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In 1928, Alexander Fleming observed that staphylococcal

colonies growing adjacent to a mold contaminating a cul-

ture plate were undergoing lysis and correctly concluded that

the mold, later identified as a strain of Penicillium, was pro-

ducing some diffusible product capable of inhibiting the

growth of the bacteria. Within a few years of the introduc-

tion of penicillin, however, strains of Staphylococcus aureus

resistant to penicillin were recognized, and susceptibility

testing of bacteria quickly became a practical necessity. Only

a few bacteria have maintained a predictable susceptibility
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F Smaill. Antibiotic susceptibility and resistance testing: An
overview. Can J Gastroenterol 2000;14(10):871-875. The

results of in vitro antibiotic susceptibility testing can predict the

clinical response to treatment and guide the selection of

antibiotics. The minimum inhibitory concentration (MIC) of an

organism is the lowest concentration of an antibiotic that will

inhibit its growth. Bacteria are classified as sensitive, intermediate

or resistant based on breakpoint MIC values that are arbitrarily

defined and reflect the achievable levels of the antibiotic, the

distribution of MICs for the organism and their correlation with

clinical outcome. Broth dilution, agar dilution and gradient

diffusion (the ‘E test’), where twofold serial dilutions of antibiotic

are incorporated into tubes of broth, agar plates or on a paper strip,

respectively, are different methods to measure the MIC of an

organism. The disk diffusion method defines an organism as

sensitive or resistant based on the extent of its growth around an

antibiotic-containing disk. MIC values are influenced by several

laboratory factors. To ensure reproducible results, the laboratory

must closely follow methods developed by the National

Committee for Clinical Laboratory Standards, which defines

standard growth media, incubation temperature and

environment, the inoculum and quality control parameters.
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Sensibilité aux antibiotiques et tests de
résistance : Vue d’ensemble
RÉSUMÉ : Les résultats des épreuves in vitro de sensibilité aux

antibiotiques permettent de prédire la réponse clinique au traitement et

d’orienter le choix d’un antibiotique. La concentration minimum

inhibitrice (CMI) d’un organisme est la concentration la plus faible d’un

antibiotique capable d’en inhiber la croissance. Les bactéries sont dites

sensibles, à résistance intermédiaire ou résistantes, selon des valeurs seuils

de CMI qui sont arbitrairement définies et reflètent les concentrations

d’antibiotique atteignables. Les différentes méthodes pour mesurer la CMI

d’un organisme sont : distribution des CMI de l’agent pathogène et leur

corrélation avec l’issue clinique, dilution en bouillon de culture, sur gélose

et diffusion du gradient (test E) où des dilutions doubles d’antibiotiques en

série sont respectivement incorporées à des éprouvettes contenant un

bouillon de culture, à des plaques de gélose ou à des bandelettes de papier.

La méthode de diffusion sur gélose permet de déterminer si un organisme

est sensible ou résistant selon son degré de croissance autour du disque

renfermant l’antibiotique. Les valeurs de CMI subissent l’influence de

plusieurs facteurs liés aux pratiques de laboratoire. Pour assurer des

résultats reproductibles, le laboratoire doit suivre à la lettre les méthodes

mises au point par le National Committee for Clinical Laboratory Standards

qui fixe les paramètres officiels des milieux de croissance standard, de la

température et du milieu d’incubation, de l’inoculum et du contrôle de la

qualité.



pattern. Virtually all strains of group A streptococcus remain

sensitive to penicillin, but for the management of most bac-

terial infections, clinicians depend on the laboratory to pro-

vide accurate and timely susceptibility results to guide initial

and subsequent antibiotic decisions.

Antibiotic resistance has become a major public health

threat. Nosocomial infections with methicillin-resistant

S aureus and vancomycin-resistant enterococcus are com-

mon in many Canadian hospitals, and rates of resistance to

penicillin in Streptococcus pneumoniae of 20% or more are

challenging the empirical management of respiratory tract

infections in the community. Bacterial resistance parallels

antibiotic use. For example, the increased use of ciprofloxa-

cin has been linked to increasing rates of quinolone resis-

tance in strains of pneumococci (1). In the absence of new

drugs, appropriate antibiotic prescribing is the only effective

weapon against the threat of resistance. In Finland, where

erythromycin resistance in group A streptococci was 16.5%,

a reduction in the use of macrolides was associated with a sig-

nificant decline in the rate of resistance (2).

The aim of antimicrobial susceptibility testing is simple –

to predict the clinical outcome of treatment. An organism

classified as susceptible should respond to the antimicrobial

agent; if the organism is resistant there is a high probability

of failure (3). Strains that are classified as intermediate fall

somewhere in between; higher doses in certain circum-

stances may be associated with a favourable outcome. The

factors that determine the outcome of antibiotic treatment

of infection are, however, complex and not adequately meas-

ured by the in vitro tests performed in the laboratory. Low

concentrations of antibiotics can affect bacterial growth (4),

and bacterial growth may continue to be suppressed after a

brief exposure to certain antibiotics (the ‘postantibiotic ef-

fect’) (5). Neither of these activities, however, can be easily

incorporated into routine laboratory susceptibility testing

procedures.

The goal of the laboratory is to provide standardized in vi-

tro tests that can be reproduced from day to day and from

laboratory to laboratory. Only by using standard growth me-

dia, incubating in a defined temperature and environment,

and using a standard inoculum can the reproducibility of re-

sults be assured. For all antibiotic susceptibility testing per-

formed in the laboratory, control organisms with known

susceptibility are tested. If they fail to give the expected re-

sult, the results of any tests run concurrently must be disre-

garded. If there are errors, corrective measures must be

implemented and the expected result obtained before pa-

tient isolates can be tested and results reported. Quality con-

trol is an integral part of any laboratory procedure. In North

America, the National Committee for Clinical Laboratory

Standards (NCCLS) develops standards to promote accurate

susceptibility testing, providing reference methods and qual-

ity control parameters, and establishing interpretative crite-

ria. Tentative guidelines for the susceptibility testing of

Helicobacter pylori have recently been published (6).

It is important to recognize that the laboratory brings the

‘bug and drug’ together artificially in a setting outside of the

host environment. An agar plate containing Mueller-

Hinton agar and aged sheep blood that supports the growth

of H pylori is quite different from conditions within the gas-

tric mucosa. The continuous exposure of a relatively small

number of organisms to constant levels of antibiotic that oc-

curs with in vitro testing differs considerably from the clini-

cal setting in which large numbers of organisms are exposed

to fluctuating levels of drug. There have been attempts to use

different models for antimicrobial susceptibility testing of

H pylori that more closely approximate the clinical milieu,

but none is suitable for routine use (7).

DETERMINING THE MINIMUM INHIBITORY
CONCENTRATION

The goal of laboratory testing is to quantify the lowest con-

centration of an antibiotic that inhibits the visible growth of

the microbe – the minimum inhibitory concentration

(MIC). For broth dilution tests, serial twofold dilutions of an

antimicrobial are incorporated into broth-containing tubes

that are then inoculated with a standard number of organ-

isms. After overnight incubation, the tubes are inspected for

visible growth. The MIC is the lowest concentration of the

drug that prevents visible growth. The MIC50 and the

MIC90 are the concentrations of antibiotic that inhibit 50%

and 90%, respectively, of strains tested of a particular bacte-

rial species. Describing the range and distribution of MICs
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Figure 1) Regression analysis, plotting the zone of inhibition by disk dif-
fusion against the log minimum inhibitory concentration defined by
E-test (A) and agar dilution (B) for strains of Helicobacter pylori
against metronidazole. I Intermediate; R Resistant; S Susceptible. Re-
produced with permission from reference 8



provides further information on the activity of antibiotics

against different bacterial species.

Besides broth dilution, there are other ways to determine

the MIC. Using an agar dilution method, dilutions of antibi-

otic are incorporated into agar. For the gradient diffusion

method, a concentration gradient of antibiotic is incorpo-

rated into a strip (the ‘E-test’; AB Biodisk, Sweden). For disk

diffusion, the amount of inhibition of growth around an an-

tibiotic disk is correlated with the MIC of the organism.

There is no agreement as to whether any one of these meth-

ods more closely approximates the living human milieu.

Whatever method is selected, it must support the growth of

the organism. The rapid, automated antibiotic susceptibility

systems, eg, Vitek (bioMérieux, USA) and Microscan (Dade

Behring, USA), used for most of the routine organisms iso-

lated in the laboratory, do not support the growth of H pylori,

which require a microaerophilic atmosphere.

While agar dilution, broth dilution and antibiotic gradi-

ent testing methods provide an actual MIC, the disk diffu-

sion method defines an organism as either resistant or

susceptible based on zone diameters that have been previ-

ously correlated with MIC values. A regression analysis is

performed, plotting the zone size against the MIC, and

breakpoint zone diameters are chosen that correspond to the

MICs in the sensitive and resistant ranges (Figure 1).

In any comparison of methods, rates for very major, major

and minor errors should be expressed. A very major error

occurs when a resistant strain is called sensitive; a major er-

ror occurs when a sensitive strain is called resistant. Minor

errors occur when there is a discrepancy between methods

and a strain that is found to be intermediate by one method is

found to be either sensitive or resistant by another. In a re-

cent study that compared agar dilution, disk dilution and

E-tests for H pylori, no very major errors were reported, and

only 1% major errors and 7% minor errors when disk diffu-

sion was compared with agar dilution (8). These error rates

are within the acceptable range.

MIC values are influenced by a number of factors, includ-

ing the composition of the media, the size of the inoculum,

the duration of incubation and the presence of resistant sub-

populations. Dore et al (9) demonstrated that there can be

considerable variability in metronidazole susceptibility in

H pylori when several colonies were tested individually com-

pared with testing of pooled colonies. Minor changes in pH

can affect the MIC. Studies have shown that, while

clarithromycin is bactericidal at pHs of 7.0 to 7.4, it is bac-

teristatic at pH 6.5 (10). The MIC for ampicillin is higher at

lower pHs, while for metronidazole, the MIC does not

appear to change significantly with changes in pH. Supple-

ments added to the media can change the percentage of re-

sistant strains; in one study where the media was

supplemented with haemin (X factor) and menadione, the

rate of apparent resistance to metronidazole dropped from

80% to 39% (11). Both the inoculum and the incubation

time are also associated with differences (12). These have

been standardized in the new proposed NCCLS guidelines

(Table 1) (6).

ESTABLISHING THE BREAKPOINTS
The ultimate goal of antimicrobial susceptibility testing is to

predict the clinical outcome by classifying a bacterial strain

as susceptible, intermediate or resistant on the basis of estab-

lished breakpoints based on the MIC. Breakpoints are de-

rived by a consensus mechanism that involves the practical

consideration of clinicians, microbiologists and pharmacolo-

gists. As such, they are largely arbitrary. Different groups

have defined different breakpoints for resistance in H pylori

(Table 2) (13). A breakpoint for an antibiotic is usually se-
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TABLE 1
Suggested modifications of standard methods for susceptibility testing of Helicobacter pylori

Method* Medium Incubation Comments

Agar dilution MHA plus aged (for two weeks or more)
sheep blood (5% volume/volume)

35°C; three days; microaerobic atmosphere
suitable for campylobacters

Gas system-generated
microaerobic atmosphere

*The inoculum for testing Helicobacter pylori should be as follows: a saline suspension equivalent to a 2.0 MacFarland standard (containing 1×107 to
1×108 colony forming units/mL) to be prepared from a 72 h old subculture from a blood agar plate. The inoculum (1 to 3 µL per spot) is replicated directly
onto the antimicrobial agent-containing agar dilution plates. MHA Mueller-Hinton agar. Data from reference 6

TABLE 2
Variability in breakpoints used to define resistance to
metronidazole and clarithromycin in Helicobacter pylori

Antibiotic MIC breakpoint Geographic origin of strains

Metronidazole �4

>4

�64

�8

�16

>8

>8

>32

>32

>32

Peru

Canada/Europe

United States

Norway

Canada joint study

Montreal, Quebec

Halifax, Nova Scotia

Belgium

Italy

Netherlands

Clarithromycin �0.125

�2

�4

>2

>2

>8

�2

Peru

Canada/Europe

Canada joint study

Montreal, Quebec

Halifax, Nova Scotia

Italy

United States

MIC Minimum inhibitory concentration. Reproduced with permission
from reference 13



lected as the therapeutic concentration in blood that can be

readily achieved with usual dosing regimens, but this is not

always easy to determine. For some antibiotics, eg, the peni-

cillins, the amount of time that the antibiotic level is above

the MIC is associated with successful therapy; for other drugs

with concentration-dependent action, such as the aminogly-

cosides and quinolones, the determinant of killing is some

measure of the area under the concentration time curve di-

vided by the MIC. For some antibiotics with mostly intracel-

lular activity, serum levels may be misleading. Breakpoints

can sometimes be established by examining the MIC distri-

butions of isolates, but for metronidazole, there is no clear

cutoff between resistant and sensitive strains of H pylori. For

clarithromycin, however, strains appear to fall into resistant

and sensitive populations, making a breakpoint easier to de-

fine.

Different countries have defined different breakpoints to

define resistance. While this difference may be related to dif-

ferent dosages or ways of administering antibiotics, some

countries may be more or less conservative in assessing sus-

ceptibility. Some countries may use different methods, eg,

size of the inoculum and media, which can affect the MIC

and breakpoints. Comparing resistance rates among coun-

tries if different methods have been used for susceptibility

testing can be confusing.

It might be assumed that a procedure used as extensively

as susceptibility testing would have been shown to correlate

closely with clinical outcome. Unfortunately, there is a pau-

city of studies that have critically evaluated the effectiveness

of antibiotic therapy with results of in vitro susceptibility

tests (14). During clinical trials of new agents, an attempt is

made to correlate the response rates for organisms with their

MIC, but rarely are there adequate data on clinical and bac-

teriological responses to use this method solely for determin-

ing the breakpoint. Data are accumulating to show that the

success of eradication therapy for H pylori is significantly lim-

ited in the presence of drug resistance, and resistance to anti-

biotics is considered the primary reason for failure of

eradication therapies for H pylori (15).

For treatment of H pylori, a combination of drugs is given,

usually a proton pump inhibitor or some other drug, eg,

bismuth, that may have intrinsic antibacterial activity, to-

gether with antibiotics. It may, therefore, be difficult to in-

terpret the results of susceptibility testing with any single

drug. It is not easy to predict in the laboratory what will hap-

pen when using combinations of drugs. Combinations can be

synergistic or additive, or sometimes antagonistic.

Laboratory testing to determine the effects of combina-

tions is very laborious and is not routinely available. Time-

kill and checkerboard studies can be done to assess the effect

of combinations of drugs, and have been done for H pylori

(16,17). For time-kill studies, the organism is incubated with

antimicrobial agents in combination (usually selecting one

agent at a fraction of its MIC) and samples removed at regu-

lar intervals to determine whether the organism has been

killed (18). Synergy can be derived mathematically. With

the checkerboard method, various concentrations of the two

drugs are tested and growth observed. If growth is inhibited

better by the combination than by the single drug, the com-

bination is said to be synergistic.

For certain bacteria with a known mechanism of resis-

tance, it can be quicker and more reliable to detect the en-

zyme or the gene encoding for resistance than to determine

the MIC of the organism. For Neisseria gonorrhea, a quick col-

orimetric test on the colony can detect the presence of the

beta-lactamase enzyme that predicts for resistance to peni-

cillin. Routinely, isolates of S aureus that grow on an oxacil-

lin screen plate can be screened for the mec gene that

encodes for resistance to methicillin, rather than determin-

ing whether the isolate is resistant to oxacillin by an MIC

method. Similar methods that detect resistance mutations to

clarithromycin in H pylori are being developed (19).

With meticulous attention to methodology, it is feasible

for the microbiology laboratory to produce reliable, repro-

ducible and accurate susceptibility testing results for H py-

lori. But there are limitations in applying a relatively simple

laboratory assay to predict the consequence of the complex

interaction of antibiotics, other drugs, the host immune re-

sponse and the microorganism in any individual with H py-

lori infection.
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