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Background. The rationale and lessons learned through the evolution of the National Survey for the Suscep-
tibility of Bacteroides fragilis Group from its initiation in 1981 through 2007 are reviewed here. The survey was
conceived in 1980 to track emerging antimicrobial resistance in Bacteroides species.

Methods. Data from the last 11 years of the survey (1997-2007), including 6574 isolates from 13 medical
centers, were analyzed for in vitro antimicrobial resistance to both frequently used and newly developed anti-
anaerobic agents. The minimum inhibitory concentrations of the antibiotics were determined using agar dilution
in accordance with Clinical and Laboratory Standards Institute recommendations.

Results. The analyses revealed that the carbapenems (imipenem, meropenem, ertapenem, and doripenem) and
piperacillin-tazobactam were the most active agents against these pathogens, with resistance rates of 0.9%-2.3%.
In the most recent 3 years of the survey (2005-2007), resistance to some agents was shown to depend on the
species, such as ampicillin-sulbactam against Bacteroides distasonis (20.6%) and tigecycline against Bacteroides
uniformis and Bacteroides eggerthii (~7%). Very high resistance rates (>50%) were noted for moxifloxacin and
trovafloxacin, particularly against Bacteroides vulgatus. During that period of study, non—B. fragilis Bacteroides
species had >40% resistance to clindamycin. Metronidazole-resistant Bacteroides strains were also first reported
during that period.

Conclusions. In summary, resistance to antibiotics was greater among non-B. fragilis Bacteroides species than
among B. fragilis and was especially greater among species with a low frequency of isolation, such as Bacteroides
caccae and B. uniformis. The emergence of resistance among the non-B. fragilis Bacteroides species underscores
the need for speciation of B. fragilis group isolates and for clinicians to be aware of associations between species
and drug resistance.

In 1980, Francis P. Tally and Sherwood L. Gorbach
conceived of a national survey of testing susceptibility
of Bacteroides fragilis and related species to various an-
timicrobials. The reasons for the survey were the rec-
ognition that plasmid-mediated transferable antibiotic

resistance to clindamycin could be shown [1], concern
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that such transferable resistance might render clinda-
mycin to be ineffective, recognition that susceptibility
of Bacteroides species to antimicrobials was associated
with an improved outcome [2-5], and evidence that
different susceptibilities of Bacteroides species to anti-
microbials depended on geographic location [6]. Fi-
nally, because hospital laboratories usually lack the ca-
pacity to test Bacteroides species for susceptibility,
clinicians needed information about regional or na-
tional patterns, to choose appropriate agents for em-
pirical therapy.

Approximately 9 health care centers and a number
of investigators have been involved in the survey since
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Table 1. Overview of the Survey on Bacteroides Species (1981-2007)

Variable 1981 1997-2007
No. of health care centers ) 9-10
Method Tufts Anaerobic Laboratory CLSI (NCCLS before 1997) sup-

supplemented brain-heart
infusion agar with 1 x 10°
inoculum

Antibiotics tested

Piperacillin, cephalosporins,
cephamycins, tetracycline,
clindamycin, metronidazole,
chloramphenicol

plemented brucella blood agar
with 1 X 10° inoculum

Inhibitor combinations, carbape-
nems, cefoxitin, tigecycline,
clindamycin, fluoroquinolones,
metronidazole,
chloramphenicol

Program used for statistical analysis ~ TRS/80 Model | (Radio Shack)  SAS for Windows (SAS Institute)

NOTE. The Principal Investigators of the study were Francis P. Tally (1981-1986), George J. Cuchural, Jr. (1986-1990),
and David R. Snydman (1986-2007). CLSI, Clinical and Laboratory Standards Institute; NCCLS, National Committee on

Clinical Laboratory Standards.

its beginning (Table 1). In the method used from 1981 through
1997, supplemented brain-heart infusion agar was given an
inoculum of 1X10° [7]. In 1997, the survey adopted the
method recommended that year by the Clinical and Laboratory
Standards Institute (CLSL formerly, National Committee on
Clinical Laboratory Standards); with this method, supple-
mented brucella blood agar used an inoculum of 1 X 10° [8].
The antibiotics tested are listed in Table 1. Over the last 27
years of the survey, the test antibiotics changed as newer agents
were introduced. The agents that were continuously tested were
clindamycin, cefoxitin, metronidazole, and chloramphenicol.
Statistical analysis was first performed using a TRS/80 Model
1 computer from Radio Shack. There is some irony that con-
temporary wristwatches probably have more computing power
than this early version of the TRS/80. Current analyses are
performed using SAS, version 8.01, for Windows (SAS
Institute).

In the early 1980s, among isolates of the Bacteroides species
(which were analyzed as a group), 6% were resistant to clin-
damycin and 8% were resistant to cefoxitin [9, 10]. In contrast,
by 2004, clindamycin resistance had increased to 31.6%, al-
though cefoxitin resistance remained relatively constant at 8%
[11]. Table 2 shows the changes in susceptibility that occurred
over the 3 decades of the study.

The survey group has been responsible for >15 publications
[6, 9-21], and a number of themes and principles have
emerged. One is that the susceptibility of Bacteroides species to
antimicrobials is important to outcome, even in the presence
of mixed infections. For instance, in the context of Bacteroides
bacteremia due to mixed infection, the survey group revealed
that outcome and susceptibility are related [5]. The survey
group has been instrumental in establishing susceptibility cri-
teria for certain antibiotics for the CLSI. For drug development
studies, the survey has provided a framework for activity that
provides pharmaceutical companies with data for further clin-
ical development [22]. In addition, the group has made major

contributions toward the use of different media and testing
methods [23]. For this symposium in honor of Frank Tally,
MD, we analyzed the data on drug susceptibility of Bacteroides
species from 1997 through 2007, to examine trends over time
for certain drug and organism combinations, as well as regional
variation.

METHODS

Medical centers. From 1997 through 2007, isolates were re-
ferred from the following medical centers representing various
regions of the United States: Albany Medical Center, Albany,
New York (1997-2003); Carolinas Medical Center, Charlotte,
North Carolina (1997, 1998, 2003, and 2004); Danbury Hos-
pital, Danbury, Connecticut (1997); Duke University Medical
Center, Durham, North Carolina (1997-2006); Loyola Uni-
versity Medical Center, Maywood, Illinois (1997-2006); New
England Medical Center, Boston, Massachusetts (1997-2006);
Mount Sinai Medical Center, New York, New York (2000—
2006); Pittsburgh Veterans Administration Center, Pittsburgh,
Pennsylvania (1997-2005); R. M. Alden Research Laboratories,
Santa Monica, California (1997-2006); University of Maryland

Table 2. Percent Resistance of All Species of the Bacteroides
fragilis Group to Select Antibiotics from 1981 through 2007

Resistance, %

1981-1989  1990-1999  2000-2007

Antibiotic (n=1229) (n = 2080) (n = 3140)
Clindamycin 5-6 23 31 to >35
Cefoxitin 4-8 ~12 9
Imipenem <1 <1 <1
Piperacillin-tazobactam  Not tested <1 <1
Trovafloxacin Not tested 16 >40
Metronidazole None None 2 isolates®
Chloramphenicol None None None

@ Not expressed as a percentage because of the small number of isolates.
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Medical Center, Baltimore, Maryland (2004-2006); University
of Michigan Medical Center, Ann Arbor, Michigan (1997-
2006); Wadsworth Veterans Administration Hospital, Los An-
geles, California (1997-2002); and Mayo Clinic, Rochester,
Minnesota (2007).

Antimicrobial agents. Standard powders of the antibiotics
were obtained from the following manufacturers: cefoxitin, er-
tapenem, and imipenem from Merck; ampicillin and sulbactam
from Pfizer; piperacillin, tazobactam, and tigecycline from Wy-
eth-Ayerst Research; meropenem from AstraZeneca Pharma-
ceuticals; doripenem (tested only during 2006-2007) from
Johnson & Johnson; moxifloxacin from Bayer Pharmaceuticals;
and clindamycin, metronidazole, and chloramphenicol from
Sigma-Aldrich.

Bacterial isolates. A total of 6544 nonduplicated clinical
isolates of the B. fragilis group were referred for susceptibility
testing to the Special Studies Laboratory at Tufts Medical Center
(Boston, MA) by the medical centers participating in the survey.
The isolates were shipped on prereduced agar slants and were
stored until the time of testing. Identification of the isolates
was confirmed using rapid methodology (API 20A [bio-
Meérieux], RapID Ana II [Remel], or An-IDENT [bioMerieux]).
If results obtained by rapid methods were inconclusive, iden-
tification was confirmed by standard methods described in the
Wadsworth Anaerobic Bacteriology Manual and/or in the An-
aerobic Laboratory Manual of the Virginia Polytechnic Institute
[24-26].

Susceptibility testing. Minimum inhibitory concentrations
(MICs) were determined by agar dilution method in accordance
with CLSI recommendations [8, 27, 28]. The plates were pre-
pared on the day of the test with use of enriched brucella agar
(brucella agar supplemented with 5% lysed defibrinated sheep
red blood cells and 1 pg/mL vitamin K). For the preparation
of the inocula, the organisms were grown to logarithmic phase,
and the turbidity was adjusted to that of a 0.5 McFarland stan-
dard (~1 X 10® colony-forming units/mL). The inocula were
delivered to the surface of the agar plate with use of a Steers
replicator, resulting in an organism concentration of 1 X 10°
colony-forming units/spot. The inoculated plates were incu-
bated at 37°C in an anaerobic chamber for 48 h. B. fragilis
American Type Culture Collection 25285 and Bacteroides the-
taiotaomicron American Type Culture Collection 29741 were
used as controls in all tests. Tests were repeated when the MICs
of the control organisms were outside the range specified by
the National Committee on Clinical Laboratory Standards
(1997-2004) or CLSI (2005-2007) recommendations [28, 29].

Data analysis. Data were stored in Microsoft Excel spread-
sheets. Statistical analysis was performed using SAS for Win-
dows, version 8.01 (SAS Institute). Trends for increased or
decreased drug resistance over the 10-year study period were
determined using the Cochran-Armitage test [30]. Breakpoints

for resistance to the antibiotics were those recommended by
the CLSI [29]. Breakpoints established by the US Food and
Drug Administration for resistance in anaerobes were used for
tigecycline [31]. Trends for increased or decreased MICs over
time were evaluated using linear regression analysis on the log,,
MIC results.

RESULTS

Table 3 shows the distribution, by species, of the 6574 isolates
included in the study. B. fragilis continued to be the most
frequently isolated species during the 10 years of our study;
however, there was a trend toward a reduction in the frequency
of isolation from a mean of 52% during the first 8 years to a
mean of 48% during the final 2 years, in conjunction with an
increase to 52% in the frequency of isolation of the non-B.
fragilis Bacteroides species. B. thetaiotaomicron was the second
most frequently isolated organism (19.3%). Isolates of B. ovatus
comprised 10.3% of the total isolates, and 6% were Bacteriodes
vulgatus. Bacteroides caccae, a species previously included
among the “other” Bacteroides category, was isolated at higher
frequency, similar to that of Bacteriodes distasonis (3.9%) and
Bacteroides uniformis (4.4%); thus, it is listed separately during
the last 2 years of the study.

Understandably, the majority of blood isolates were B. fra-
gilis. The majority of the nonblood isolates were found in sam-
ples from patients with intra-abdominal infection.

Table 4 shows a summary of the susceptibilities of 1351
isolates referred from 2005 through 2007. Percent resistance
was calculated using breakpoints recommended for the re-
spective antibiotic by the CLSI or Food and Drug Administra-
tion [28, 30]. For the carbapenems, low resistance was observed
in B. distasonis and B. uniformis. In this class of agents, erta-
penem also showed low resistance in B. ovatus and B. thetaio-
taomicron. The activity of piperacillin-tazobactam was similar
to that of the carbapenems and higher than that of ampicillin-
sulbactam, which continued to show increased resistance in B.
distasonis. Cefoxitin activity against B. distasonis was higher
from 2005 through 2007 (11.1%) than it was from 1997 through
2004 (29.9%; data not shown). Resistance of B. ovatus to ce-
foxitin during this period (~18%) was similar to that during
previous years.

Tigecycline was the most active antibiotic among the non—
-lactam agents (clindamycin, linezolid, tigecycline, moxiflox-
acin, and trovafloxacin). The highest resistance to tigecycline
was observed among the “other” Bacteroides species group. The
second most active agent among this group was linezolid, with
a resistance ranging from 0% for B. uniformis to 11.2% for B.
distasonis and B. ovatus. Resistance of Bacteroides species to
clindamycin ranged from 14.3% for B. distasonis to 49.2% for
B. uniformis.

More than half of the B. vulgatus isolates were resistant to

S28 « CID 2010:50 (Suppl 1) * Snydman et al

1702 ‘6 dunr uo Ausianiun ayng ‘Areiqi Jajuad [eaipay Je Bio°sfeuinolpioyxopio woJy papeojumoq


http://cid.oxfordjournals.org/

Downloaded from cid.oxfordjournals.org at Medical Center Library, Duke University on June 9, 2011

'SO1B|0S| SepI0JB1oBYg 1BU10 8 pue ‘91e|0S! IPJOU SepI0IBIdEg | ‘Se1e|0s| seplaw g v 's81e|os! iyMebbs ‘g | sepnjoul ,18yio,, /002
~G00Z Buing "81ejos! palIuspIUN | PUE 'S81E|0SI SLI00JOIS SEPI0IeIOEg G 'SO1R|0S| dBpIOW SapI0Ieloeg T 'S8IR|0S| IyLIBbbS Sepioioloeg e 'Se1ejos| 9e00ed g 0GL Sepnjoul ,jaylo,, ‘y00Z-L661 Buung
"AJoBa1e0 |, Jay10,, 8U1 Ul papn|oul sem 1l ;00 L-£661 Bulnp ‘Ajuo £00Z-G00Z Bulnp seloads sleiedss e se palsl| Sem 880080 °g

(L'8Y) €0zZE (6'6Y) 8¥Z (9'0S) €0T (2'SS) 0SC (0'vv) LZE (8'9v) TES (¥'0S) 18T (€8Y) 92 (L'LG) LOE (8'LY) 88C (G'8%) 80V (S'LY) vOE seloeds seploisioeg sijibelj "g—UoN

(0oL) v£99 (9°4) L6y (L9 LO¥ (679) €Sv (vzl)62L (9'LL) OLL (1'6) 89S (0'6) €85 (9'6) 68S (8'6) 209 (L°€L) ¢¥8 (¥'OL) OV9 dnoib syibely g ul Iy
(G°¢) BCC (a1l (02) 8 (8'L) 8 ('€ G¢ (L'v) 62 (LY) 9¢ (cv) eC (L€) ze (0v) vT (Tv) g¢ (872) 81 2PW0
(09) €6€ (99) €€ (L9) LT (09) Le (£9) 617 (L'v) 62 (99) LE (¢L) ov (6'9) G (G1) G¥ (€9) 61 (0°g) ¢e snjebjna seploieloeg
(6°€) G5¢ (e Ll (¢9) Lz (7'v) 0C (8'9) ¢v (e ee (€) vT (62 9l 6L)LL (Gl 6 (€€) 8¢ (69) ¥ Siuojlun sepioiejoeg

(€'6l) 89¢L (€61) 96 (£°02) €8 (G¥2) LLL (99L) LgL (¥'Le) ¢Sl (0'ce) €zl (L°LL) 86 (L°€2) 9L (9'6Ll) 8LL (2'Gl)8ZL (6'GL) ¢OL uoJoiwioelolerayl seploieioeg
(€0L) 89 (€11)95 (08 ¢E (6'6) G¥ (02)1s (OoL Lz ((1'8)sy (celhes (ol 19 (96) LG (EvL) 0L (S0L) L9 Snieno seploisjoeg

(€719) LLEE (1°09) 6YC (v'6Y) 861 (8'%Y) €0C (0°99) 80 (C'€9) 8LE (9'6Y) LLT (L719) 98¢ (6'8%) 88C (2'Z9) vLE (9719) vEY (GZS) 9€€ sijibes) g
(1L'9) vee (¢'q) 9¢ (0v) 9L (0v) 8L (Gv) €€ (6'€) 8¢ (L9) e (Le L1 (1'9) 9¢ (8'q) G¢ (z9) s (r'9) Ly siuosejsip seploisjoeg
(6€) oY (0¢) 6 (ov) oL (@) Lz 2BO0RO S8ploIeIoEg

v £00¢ 900¢ §00¢ 700¢ €00¢ ¢00¢ L00¢C 000¢ 6661 8661 L661 saloads

$818[0S! JO (%) ON

(L00z-L661) dnoxg sijibey saprosajoeg ayy u saoadg ayy jo uonnqiysiq "¢ aqelL


http://cid.oxfordjournals.org/

Downloaded from cid.oxfordjournals.org at Medical Center Library, Duke University on June 9, 2011

"Ajuo £00Z pue 900z WoJ} selejos! 1oy ale eyep weuaduoq .

'SwISIUeBIO JO %06 0 YmmoiBb 8yl Hgiyul 03 palinbal DA ‘D[N ‘SWSIUEBIO JO %06 J0 YymoiB 8yl 1qiyul 0} palinbal J(N DA (UOIIBIUSIUOD AIOHGIYUI WUNWIUIL DA UOIEASIUILPY
Bnig pue poo4 SN 8yl Ag pepuswLIodal Se Tw/Bw gl = Sem auljoAdsb1} 10} 8ouelSISal J0) Julodyealq sy} pue ‘(Tw/Bw 9| =) swausadeqied Joylo J0} POPUSWILIOIA) 1By} SB dWeS oy} sem wauadiop
10} 9oUB)SISal 10} Julodyealq 8] "UIOBXO|JeAO]}: PUB ‘UIDEXO[JIXOW ‘UIDAWEPUID 104 /Bl 8= pue 'Uixojad Joj Jw/Bul 9= !(InS-duly) weoeqns-uljioidwe 1oy Jw/bw ze= !(gzl-did) ueloeqozel
-ulj|ioetadid Joy Jw/Bw 8z | = ‘weuadossw pue ‘wauadiwi ‘wauadels Joj Juw/Bul gl = 81om 81N1IISuU| SplepuelS AloleiogeT pue [ediul]) 8yl AQ pepuaLILI0dal SE ‘90UElSISal 10} sjulodyealg ‘So1e|os!
SapioJe10eg ,,J9Yl0, 8 pUe ‘91e|0S| /IpIoU SapI0Ialoeyg | 'Se1e|0S| oepIall Sapioio1oeg 1 'SO1e|os! lIyliebbe saploaloeg 7| o|gel 8yl Ul papn|oul Jou ale sa10ads sepiosejoeyg 1aylo usnas-Aluam|  ‘J1ON

VL foR e 799 9Ty YL 0 'L o84 0 0 0 0 % '8ouBlSISeY
14 9l 79 8zl< € 4 9l 9l 4 4 4 4 w/Bu oA
14 12 9l L 8 L 14 14 S0 S0 S0 S0 Jw/Bw DN
8-l ¥9-G2'0 8ZL -GZ'0  8ZL<01G0> ¥9-C 8-G2'0 8ZL<01G0 Ze-L v O01GZL'0>  801GZL'0> Y O1GZL'0> Z O1GZL0> Jw/Bw ‘ebuel DN

(I£°9] £8) sniebjnA sepioseloeg
0 6€e L0y zer  zol 89 0 Ll Ll Ll Ll 0 9% 'eouelsISay
14 8 ze 8zI< e 8 8 9l L L 4 L Jw/Bw QN
z z 8 14 9L L z 4 GZ'0 ferAlo} S0 S0 Jw/Bw DN
r=L 9l-L  8ZL-G0 8ZI<01G0> ¥9-C 91-G21°0 91-G'0 ze-L € 01 Gzl 0> 91-G2'0 ZE€01GZL'0> 0} Gzl0> Jw/Bw ‘ebuel DN
([Z'v] 85) Siw.ogiun sapioseoeg

ool €le oee 86E 89 8G 90 34 0 0 €l 0 % '8ouelsIsey
8 8 z€ 8zl< € 8 9l 9l L L 14 L Jw/Bw N
v L z 12 43 L 8 4 Gz'0 SZ'0 L S0 Jw/Bw EQIN
9l-L  8ZL-G¢0 ¥9-G2'0  8ZL<0} G'0> 8ZL<Ol¥ ze-GZL'0 8Zl<01 G0 ¥9-1  801GZL'0> 801GZL'0> 9L 0¥GZL'0> 801GZL'0> Tw/Bw ‘ebuel DN

([0°z2] 067) UouoIWOBIOBIEY} SOpI0IeIoeg
L 79l 8'8¢ gar  6LL s 0 Sy 0 0 A4 0 % 'eouelsIsay
8 8 145 8zI<  ¥9 8 8 9l L L 4 L TJw/Bw QN
12 4 12 14 45 L 14 14 Gz'0 S0 L S0 Jw/Bw DN
8-l 91-5'0 821-G'0  8ZL<01G0> 8zl-8 91-62°0 7€-G0 ¥9-L 801GZL'0>  801GZL'0> 91-62'0 8-G2°0 Jw/Bw ‘ebuel J|IN
([G'6] £E1) SneAo seploisroeg
9G 6L2 1'ze 6€C LY Ly 90 8¢C Tl €0 i el % '8ouelsisey
14 8 9l 8zl 45 8 14 9l L G0 z 14 Jw/Bw CoIN
14 L L L 9L L g0 12 Gz'0 SZ'0 S0 S0 w/Bw “=D|IA
8-1 790 ¥9-GZL'0  8ZL<01G0> 8z1-C 7€-G70 LG 01GZ0> 8L O1G0> L'l 91<01GZL'0> 91<01GZ0 9l 01 GZL'0> Jw/Bw ‘ebuel DN
([9°LY] 059) si/ibely sepioioroeg

[ 1'8€ 6zy eyl LLL ze 0 90z 0 0 0 0 % ‘@OuElsISay
8 8 9l 8zl ze 8 9l ze z 14 14 z w/Bu “COIA
12 z L L 9l z 8 8 6z0 g0 L S0 Jw/Bw DN
8¢ 91-5'0 677 8ZL<01G0> zev 2e-G20 9L 01GZ0> ¥901G0> 8 0} Gzl'0> ¥-G2'0 8620  Z0+SzZL0> Jw/Bw ‘ebuel J|IN

(I5¥] 09) siuosessip seploieroeg
1’9 90¢ 80y L9 19 L'y 0 0 0 0 0 0 9% 'e0uelSISaY
14 8 45 8zI< e 8 8 9l L L z S0 Jw/Bw oIN
14 z ¥ L 9L z L 12 Gz'0 SZ°0 S0 S0 w/Bw “=DIAl
8¢ 91-92°0 ¥9-G'0  8ZL<01G0> 8zl-v 91-G2'0 91-G0 9l-L  ¥01GZl'0> ¥ 01GZL0> 8-G2°0 7-G2°0 Jw/Bw ‘ebuel DN

([S€] 9) eeooead sepioisioeg

PI|OZOUIT  UIOBXO|JRAOL|  UIDEXOIXO|  UIdAulepul|) ulIxoye)  8ulpAoebl] qzJ-did Ins-dwyy weuadois|n wieuadiw| weuadeny  wauadiiog (SO18|0S! JO [%] "0u) seloeds

(L00z-5002) dnouy sijibely saprosajoeg ayy ui sajejos] LGEL Jo samijiqndassng 'y ajqe)


http://cid.oxfordjournals.org/

PiperacillintazobactamiB. vulgatus 0%

Ampicilin/sulbactam/B. vuigalus ATY%

Ampicilln/sulbactam!B. distasonis I 92s9%
CefoxiinB. ovalus I 17.9%
Cefoxitini. thata B 103%

Cefoxitig. distasonis | NN 7.5
0 10 20 30 40 50 60 70 80 90

Resistance %
B
Tigecyciine/B. fragiis | [l s.4%
Tigecycline/B. uniformis 5.9%
Cincamyci® fogis N 25
Clindamycin/B. thata [ BLEES
Woxflorace®, oatus o

0 10 20 30 40 50 60 70O 80 90
Resistance %

Figure 1. A, Resistance of Bacteroides species to selected antibiotics
over time (1997-2007). Blue bars indicate an increase in resistance during
1997-2008, blue circles indicate resistance during 2007, and red bars
indicate instances in which resistance was lower in 2006 than in 2007.
B, Resistance of Bacteroides species to tigecycline, clindamycin, and
moxifloxacin (2000-2007). Blue bars indicate an increase in resistance
during 2000-2006, blue circles indicate resistance during 2007, and red
bars indicate instances in which resistance was lower in 2000 than in
2006.

moxifloxacin (56.4%) and trovafloxacin (54.3%). Resistance to
these 2 fluoroquinolones increased with time for most of the
species.

Isolates in the “other” Bacteroides species group (Bacteroides
eggerthii, Bacteroides merdae, and Bacteroides nordii) showed a
relatively high rate of resistance to tigecycline. In this group,
we also observed higher rates of resistance to moxifloxacin
(29.6%) and to clindamycin (25.9%).

In general, the MICs required to inhibit the growth of 90%
of organisms (MIC,,) for the carbapenems, piperacillin-tazo-
bactam, and tigecycline against all the species in the group were
below the breakpoints for resistance. By comparison, the MIC,,
of clindamycin, moxifloxacin, and trovafloxacin were equal to
or greater than the breakpoint for resistance against all species.
In addition, the MIC required to inhibit the growth of 50% of
organisms for both fluoroquinolones against B. vulgatus was
equal to the resistance breakpoint of 8 pg/mL. The MIC,, of
ampicillin-sulbactam and cefoxitin was equal to the resistance
breakpoint against B. distasonis and B. ovatus, respectively.

Figure 1A and 1B show the rates of resistance over time
(1997-2007) for selected antibiotic-species combinations. Fig-

ure 1A shows the variation in resistance for both inhibitor
combinations to B. vulgatus. The data on B. vulgatus for the
last year (2007) indicate that there was no resistance to piper-
acillin-tazobactam, whereas resistance to ampicillin-sulbactam
remained approximately the same during 2006 and 2007 (4.7%
and 2.9%, respectively). There was an increase in resistance to
ampicillin-sulbactam in B. distasonis of ~25% over the 11-year
study period. Of interest, resistance to cefoxitin in B. ovatus,
B. thetaiotaomicron, and B. distasonis was considerably reduced
during the study period. This trend is particularly notable for
B. distasonis, in which resistance was reduced by >30%.

Figure 1B shows resistance rates to tigecycline, clindamycin,
and moxifloxacin from 2000 through 2007. Resistance to ti-
gecycline in B. fragilis and B. uniformis remained stable, al-
though during 2007, the rate was somewhat higher for B. fragilis
(6.4%) and lower for B. uniformis (5.9%) than during the pre-
vious year. Resistance to clindamycin increased by ~15% for
B. fragilis and B. thetaiotaomicron (29% and 36.3%, respectively,
during 2006). Resistance to moxifloxacin was quite high; it
increased to 42.9% for B. ovatus during 2007 and to ~30% for
B. fragilis.

From 2002 through 2007, 3 metronidazole-resistant isolates
were confirmed in our survey; the first of these was isolated in
2002 [11]. Resistance to metronidazole has been increasingly
reported in Europe but not in the United States.

Throughout the survey, specifically from 2003 through 2007,
susceptibility to select antibiotics varied by health care center
and species. For some antibiotics, such as clindamycin or mox-
ifloxacin, the range of resistance varied greatly by health care
center. Analysis of year-to-year variation among health care

Figure 2. Tufts New England Medical Center Infectious Diseases Di-
vision, June 1979. Bottom row (left to right): Francis P. Tally, Jeffrey A.
Gelfand, Sherwood L. Gorbach, Michael Barza, Te-Wen Chang, John G.
Bartlett. Middle row (left to right): Ted Butler, David R. Snydman, Katherine
McGowan, Gary Simon, Michael Lauerman. Top row (left to right): Stephen
Kornfeld, Cesar Elster, Ray Saginur, Keith Joiner.
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centers revealed some differences, but most resistance rates re-
mained relatively constant (data not shown).

CONCLUSIONS

The survey provided several insights with respect to suscepti-
bility of Bacteroides species to drugs. Some drugs had constant
or increased activity, whereas others had decreased activity
against the species. The trends were not always predictable,
varying by region and institution. However, some important
species—drug susceptibility patterns were found: B. ovatus was
more resistant to the carbapenems than were other Bacteroides
species, B. vulgatus was more resistant to piperacillin-tazobac-
tam, B. distasonis was more resistant to ampicillin-sulbactam
and cefoxitin, B. ovatus and B. uniformis were highly resistant
to moxifloxacin, and moxifloxacin resistance rates among B.
vulgatus were >50%. “Other” Bacteroides species were more
resistant to tigecycline. In general, B. fragilis is more susceptible
to antimicrobials than are other Bacteroides species. These data
provide a general guide for the clinician in treating anaerobic
infections.

The survey should widen its scope in the future. It would
be interesting to cover the molecular relatedness of strains. The
relationship between antimicrobial use and resistance to these
agents would be another important focus. Are fecal isolates
more susceptible than clinical isolates? Molecular detection of
metronidazole and carbapenem resistance, as well as other ge-
netic markers, is another area of increasing importance. Finally,
Internet-based real-time reporting of drug resistance is becom-
ing more widespread and could be applied to the survey.

The anaerobic susceptibility survey has been ongoing for 29
years, thanks in part to the vision of Francis P. Tally (Figure
2). It has evolved and generated an enormous amount of clin-
ically useful microbiological data for the practicing clinician.

Acknowledgments

We thank the individuals who contributed technical support over the
past 10 years, namely, Carolina Baez-Giangreco, Barbara Rapino, and Tara
Wozniak.

Potential conflicts of interest. D.R.S. has received research funding
from Cubist, Merck, Aston-Fence, Johnson & Johnson, and Wyeth; has
been a consultant for Schering-Plough; and has served on the speakers’
bureaus for Merck and Cubist. J.E.R. has received royalties from Roche
Diagnostics that are unrelated to this study. Y.G. has been an investigator
in a clinical trial for Optimer Pharmaceuticals. E.J.C.G. has been on ad-
visory boards of Merck, Schering-Plough, Optimer, Theravance, and Vi-
ropharma; has served on the speakers’ bureaus for Schering-Plough, Ortho-
McNeil, Bayer, and Merck; and has received research grants from Merck,
Schering-Plough, Optimer, Theravance, Cubist, Pfizer, Astellas, Cerexa, and
Impex. S.J. has been a consultant for Schering-Plough and Johnson &
Johnson and has served on the speakers’ bureau for Wyeth. All other
authors: no conflicts.

Financial support. AstraZeneca, Wyeth-Ayerst, Merck, Johnson &
Johnson, Novartis, Bayer, Pfizer, SmithKline Beecham, and Upjohn.

Supplement sponsorship. This article is part of a supplement entitled

“Symposium in Honor of the Memory of Francis P. Tally, MD, Held at
Tufts Medical Center and Tufts University School of Medicine, 11 June
2007,” which was sponsored by Tufts Medical Center, with an unrestricted
grant from Cubist Pharmaceuticals.

References

1. Tally FP, Snydman DR, Gorbach SL, Malamy MH. Plasmid-mediated,
transferable resistance to clindamycin and erythromycin in Bacteroides
fragilis. ] Infect Dis 1979;139:83-8.

2. Cuchural G, Tally FP. Factors affecting the choice of antimicrobial
therapy for anaerobic infection. ] Antimicrob Chemother 1982;
10(Suppl A):11-22.

3. Nichols RL, Smith JW. Wound and intraabdominal infections: micro-
biological considerations and approaches to treatment. Clin Infect Dis
1993; 16(Suppl 4):5266-72.

4. Rosenblatt JE, Brook I. Clinical relevance of susceptibility testing of
anaerobic bacteria. Clin Infect Dis 1993; 16(Suppl 4):5446-8.

5. Nguyen MH, Yu VL, Morris AJ, et al. Antimicrobial resistance and
clinical outcome of Bacteroides bacteremia: findings of a multicenter
prospective observational trial. Clin Infect Dis 2000; 30:870-6.

6. Cuchural GJ Jr, Tally FP, Jacobus NV, et al. Susceptibility of the Bac-
teroides fragilis group in the United States: analysis by site of isolation.
Antimicrob Agents Chemother 1988;32:717-22.

7. Jacobus NV, Tally FP, Barza M, Gorbach SL. Susceptibility of anaerobic
bacteria to cefoperazone and other beta-lactam antibiotics. Clin Ther
1980; 3:34-8.

8. National Committee for Clinical Laboratory Standards (NCCLS).
Methods for antimicrobial susceptibility testing of anaerobic bacteria:
approved standard, 4th ed. NCCLS document M11-A4. Villanova, PA:
NCCLS, 1997.

9. Cuchural G, Jacobus N, Gorbach SL, Tally FP. A survey of Bacteroides
susceptibility in the United States. ] Antimicrob Chemother 1981;
8(Suppl D):27-31.

10. Tally FP, Cuchural GJ, Jacobus NV, et al. Susceptibility of the Bacteroides
fragilis group in the United States in 1981. Antimicrob Agents Che-
mother 1983;23:536—40.

11. Snydman DR, Jacobus NV, McDermott LA, et al. National survey on
the susceptibility of Bacteroides fragilis group: report and analysis of
trends in the United States from 1997 to 2004. Antimicrob Agents
Chemother 2007;51:1649-55.

12. Cuchural GJ, Jr., Tally FP, Jacobus NV, et al. Antimicrobial suscepti-
bilities of 1,292 isolates of the Bacteroides fragilis group in the United
States: comparison of 1981 with 1982. Antimicrob Agents Chemother
1984;26:145-8.

13. Tally FP, Cuchural GJ, Jr., Jacobus NV, et al. Nationwide study of the
susceptibility of the Bacteroides fragilis group in the United States.
Antimicrob Agents Chemother 1985;28:675-7.

14. Cornick NA, Cuchural GJ, Jr., Snydman DR, et al. The antimicrobial
susceptibility patterns of the Bacteroides fragilis group in the United
States, 1987. J Antimicrob Chemother 1990;25:1011-9.

15. Cuchural GJ Jr, Snydman DR, McDermott L, et al. Antimicrobial sus-
ceptibility patterns of the Bacteroides fragilis group in the United States,
1989. Clin Ther 1992;14:122-36.

16. Snydman DR, Cuchural GJ; National Anaerobic Susceptibility Study
Group. Susceptibility variations in Bacteroides fragilis: a national survey.
Infect Dis Clin Pract 1994; 3:534-43.

17. Snydman DR, Cuchural GJ Jr, McDermott L, et al. Increasing resistance
in the Bacteroides fragilis group to 3-lactams from 1986-1992. In: Re-
cent Advances in Chemotherapy: Proceedings of the 18th International
Conference on Chemotherapy. 1994:477-8.

18. Snydman DR, McDermott L, Cuchural GJ Jr, et al. Analysis of trends
in antimicrobial resistance patterns among clinical isolates of Bacter-
oides fragilis group species from 1990 to 1994. Clin Infect Dis 1996;
23(Suppl 1):854-65.

19. Snydman DR, Jacobus NV, McDermott LA, et al. Multicenter study

§32 + CID 2010:50 (Suppl 1) * Snydman et al

1702 ‘6 dunr uo Ausianiun ayng ‘Areiqi Jajuad [eaipay Je Bio°sfeuinolpioyxopio woJy papeojumoq


http://cid.oxfordjournals.org/

20.

21.

22.

23.

24.

25.

of in vitro susceptibility of the Bacteroides fragilis group, 1995 to 1996,
with comparison of resistance trends from 1990 to 1996. Antimicrob
Agents Chemother 1999;43:2417-22.

Snydman DR, Jacobus NV, McDermott LA, et al. National survey on
the susceptibility of Bacteroides fragilis group: report and analysis of
trends for 1997-2000. Clin Infect Dis 2002;35:5126-34.

Golan Y, McDermott LA, Jacobus NV, et al. Emergence of fluoro-
quinolone resistance among Bacteroides species. ] Antimicrob Che-
mother 2003;52:208—13.

Jacobus NV, McDermott LA, Ruthazer R, Snydman DR. In vitro ac-
tivities of tigecycline against the Bacteroides fragilis group. Antimicrob
Agents Chemother 2004; 48:1034—6.

Snydman DR, Jacobus NV, McDermott LA, Supran SE. Comparative
in vitro activities of clinafloxacin and trovafloxacin against 1,000 iso-
lates of Bacteroides fragilis group: effect of the medium on test results.
Antimicrob Agents Chemother 2000;44:1710-2.

Summanen P, Baron EJ, Citron DM, Strong A, Wexler HM, Finegold
SM. Wadsworth anaerobic bacteriology manual. 5th ed. Belmont, CA:
Star Publishing, 1993.

Jousimies-Somer HR, Summanen P, Citron DM, Baron EJ, Wexler HM,

26.

27.

28.

29.

30.

31.

Finegold SM. Wadsworth-KTL anaerobic bacteriology manual. 6th ed.
Belmont, CA: Star Publishing, 2002.

Holdeman LV, Moore EC. Anaerobic laboratory manual. 4th ed. Blacks-
burg, VA: Virginia Polytechnic Institute and State University, 1977.
National Committee for Clinical Laboratory Standards (NCCLS).
Methods for antimicrobial susceptibility testing of anaerobic bacteria:
approved standard, 5th ed. NCCLS document M11-A5. Villanova, PA:
NCCLS, 2000.

National Committee for Clinical Laboratory Standards (NCCLS).
Methods for antimicrobial susceptibility testing of anaerobic bacteria:
approved standard, 6th ed. NCCLS document M11-A6. Villanova, PA:
NCCLS, 2004.

Clinical and Laboratory Standards Institute (CLSI). Methods for an-
timicrobial susceptibility testing of anaerobic bacteria: approved stan-
dard. CLSI document M11-A7. Wayne, PA: CLSI, 2007.

Agresti A. Categorical data analysis. New York, NY: John Wiley and
Sons, 1990.

Tygacil (tigecycline for injection) [package insert]. Philadelphia, PA:
Wyeth Pharmaceuticals, 2007.

Lessons Learned from the Anaerobe Survey ¢ CID 2010:50 (Suppl 1) * S33

1702 ‘6 dunr uo Ausianiun ayng ‘Areiqi Jajuad [eaipay Je Bio°sfeuinolpioyxopio woJy papeojumoq


http://cid.oxfordjournals.org/

