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ANTIBIOTIC TOLERANCE FOR CEFTRIAXONE,
CEFOTAXIME, CEFOPERAZONE, CEFAZOLIN
AND VANCOMYCIN IN METHICILLIN - RESISTANT
STAPHYLOCOCCUS AUREUS STRAINS*

Ziya SALMAN, Kurtulug TORECK

OZET
Metisiline direngli Staphylococcus aureus suglannda seftriakson, sefotaksim, sefoperazon,
sefazolin ve vankomtisine antibiyotik toleranst.

In-vitro deneylerde seftriakson, sefotaksim, sefoperazon, sefazolin ve vankomisine du-
yarli bulunan MRSA suglarinda duyarh bulunduklart antibiyotikler igin antibiyotik toleranst
aranmigtir. MBK/MIK oramt 32 veya daha yitksek olan suglar "olasi toleran” olarak kabul
edilmis ve olasi toleran suglar 8liim-zaman grafikleri ¢izilerek incelenmistir. Antibiyotifin 8x
MIK konsantrasyonunda 24 saatte canh bakteri sayisinda 3 log’dan az diisme olan suslar
“yiiksek derecede toleran”, 3-5 log arasinda ditsme olan suglar "diisiik derecede toleran" ola-
rak deferlendirilmigtir. 50 MRSA susundan difer antibiyotiklere in-vitro duyarh, olast tole-
ran, yilksek derecede toleran ve diigiik derecede toleran bulunan sug sayilari, siraswyla, seftri-
akson igin 28, 7, 6, ve 1, sefotaksim icin 28, 15, 7 ve 3; sefoperazon igin 26, 9, 5 ve 1; sefazo-
lin igin 31, 6, 4, ve 1; vankomisin igin 50, 19, 4 ve 4 olarak bulunmustur.

SUMMARY
-

Antibiotic tolerance for ceftriaxone, cefotaxime, cefoperazone, cefazolin and vancomy-
cin was searched in MRSA strains which were found susceptible to these antibotics in in-vit-
ro tests. A MBC/MIC ratio equal to or greater than 32 for susceptible strains was regarded
presumptive for tolerance and time-kill curves were drawn for presumptively tolerant stra-
ins. Strains with a decrease less than 3 logs in live-counts (in 8xMIC antibiotic, 24 hours) we-
re labelled as highly tolerant, strains with a decrease of 3-5 logs as moderately tolerant. Out
of 50 MRSA, the numbers of in-vitro susceptible, presumptively, highly and moderately tole-
rant strains were 28, 7, 6 and 1 for ceftriaxone; 28, 15, 7 and 3 for cefotaxime; 26, 9, 5 and 1
for cefoperazone; 31, 6, 4 and 1 for cefazolin; 50, 19, 4 and 4 for vancomycin, respectively.

INTRODUCTION

When a bactericidal antibiotic exerts only a bacteriostatic effect on a bacterial strain,
the phenomenon is called antibiotic tolerance (5,9).

Although there were many older observations, antibiotic tolerance was thoroughly desc-
ribed by Tomasz et al (13) in 1970 for the first time in a mutant S. prewmoniae strain. In
1974, Best el al (1) observed antibiotic tolerance in a Staphylococcus strain, This was the
first Staphylococeus strain tolerant to penicillin,

In 1977, Sabath et al {12) reported that tolerant staphylococei were encountered more
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frequently among strains isolated from deep infections. Fellowing this report, the number of
papers about tolerance increased sharply. Until now, tolerance was observed in more than
20 Gram positive bacterial species. The only Gram negatlve tolerant strains reported until
flow are somé laboratory mutants of E. cofi (5). -

The bactericidal activity of beta-lactam antibiotics are considered to be important in
the treatment of infections such as endocarditis, meningitis, osteomyelitis and.infections in
immunocompromised patients, Thus, antibiotic tolerance may have adverse effects on these
oceasions. On the other-hand, beta-lactam antibiotics aré known to be ineffective in the tre-
atment of infections caused by methicillin resistant 5. aurens (MRSA) strains although MIC
values indicative for susceptibility were obtained for some of these strains in in-vitro tests.

MATERIALS AND METHODS

Fifty MRSA strains isolated from various clinical specimens were used. The susceptibi-
lity tests were performed in Mueller-Hinton broth. For methicillin susceptibility, the medi-
um was supplemented with NaCl, CaCl, and MgCl,.

Minimal inhibitory concentrations (MIC) were determined by the tube dilution met-
hod. To ‘ensure that inoculum consists of logarithmically growing bactetia, broth was Lghtly
inoculated from 18-hour old culture and incubated at 37° C until the turbidity of McFarland
(1.5 tube was achieved. So, an inochilum containing 5x10° - 1x10° bacteria per m! was obtai-
ned. ' '

Minima] bactericidal concentrations (MBC) were determined by inoculating 0.01 ml on
agar plates from tubes without any visible growth in 18 hours in MIC deterniinations. The
lowest concentration yielding less than 5 coIomes (at least 99.8 % kill) was accepted as
MBC.

When the ratio of MBC to MIC of an antibiotic is equal to or greater than 32, the stra-
ins was regarded “presumptively tolerant” (12), Time-kill curves in 8xMIC antibiotic concen-
trations were drawn for such strains. In these expenments antibiotic was added to a broth
culture containing app. 106 jogarithmically growing bacteria per ml at time zero, the culture
was incitbated at 37° C and live counts were determined at 2, 4, 6 and 24 hours. Since a qu-
antitative standard is not established for antibiotic tolerance, less than 3 logs decrease in -
ve count (more than 0.1 % of bacteria in inoculum alive) in 24 hours was arbitrarily accep-
ted indicative for high degree tolerance, and 3 1o 5 logs decrease for moderate tolerance. If
the live count decreased more than 5 logs, the strain was regarded nontolerant.

In all experiments, S. aureus ATCC 25923 which was susceptible and nontolerant to all
antibiotics used in this investigation, was used as a control strain. All counts given below are
the means of two determinations. :

RESULTS"

Fifty-two (34%) of 152 §. aureus strains isolated from clinical speéimens at the begin-
ning of this investigation were found to be methicillin resistant (MIC216 mg/l) (Table 1).

Fifty of them were used in the experiments.

Table 1. MIC values of 52 MRSA strains.

MIC (mg/1): 16 32 64 128 256 >256
No. of straing: 13 7 4 4 4 20

MIC values indicated in-vitro susceptibility te ceftriaxone (<32 mg/l) for 28 strains, to
cefotaxime (€32 mg/1) for 28 strains, to cefoperazone (<32 mg/l) for 26 strains, to cefazolin
(<16 mg/{) for 31 strains and to vancomycin (<2 mg/1} for all strains. MBC/MIC ratios of
these strains were given in table 2. :



As it-is seen in table 2, MBC/MIC ratios equal to or greater than 32 which may be
considered presumptive for tolerance were obtained in 7 strains for ceftriaxone, in 15 strains
for cefotaxime, in 9 strains for cefoperazone, in 6 strains for cefazolin and in 19 strains for
VANCOTMYCin.

Table 2. MBC/MIC ratios for MRSA strains which were found in-vitro susceptible to other antibiotics.

No. of . MBC / MIC ratio

Antibiotic  gerain

' 1 2. 4 8 16 32 64 128 »128 (232}
Ceftriaxone 28 1 10 4 4 2 5 2 @)
Cefotaxime 28 9 3 1 7 2 5 1 (15
Cefoperazone 26 6 7 4 7 2 ("
Cefazolin 3 4 1 2 12 6 3 1 2 (6
Vancomycin 50 1 2 3 7 8 1 8 (19

When the time-kill experiments were performed with these strains (MBC/MIC232),
the numbers of highly tolerant, moderately tolerant and nontclerant strains were found to
be 6, 1 and 0 for cefiriaxone; 7, 3 and 5 for cefotaxime; 5, 1 and 3 for cefoperazone; 4, 1 and
1 for cefazolin; 4, 4 and 11 for vancomycin. The results were summarised in table 3.

When a MBC/MIC ratio equal to or greater than 32 is considered presumptive for to-
lerance, 24 strains were found to be tolerant to 1 of the § antibiotics used, 6 strains to 2 anti-
biotics, 4 strains to 3 antibiotics, 2 strains to 4 antibiotics. Fourteen strains were found to be
nontolerant to all antibiotics. The strains showing cross-tolerance to two or more antibiotics
according to this criterion were shown in table 4.

Table 3. Summary of the results obtained with 50 MRSA strains.

&+

In-vitro Presomptively . Time-kill studies

susceptible tolerant Highly Moderately Nentolerant
Antibictics (MBC/MIC=>32) tolerant tolerant
Ceftriaxone 28 7 6 1 0
Cefotaxime 28 15 7 3 5
Cefoperazone 26 9 5 1 3
Cefazolin 31 6 4" 1 1
Vancomycin 50 19 4 4 11

Table 4. Cross-tolerance determined by MBC/MIC ratios presumptive for tolerance.

Strains Number  Cefiriaxone Cefotaxime  Cefoperazone Cefazolin Vancomycin
of strains -

K23,K3 2 + + + +

% 1 + + +

31,42 2 + + +

5691 1 + + +

K9 1 + +

Ki4 1 + ¥

Cc22 1 + +

26,A23,5796 3 + +




When the results of time-kill experiments are considered, cross-tolerance was recorded
in only 8 strains. Five of them showed cross-tolerance for 2 antibiotics, 2 for 3 antibiotics
and 1 for 4 antibiotics. These results were shown in table 5.

Table 3. Cross-tolerance determined by time-kill studies.

Strains Number  Ceftriaxone Cefotaxime Cefoperazone Cefazolin Vancomycin
of strains
K23 1 + + + +
K3 1 + + +
5691 1 + + +
K9 1 + +
s 1 + +
c22 1 + +
A23,5796 2 + +
DISCUSSION

Antibiotic tolerance is accepted by some authors as a special mechanism of bacterial re-
sistance since the tolerant bacteria resist to the killing and many times to the lysis effect of
an antibiotic in concentrations higher than MIC (5,6,14). On the other hand tolerance is an
entirely different phenomenon from resistance which simply means an increased MIC. A
bacterial strain may be resistant and tolerant, resistant and nontolerant, sensitive and tole-
rant, or sensitive and nontolerant to an antibiotic (5). The main future in tolerance is the
difference between MBC and MIC whether the MIC value is high or low. None of known
resistance mechanisms plays a role in tolerance (4). Ofi the other hand, a decrease in autoly-
tic activity was observed in tolerant strains. This decrease in autolytic activity depends on
the increased production of inhibitors of major autolytic enzyme, amidase, but other mecha-
nisms were also proposed (5,10).

Tolerance is a phenomenon between Gram positive bacteria and celi-wall inhibitor anti-
biotics such as beta-lactams and vancomycin. The term tolerance is used to mean genetic to-
lerance. This is entirely different from phenotypic tolerance which is observed in some physi-
ological growth conditions. For example, beta-lactam antibiotics are effective on growing
bacteria and bacteria in stationary phase resist to the killing effect of these antibiotics. This
is a phenotypic tolerance, Cultures growing in low pH may also exert a phenotypic toleran-
ce. Phenotypic tolerance is observed in all strains of a species. Genetic tolerance, on the ot-
her hand, is the lowered killing rate of a bacterial strain in conditions in which many other
strains are killed rapidly.

Many methods have been reported to test tolerance, but probably the best methods to
distinguish tolerant and nontolerant strains are the kinetic tests in which lowered killing ra-
tes are shown in tolerant strains. The results obtained by this method vary greatly according
to the conditions of cultures {e.g. media, pH, temperature) and the method is not practical
for a routine laboratory. For this reason, Sabath et al (12) proposed that a MBC/MIC ratio
equal to or greater than 32 may be accepted as indicative for tolerance in a routine labora-
tory where the MBC means the lowest antibiotic concentration causing 99.9 % kill in 24 ho-
urs (2). To determine this ratio is easy in laboratories where the MIC determinations were
done with an adjusied inoculum. In such laboratories a live count may be performed from
the tube containing 32xMIC (the fifth tube after the first no growth tube in a two-fold diluti-
on serjes) at the time MIC is read. If the live count is higher than 0.1 % of that in the ino-
culum, the strains are labelled as tolerant.



Another method to test tolerance is to determine the kill ratio in 24 hours in the pre-
sence of high concentration of antibiotic. In nontolerant strains the live counts decrease mo-
re than 5 logs in 24 hours while in tolerant strains this decrease is usually 1 to 2 Iogs (7).

In tolerance determinations, experiments should be done in conditions which will not
result in phenotypic tolerance (e.g., not stationary phase but logarithmically growing bacte-
ria should be used). The big differences in the incidences of tolerant strains in a bacterial
species in the literature are probably due to the different test conditions (5).

The opinions about clinical significance of antibiotic tolerance are controversy. Since
bactericidal antibiotics are preferable in immunocompromised patients and in infections
such as endocardiiis, meningitis and osteomyelitis, it may be expected that the treatment of
infections caused by tolerant strains would be more difficult. In-vivo experiments on rabbit
endocarditis model support this view (5). There are also some reports about the difficulty in
the treatment of human infections caused by tolerant strains (5,8,11,12). But the clinical sig-
nificance of tolerance has not been clarified yet.

The first example of antibiotic tolerance was observed in . pneumoniae for penicillin.
Then, it was observed in §. viridans, S. mtitior, 5. mutans, S. milleri, §. salivarius, §. bovis,
streptococei from serogroups A, B, G and D, E. faecalis, E. faecium, Lactobacillus, L. mo-
nocytogenes, S. aureus and C. perfringens strains, The most frequently studied bacterial genus
for tolerance is Streptococeus which is followed by Staphylocoecus (3).

Cross-tolerance between beta-lactam antibiotics is a common finding in 8. aureus stra-
ins. Although less frequently, some examples of cross-resistance are also observed between
beta-lactam antibiotics and vancomycin. Sabath et al (12) isolated 7 peniciltin-tolerant §. au-
reus strains from patients with poor reply to penicillin therapy for infections such as endocar-
ditis, osteomyelitis and pneumonia. Most of these strains showed cross-tolerance to cephalos-
porins and vancomycin. When the tolerant strains were investigated, only 7% or less of the
bacterial cells in the culture were found to be tolerant. The autolytic activity exerted by the-
se cells decreased the lysis of other cells without this activity as well. If the tolerant cells con-
sist of about 7% of the bacterial population in the culture, then the probability that toleran-
ce could be observed in a pure culture prepared by picking up one colony would be lower
than the reality. That may also be the reason for the contraversial results in reported experi-
ments. Preparing an inoculum by picking up many colenies from original plates may be a so-
lution for this problem in tolerance experiments. Bradley et al (3) used all bacterial populati-
on grown by culturing 0.1 ml blood samples, and found that all of 34 S. qureus strains were
tolerant.

In this paper, we tested 50 MRSA for in-vitro susceptibility to ceftriaxone, cefotaxime,
cefoperazone, cefazolin and vancomycin by the tube dilution methed and locked for toleran-
ce to these antibiotics in strains found susceptible inwvitro. In the first hand MBC/MIC ratio
was determined. If this ratio indicated tolerance, as a more precise method, the time-kill cur-
ves were drawn for these strains. Results showed that many of the strains having presumpti-
ve MBC/MIC ratios are not really tolerant and are killed rapidly in time-kill experiments.
They showed that methicillin resistance and telerance to cephalosporins and vancomycin are
unrelated phenomenons since only some of MRSA strains are found tolerant. Actually diffe-
rent mechanisms are of value in these phenomenons (12). A S. aureus strain tolerant to one
cephalosporin may be nontolerant to another even if they are from the same generation alt-
hough examples of cross-resistance among cephalosporins and/or different antibiotics such
as vancomyein are encountered.

REFERENCES

1. Best G X, Best N I, Koval A V: Evidence of participation of autolysins in bactericidat action of oxacillin on
Staphyloceccns aureus, Antimicrob Agents Chemother 6:825 (1974).

2. Betrius C, Campos E, Cabronero C, Fernandez A, Picazo F J, Noriega A R Penicillin tolerance of group A
streptococci, Eur J Clin Microbiol Infect Dis 9:799 (1989).

3. Bradley HE, Weldy P 1., Hodes D: Tolerance in Staphylococcus aureus, Lancet 2:150 (1979).



0.

11,

12.

13.

14.

Gutmann L, Tomasz A: Peniciflin-resistant and penicillin tolerant mutants of group A streptococei, Antimicrob
Agents Chemother 22:128 (1982).

Handwerger 8, Tomasz A: Antibiolic tolerance among clinical isolales of bacteria, Rev Infect Dis 7:368 (1985).
Holzhoffer 8, Sussmuth R, Haag R: Oscilating tolerance in synchronized cultures of Staphylococeus aurevs, Anti-
microb Agents Chemother 28:456 (1985).

Kim K $, Kaplan E L: Association of penicillin tolerance with failure to eradicate group A streplococci from pa-
tients with pharyngitis, J Pediatr 107:681 (1985).

Mayhall C G, Medoff G, Marr J J: Variation in the susceptibility of strains of Staphyiococcus aureus to oxacillin,
cephalothin and gentamicin, Awimicrob Agents Chemother 10:707 (1976).

Michel M F, Leeuwen van W B: Degree and stability of tolerance to penicittin in Streptococcus, Eur J Clin Mic-
robiol Infect Dis 8:225 (1989).

Moreillon P, Markiewicz 7, Nachman S, Tomasz A: Two bactericidal targels for penicillin in pneumococei: Aw-
tolysis-dependent and autolysis-independent killing mechanisms, Antimicrob Agents Chemother 34:33 (1550).
Rajashekaraiah K R, Rice T, Rao V 8§, Marsh O, Ramakrishna B, Kaltick C A: Clinical significance of tolerant
strains of Staphylococcus zureus in patients with endocarditls, Ann Jntern Med 93:796 (1980).

Sabath L D, Lavadiere M, Wheeler N, Blazevic D, Wilkinson B J: A new type of penicillin resistance in Staphy-
lococcus aureus, Lancer 1:443 (1977).

Tomasz A, Albino A, Zanati E: Multiple antibiotic resistance in a bacierium with suppressed autolytic system,
Nature 227:138 (1970),

Tuomanen E, Durack D T, Tomasz A: Antibiotic tolerance _among clinical isofates of bacteria, Antimicrob
Agents Chemother 30:521 (1986).



