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Shigellosis remains a major cause of death of
children in developing countries. It also causes
substantial morbidity in developed countries,
especially among children in day care centres,
residents of custodial institutions, and those
living in impoverished communities, and is a
common cause of travellers' diarrhoea
(Bennish & Wojtyniak, 1991). Effective anti-
microbial therapy of shigellosis can reduce
both the severity and duration of diarrhoea,
and the incidence of potentially lethal compli-
cations (Salam & Bennish, 1991). For the past
25 years either ampicillin or co-trimoxazole
have been the drugs of choice for treating
shigellosis (Salam & Bennish, 1991). These two
drugs have several attributes that make them
ideal agents to treat shigellosis. Both drugs
attain sufficient concentrations in the serum
and gut lumen to inhibit the growth of Shigella
spp.; they can be safely used in children; they
are inexpensive; both have been found effec-
tive in controlled clinical trials; and until
recently almost all strains of Shigella spp. were
susceptible to one or both of these agents.

Although most reference textbooks continue
to recommend one of these two agents as first
line therapy for shigellosis (Dupont, 1990), an
increasing proportion of shigella infections
(indeed probably the majority of those occur-
ring worldwide) are caused by strains that are
resistant to both drugs. In the early 1980s
strains of Shigella dysenteriae type 1 resistant
to both ampicillin and co-trimoxazole were
identified (Malengreau et al., 1983; Bennish
et al., 1985; Frost et al., 1985; Panhotra, Desai
& Sharma, 1985); subsequent studies have
reported an increasing prevalence of resistance
to these two agents among all species of
Shigella (Table). Most reports of multi-
resistant infections have come from developing
countries in Asia, Africa, and Latin America
(Chun et al., 1984; Jegathesan, 1984; Chugh
etal., 1985; Frost et al., 1985., Huq et al.,
1987; Centers for Disease Control, 1991;

Vibulbandhitlrit & Poonyarit, 1991; Bennish
et al., 1992a). Because of this increase in the
prevalence of strains resistant to both ampi-
cillin and co-trimoxazole, neither agent can be
used with confidence in developing countries
as empirical therapy for shigellosis. Except for
endemic multi-resistant Shigella flexneri in
isolated communities, such as a Navajo reser-
vation in the USA (Griffin et al., 1989), and
limited outbreaks of multi-resistant Shigella
sonnei, also in the USA (Centers for Disease
Control, 1986, 1987), most multi-resistant
shigella infections in Northern Europe and
North America occur in persons who have
recently travelled to a developing country
(Gross, Thomas & Rowe, 1979); Heikkila
et al., 1990; Tauxe et al., 1990).

The quinolone agents are the primary alter-
natives to ampicillin and co-trimoxazole for
the treatment of shigellosis. When therapy for
shigellosis was last reviewed in a leading article
in this journal in 1987, the quinolones
appeared to be promising agents for the treat-
ment of shigellosis, but had been little studied
(Jewes, 1987). Since then the quinolones have
been both extensively evaluated and used in
the treatment of shigellosis. Nalidixic acid, an
agent now rarely if ever used in developed
countries, has become the drug of choice for
treating patients with shigellosis in Bangladesh
and many other developing countries (Salam
& Bennish, 1988). Five days therapy with nali-
dixic acid produces a more rapid decrease in
the frequency of diarrhoea than ampicillin,
although bacteriological resolution is slower
(Salam & Bennish, 1988). Nalidixic acid is
inexpensive and available as an elixir for use in
children, among whom the majority of shigella
infections occur. Unfortunately, resistance to
nalidixic acid appears relatively rapidly. For
instance, nalidixic acid was introduced for the
treatment of shigellosis in Bangladesh in 1986;
by 1990 58% of S. dysenteriae type 1 isolates
obtained from patients at the Diarrhoea
Treatment Centre of the International Centre
for Dirrhoeal Disease Research, Bangladesh in
Dhaka were resistant (Bennish et al., 1992a).
Resistance to nalidixic acid among other
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species of ShigeHa remains uncommon, with
only 3% of isolates obtained in Dhaka being
resistant (Bennish et al., 1992a).

Virtually all shigella strains, including nali-
dixic acid resistant strains, currently remain
susceptible to the newer, fluorinated quino-
lones. Five day courses of ciprofloxacin,
norfloxacin, and cnoxacin, have been
evaluated in controlled clinical trials for the
treatment of shigellosis, and found effective
(Rogerie et al., 1986; De Mol et al., 1987;
Bennish et al., 1990). Because many of the
newer quinolones have relatively long half-
lives, and their in-vitro activity against shigella
is much greater than for other orally adminis-
tered agents, they are ideal candidates for
short course therapy. Single dose courses of
both norfloxacin and ciprofloxacin have been
evaluated for the treatment of shigellosis in
controlled clinical trials (Gotuzzo et al., 1989;
Bennish et al., 19926). Both are effective in the
treatment of infections caused by species other
than S. dysenteriae type 1. The relative lack of
efficacy of single dose regimens for treatment
of S. dysenteriae type 1 infections may have
been due to the higher concentrations of
quinolones required to inhibit growth of
S. dysenteriae type 1 strains when compared to
other Shigella species, or because S. dysen-
teriae type 1 infected patients had more severe
disease when they presented for care (Bennish
et al., 1992*).

Despite the proven efficacy of the newer
quinolones in the treatment of shigellosis, and
the almost universal susceptibility of Shigella
spp. to them, there are at least three factors
limiting the routine use of these agents. One
factor is the uncertainty with regard to the
safety of these agents in children (Douidar &
Snodgrass, 1989). All quinolones, including
nalidixic acid, cause arthropathy in selected
species of juvenile animals. Most national drug
regulatory agencies have approved nalidixic
acid for use in children older than three
months. This approval was given in the 1960s,
long before information concerning quinolone
induced cartilaginous toxicity in animals
became available. The newer quinolones, in
contrast, have not been approved for use in
children. Because of these concerns there has
been little effort to evaluate the newer quino-
lones in children, and elixir preparations are
not currently available. Before the newer
quinolones can be widely recommended for the
treatment of shigellosis, further information
on their safety in children, and on the
pharmacokinetics of any elixir preparations,
will be required.

A further limitation to the use of quinolones
in the treatment of shigellosit, especially in
developing countries, is cost A five day course
of either ampicillin or co-trimoxazole costs less
than SO pence in most developing countries.
Single doses of the newer quinolones in the
USA and most other developed countries are
four to eight times higher (Leading article,
1988). If priced similarly in developing coun-
tries, where per capita income is often less than
SO pence per day, many will not be able to
afford i t A third concern is that indiscriminate
use could lead to the rapid development of
resistance, as has occurred with nalidixic acid.
Although the frequency with which Entero-
bacteriaceae develop resistance in vitro to the
newer quinolones is lower than for nalidixic
acid (Sanders et al., 1984), if selective pressure
is great enough then it is likely that fluoro-
quinolone resistant strains of shigella will
emerge. The identification of quinolone-
resistant strains of Campylobacter jejuni
following therapy with ciprofloxacin provides
cause for concern in this regard (Petrucelli
et al., 1992).

Pivmecwinam and ceftriaxone are the only
drugs, other than the new quinolones, that
have been shown to be effective for the treat-
ment of shigellosis in controlled clinical trials,
and to which the majority of multi-resistant
strains remain susceptible (Kabir et al., 1984;
Varsano et al., 1991). Although pivmeciuinam
is not widely marketed, it is safe for use in
children, and can be given as an oral suspen-
sion. The usefulness of ceftriaxone, especially
in field settings in developing countries, is
limited by the need to administer it parenter-
ally. Evaluation of the effectiveness of oral
third-generation cephalosporins, most of
which have good in-vitro activity against
multi-resistant strains of Shigella spp., is now
under way. Should these agents prove effective
they will provide an additional alternative to
pivmecillinam and the quinolones for treating
multi-resistant shigella infections.

Given the problems posed by the emergence
of Shigella spp. resistant to ampicillin and co-
trimoxazole, what are the current options for
antimicrobial therapy of shigellosis? For
patients in developed countries, unless there is
a history of recent travel to a developing
country, it is likely that the infecting strain will
continue to be susceptible to either ampicillin
or co-trimoxazole. Although standard treat-
ment regimens call for five days therapy, the
practical advantages of single dose therapy in
adults with a newer quinolone, or with ampi-
cillin (which has been shown effective when
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given as a single 2 g dose (Gilman et at., 1981))
are considerable. Children should continue to
be treated with five, days of either ampicillin or
co-trimoxazole.

The treatment of shigellosis in developing
countries is complicated by the high prevalence
of resistant strains, and the need to treat most
patients empirically, since diagnostic labora-
tory services are usually not available. Unless
there is recent microbiological data indicating
that the majority of Shigella spp. in the
community remain susceptible to either co-
trimoxazole or ampicillin, it should be
assumed that the infecting isolate is resistant to
these two agents. Nalidixic acid has been the
preferred alternative therapy. If 5. dysenteriae
type 1 infection is suspected, however, and
nalidixic acid resistant strains of S. dysenteriae
type 1 have been identified, pivmecillinam
should be given. If nalidixic acid is given as
initial therapy, patients should be re-evaluated
in 48 h. Those without substantial clinical
improvement should be treated with pivmecil-
linam or a newer quinolone.

In developing countries newer quinolone
agents should currently be held in reserve for
treatment of strains resistant to nalidixic acid
and pivmecillinam. If the newer quinolone
agents prove safe for use in children, and if
they become less expensive, they will most
probably supplant other agents and become
the treatment of choice for shigellosis.
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