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Abstract
Aim—To assess all clinically and bacterio-
logically documented episodes of sponta-
neous bacterial peritonitis diagnosed in a
single unit over a 20 year period, to
identify changes in the nature and anti-
biotic resistance of the causative bacteria.
Setting—A specialist liver disease unit in a
tertiary care centre.
Material—Cultured ascitic fluid obtained
in the course of 240 consecutive episodes
of clinically and bacteriologically proven
spontaneous bacterial peritonitis. Patient
recruitment remained stable during the
20 year period in terms of the number of
cirrhotic patients admitted and the sever-
ity of their condition.
Results—78.7% of isolates were Entero-
bacteriaceae (Escherichia coli in 51%)
and 19% were Gram positive cocci. Until
1979 all the Enterobacteriaceae had the
wild phenotype, compared with only 50%
at the end of the study period. Since 1993,
22% of Enterobacteriaceae have been
resistant to third generation cepha-
losporins. Methicillin resistant staphylo-
cocci were only isolated after 1989.
Conclusions—Changes in the epidemiol-
ogy and antibiotic resistance of bacteria
causing spontaneous bacterial peritonitis
must be monitored for optimal treatment.
(J Clin Pathol 1998;51:614–616)
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Spontaneous bacterial peritonitis of ascitic
fluid is a very serious and frequent complica-
tion in cirrhotic patients. It occurs in 8–25 % of
cases and is the second most common cause of
death in this setting. Its frequency is linked to
the severity of cirrhosis.1–3

For more than 20 years, we have been work-
ing on spontaneous bacterial peritonitis in col-
laboration with the liver disease unit in our
institution; patient recruitment remained sta-
ble during this period in terms of both the
number of cirrhotic patients admitted and the
severity of their condition.2

Spontaneous bacterial peritonitis usually
follows translocation and haematogenous dis-
semination of intestinal commensals. Although
it is not a nosocomial infection, it often occurs
in severely ill patients who have been admitted
to hospital and treated with antibiotics. The
aim of this study was to assess all clinically and
bacteriologically documented episodes of

spontaneous bacterial peritonitis diagnosed in
our unit over the last 20 years, in order to iden-
tify changes in the nature and antibiotic resist-
ance of the causative bacteria.

Methods
MATERIAL

In a total of 240 consecutive episodes occur-
ring between 1 April 1977 and 1 April 1997 the
ascitic fluid contained at least 250 polymor-
phonuclear cells per mm3, a bacterial pathogen
was isolated, and antibiotic treatment was pre-
scribed.
The study period was divided into five 4 year

periods: period I (01/04/77 to 01/04/81),
period II (01/04/81 to 01/04/85), period III
(01/04/85 to 01/04/89), period IV (01/04/89 to
01/04/93), and period V (01/04/93 to 01/04/
97).

TECHNIQUES

Cytological studies of ascitic fluid were based
on conventional microscopy, with percentage
counts of the diVerent cell types.Microbiologi-
cal diagnosis was based on aerobic and anaero-
bic blood cultures in nutrient broth; this
method was adopted in our laboratory in
19771–2 and has since been widely validated.4

Isolates were identified by means of conven-
tional biochemical methods and Enterobacter-
iaceae by API 20 E system (bioMérieux SA,

Table 1 Species distribution of 240 bacterial isolates from
patients with spontaneous bacterial peritonitis over a 20
year period

Species Number Percentage

Escherichia coli 104 43.3
Klebsiella pneumoniae 24 10
Enterobacter cloacae 6 2.5
Serratia marcescens 11 4.6
Citrobacter freundii 2 0.8
Morganella morganii 2 0.8
Providencia stuartii 1 0.4
Pseudomonas aeruginosa 3 1.3
Streptococcus pyogenes 2 0.8
Streptococcus agalactiae 2 0.8
Streptococcus pneumoniae 8 3.3
Group D streptococci 18 7.6
Streptococcus NT* 6 2.6
Enterococcus avium 1 0.4
Enterococcus faecalis 16 6.7
Enterococcus faecium 1 0.4
Aerococcus viridans 1 0.4
Staphylococcus aureus 11 4.6
Coagulase (-) staphylococci 7 2.9
Listeria monocytogenes 2 0.8
Bacteroides 5 2.1
Fusobacterium 1 0.4
Clostridium 4 1.7
Candida albicans 1 0.4
Candida glabrata 1 0.4

*NT, non-typable.
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Marcy l’Etoile, France) over the whole study.
Antibiotic susceptibility was established by the
disk diVusion method (Diagnostics Pasteur,
Marnes la Coquette, France) as recommended
by the French Comité de l’Antibiogramme.
Antibiotics tested were ampicillin, gentamicin,
tobramycin, amikacin, doxycycline, minocy-
cline, nalidixic acid, and cotrimoxazole for
Gram negative microorganisms, and penicillin,
oxacillin, gentamicin, kanamycin, tobramycin,
erythromycin, lincomycin, pristinamycin, ni-
trofurantoin, vancomycin, and fosfomycin for
Gram positive organisms. From period II, third
generation cephalosporins and fluoroquino-
lones were also tested.

Results
The number and species distribution of the
isolated are given in tables 1 and 2. The
number of isolates did not change over the five
periods. Most infections were caused by
Enterobacteriaceae and their percentage did not
change significantly (÷2 test, NS).
The main species was Escherichia coli

throughout the study period. All strains of E
coli had the wild phenotype until 1980, after
which cases of resistance to ampicillin started
to emerge. The percentage of wild strains then
remained relatively stable—about 60%—
during the ensuing periods. However, during
period V we isolated two strains of E coli (9%)
resistant to third generation cephalosporins
and showing high level cephalosporinase pro-
duction, and two other strains (9%) resistant to
â lactamase inhibitors with the IRT phenotype.
As regards the other Enterobacteriaceae, we iso-

lated one Citrobacter freundii, three Enterobacter
cloacae, and one Serratia marcescens with the
high level cephalosporinase phenotype, bring-
ing to 22% the percentage of Enterobacteriaceae
resistant to third generation cephalosporins
during period V. One Pseudomonas aeruginosa
isolate resistant to penicillin–â lactamase in-
hibitor combinations and to imipenem was also
isolated during the same period.
While the percentage of Gram positive cocci

did not vary significantly in the course of the
study, qualitative changes did occur: thus no
staphylococci were isolated during period I;
methicillin sensitive Staphylococcus aureus
strains were isolated during periods II, III, and
V; methicillin resistant Staphylococcus aureus
and methicillin resistant coagulase negative
staphylococci were isolated in periods IV and
V; and one Enterococcus avium and one Entero-
coccus faecium isolate resistant to amoxicillin
were found during period V.

Discussion
The changes observed during this 20 year
period reflect modifications of the hospital
bacterial ecology under the pressure of anti-
biotic selection, with the release of new
compounds. First treated with â lactam–
aminoglycoside combinations, infections in
cirrhotic patients were subsequently treated
with third generation cephalosporins or
penicillin–â lactamase inhibitor combinations,
sometimes together with fluoroquinolones.5

Period IV in our study corresponds to the
introduction of spontaneous bacterial peritoni-
tis prophylaxis with norfloxacin in liver units.6–9

Table 2 Bacterial isolates from ascitic fluid over two decades, in four year periods

Species

Period

I II III IV V

n % n % n % n % n %

E coli 24 51 20 37 27 53 11 31.4 22 44.5
K pneumoniae 11 23 4 7.5 2 3.9 3 8.6 4 7.6
E cloacae 0 0 2 3.7 0 0 2 5.7 2 3.8
S marcescens 2 4.3 5 9.3 0 0 2 5.7 2 3.8
C freundii 0 0 0 0 1 2 0 0 1 1.9
M morgani 0 0 0 0 1 2 0 0 1 1.2
P stuartii 0 0 1 1.8 0 0 0 0 0 0
All Enterobacteriaceae 37 78.7 32 59.2 31 60.7 18 51.4 32 60.3

P aeruginosa 1 2.2 0 0 0 0 0 0 2 3.8
Streptococcus pyogenes 0 0 2 3.7 0 0 0 0 0 0
Streptococcus agalactiae 1 2.2 0 0 1 2 0 0 0 0
Streptococcus pneumoniae 3 6.5 1 1.8 3 5.8 1 2.9 0 0
Group D streptococci 2 4.3 4 7.5 6 11.6 3 8.6 3 5.7
Streptococcus NT 2 4.3 1 1.8 0 0 0 0 3 5.7
Enterococcus avium 0 0 0 0 0 0 0 0 1 1.9
Enterococcus faecalis 1 2.2 7 13 4 7.8 3 8.6 1 1.9
Enterococcus faecium 0 0 0 0 0 0 0 0 1 1.9
Aerococcus viridans 0 0 0 0 0 0 0 0 1 1.9
Staphylococcus aureusMS 0 0 3 5.6 1 2 0 0 1 1.9
Staphylococcus aureusMR 0 0 0 0 0 0 5 14.2 1 1.9
coagulase (−) staphyloccus, MS 0 0 1 1.8 0 0 1 2.8 1 1.9
coagulase (−) staphyloccus, MR 0 0 0 0 0 0 3 8.6 1 1.9

All Gram + cocci 9 19 19 35 15 29 16 46 14 26
Listeria monocytogenes 0 0 0 0 2 3.9 0 0 0 0
Bacteroides 0 0 2 3.7 1 2 0 0 2 3.8
Fusobacterium 0 0 0 0 1 2 0 0 0 0
Clostridium 0 0 1 1.8 1 2 0 0 2 3.8
Candida albicans 0 0 0 0 0 0 1 2.9 0 0
Candida glabrata 0 0 0 0 0 0 0 0 1 1.9

All isolates 47 54 51 35 53

MR, methicillin resistant; MS, methicillin sensitive; n, number of isolates; NT, non-typable.
Period I, 01/04/77 to 01/04/81; period II, 01/04/81 to 01/04/85; period III, 01/04/85 to 01/04/89; period IV, 01/04/89 to 01/04/93);
period V, 01/04/93 to 01/04/97.
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Since 1990 a large proportion (40%) of
cirrhotic patients referred to our unit are
already receiving this preventive treatment
(norfloxacin 400 mg/d) on arrival, and we have
continued it. This considerably reduces the
number of intestinal Enterobacteriaceae and
hence the frequency of Gram negative sponta-
neous bacterial peritonitis. During this period
we have observed fewer Gram negative infec-
tions, as have others.6–9 At the same time the
profile of the infections has changed, and
severe infections caused by resistant Gram
positive species have started to emerge (table
2). We showed that this type of prevention led
to the emergence of multidrug resistant bacte-
ria in the stools of approximately half our
patients.10 Following this study, and after four
fatal cases of spontaneous bacterial peritonitis
caused by methicillin resistant staphylococci
(two Staphylococcus aureus, two coagulase
negative staphylococci) in patients treated with
norfloxacin, we decided in April 1993 to limit
norfloxacin prevention to selected cases.
Our observations confirm that bacterial iso-

lates from spontaneous bacterial peritonitis
have shown an increasing level of resistance to
standard antibacterial agents over the last eight
years. This phenomenon must be watched
closely and taken into account in empirical
antibiotic treatment, especially for patients
with a history of infections. Treatment should

be adapted rapidly to bacteriological findings,
and its duration should be limited to minimise
the emergence of resistant strains.
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