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A synergistic in vitro bactericidal effect of combinations of chloramphenicol
and beta-lactams on strains of Enterobacteriaceae is described. The synergism is
seen with strains which are resistant to the beta-lactam and is due to
chloramphenicol-induced inhibition of beta-lactamase production.

The increasing resistance of gram-negative
bacilli to anti-bacterial agents (6), including
gentamicin (12) and the cephalosporins (19),
raises the possibility of having to resort to a
synergistic combination of drugs in the therapy
of infections caused by these bacteria.

Synergism between chloramphenicol and sev-
eral beta-lactam antibiotics on strains of Kleb-
siella-Enterobacter-Serratia, which are resist-
ant to the beta-lactam alone, has recently been
described as a not uncommon event (13). The
present study was undertaken to examine the
occurrence of this synergism with gram-nega-
tive bacilli belonging to other genera, and to
elucidate its mechanism.

MATERIALS AND METHODS
Bactericidal effect of combinations of chloram-

phenicol and three beta-lactams. Ninety-four
strains of Enterobacteriaceae isolated in the diagnos-
tic laboratory of the Department of Clinical Microbi-
ology, Hadassah University Hospital, from sputum,
infected wounds, stools, and blood cultures were
studied. These strains were identified according to
Ewing (5) as Escherichia coli (15 strains), Shigella (15
strains), Citrobacter (3 strains), Salmonella (12
strains), Proteus (13 strains), Providence (6 strains),
Klebsiella (11 strains), Enterobacter (9 strains), and
Serratia (10 strains). The cellophane transfer tech-
nique of Chabbert (1) as modified by Cluzel et al. (4)
was used to determine a synergistic bactericidal
effect. The principles and techniques of this method
have recently been described and illustrated in detail
(3, 7, 8, 16). The results were interpreted according to
previously reported criteria and were classified as
synergism, antagonism, or indifference (3, 7, 8, 16).
The beta-lactams used were ampicillin, cephalori-
dine, and carbenicillin.
Mechanism of synergistic effect. For these experi-

ments the following strains of beta-lactamase-produc-
ing Enterobacteriaceae were used: Enterobacter
cloacae NCTC 10005, Klebsiella pneumoniae K 1296
obtained from John Matsen, University of Minnesota
(14), and eight strains (see Table 2) isolated from
clinical material at the Hadassah University Hospital

and identified according to Ewing (5). Each strain
was tested for beta-lactamase production by the
iodometric method as described by Workman and
Farraz (22).

Susceptibility to single antibiotics. The suscepti-
bility of these strains to chloramphenicol and cepha-
loridine was determined by preparing doubling dilu-
tions of the antibiotic in Trypticase soy broth (TSB;
Difco). The inoculum was 0.1 ml of a suitably diluted
overnight culture in TSB to give a final concentration
in the test dilutions of approximately 105 bacteria/ml.
The minimal inhibitory concentration (MIC) was
expressed in terms of the lowest concentration of
antibiotic that totally inhibited visible growth after 24
h at 37 C. The minimal bactericidal concentration
was expressed as the lowest concentration showing no
visible growth on subculture to blood agar plates.

Bactericidal effect of combinations of chloram-
phenicol and cephaloridine. Box titrations were
performed with doubling dilutions of chloramphenicol
and cephaloridine and every combination of the
various concentrations of each antibiotic. The bacte-
rial inoculum was 0.1 ml of a suitably diluted over-
night culture in TSB, to give a final concentration of
approximately 105 bacteria/ml. The tubes were incu-
bated at 37 C and samples were taken for viable
counts at time intervals from 0 to 24 h.

Influence of chloramphenicol on cephaloridine
inactivation by the test strains. In the previous
experiments, at the same time as viable counts were
performed, starting from time zero, samples were
taken for assay of cephaloridine activity. These were
centrifuged at 11,000 x g at 4 C for 20 min, and the
supernatant fluid was passed through a membrane
filter (Millipore Corp.) (0.22 Am). The cephaloridine
activity was assayed biologically using the agar diffu-
sion method and a locally isolated strain of Staphylo-
coccus aureus resistant to chloramphenicol (MIC >
100 ug/ml) as indicator strain. The medium used was
Oxoid DST agar. When the cephaloridine activity was
being measured in samples from tubes containing
chloramphenicol as well, the reference standard solu-
tions of cephaloridine were prepared in TSB contain-
ing the same concentration of chloramphenicol as in
the sample being assayed. There was neither syner-
gism nor antagonism between chloramphenicol and
cephaloridine on this strain of S. aureus. As a control
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of the stability of the antibiotic over a 24-h period at
37 C, twofold dilutions of cephaloridine without a

bacterial inoculum were incubated and remaining
cephaloridine activity was assayed at intervals up to
24 h.

Influence ofchloramphenicol on preformed beta-
lactamase. E. cloacae NCTC 10005 was used as the
source of the enzyme. Crude beta-lactamase was
obtained using the technique described by Goldner et
al. (9). TSB was inoculated from nutrient agar (Difco)
slants and incubated with shaking for 24 h at 37 C and
then centrifuged at 11,000 x g at 4 C for 10 min. The
supernatant fluid was passed through a membrane
filter (Millipore Corp.) (0.22 um), and the filtrate,
which constituted the crude beta-lactamase activity,
was assayed immediately. Chloramphenicol was
added to a portion of this preparation at a final
concentration of 100 Ag/ml, and another portion was
used as control. After 30 min at 37 C, beta-lactamase
activity was measured on both portions, using the
timed iodometric method described by Citri (2). The
test was performed at 37 C using a freshly prepared
solution of cephaloridine (3 ,ug/ml in 0.1 M phosphate
buffer at ph 7.0) as substrate.

RESULTS

The results of the combinations between
chloramphenicol and the three beta-lactams
using the cellophane transfer technique showed
a surprisingly high frequency of synergism. Of
the 282 combinations tested (94 strains tested
against chloramphenicol in combination with
each of 3 beta-lactams), 41(15%) showed syner-
gism, 61 (22%) antagonism, and 180 (63%)
indifference. There was no correlation between
the frequency of synergism and the species or
genus of bacteria. There was, however, a strik-
ing relationship between the outcome of the
combined action of chloramphenicol and beta-
lactam and the sensitivity to the beta-lactam
alone. On 83 occasions chloramphenicol was
combined with a beta-lactam that was active on
its own; in 61 (73%) antagonism was found, and
on only one occasion (1.2%) synergism; indiffer-
ence was seen in the remaining 21 combina-
tions. Chloramphenicol was combined with a
beta-lactam that was itself inactive on 199

occasions, and synergism was seen on 40 (20%),
indifference on 159 (80%), and antagonism not
once. The results obtained in this qualitative
test for synergism with each of the 3 beta-lac-
tams on the 84 strains are summarized in Table
1.
To elucidate the mechanism of this synergis-

tic effect, 10 strains of beta-lactamase-produc-
ing gram-negative bacteria were studied with
combinations of chloramphenicol and cephalor-
idine. The enzyme was constitutive in eight
strains and inducible in two. Table 2 shows the
susceptibility of these strains to cephaloridine
and chloramphenicol. They were all highly
resistant to cephaloridine, whereas the MIC of
chloramphenicol varied from 8,g/ml to more

than 128 gg/ml. A synergistic bactericidal effect
was observed with all of the strains except the
K. pneumonia K 1296 which was very resistant
to chloramphenicol. The other nine strains
showed a synergistic effect with concentrations
of chloramphenicol lower than (seven strains) or

equal to the MIC (two strains). The concentra-
tions of cephaloridine necessary for the bacteri-
cidal effect varied from 12.5 to 500 ,ug (Table 2).
In all of the experiments showing synergism, a

constant finding was the inhibition in the pres-
ence of chloramphenicol of cephaloridine inacti-
vation by the test strain. Representative de-
tailed results are shown in Fig. 1 and in Tables 3
and 4.

Figure 1 illustrates the influence of a subin-
hibitory concentration of chloramphenicol on

the inactivation of cephaloridine by the type
strain of E. cloacae and the accompanying
synergistic bactericidal effect of the mixture of
antibiotics. Table 3 shows that with this strain
the synergistic effect was achieved with as little
as 12.5 ug of cephalorodine per ml, and that it
was always associated with inhibition of ceph-
aloridine inactivation. Table 4 shows the pat-
tern of results achieved with the strain of
Serratia liquefaciens, where a synergistic bacte-
ricidal effect was seen only with chlorampheni-
col at the MIC and 500 ug of cephaloridine per

TABLE 1. Results of combinations of chloramphenicol with ampicillin, carbenicillin, or cephaloridine on 94
strains of Enterobacteriaceaea

Strains susceptible to beta-lactams Strains resistant to beta-lactams
Combination of
chloramphenicol Strains Synergism Antagonism Strains Synergism Antagonism

with: (no.) (no.) N (no.) N (no.)

Ampicillin 17 0 12 71 77 14 18 0
Carbenicillin 37 0 25 68 57 7 12 0
Cephaloridine 29 1 24 83 65 19 29 0

a Cellophane transfer technique.
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TABLE 2. Susceptibility of 10 strains of Enterobacteriaceae to cephaloridine, chloramphenicol, and to the
combination of the two drugs

Minimal concentrations
Susceptibility to: showing a bactericidal effect

in combination Nature of
Strains Source beta-

Cepha- Chloramphenicol Cepha- Chloram- lactamase

Moridine MICa MBC o loridinea phenicola

Salmonella typhimur-
ium Blood 250 32 > 64 50 20 Ce

Klebsiella pneumoniae K1296 > 1,000 > 128 NTC NSEd NSEd C
K. pneumoniae Sputum > 1,000 16 > 64 50 8 C
Enterobacter cloacae NCTC 10005 > 1,000 8 >32 12.5 6 C
E. cloacae Wound > 1,000 64 > 128 250 10 IT
Serratia marcescens Blood >500 8 32 125 6 I
S. liquefaciens Sputum > 1,000 8 32 500 8 C
Proteus rettgeri Blood > 500 16 64 50 16 C
Providencia Blood > 1,000 32 > 64 50 25 C
Yersinia enterocolitica Wound > 500 8 >64 50 6 C

a Micrograms per milliliter.
bMBC, Minimal bactericidal concentration.
c NT, Not tested.
dNSE, No synergistic effect.
e C, Constitutive.
'I, Inducible.
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FIG. 1. Synergistic bactericidal effect of chloram-
phenicol and cephaloridine on E. cloacae (NCTC
10005). (Figures in parentheses indicate the residual
cephaloridine activity in micrograms per milliliter.)

ml. With lower concentrations of cephaloridine
in the presence of chloramphenicol there was no

bactericidal effect, although there was inhibi-
tion of inactivation of the beta-lactam by the
test organism.
Chloramphenicol at a concentration of 100

Ag/ml failed to produce any significant change
in the activity of the beta-lactamase obtained
from the E. cloacae type strain NCTC 10005. A
preparation showing activity of 250 U/ml

TABLE 3. Inhibition of cephaloridine (CD)
inactivation by chloramphenicol and consequent
synergistic effect on E. cloacae NCTC 10005a

Chloramphenicol Chloramphenicol
CD concn at concn of 0 ug/ml concn of 6 Mg/ml
time zero CD concn Viable CD concn Viable
(Ag/ml) at 24 h counts/ml at 24 h counts/ml

(.og/ml) at 24 h (ogIml) at 24 h

500 1 0 109 450 0
100 0 109 50 0
50 0 109 40 0
25 0 109 20 0
12.5 0 109 5 0
0 NTb 109 NT 107

a Inoculum at time zero: 105/ml. MIC of chloram-
phenicol for test strain: 8 tog/ml.

bNT, Not tested.

showed a drop in activity to 230 U/ml after
incubation at 37 C for 30 min both with and
without chloramphenicol.

DISCUSSION
This study confirms the previous report (13)

of synergism between chloramphenicol and
beta-lactams on certain strains of gram-nega-
tive bacteria. When the strain is susceptible to
both drugs antagonism is common, and this con-
forms to the general rule about combinations of
bacteriostatic and bactericidal drugs (11, 15).
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TABLE 4. Inhibition of cephaloridine (CD)
inactivation by chloramphenicol and consequent
synergistic effect only at high concentration of

cephaloridine (Serratia liquefaciens)a

Chloramphenicol Chloramphenicol

CD concn at concn of 0 pg/ml concn of 8 ug/ml
time zero CD concn Viable CD concn Viable
(pg/mi) at 24 h counts/ml at 24 h counts/ml

(pg/ml) at 24 h (pUg/ml) at 24 h

500 0 10' 500 0
100 0 10' 100 104
50 0 10' 45 10'
25 0 109 20 105
12 0 10' 10 105
0 NTb 10' NT 105

a Inoculum at time zero: 105/ml. MIC of chloram-
phenicol for test organism: 8 pg/ml.

b NT, Not tested.

When, however, the strain is resistant to the
beta-lactam and susceptible to chlorampheni-
col, a synergistic bactericidal effect is not un-
common. The findings reported here suggest a
possible mechanism for this synergism. The
resistance of gram-negative bacilli to beta-lac-
tams is known to be related to several possible
mechanisms, including the presence of a
permeability barrier and/or enzyme degrada-
tion by a beta-lactamase produced by the
resistant strain (17, 20). Chloramphenicol is an
inhibitor of bacterial protein synthesis (10) and,
as such, could inhibit the production of beta-
lactamase. We have demonstrated a synergistic
effect between chloramphenicol and cephalori-
dine, in strains which are beta-lactamase pro-
ducers. This synergism is accompanied by inhi-
bition of destruction of the cephaloridine by
these strains in the presence of chlorampheni-
col. We also demonstrated that chlorampheni-
col has no effect on preformed beta-lactamase.
In many cases the concentration of chloram-
phenicol needed to inhibit cephalosporinase
production is lower than the MIC, suggesting
that since the bacteriostatic effect is presum-
ably due to inhibition of essential protein syn-
thesis this occurs at a higher concentration of
chloramphenicol than inhibition of beta-lacta-
mase production. In some strains the synergistic
effect occurs at low concentrations of cephalori-
dine that can easily be achieved in the serum on
standard dosage schedules, suggesting that the
effect might be of clinical value. In other cases,
although there is inhibition of beta-lactamase
production in the presence of chloramphenicol,
the synergistic bactericidal effect is only seen at
high concentrations of cephaloridine. In these
cases the resistance to cephaloridine is probably

related to both beta-lactamase production and
the presence of a permeability barrier which is
only overcome by very high concentrations of
cephaloridine. The strain of Klebsiella which
did not show the synergistic bactericidal effect
was resistant to high concentrations of chloram-
phenicol. Onishi et al. (18) recently reported the
susceptibility of beta-lactamase induction in a
single strain of E. coli and one of Klebsiella to
chloramphenicol in final concentrations of 250
Ag/ml. They did not examine lower concentra-
tions, or for possible synergistic effects. Traub
(21) described the synergistic effect of a combi-
nation of chloramphenicol and cephalothin on
strains of S. epidermidis and speculated that
the effect might be due to alteration of the cell
wall by cephalothin facilitating the uptake of
chloramphenicol, or that cephalothin might
inhibit bacterial protein synthesis at the ribo-
somal level and thus have a synergistic effect
with chloramphenicol.

It remains to be seen whether the synergistic
mechanism based on inhibition of enzyme pro-
duction by chloramphenicol, which we have
described, is a general phenomenon applicable
to other beta-lactam antibiotics and other bac-
terial species. It is, however, a phenomenon
with possible clinical significance and we have
recently used the combination successfully in
two cases of septicemia caused by strains of
gram-negative bacteria resistant to all available
antibiotics, but in which the combination of
chloramphenicol and cephaloridine showed a
synergistic bactericidal effect in vitro (manu-
script in preparation).

LITERATURE CITED
1. Chabbert, Y. A. 1957. Une technique nouvelle d'etude

de l'action bacteride d'antibiotiques: le transfert sur
cellophane. Ann. Inst. Pasteur Paris 93:289-299.

2. Citri, N. 1964. Determination of penicillinase activity.
Methods Med. Res. 10:221-232.

3. Cluzel, R., J. Michel, M. Cluzel, and J. Sirot. 1970. Les
modalites de la diffusion en gelose des antibiotiques
dans la disposition en croix du transfert sur cellophane.
C. R. Soc. Biol. 164:807-812.

4. Cluzel, R., R. Vaurs, M. Cluzel, M. Nigay, and M.
Verner, 1960. Une nouvelle technique d'etude du
pouvoir bactericide des associations d'anti-biotiques
derivee du "transfert sur cellophane": la disposition
en croix. Ann. Inst. Pasteur Paris 98:928-932.

5. Ewing, W. H. 1970. Differentiation of Enterobacteriaceae
by biochemical reactions. Communicable Disease Cen-
ter, Atlanta, Ga.

6. Finland, M. 1970. Changing ecology of bacterial infec-
tions as related to antibacterial therapy. J. Infect. Dis.
122:419-431.

7. Garrod, L. P., H. P. Lambert, and F. O'Grady. 1973.
Antibiotic and chemotherapy, 4th edition, p. 513-517.
Churchill Livingstone, London.

8. Garrod, L. P., and P. M. Waterworth. 1962. Methods of
testing combined antibiotic bactericidal action and the
significance of the results. J. Clin. Pathol. 15:328-338.

848 MICHEL ET AL.



CHLORAMPHENICOL-CEPHALORIDINE SYNERGISM 849

9. Goldner, M., D. G. Glass, and P. C. Fleming. 1968.
Characteristics of Aerobacter beta-lactamase. Can. J.
Microbiol. 14:139-145.

10. Hahn, F. E. 1967. p. 308-330. In D. Gottlieb and P. D.
Shaw (ed.), Antibiotics, vol. 1. Mechanism of action.
Springer-Verlag, New York.

11. Jawetz, E., and J. B. Gunnison. 1952. Studies of antibi-
otic synergism and antagonism: a scheme of combined
antibiotic action. Antibiot. Chemother. (Basel)
2:243-248.

12. Kabins, S. A., C. R. Nathan, and S. Cohen. 1971. R fac-
tor-mediated resistance to gentamicin in a clinical iso-
late of Escherichia coli. J. Infect. Dis. 124(Suppl):
S65-S67.

13. Luboshitzky, R., T. Sacks and J. Michel. 1973. Bacteri-
cidal effect of combinations of antibiotics on Klebsiella-
Enterobacter-Serratia. Chemotherapy (Basel)
19:354-366.

14. Lund, M. E., D. J. Blazevic, and J. M. Matsen. 1973.
Rapid gentamicin bioassay using a multiple antibiotic
resistant strain of Klebsiella pneumoniae. Antimicrob.
Agents Chemother. 4:569-573.

15. Manten, A., and M. J. Wisse. 1961. Antagonism between
antibacterial drugs. Nature (London) 192:671-672.

16. Michel, J., R. Luboshitzky, and T. Sacks. 1973. Bacteri-
cidal effect of combinations of nalidixic acid and
various antibiotics on Enterobacteriaceae. Antimicrob.

Agents Chemother. 4:201-204.
17. O'Callaghan, C. H., and P. W. Muggleton. 1972. Bio-

logical reactions of cephalosporins and penicillins, p.
438-495. In E. H. Flynn (ed.), Cephalosporins and
penicillins. Chemistry and biology. Academic Press
Inc., New York.

18. Onishi, H. R., D. R. Daoust, S. B. Zimmerman, D.
Hendlin, and E. 0. Stapley. 1974. Cefoxitin, a semi-
synthetic cephamycin antibiotic: resistance to beta-
lactamase inactivation. Antimicrob. Agents Chemo-
ther. 5:38-48.

19. Seneca, H. 1973. Drug susceptibility/resistance pattern of
Gram negative uropathogens to seven cephalosporins.
Am. J. Med. Sci. 266:381-386.

20. Slocombe, R., and R. Sutherland. 1970. ,#-Lactamase
activity and resistance to ampicillin, carbenicillin, and
cepholorodine of Klebsiella, Enterobacter, and
Citrobacter, p. 78-85. Antimicrob. Agents Chemother.
1969.

21. Traub, W. H. 1970. In vitro activity of Chloramphenicol
combined with Cepholothin against D Nase positive,
multiple antibiotic resistant strains of Staphylococcus
epidermidis. Chemotherapy (Basel) 15:234-241.

22. Workman, R. G., and N. E. Farraz. 1970. Activity of
penicillinase in Staphylococcus aureus as studied by
the iodometric method. J. Infect. Dis. 121:433-437.

VOL. 7, 1975


