EDITORIALS

CHLORAMPHENICOL RESISTANCE
IN MENINGOCOCCI

HE familiar triad of pathogens responsible for

most cases of bacterial meningitis was first shown
to yield to treatment with B-lactam antibiotics and
chloramphenicol over four decades ago. Chloram-
phenicol proved to be an effective alternative for the
treatment of pneumococcal and meningococcal dis-
ease in patients who were allergic to penicillin and
was particularly effective in treating meningitis caused
by Haemophilus influenzae. Chloramphenicol’s loss
of favor began in the 1960s, when it was shown to
have two distinct toxic effects on hematopoiesis: a
frequently observed, dose-dependent anemia, re-
versible on cessation of therapy, and an irreversible,
“idiosyncratic” aplastic anemia, which had an inci-
dence of approximately 1 case per 30,000 courses of
therapy, a high case fatality rate, and no correlation
with the dosage or duration of treatment.!

The use of the antibiotic (apart from topical use)
has become restricted to life-threatening infections
for which there are no acceptable alternative treat-
ments. In the absence of an experimental screening
method to identify “safe” compounds, there has
been little effort to discover an analogue that has the
broad-spectrum potency of chloramphenicol but
without the risk of causing aplastic anemia. Probably
because of the reduction in the use of chloram-
phenicol, the emergence of resistance to it in devel-
oped countries has slowed. In developing countries,

however, where chloramphenicol is still widely used
because of its ease of administration and low cost,
the appearance of novel resistant pathogens has con-
tinued.

High-level resistance to chloramphenicol is almost
always due to the action of chloramphenicol acetyl-
transferase (CAT), which modifies the antibiotic by
O-acetylation at the 3-hydroxyl group, thereby de-
stroying the drug’s affinity for bacterial ribosomes
and its ability to inhibit bacterial growth.? The gene
for the enzyme (cat) is often found as part of a mo-
bile genetic element (a plasmid, transposon, or bac-
teriophage). Although the CAT family of enzymes is
now widespread in chloramphenicol-resistant bacte-
ria,? it appears to have no function apart from its
ability to inactivate the antibiotic, specifically and ef-
ficiently. The origin of CAT is obscure, but it is
probably related to the acetyl-transfer machinery of
a multicomponent enzyme of cell metabolism —
namely, pyruvate dehydrogenase.*

In this issue of the Jowrnal, Galimand et al.® re-
port careful studies of 12 independent isolates (all
serogroup B) of chloramphenicol-resistant Neisseria
meningitidis from 12 patients with serious meningo-
coccal disease. Eleven patients were from Vietnam,
where intramuscular administration of chloramphen-
icol is commonly used for the treatment of menin-
gococcal meningitis; one patient was a child in
France who had never been to Southeast Asia. Gal-
imand et al. show that the cat genes that mediated
the resistance were identical, or nearly so. A bigger
surprise is that the gene has been described in Clos-
tridiuwm perfringens® and designated catP. Finding
the genetic and epidemiologic trail of the movement
of a gene from anaerobic gram-positive bacilli (C. per-
[fringens) to aerobic gram-negative cocci ( N. menin-
gitidis) is tricky, but there may be some clues.

The catP gene found in the chloramphenicol-
resistant isolates of N. meningitidis was first detected
in a transposable genetic element, transposon Tn4451,
which encodes the DNA needed for its own transfer
from one bacterial chromosome (or plasmid) to an-
other.”® Galimand et al. found that in each of the 12
N. meningitidis strains they examined, the catP in-
sert lacked most of the flanking DNA that is essen-
tial for transposition, the chromosomal inserts were
identical, and the exogenous catP was always insert-
ed at precisely the same site.

What can one make of all of this? First, it may be
useful to recall that transposons have evolved to be
highly efficient “messengers,” with the machinery to
jump taxonomic and physiologic barriers to the
chromosomes of other bacteria. Hence, as the au-
thors propose,® there must have been one or more
intermediate hosts for Tn4451 before the truncated
form became associated with the chromosomes of
chloramphenicol-resistant meningococci. In other
words, Tn4451 is promiscuous. Galimand et al.? also
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show that the 12 independent isolates of N. menin-
gitidis that carried catP were phenotypically distinct
meningococcal variants and were not clonal. Each
must have arisen independently. Hence, in this in-
triguing puzzle that remains to be solved, the very
same truncated segment of Tn4451 appeared in 12
different strains of N. meningitidis, inserted at pre-
cisely the same site of the meningococcal chromo-
somes.

As Galimand et al. point out,’ meningococci are
highly competent in the process of genetic transfer
by transformation, which involves the uptake of DNA
but does not require cell-to-cell contact. Transposons
move about, often borne by plasmids. At some point,
there may have been an abortive transposition of
Tn4451 into a meningococcus, with the extensive
deletions from Tn4451 due to faulty excision (or
insertion) leaving catP immobile and effectively
“beached” in N. meningitidis. The subsequent trans-
fer of the Tn445I-derived DNA (containing catP)
probably occurred by transformation, with precise
recombination between incoming and resident me-
ningococcal DNA, followed by selection for a chlor-
amphenicol-resistant transformant.

At the practical level, there is now a strong possi-
bility that the CATP phenotype of chloramphenicol
resistance will become more prevalent in clinical iso-
lates of N. meningitidis, at least in countries where
the antibiotic is commonly used. There may be less
immediate cause for concern in the parts of the
world where chloramphenicol is no longer widely
used. In these countries, however, chloramphenicol
is still used for the treatment of acute bacterial men-
ingitis. Because the incidence of resistance to the
drug by Streptococcus pnenwmonine and H. influenzae
is generally low, it will continue to prove useful in
special circumstances. Chloramphenicol enters the
cerebrospinal fluid with ease, even in the absence of
meningeal inflammation,® and appears to have bac-
tericidal activity against meningococci, pneumococ-
ci, and H. influenzae!’

Analogues of chloramphenicol have been devel-
oped that lack the aromatic NO, group, which is
thought to cause irreversible marrow aplasia, and
that also cannot be inactivated by CAT. Although
the clinical efficacy of such compounds has not been
evaluated, they are effective in vitro against most
bacteria that are resistant to chloramphenicol be-
cause of the presence of CAT.!! Nonetheless, be-
cause there is as yet no way to monitor the potential
for irreversible bone marrow toxicity, it is unlikely
that such compounds will become available for the
treatment of chloramphenicol-resistant infections in
general — and meningococcal disease in particular.
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