1) MIC 50 (mg/1) MIC 90 (%) s (%) R 
Penicillin 0.06-0.5 0.125 0.250 100 

Arnpicillin-sulbactam O. 125-0.250 0.125 0.250 100 

Cefoxitin 0.125-4 4 100 
lmipenem :'.',0.03-1 0.250 I 100 
Clindamycin 0.06-0.125 0.06 0.125 100 

Metronidazole 32->l28 32 128 100 

:s0.03-0.125 0.06 0.125 100 
0.125 0.125 0.125 100 
0.125-2 0.125 2 100 

:s0.03-1 0.03 0.5 100 
0.06--0.125 0.06 0.125 100 
1-128 4 64 76 24 

S: sensitive; R: resistant. 
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2. at rials and methods 

2. 1. Patients 

From ay 1999 to May 2002, we collected the following 
specimens: pus from vulvo-vaginal abscess of 102 patients, 
pus from tubes of 26 patients with salpingitis, endometrial 
smear specimens from 42 patients with endometritis and vagi-
na! discharge from 194 patients with BV all of whom were 
admitted to the Department of übstetrics and Gynaecology of 
Istanbul University, Medical Faculty. The cases 
with vulvo-vaginal abscess, endometritis or with salpingitis 
hada history of frequent recurrent BV. 

2.2. Sampling method 

Pus from vulvo-vaginal abscesses and fallopian tubes 
of patients with salpingitis was collected by aspiration or 
after surgical incision and was transferred to the labora-
tory in sealed plastic syringes within half a~ hour ?f col-
lection. Endometrial tissue smears from en-
dometritis were obtained using swabs after incision of the 
endometrium, and vagina! discharge of pa~ient~ with BV 
were obtained from the posterior vagina! Dacr~n 
tipped swabs. Specimens were to the laboratory 
Cary and Blair medium (BBL System, Cock-
eysville, MD Maryland, USA) within halfan hour of collec-
tion [21-24). 

2.3. Culture methods 

For anaerobic bacteria isolation, each sample was inoc-
ulated on anaerobe blood agar, phenylethyl alcohol blood 
agar, kanamycin-vancomycin blood agar, Bacteroides bile 
aesculin agar (BBL Microbiology System, Cockeysville, MD 
Maryland, USA) and RLK medium developed by Smith and 
Moore for selective isolation of Mobiluncus spp. The latter 
medium consisted of colistin-nalidixic acid agar (BBL Mi-
crobiology System, Cockeysville, MD Maryland, USA) with 
0.6% yeast extract, 2% peptone and 5% sheep blood. Forty-
eight mg/1 of tinidazole and 20 mg/1 nalididixic acid _were 
added to the medium after autoclaving. Cultures were 
bated in anaerobic jars (üxoid U S A Inc., Columbia MD) 
usino Anaero-Gen (üxoid and Mitsubishi Gas Company) for 
at Ieast 7 days. Colonies were Gram stained to obtain organ-
isms with the characteristic curved rod shape [ 13,22,25). 

2.4. of Mobiluncus species 

Colonies of different forms on anaerobic rnedia were de-
scribed, Gram stained and subcultured to (1) two chocolate 
agar plates, one of which was incubated at 37 C for 48 h 
and the other under Cü2 atmosphere for 72 h to verify aer-
obic or aerotolerance characteristics of the colony; (2) to an 
anaerobe blood agar plate to obtain pure cultures of each 
colony [25). The initial identification of species 

was rnade based on the motility, metronidazole resistance, 
catalase production, nitrate reduction, hippuric acid hydroly-
sis, cx-o-galactosidase activity and carbohydrate fermentation 
characteristics (13-26). 

M. curtisii was metronidazole resistant, a short curved 
rod and hydrolysed arginine and hippuric acid, and had cx-o-
galactosidase activity. it did not ferment glycerol or trehalose. 
M. mulieris was metronidazole sensitive, a long curved rod, 
did not hydrolyse arginine and hippuric acid and did not 
have activity. They fermented glycerol and 
trehalose. Bacterial identification was performed using API 
32 ID (Bio Merieux SA, Marcy L'Etoile, France) and Scep-
tor anaerobic ID Panels Dickinson) [19). M. curtisii 
ATCC 35241 = NCTC 11656 strain, B. fragilis ATCC 25285 
and B. thetaiotaomicron ATCC 29741 strains were used as 
controls [27). 

2.5. Agar dilution procedure 

The reference agar dilution procedure for susceptibil-
ity testing of the anaerobic bacteria was performed fol-
lowing the NCCLS reference standard Mll-A6 [28,29). 
The following antimicrobial agents were tested: penicillin 
G, ampicillin + sulbactam, cefoxitin, imipenem, clindamycin 
and metronidazole. Plates were prepared using Wilkins-
Chalgren agar (üxoid) and inoculated with bacteria on the 
day of preparation. The plates were incubated in an anaero-
bic jar. A plate without antibiotics and strains of Mobiluncus 
curtisiiATCC35241 = NCTC 11656,B.fragilis ATCC25285 
and B. thetaiotaomicron ATCC 29741 were used as controls. 

3. Results 

Gram stained smears showing Gram-neoative or Gram-
variable curved rods were taken to contain Mobiluncus mor-
photypes. Such curved rods were observed in 11 (10.7%) of 
102 specimens from with vulvo-vaoinal abscesses, 
• 

4 (15.3%) of 26 specimens from patients with salpin-
gitis, in 3 of 42 endometrial smears (7 .1 % ) from patients 
with endometritis and in 150 of 194 specimens of vagina! 
discharge (77.3%) from patients with BV. M. curtisii grew 
from 2% (two strains) of pus specimens from the 102 pa-
tients with vulvo-vaginal abscess. üne of these strains was 
co-isolated with Anaerococcus prevotii and the second was 
co-isolated with Peptostreptococcus anaerobius and Porphy-
romonas asaccharolytica. M. curtisi was isolated once from 
pus specimens from 26 cases of salpingitis. This strain was 
co-isolated with A. prevotii and Prevotella bivia. Two isolates 
of M. curtisii were isolated from 42 specimens of endome-
trial smears from patients with endornetritis ( 4. 7% ). üne of 
these strains was isolated together with P. anaerobius and the 
second with P. bivia and A. prevotii. The vagina! discharge 
specimens from 194 with BV grew 70 isolates of 
M. curtisii (36.1 % ) in mixed culture with A. prevotii, P. bivia 
and P. disiens and 25 ( 12.8%) of M. mulieris 


