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Abstract

Anaerobes occur as major components of bacterial flora of the human skin and mucous membranes. They are responsible
for a variety of serious and life-threatening infections. There is a great concern on the treatment of these infections due to
the emergence of antibiotic resistance especially to beta-lactam drugs. Resistance to S-lactam drugs take place in anaerobic
microbial species mainly by the production of beta-lactamase and this is frequently associated with therapeutic failures. In
this review, the production, genetic determinant, ecological impact and the effects of f-lactamase on therapy is discussed.
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Introduction

The involvement of anaerobes in human diseases and
their increasing resistance to antibiotics especially beta-
lactam drugs is well recognized. Of the agents used in
therapy, beta-lactam drugs play an important role in the
treatment of anaerobic infections. Beta-lactamase enzy-
mes first described by Abraham and Chain in 1940 [1]
are produced by many organisms and confer resistance to
P-lactam antibiotics; penicillins, cephalosporins, cepha-
mycins and carbapenems [2, 3]. It was believed that beta-
lactamase enzyme was originally produced by soil
bacteria to protect them against f-lactams produced by
other soil organisms [4]. It was later that it became
recognized that the presence of these enzymes at the site
of infection could interfere with antibiotic therapy
because of the resistance conferred on the organisms to
these antimicrobial agents [5]. The enzymes are also
found in many anaerobes of low virulence which protects
them as well as other bacteria in their vicinity from S-
lactam drugs [5,6]. Examples include the extended-
spectrum f-lactamase (ESBL) ACI-1 from the Gram
negative anaerobic cocci Acidaminococcus fermentans
[7], cephalosporinase produced by Bacteroides vulgatus,
B. diastosonis, B. fragilis, B. uniformis, Prevotella
intermedia [8], as well as the penicillinase and
oxacillinase found in F. nucleatum [9] and Clostridium
species [10]. The presence of these f-lactamases is
demonstrated by tests as simple as the nitrocefin to

complex molecular biology-based tests that detect the
presence of genes encoding for the resistance.

Beta- lactamase resistance occurs as a result of
indiscriminate use and overdose of antibiotics. The
presence of these enzymes at the site of infection is
associated with therapeutic failures and recurrent infec-
tions such as otitis media, tonsillitis sinusitis dental/lung
abscess, which result in a longer duration of hospital-
ization [11]. This review discussed the production,
significance of f-lactamase resistance and the genes
responsible for resistance to p-lactam antibiotics in
anaerobic bacteria.

Origin of £ lactamases production in anaerobes

The production of f-lactamase enzyme by anaerobes was
first observed in Bacteroides penicillinase in late 1960s
[12], but later in 1993, Roger and his co workers
described the cephalosporins [13]. Since then, reports
constantly acknowledge the presence of f-lactamase in
anaerobic species and subsequent resistance to f-lactam
drugs. The reasons for the emergence of resistant anae-
robic strains differ considerably. While Nyfors et al. [14]
showed that the production of p-lactamase among
Fusobacterium nucleatum species correlates with const-
ant exposure to antibiotics especially in children, others
based their assertion on genetic transfer of resistant genes
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among different bacteria in similar ecological environ-
ment [4,8,15,16].

In Gram negative bacteria, f-lactamase enzymes may
be secreted into the periplasmic space and in Gram
positive species, into the surrounding medium, however,
in species like B. vulgatus, they are bound to the cell
membrane [17] f-lactamase enzymes are classified based
on the molecular structure as it regards to their nucleotide
and amino acid sequences [18], or the function which
they perform [19,20]. Different classes of f-lactamase
are produced by anaerobes and the gene responsible
maybe found in the chromosome or in plasmid.

Beta-lactamase producing anaerobes
Acidaminococcus fermentans

Acidaminococcus fermentans is strict anaerobic Gram
negative cocci that occur as normal flora of the gastro-
intestinal tract in human and animals [21]. Infections
involving these species include perianal abscesses,
abdominal and pulmonary abscess and bacteremia
[22,23]. Previously, they were described as one of the
anaerobic species susceptible to f-lactam antibiotics,
until an extended-spectrum B-lactamase (ESBL) prod-
ucing strain capable of hydrolyzing extended-spectrum
cephalosporins (cefotaxime, ceftriaxone, and ceftazidime,
and the oxyimino-monobactam aztreonam) with ACI-1
gene resistant to amoxicillin and cefotaxime was recog-
nized [21]. Sequencing of ACI-1 enzyme showed a close
resemblance with CTXM-3, an extended-spectrum-
lactamase, found in Salmonella enterica serovar
Typhimurium belonging to Class A/group 2be [ 7, 19, 20,
22].

Bacteroides fragilis group

Bacteroides fragilis group are considered the most
common anaerobes in human and animal infections.
Except some strains of B. diastons, all species among the
members of B. fragilis group, produce f-lactamase [24,
25]. These species include B. fragilis, B. vulgatus, B.
ovatus, B. uniformis, B. stercoris, B. splanhnicus B.
forsythus B. thetaiotaomicron and B. ureolyticus [26,27]
and their resistance to penilicllin and cepralosporins are
mostly due to the production of chromosomally mediated
class A flactamase [28]. Resistance pattern of these
species shows that more than 95% of them are resistant
to penicillin G and ampicillin [29], less than 50% are
susceptible to ticarcillin and about 70% are susceptible to
piperacillin [30,31]. In therapy, cefoxitin and piperacillin
are commonly used for initial empirical treatment,
however, resistance to these agents are found in areas
such as North and South America, Europe Asia and
South Africa[32,33, 34, 35, 36].

Different genes encode for variety of f-lactamases
found in Bacteroides sps. Notable among them are the
endogenous cephalosporinase encoded by cepA gene

[13], a Cb1A gene, which is a member of Class A/group
2e¢ enzyme produced by B. uniformis, and cefoxitin
resistance gene; cfxA assigned to Class A/group 2e
found in B. vulgatus [37,38]. In addition, carbapenemase
an extended spectrum zinc metallo p-lactamase
genetically encoded by CfiA or Cccr, which belongs to
Class B/group 3 is described among the B. fragilis
species. [39,40,41]. Similarly, oxacillin hydrolyzing enz-
yme encoded OXA belonging to Class D is found in
some Bacteroides group [20,42]. Reductions in the
activities of penicillin or ampicillin against most B. frag-
ilis due to Plactamases is well known, however, the
action of these enzymes are inhibited by f-lactamase
inhibitors (clavulanic acid, sulbactam, and tazobactam)
that acts against a wide spectrum of penicillins and
cephalosporins. On the other hand, the metalloenzyme
which hydrolyses carbapenems, imipenem, meropenem,
ertapenem, as well as all f-lactam are likely to produce
clinical resistance to P-lactam agents. The Class A B-
lactamases; CepA, Cfi A, Cccr A and OXA are mediated
by the chromosome and majority of these genes are not
expressed [40,43]. Above all cfxA gene is the main
determinant for enzyme expression found in Bacteroides
species [44].

Bilophilia wadsworthia

Bilophilia wadsworthia is an anaerobic Gram negative
bacterium that is a member of the normal flora in feaces,
saliva and vaginal fluids. These species have so far been
isolated from patients with bacteraemia, brain and liver
abscess, appendicitis and related clinical conditions [45,
46,47,48]. Initially, they were thought to be non-beta-
lactamase producing because it was difficult to prove
even when the antibiogram obtained in one study
suggested resistance due to [f-lactamase [47,49]. Follo-
wing subsequent studies and modifications in identifi-
cation methods, [-lactamase production was demons-
trated in B. wadsworthia in the presence of pyruvate by
Citron et al. in 1991 [50] and the enzyme characterized as
cephalosporinase [51]. Presently, most strains of B.
wadsworthia that produce [lactamase enzyme are
resistant to penicillin G and ampicillin. However, the
gene responsible for f-lactamase production, the type,
and class of f-lactamase produced is yet to be described.

Clostridium species

B-lactamases production in these Gram positive
anaerobes are found among the species of C. ramosium,
C. butyricum and C. Clostridioforme [52,53,54]. C.
ramosium and C. butyricum reside in the lower intestinal
tract of human as part of normal flora while C. ramosuim
is implicated in cases of bacteremia [55,56]. f-lactamase
producing Clostridium species are frequently encoun-
tered in clinical specimens and their ability to produce S
lactamase is evident by their respective resistance to
cephalosporins and other broad spectrum S-lactam drugs
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[57,58,59,60]. Species of Clostridium produce inducible
p-lactamase except C. ramosium that produces a plasmid
mediated TEM-1 enzyme of Class A group 2, subgroup
2b [20]. Like the Gram negative Bacteroides species,
they produce penicillinase and oxacillinase enzymes [61].

Fusobacterium species

Certain species of Fusobacteria are capable of producing
[-lactamases. Prominent among them, is F. nucleatum,
the commonest species of fusobacteria found in the
mouth, genital, gastrointestinal and upper respiratory
tract. They are known to cause a variety of human
infections ranging from periodontal diseases, tropical
skin ulcers, peritonsillar abscesses, bacteraemia, liver
abscesses, urinary tract infections, pericarditis, endoca-
rditis, lung and pleuropulmonary infections to pre-
eclampsia, preterm labor and low birth weight [62,63,64].
Other species include F. varium and F. mortiferum
mainly encountered in patients with intrabdominal
infections [63,64]. A multicenter survey showed that
4.5% of F. nucleatum produce p-lactamase and about
19% of them are resistant to penicillin due to B-lactamase
production [65]. The enzyme f-lactamase FN1375
similarly found in Clostridium [66] and archaeal lactam
utilization protein; Lam B involved in utilization of
pyarolidinone is documented among these species [67].
Both enzymes are mainly found in F. nucleatum subsp.
vincentii [67]. Furthermore, a class D f-lactamase FUS-1
(OXA-85) with oxacillinase activity is characterized
among strains of F. nucleatum subsp. Polymorphum [68].
Although f-lactamase is found in Fusobacterium spp,
majority of them are susceptible to penicillins and
cephalosporins [67].

Prevotella species

In the Genus Prevotella, [-lactamase is produced by P.
intermedia, P. oris P. bivia, P. disiens, oralis, P, buccae
and P. melaninogenica species [2,69,70]. Most of them
are implicated in neck, head and lower respiratory tract
infections while species like P. bivia naturally occurs as
vaginal flora in females [69,71]. f-lactamase production
range from 31.9% in non pigmented to 68.4% in
pigmented Prevotella species of dental origin [72,73,74].
Majority of the Prevotella species, produce broad
spectrum cephalosporinase and penicillinase [75,76].
Like Bacteroides, P. intermidia produce cefoxitin resis-
tance genes; CfxA Cccr, CfxA; and CfxA, and their
presence is mostly related to the origin of the strains [77]
The gene CfxA, predominates in North America, CfxA,
is mostly found in France [78,79], while In Japan, CfxA
and CfxA, occurs respectively. 80]. In addition, Handal
et al. demonstrated the occurrence of CfxA and CfxA,
gene in 100% of f-lactam positive Prevotella strains
from American and Norwegian patients with periodontal
diseases [81]. When compared with other anaerobic
organisms, Prevotella species remain the most prevalent

anaerobes producing f-lactamase (especially class A) and
about 50% of them are resistant to penicillin and
ampicillin [29,76].

Porphyromonas species

Porphyromonas sps. are Gram negative anaerobes
frequently described as one of the major pathogens in
oral infection. The ability of P. catoniae to produce 3-
lactamase was demonstrated by Nyfors et al in 25% of
infants following penicillin therapy [2]. A survey in
Japan, showed that 8% of Porphyromonas species
produces B-lactamase [82], in Italy a lower prevalence
rate of 3% was recorded among periodontal isolates [83],
while in USA, it was as high as 21% in samples obtained
from intra-abdominal, Obstetric/gynaecology, and body
fluid [30]. It is speculated that species of animal origin
are often more f-lactamase produces than those derived
from humans [64]. Like Prevotella and Bacteroides
species, this brown or black pigmented anaerobe
maintains a uniform susceptibility to carbapenems [76].

Ecological significance of beta-lactamase

The factors responsible for the origin and evolution of -
lactamase production is yet to be understood. According
to literature, almost all Gram negative rods produce small
amount of chromosomal f-lactamases with the primary
aim of protecting themselves from S-lactams produced
by Fungi, Actinomycetes, and other bacteria [84, 85, 86,
87,88,]. Anaerobes express constitutional f-lactamase
activity, that are freely produced and secreted extra-
cellular [89,90]. The enzyme diffuse within an abscess,
surrounding tissue and secretions as well as other sites of
infection where they protect the anaerobes producing
them and other penicillin susceptible bacteria involved
especially during synergistic infections [5,85,90,91,92].
This protective phenomenon often take place when the
quantity of [-lactamase enzyme available in an
environment is enough to break the beta-lactam ring
present in penicillins before it can kill susceptible
bacterial cells [5].

Detectable level of [-lactamase are present in
abscesses, saliva, vagina, fecal specimen or other sites of
infection that can be enough to bring about failure in
therapy [84,90,92,93]. A typical example is the failure of
penicillin to eradicate persistent tonsillitis in microbial
mixed infection involving aerobic beta-hemolytic strepto-
coccus species and f-lactamase producing anaerobes
[94]. This finding correlates with a similar report in
which “free” f-lactamase were found in 86% of acute
and chronic sinusitis aspirates recovered from a mixed
infection involving S. aureus, B. fragilis, Prevotella and
Fusobacterium species resulting into a failure in
amoxicillin therapy [5, 95]. Furthermore, It is possible to
acquire certain species of [lactamase producing
anaerobes as a microbial flora from birth, however, the
prevalence of f-lactamase production increases when
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these organisms are exposured to f-lactam agents during
therapy especially in children [14,96,97].

Intestinal micro floras are potential reservoir of
resistant organisms and bacteria from this area
predominately cause postoperative infections. About
70% of hospitalized patient harbor resistant anaerobic
strains in their intestinal tracts, mainly belonging to the
Bacteriodes fragilis group [93]. These resistant strains,
offer a reservoir for resistant genes that can be transfer to
pathogenic species [98].

Anaerobic infections are usually polymicrobial and this
provide conducive environment for the exchange of
genetic elements between aerobes and anaerobes species
thereby increasing the chances of acquiring potentials for
virulence and antimicrobial resistance. There is an
understanding that B-lactamases are encoded by genes
extra-chromosomally transferable [2]. Species like Bact-
eroides possesses mobile elements, such as plasmids,
conjugative and mobilizable transposons. The contri-
bution of these elements in promoting the transfer of
antibiotic resistance was shown in a study by Ferriera et
al. that demonstrated the involvement of mobilizable
transposon Tn4555 in spreading the cfxA gene in
Bacteroides species [8]. Similarly, the conjugal transfer
of genes encoding B-lactamase from P. intermedia to
other Prevotella and Bacteroides is believed to be
responsible for the increasing amount of P-lactamase
production which constantly correlates with the
continuous emergence of penicillin resistance among
these species [74].

The presence of bacteria species resistance to
antimicrobial agents enhances continuous existence of a
pathogen in an infected host [99]. This can lead to
prolonged infections that may become life threatening
and at the same time support rapid and unrestricted
spread of pathogens within a community.

Conclusion

Anaerobic infections are reported regularly and there are
variations in their resistance patterns to [-lactam
antibiotics among different geographic locations indi-
cating the need for an urgent review of the existing
treatment guidelines. Anaerobes contribute significantly
in maintaining the human microbial ecology. An alter-
ation in this balance and subsequent prevalence of
resistance to routine antimicrobial agents may have an
impact on the general health of an individual. There is a
need therefore, to identify and monitor the prevalence of
beta-lactamase species, and evaluate new antimicrobial
agents in order to enhance empirical treatment.

References

Abraham EP, Chain E. An enzyme from bacteria able to
destroy penicillin. Nature. 1940; 146: 837.

Nyfors S, Kononen E, Takala A, Jousimies-Somer H. S
lactamase production by oral anaerobic gram-negative

10.

11.

12.

13.

14.

15.

16.

species in infants in relation to previous antimicrobial
therapy. Antimicrob Agents Chemother. 1999; 43: 1591-
1594.

Bedenic B. Beta-lactamase and their role in resistance
part 2: beta-lactamase in 21% century Liject Vjesn. 2005;
127: 12-21.

Madinier I, Fosse F, Giudicelli V, Labia R. Cloning and
biochemical characterization of class A B-lactamase from
Prevotella intermedia. Antimicrob Agents Chemother.
2001; 45: 2356-9.

Brook I. The role of anaerobic bacteria in sinusitis.
Anaerobe 2006; 12: 5-12.

Rosenblatt JE, Brook 1. Clinical resistance of
susceptibility testing of anaerobic bacteria. Clin Infect
Dis. 1993: 16 :6446-5448.

Galan JC, Reig M, Navas A, Baquero F, Balzquez J.
ACI-1 from Acidaminococcus fermentans: character-
ization of the first P-lactamase in anaerobic cocci.
Antimicrob Agents Chemother. 2000; 44: 3144-3149.
Ferreira LQ, Avelar KE, Vieira JM, de Paula GR,
Colombo AP, Domingues RM, Ferreira MC. Association
between the cfxA gene and transposon Tn4555 in
Bacteroides distasonis strains and other Bacteroides
species. Curr Microbiol. 2007; 54: 348-53.

Voha C, Docquier J, Rossolini GM, Fosse T. Genetic and
biochemical characterization of FUS-1 (OXA-85), a
narrow-spectrum class D beta-lactamase from Fusoba-
cterium nucleatum subspecie polymorphum. Antimicrob
Agents Chemother. 2006; 50 :2673-2679.

Hedberge M, Nord CE. Beta-lactam resistance in
anaerobic bacteria: A review. J Chemother. 1996; 8: 3-
16.

Snydman DR, Cuchural GJ Jr, McDermott L, Gill M.
Antimicrob. Correlation of various in vitro testing
methods with clinical outcomes in patients with
Bacteroides  fragilis group infections treated with
cefoxitin: a retrospective analysis. Antimicrobial Agents
Chemother. March 1992; 36: 540-544.

Pinkus G, Veto G, Braude Al. Bacteroides penicillinase.
J Bacteriol. 1968; 96: 1437-1438.

Rogers MB, Parker AC, Smith CJ. Cloning and
characterization of the endogenous cephalosporinase
gene, cepA, from Bacteroides fragilis reveals a new
subgroup of Ambler class A B-lactamases. Antimicrob
Agents Chemother. 1993; 37: 2391-400.

Nyfors S, Kononen E, Syrjanen AR, Komulainen E.
Jousimies—Somer H. Emergence of penicillin resistance
among Fusobacterium nucleatum populations of
commensal oral flora during early childhood. J
Antimicrob Chemother. 2003; 51: 107-112.

Tribble GD, Parker AC, Smith CJ. Genetic structure and
transcriptional analysis of a mobilizable, antibiotic
resistance transposon from Bacteroides. Plasmid 1999,
42 :1-12.

Jolivet-Gougeon A, Tamanai-Shacoor Z, Desbordes L, et
al. Genetic analysis of an Ambler class A extended-
spectrum B-lactamase from Capnocytophaga ochracea. J
Clin Microbiol. 2004; 42 :888-90.

175



17.

18.

19.

20.

21

22.

23.

24

25.

26.

27

28.

29.

30.

31.

Matagne A, Lamotte — Brasseu Jr., Frere JM. Catalytic
properties of class A beta-lactamases: efficiency and
diversity. Biochem J. 1998; 330: 581-598.

Ambler RP, Conlson FN. A standard numbering scheme
for the class A f-lactamases. Biochem J. 1991: 276: 269-
272.

Bush K, Jacoby GA Medeiros AA. A functional
classification scheme for f-lactamases and its correlation
with molecular structure. Antimicrob Agents Chemother.
. 1995; 39: 1211-1233.

Bush K, Jacoby G. A Updated Functional Classification
of B-Lactamases. Antimicrob Agents  Chemother.
2010: 54; 969-976.

Moore WEC, Holdeman LV. Human fecal flora, the
normal flora of 20 Japanese Hawaiians. App! Microbial.
1974; 27: 961-79.

Galan, J. C., Reig, M., Navas, A., Baquero, F. and
Balzquez J. ACI-1 from Acidaminococcus fermentans:
characterization of the first f-lactamase in  anaerobic
cocci. Antimicrob Agents Chemother. 2000; 44: 3144-
3149.

Chatterjee BD, Chakraborti CK. Non-sporing anaerobes
in certain group of patients. J Indian Med Assoc. 1995;
93:3333-339.

Rasmussen BA, Bush KK. Tally FP. Antimicrobial
resistance in anaerobes. Clin Infect Dis. 1997; 24: 5110-
5120.

Nord CE, Lindqvist L, Olsson-Liljequist B, Tunér K.
Beta-lactamases in anaerobic bacteria. Scand J
Infect Dis Suppl. 1985; 46: 57-63.

Miragliotta G, Del Gaudio T, Tajani E, Mosca A.
Bacteroides  thetaiotaomicron in  posthysterectomy
infection. Anaerobe 2006; 12: 276-8.

Milazzo G, Blandino F, Caccamo R, Musumeci G,
Nicoletti A. Faropenem, a new oral penem: antibacterial
activity against selected anaerobic and fastidious
periodontal isolates. J Antimicrob Chemother.
2003; 51; 721-725.

Brook I.The role of anaerobic bacteria in upper
respiratory tract Brook I. Treatment of anaerobic
infection. Expert Rev Anti Infect Ther. Dec 2007; 5: 991-
1006.

Hecht DW. Anaerobes: Antibiotic resistance, clinical
significance and the role of susceptibility testing
Anaerobe. 2006; 12: 115-121.

Aldridge KE, Ashchcraft D, Cambre K, Pierson Cl,
Jenkins SG, Rosenblatt JE. Multicentre survey of the
changing in vitro antimicrobial susceptibilities of clinical
isolates of Bacteroides fragilis group Prevotella,
Fusobacterium, Porphyromonas and Peptostreptococus
species. Antimicrob Agents Chemother. 2001; 45: 1234-
43.

Syndman DR, Jacobus NV, McDermott LA, Suprano SE.
Comparative in-vitro activities of clinafloxacin and
trovafloxacin against 1,000 isolates of Bacteroides
fragilis group. Effect of the medium on test results.
Antimicrob Agents Chemother. 2000; 44: 1710-1712.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

Labbe AC, Bouegault M, Vincelette J, Turgoen PL,
Lamotte F. Trends in antimicrobial resistance among
clinical isolates of the Bacteroides fragilis group from
1992-1997 in Montreal, Canada. Antimicrob Agents
Chemother. 1999; 43: 2517-2519.

Almeida F, Avila-Campos MJ. Plasmid-Related
Resistance to Cefoxitin in Species of the Bacteroides
fragilis Group Isolated from Intestinal Tracts of Calves.
Current Microbiology 2006; 53: 440—443.

Adres MTN, Chung N. O, Roberts MC, Fierro JF.
Antimicrobial  susceptibilities of  Porphyromonas
gingivalis, Prevotella intermedia and Prevotella
nigrescens, spp isolated in Spain. Antimicrob Agents
Chemother. 1998; 42: 3022-3023.

Lee K, Chong Y, Jeong SH, Xu XS, Kwon OH.
Emergency resistance of anaerobic bacteria to
antimicrobial agents in South Korea. Clin Infect Dis.
1996; 23: 73-77.

Koch CL, Derby P, Abratt, VR. In-vitro antibiotic
susceptibility and molecular analysis of anaerobic
bacteria isolated in Cape Town, South Africa. J
Antimicrob Chemother. 1998; 42: 245-248.

Smith CJ, Bennett TK, Parker AC. Molecular and genetic
analysis of the Bacteroides uniformis cephalosporinase
gene, ChlA, encoding the species—specific -lactamase.
Antimicrob Agents Chemother. 1994; 138: 1711-1715.
Livermore DM. Beta-lactamases in laboratory and
clinical resistance. Clin Microbial Rev. 1995; 8: 557-584.
Thompson JS, Malamy MH. Sequencing the gene for an
imipenem-cefoxitin-hydrolyzing  enzyme (CfiA) from
Bacteroides fragilisTAL2480 reveals strong similarity
between CfiA and Bacillus cereus b-lactamase II. J
Bacteriol. 1990; 172: 2584-93.

Podglajen I, Breuil J, Collalz E. Insertion of a novel
DNA sequence IS//86, immediately upstream of the
silent carbapenemase gene Cfid, promotes expression of
carbapenem resistance in clinical isolates of Bacteroides
fragilis, Abstr. 1993; 587. In: Program and Abstracts of
the 33" Interscience Conference on Antimicrobial Agents
and Chemother. American society for Microbilogy.
Washington D.C.

Soki J, Edwards R, Hedberg M, Fang H, Nagy E, Nord
CE. Examination of cfiA-mediated carbapenem
resistance in Bacteroides fragilis strains from a European
antibiotic susceptibility = survey. Int J Antimicrob
Agents. 20006; 28: 497-502.

Rice LB, Salim D, Bonomo V. Mechanism of resistance
to antimicrobial agents. 2003. pp. 1074-1101. In: Murray,
P.R.,,E.J. Baron, and J. H. Jorgensen, M. A. Pfaller,
R. H. Yolken, (eds).Manual of Clinical Microbiology.8"
ed. Washington, DC. American Society for
Microbiology, Press.

Giraund-Morin C, Madinier I, Fosse T. Sequence
analysis of CfxA,-like B-lactamases in Prevotella
species. J Antimicrob Chemother. 2003; 51: 1293-1296.
Garcia N, Gutiérrez G, Lorenzol M, Garcia JE, Piriz Z
and Quesada A, Genetic determinants for cfxA

176



45.

46.

47.

48.

49.

expression in Bacteroides strains isolated from human
infections J Antimicrob Chemother.2008; 62: 942-947.
Finegold SM, Jousimies—Somer H. Recently described
clinically important- anaerobic bacteria: medical aspects.
Clin Infect Dis. 1997, 25: 588-593.

Summanen PH, Jousimies-Somer H, Manley S.
Biliophilia wadsworthia isolates from clinical specimens.
Clin Infect Dis. 1995; 20: 210-211.

Baron EJ, Summanen P, Downes JMC, Roberts MC,
Wexler HM, Finegold SM. Bilophilia wadsworthia, gen.
nov. and sp.nov., a unique gram-negative anaerobic rod
recovered from appendicitis specimens and human
faeces. J Gen Microbiol. 1989; 135: 3405-3411.

Bennion RS, Thompson JE, Baron EJ, Finegold SM.
Gangrenous and perforated appendicitis with peritonitis:
treatment and bacteriology. Clin Ther. 1990; 12: 31-44.
Schumacher UK, Single B. Susceptibility of the
anaerobic gram-negative non-sporulating rod, Bilphilia
wadsworthia on beta-lactams, beta-lactamase inhibitors,
meropenem, metronidozole, clindamycin, and
quinolones. ZentblBakteriol. 1998; 287: 421-425.

50.Citron DM, Ostovari MI, Karlsson A, Goldstein EJC.

51.

52.

53.

54.

55.

56.

Evaluation of the E- test for susceptibility testing of
anaerobic bacteria. J Clin Microbiol. 1991; 29: 2197-
2203.

Summanen PH. Comparison of effects of medium
composition and atmospheric conditions on detection of
Bilophilia wadsworthia [B-lactamase by cefinase and
cefinase plus methods. J. Clin. Microbial. 2002; 38: 733-
736.

Kesado T, Lindqvist L, Hedberg M, Tuner K, Nord CE.
Purification and Characterization of a New B-Lactamase
from Clostridium  butyricum. Antimicrob — Agents
Chemother.1989; 33: 1302-1307.

Hedberg M, Lindqvist L, Tuner K, Nord CE. Effect of
beta-lactamase inhibitors on beta- lactamases from
anaerobic bacteria: Anaerobic bacteria and infections.
European J Clin microbiol & Infect Dis.1992; 11
:1100-1104.

Appelbaum PC, Spangler S K, G. A. Pankuch
GA,Philippon A, Jacobs MR, Shiman R,  Goldstein
EJC, Citron DM. Characterization of a f3-lactamase from
Clostridium clostridioforme. J Antimicrob Chemother.
1994; 33: 33-40.

Allen SD, Emery CL, Lyerly DM. Clostridium. 2003:
pp-835 —856. In: Murray, PR, E]  Baron, J H.
Jorgensen, MA Pfaller, RH Yolken, (ed.). Manual of
Clinical Microbiology ~ 8"ed. ~ Washington,  DC.
American Society for Microbiology, Press.

Brook I. Anaerobic bacterial bacteriaemia: 12 years
experience in two military hospitals. J Infect Dis.
1989; 160: 1071-1075.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

Alexander CJ, Citron DM, Brazier JS, Goldsten EJ.
Identification and antimicrobial resistance patterns of
clinical isolates of Clostridium clostridioforme, C.
innocuum, and C. ramosum compared with those of

clinical isolates of Clostridium perfringens. J Clin
Microbial. 1995; 33: 3209-3215.

Finegold SM. Therapy of anaerobic infection In:
Finegold, SM and WL. George (ed.). Anaerobic infection
in humans. Academic Press, Inc., Orlando F1. 1989; 793-
818.

Rosenblatt JAntimicrobial susceptibility of anaerobic
bacteria. 1989.pp. 731-754. In: S. M. Finegold and W.
L. George (ed.) Anaerobic infections in human.
Academic Press San Diego, Calif..

Rice LB, Salim D, Bonomo V. Mechanism of resistance
to antimicrobial agents. 2003 pp. 1074-1101. In: Murray,
P.R., E.J. Baron,and J. H. Jorgensen, M. A. Pfaller,
R. H. Yolken, (eds). Manual of Clinical Microbiology.8"
ed. Washington, DC. American Society for Microbio-
logy, Press.

Brook I. Antibiotic resistance of oral anaerobic bacteria
and their effect on the management of upper respiratory
tract and head and neck  infections.  Semin  Respir
Infect. 2002; 17: 195-203.

Han YW, Shen T, Chung P, Buhimschi 1A, Buhimschi
CS. Uncultivated Bacteria as Etiologic Agents of Intra-
Amniotic Inflammation Leading to Preterm Birth. J Clin
Microbiol. 2009: 4: 38—47.

Jacobs MP, Spangler, SK, Applebaum PC. Beta-
lactamase production and susceptibility of US and
European anaerobic gram negative bacilli to beta-lactams
and other agents. Eur J Clin Microbiol Infect Dis. 1992;
11: 1081-1093.

Jousimies—Somer HR, Sumananen PH, Wexler H,
Finegold S, Gharbia SM, Shah HW. Bacteroides,
Porplyromonas, Prevotella, Fusobacterium, and other
anaerobic gram-negative bacteria . 2003:pp. 881-901.
In: Muray, P. R., E. J. Baron, J. H. Jorgensen, M. A.
Pfaller, R. H. Yolken, (eds.). Manual of Clinical
Microbiology. 8" ed. Washington, DC. American Society
for Microbiology Press.

Appelbaum PC, Philippon A, Jacob MR, Spangler SK,
Gutmann L. Characteristics of B-lactamases from non-
Bacteroides fragilis group, Bacteriodes spp, belonging to
seven species and their role in PB-lactamase resistance.
Antimicrob Agents Chemother. 1990; 34: 2169-76.

Fosse T, Madinier I, Hitzing IC, Chartbits Y. Prevalence
of B-lactamase ° producing strains among 149 anaerobic
gram-negative rods isolated from periodontal pockets.
Oral Microbiol Immunol. 1999; 14: 352-357.

Kapatral V, Anderson I, Ivanova N, Reznik G, Lykidis
AA, Bhattachanyya A. Genome sequence and Analysis
of the oral bacterium Fusobacterum nucleatum strain
ATCC 25586. J Bacteriol. 2002; 184: 2005-2018.

177



68.

69.

70.

71.

72.

73.

74.

75.

76.

7.

78.

79.

80.

Voha C, Docquier J, Rossolini GM. Fosse T. Genetic and
biochemical characterization of FUS-1 (OXA-85) a
narrow-spectrum  class D beta-lactamase  from
Fusobacteriun ~ nucleatum  subsp.  polymorphum.
Antimicrob Agents Chemother. 2006; 50: 2673-2679.
Egwari LO, Rotimi VO, Coker AO. Antibiotic
susceptibility of clinical isolates of Prevotella bivia in
Lagos, Nigeria. J Chemother. 1996; 8 :47-51.

Aldridge KE, Ashchcraft D, Cambre K, Pierson CI,
Jenkins SG, Rosenblatt JE. Multicentre survey of the
changing in vitro antimicrobial susceptibilities of clinical
isolates of Bacteroides fragilis group Prevotella,
Fusobacterium, Porphyromonas and Peptostreptococus
species. Antimicrob Agents Chemother. 2001; 45: 1234-
43,

Looney WJ, Callusser AJ, Modde HK. Evaluation of the
ATB 32A system of identification of anaerobic bacteria
isolated from clinical specimens J. Clin Microbiol. 1990;
28: 1519-1524.

Paupermpoonsiri S, Watanabe K, Kato N, Bueno K. In-
vitro activities of 10 antimicrobial agents against
bacterial vaginosis associated anaerobic isolates from
pregnant Japanese and their women. Antimicrob Agents
Chemother. 1997; 41: 2297-2298.

Kuriyama T, Karasawa T, Nakagawa K, Yamamoto E,
Nakamura S. Incidence of beta-lactamase production and
antimicrobial susceptibility of anaerobic gram-negative
rods isolated from pus specimens of orofacial
odontogenic infections. Oral Microbiol Immunol. 2001;
16: 10-5.

Bahar H, Torun MM, Demirci M, Kocazeybek
B.Antimicrobial resistance and  Dbeta-lactamase
production of clinical isolates of Prevotella and
Porphyromonas species. Chemotherapy 2005; 51: 9-14.
Walker CB, Bueno LC. Antibiotic resistance in an oral
isolates of Prevotella intermedia. Clin Infect Dis. 1997:
25:281-283.

Citron DM, Hecht DW. Susceptibility test methods:
Anaerobic bacteria. 2003.pp. 1141-48. In: Muray, P.
R., E. J. Baron, J. H. Jorgensen, M. A. Pfaller, R. H.
Yolken, (eds). Manual of Clinical Microbiology. 8" ed.
Washington, DC. American Society for Microbiology
Press.

Giraud-Morin C, Madinier I, Fosse T. Sequence analysis
of cfxA2-like [-lactamases in Prevotella species. J
Antimicrob Chemother. 2003; 51: 1293-6.

Parker AC, Smith CJ. Genetic and biochemical analysis
of a novel ambler class A beta-lactamase, responsible for
cefoxitin resistance in Bacteroides species. Antimicrob
Agents Chemother. 1993; 37: 1028-1036.

Madinier I, Fosse T, Giudicelli J, LabiaR. Cloning and
biochemical characterization of a class A P-lactamase
from Prevotella intermedia. Antimicrob  Agents
Chemother. 2001; 45: 2386-9.

Iwahara K, Kuriyama T, Shimura S, Williams DW,
Yagagisawa M, Nakagawa K, Karasawas T. Beta-
lactamase genes of Prevotella spp. in clinical samples

81.

82.

83.

84.

85.

86.

87.

88

89.

90.

91.

92.

93.

94.

95.

from dentoalveola infection by Real time PCR. J Clin
Microbiol. 2006; 44: 172-176.

Handal T, Osen I, Walker CB, Caugant DA. Detection
and characterization of -lactamase genes in subgingival
bacteria from patients with refractory periodontitis.
FEMS Microbial Lett. 2005; 15: 319-324.
Tanak-Boundoh K, Kato N, Watababe K, Ueno K.
Antibiotic susceptibility profiles from Bacteroides
fragilis and Bacteroides thetaiotaomicron in Japan from
1990 to 1992. Clin Infect Dis 1995; 20: 5352-5355.
Milazzo G, Blandino F, Caccamo R, Musumeci G,
Nicoletti A. Speciale Faropenem, a new oral penem:
antibacterial activity against selected anaerobic and
fastidious periodontal isolates. J Antimicrob Chemother.
2003; 51: 721-725.

Skykes RB, Mattew R. The beta-lactamase of Gram-
negative bacteria and their role in resistance to beta-
lactam antibiotics. J Antimicrobial Chem. 1976; 2: 115-
157.

Hamilton-Miller JNT. Indirect pathogenicity J
Antimicrob Chemother. 1981; 7: 307-308.

Bush K, Jacoby GA, Medeiros AA. A functional
classification scheme for f3-lactamases and its correlation
with molecular structure. Antimicrob Agents Chemother.
1995; 39: 1211-1233.

Bush K. The evolution of [-lactamases, Antibiotic
resistance, origins, evolution, selection, and spread.
Chichester. Wiley, Ciba Foundation symposium. 1997;
207: 152 -166.

Fosse T, Madinier I, Hitzing IC, Chartbits Y. Prevalence
of PB-lactamase producing strains among 149 anaerobic
gram-negative rods isolated from periodontal pockets.
Oral Microbiol Immunol 1999; 14: 352-357.

Rogers MB, Parker AC, Smith CJ. Cloning and
characterization of the endogenous cephalosporinase
gene, cepA, from Bacteroides fragilis reveals a new
subgroup of Ambler class A, B-lactamases. Antimicrob.
Agents Chemother. 1993; 37: 2391-2400.

Brook 1. Prevalence of beta-lactamases—producing
bacteria in chronic suppurative otitis media. Am J Dis
Child. 1984; 139: 280.

Nord CE, Olsson-Liljequist B. Resistance [-lactam
antibiotics in Bacteroides sp. J Antimicro Chemother.
1991;8:33-42.

Brook I. The role of beta-lactamase-producing-bacteria in
mixed infections. BMC Infect.Dis. 2009; 9:202.
http://www.biomedcentral.com/1471-2334/9/202.

Stark CA, Edlund C, Sjostedt S, Kristensen G. Nord CE.
Antimicrobial Resistance in Human Oral and Intestinal
Anaerobic microflora. Antimicrob Agents Chemother.
1993; 37: 1665-1669.

Brook I: Role of beta-lactamase-producing bacteria in
penicillin failure to eradicate group A streptococci.
Pediatr Infect Dis. 1985; 4: 491-5.

Duff M, Lee L, Hillllier L, Herd M, Krplin A,
Eschenbach DA. Amoxicillin treatment of bacterial
vaginosis during pregnancy. Obstet Gynecol. 1991; 77:
431-431.

178



96.

97.

Tuner K, Nord CE. Emergence of beta-lactamase
producing microorganisms in the tonsils during penicillin
treatment. Eur J Clin Microbiol. 1986; 5: 399-404.
Brook I, Gober AE. Monthly changes in the rate of
recovery of penicillin-resistant organisms from children.
Pediatr Infect Dis. J. 1996;16: 255-257.

98.

99

Davis J. In-activation of antibiotics and the dissemination
of resistance genes. Science. 1994; 264: 375-382.

Styrt B, Gorbach SL. Recent developments in the
understanding of the pathogenesis and treatment of
anaerobic infections. New Engl J Med. 1989: 321: 240-
246.

179



