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BERND WIEDEMANN
HEINZ GRIMM

Susceptibility to Antibiotics: Species
Incidence and Trends

The 1acidence of bacterial species in hospitals and
communuties and their anubiotic susceptibility are of ma-
Jjor concem to clinicians. rcrobiologists, and epidemt-
ologists The most common measure for bacterial sensi-
tvity 15 the mmumal whibitocy coacentration (MIC), a
measure that partly describes the pharmacodynamics of
an antibiotic, although 1t tgnores the bactericidal activity,
which 15 also of great importance for the clinical value
of an antimicrobial deug. Furthermore, MICs reflect only
results after overmight incubatioa and do not account for
interactions occurring between the time of inoculaton
and the final reading. Because of the ease of assessiag
the MIC, «t ts common practice 1o use MIC data to de-
scnbe the anubactedal activity of a drug toward a bac-
terium or the sensiuvity of a bacterium to a drug. Al-
though 1t ts now generally accepted that a dicect
correlaton of MICs with the pharmacokineucs of the
drugs does not give a reliable wterpretation for the out-
come of chemotherapy, most clinicians can use these
data i combination with knowledge of the specific
drug and the underlywng disease of paveants as a guide-
line for anuaucrobial chemotherapy Unfortunately.
there (s sull no simple formula for the prediction of
anubactenial therapy Some rules, however, seem to be
accepted

I For -lactam drugs the tume for which the drug con-
centration exceeds the MIC is the most important pa-
rameter An mcrease of the drug concentraton does
not result n a better outconie

[}

For anunoglycosides the concentration above the MIC
1s the inost unportant factor lacrease of the drug con-
centraton whuch s of course frmited by the toxicuty
of these drugs. results w4 beuter outcome

3 For the quiolones both the drug concentratton and
the period of the concentration above the MIC seem
ta be anportant

To make antimiscrobral therapy applicable and 10 avosd
tcatment ol w-—{ectioas wal wappropoate deags . MIC

data can then be transdated o catecones of suscepu

900

bility To avoid musunderstanding, clear-cut definitons
are needed.

*‘Sensitive’” describes the responsiveness of bacteria
10 anumicrobial drugs and thus reflects the activity of the
drug toward the bacteria A senstuve organism has low
MICs, a less sensttive one has higher MICs.

“‘Susceptible”” describes an nterpretive category im
plying that an infection due to the stain may be appro-
priately treated with the dosage of antimicrobial agent
recommended for that type of wfection and infecung spe-
cies, unless otherwise contraindicated.

“Resistant’” describes an interpretive category of
strains that are not tnhibited by the usually achievable
systemuc concentratons of agent with normal dosage
schedules and/or that fall n the range where specific
microbial resistance mechanisms are likely and where
clinical efficacy has not been rehiable in treatmem
studies.

““Activity " descrbes the effectiveness of a drug o
ward bacteria, usually by meaas of MICs but also by
killing cucves, bactenicidal uters, or munumal bactericidal
concentrations (MBCs). Killing curves usually serve
oaly dunng the period of drug development for a com
parison of simuar drugs The everyday treatment, how
ever, 15 not much influenced by these data

Bactericidal titers can be extremely helpful with neu
tropenic patients, 0 monitor therapy Dosiag and the
choice of drug can be adapted to the needs 1 adequate
ume. Furthermore, the evaluauon of bactenicidal twers
can be very helpful 1n the understanding of treatiment
success

Resistance and suscepubitity 1o antimicrobual dougs
are bacterial characteristics that are deternuned by genet
erther on the chromosome or on extrachromasamal cle
ments such as resistance plasnuds The resistance char-
acteristics are inherent uy a bactertal cell but can be trait
ferred by conjugauon, transduction and transfomiatien
Plascud -miediated resistance s moge eastly teansterved
than are chromosomal genes The man reasen for the
distethutian 6 resttance hawever, 1 the clogat dett

. 3 ohiet
bution of bacteria that grow casdy and \Plh“‘ u
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indwviduals. The genetic eveat responsible for the emer-
gence of resistance in any parucular cell type s usually
an extremely rare event Coasuder, for example, the
spread of peaicdlin-resistant Neisserta gonotthoeac
strains from the Far East to the westem liemisphere One
or a few geneuc events, ceadenng one Neisseria cell re-
sistant 10 pentcillin, was sufficient to select a resistant
cloae that spread around the world Furthermore, cesist-
ance 1n hosputals s often due 1o an outbeeak of a single
pathogenic multiresistant stramn, which later develops a
aumber of geneuc vanangs. The prerequisute for the
emergence of esistant strains s the conanuous selection
pressure of anumicrobial use.

Clinicians, microbsologists, and epidemologists use
data on antibtotic activity against pathogeas for thew owa
specific needs. Very often susceptibility data showing the
percentage of susceptible strains in one species are taken
as a guideline These data, however, do not provide in-
formation about the cancentrations needed for inhibuioa,
which is more important as a guide to chemotherapy. To
enable easy access to the overwhelming amouat of data
available (n the literature, this chapter 1s dvided nto six
pasts.

. Incidence of species

. Activity of antibacterial drugs

. Seasstivity of bacteria.

. Population dsstribution of MICs

. Bactencidal concentrations

. Proportion of susceptible stratns tn bactenal species.
- Intemational susceptibility of bacteria.

~ AN A A W N e

Parts 2 and 3, which deal with the activity of antibacterial
drugs and the seasiivity of bactena, are the most impor-
tant ones, because they provide wformation for true com-
parison of the drugs Tables 19.2 and 193 facilitate rapid
companson of antumicrobial activity toward a broad
tange of spectes Foc drugs that have been n use for a
long ume, it «s difficult to find data that are compatble
with the scheme used These data have therefore been
adapted from the available hterature. For clarity and bal-
ance, suscepubility data and data on the incidence of spe-
Cies are kept 10 a munimum, 1n view of the divergence of
Teports aad epidemuiology and the danger of manipulauon
and musinterpretatioa

INCIDENCE OF SPECIES

The (cideace of bacterial species solated (com all
body sues of hospual patients ndicates the importance
of the species and provides wformation that s relevant
0 antimicrgbyal chemotherapy The mcidence w specific
body sues enables calcutation of the probability of oc-
Curtence of 4 given species n specific body sites when
N9 1solate can be cultured before the onset af Chemo
terapy Reports on the frequency of rolated species re
fect the majonty of cases and underestimate the anpor

tance of rarely 1solated organisms that mught cause
specific infecuons The number of 1solated species never
represents the teue number of wnfecung organsms, be-
cause (a) material 1s not cultuced from all panearss. (o)
the causauve agent 15 not always tsolated. (¢} fasudious
organisms are ofien overlooked, and (d) it 1s not passible
to take samples from maany sues

The incidence of 1solates changes according 10 the
conduons. The specific epidenuologic experttse of a
gtven hospual s as quporiant as the methods of the mi-
crobiologic laboratory and the repocting habus Shafts in
the (requency of specific pathogens have often been re-
ported and may be celated to anubiouc usage. Such a
trend 1s extremely difficult to prove, because large aum-
bers of organisms over a conttnuous pertad of tme are
needed for stausucal evaluatuon Figure 19.1 includes the
spectes most commonly isolated un the United Suates. The
tncidence of species solated from all body sites in hos-
putal patents in the Unated States is listed in Table (9 1.

ACTIVITY OF ANTIBACTERIAL DRUGS

[a Table 19 2, 84 antimicrobial drugs are listed 1n
seven groups: penicillins, cephalosponias, other 3-lac-
tams, quinolones, aminoglycosides, and other anumicro-
bual agents. [n each group the drugs are listed w alpha-
beucal order. The bactenal species tested differ from
drug to drug because of the spectrum of acuvity of each
and according to the authors' choice. Currenty, data on
the acuvuty of antibacterials are published tn most jour-
nals as the range of MICs, the 50% MIC (M{Cy,). and
the 90% MIC (MICq). and the same scheme is followed
here. When darta on a drug have been published by sev-
eral authors, the most recent publications are included
Older publications have been avorded because of the dif-
ficulty of reading the MICq, and MICy, values from the
original figures or tables

SENSITIVITY OF BACTERIA

Table 19.3 lists 82 different species in alphabetical
order MICy,. MICy,, and the range of MICs are given
as wa Table {9 2, so the user can easily compare different

Dryays PSeudomIn:

Yinss2lha

ElCTel e lorete

Figure 191 lacdence of species Parls of the circle n
dicate the ncidence of solation of the most commonty 1SG
fated species See Table 19 1 for data
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Table 19.2—continued

Range MIC,, MiC,,
Species a {ug/mb) {ug/mt) (sgfml) Relerenc
Other antibiotics —continued
Cotrimoxazole
Streptacoccus pyogenes 50 05-8 2 4 45
Yersinia enterocolitica 20 00605 0 125 0125 19
Yersinua enterocolitica 20 00605 a 125 025 20
Doxycychne
Branhamella (Moraxefta) catarrhahs 14 <=1 =1 =1 49
{non-B-actamase producer)
Branhamella (Motaxella) catarrhals 13 0.06-0.25 0.25 025 137
(non-B-lactamase producer)
Branhamella (Moraxella) catarrhalis 47 =1 =1 =1 49
(B-lactamase produces)
Branhamella (Moraxella) catarrhalis 25 0.125-0.25 0.25 0.25 137
{B-tactamase producer)
Citrobacter diversus 18 14 2 4 e
Citrobacter freundit 42 2-64 4 8 b
Chiamydia trachomatis 13 0.015-0.125 003 .06 149
Chlamydia trachomatis 45 0.03-0.125 0.06 0.125 51
Enterobacter aerogenes 22 128 4 8 h
Enterobacter cloacae 51 1-32 4 4 -
Enterococcus faecalis 98 0.25-64 16 32 i
Eschernictua col 93 0.5-256 2 64 .
Haemophilus ducreyt 122 =0.25-64 2 32 28
Haemophdus influenzae 137 =1-=32 =1 =1 49
(non-p-factamase producer)
Haemophilus influenzae 46 <1-32 4 8 49
(B-lactamase producer)
Klebsielta oxytoca 51 1-64 2 4 b
Klebstella pneumoniae 94 0.5-256 4 32 h
Morganella marganis 48 2-256 4 32 h
Proteus mirabilis a8 4-128 32 32 h
Proteus vulgans 49 0.5-512 4 32 h
Providencia stuart 11 8-512 512 512 b
Pseudomonas aeruginosa 1Q0 2-128 16 32 -
Salmonefla spp 22 2-8 4 4 e
Salmonella typtumunum 12 4-512 4 256 -
Serrata hquefaciens 15 2-64 8 16 °
Serratia marcescens 28 2-256 8 32 -
Staphylococcus aureus 100 0.06-32 0.25 8 h
Staphylococcus coagulase-neqative 58 0.06-16 0.5 2 °
Ureaplasma urealyticum 10 0252 0s 2 59
Erythromycin
Baciius spp 20 0.03-2 0.25 2 139
Bacterodes fragiis 97 =0.25-16 1 8 102
Bordetella bronchiseptica 11 4-32 8 32 86
Bordetella parapertuss:s 46 <0.125-4 025 a25 86
Bordetella pertussts 32 1-0.5 Q.25 025 188
Bordetella pertussts 75 =0.125-05 <0 125 =0 125 86
Borrelia burgdortert 10 0.03-0 125 0.03 006 133
| Branhamella (Maraxella) catarrhalis 20 =0 12505 025 025 45
t Branhamella (Moraxella) catarrhals 20 0.12505 025 1 75
i Branhamelia (Moraxella) catarrhahs 40 =006-05 025 05 148
. (non-f3dactamase producer)
1 Branhamelfa (Moraxella) catarrhalis 13 003-0.125 006 0.06 37
. (non-B-lactamase producer)
! Branhamelia (Moraxella) catarrhals 14 <0 06-1 0125 1 49
(non-p-lactamase producer)
Branhamefla (Moraxella) catarrhahs 16 0.015~-1 Q06 025 34
(non-f-lactamase producer)
Branhamella (Moraxella) catarrhatis 47 =0 06-1 025 05 49
({} lactamase producer)
Branhamelfa (Moraxeflay catarrhalis 58 Q03-025 0125 0125 34
{f}1actamase producer)
Branhamella (Maraxelld) catarrhahs 160 =0 06-8 g 25 05 148

{{$1actamase producen)




