GASTROENTEROLOGY 1988;95:1351-5

Optimization of Ascitic Fluid Culture

Technique
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The conventional method of ascitic fluid culture
detects bacteria in only 42%-65% of patients who
have neutrocytic ascites and suspected spontaneous
bacterial peritonitis. In this study ascitic fluid was
cultured by the conventional method as well as by a
new method consisting of bedside inoculation of
blood culture bottles with ascites. The conventional
cultures grew bacteria in only 13 (43%) of 30 epi-
sodes of neutrocytic ascites, whereas the blood
culture bottles grew bacteria in 28 (93%); this dif-
ference was significant (p < 0.0001). The blood
culture bottle method also resulted in more rapid
detection of bacterial growth. The median concen-
tration of bacteria in infected ascites was one organ-
ism per milliliter. Bedside inoculation of blood
culture bottles with ascitic fluid is more sensitive
than the conventional method in detecting bacterial
peritonitis. The insensitivity of the conventional
method is probably due to the low concentration of
bacteria in infected ascites and the small volume of
ascites cultured by this method.

pontaneous bacterial peritonitis (SBP) has been

defined as an ascitic fluid infection in which (a)
the ascitic fluid culture grows bacteria, (b) the ascitic
fluid neutrophil count is =250 cells/mm?®, and (c)
there is no intraabdominal source of infection (1,2).
Patients suspected of having SBP (based on signs,
symptoms, and/or abnormal ascitic fluid neutrophil
count) but whose ascitic fluid cultures grew no
bacteria were excluded from the papers that orig-
inally described spontaneous peritonitis (3). Howev-
er, subsequent reports have demonstrated that
35%-58% of these patients with suspected ascitic
fluid infection have culture-negative ascites; this
condition has been labeled culture-negative neutro-
cytic ascites (CNNA) (4,5). The signs, symptoms, and
mortality of patients with CNNA are similar to those
of culture-positive spontaneous peritonitis (4). Also,
cultures of the blood of 33%-57% of patients with

CNNA grow bacteria, confirming systemic bacterial
infection (4,5). Finally, patients who survive SBP or
CNNA frequently develop the other condition (4).

It has been suggested that the explanation of the
culture-negativity of many episodes of suspected
peritonitis may be simply the insensitivity of the
“conventional” method of ascitic fluid culture (4). In
fact, one study that used historical controls and
another study that is published in French (and that
used concurrent controls) both have demonstrated
that inoculation of blood culture bottles with ascitic
fluid at the bedside markedly improves the sensitiv-
ity of ascitic fluid culture to 91%-92.5% (5.6). How-
ever, because the reference source of the American
Society for Microbiology recommends the conven-
tional method, most microbiology laboratories con-
tinue to use this method, which detects bacterial
growth in only approximately half of suspected
peritonitis cases (7). In two large centers in the
United States where spontaneous peritonitis re-
search is being performed, the microbiology labora-
tories converted to the blood culture bottle method
many years ago because of dissatisfaction with the
routine method; however, no attention was drawn to
the change in culture technique (1,8). Other hospi-
tals have modified the routine method, e.g., by
culturing the centrifuged pellet of a large aliquot of
ascites, in an attempt to improve its sensitivity:
whether this sort of modification is efficacious is
unknown. In hospitals where infected ascites is
uncommon, the insensitivity of the conventional
method may be unrecognized.

The goals of this study were (a) to compare the
sensitivity of the conventional method (and modifi-
cations of it} to the blood culture bottle method, (b)

Abbreviations used in this paper: CNNA, culture-negative
neutrocytic ascites; SBP, spontaneous bacterial peritonitis.
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to determine the optimal volume of ascites that
should be inoculated into blood culture bottles, and
(c) to perform quantitative cultures of ascites.

Materials and Methods

Patients hospitalized with ascites at the University
of Southern California Liver Unit at Rancho Los Amigos
Medical Center between July 1986 and July 1987 were
candidates for participation in this study. Paracentesis was
performed if the patient developed signs or symptoms of
peritonitis, i.e., fever, abdominal pain, or encephalopathy.

Conventional culture consisted of immediate transpor-
tation of the ascitic fluid specimen in a sealed syringe to
the laboratory where (a) three drops were cultured on each
of three plates (chocolate agar, blood agar, and Mac-
Conkey’s agar) and (b) 1 ml of fluid was placed into a 10-ml
tube containing 5 ml of brain-heart infusion broth. The
chocolate and blood agar plates were incubated in a CO,
atmosphere at 35°C; the broth and enteric plate were
incubated in ambient air at 35°C. Two modifications of the
conventional method were tested. One modification of the
routine method consisted of culture of a larger aliquot of
ascites (2 ml) into brain-heart infusion broth with incuba-
tion as above. The other modification involved (a) centrif-
ugation (1000 g for 15 min) of 50 ml of ascites, (b)
discarding the majority of the supernatant, (c) resuspend-
ing the pellet with enough residual supernatant to equal a
final volume of 1 ml, and (d) culture of this sediment onto
chocolate agar with incubation as above. All plates were
inspected twice daily for 2 days and any colonies were
Gram stained,; if there was no growth after 48 h, the plates
were discarded. The broth was inspected twice daily for 2
days, daily for 5 more days, and then discarded. Routine
Gram stains and subcultures were performed on the broth
at 24 and 48 h and after 7 days. Turbidity resulted in
additional stains and subcultures.

The blood culture bottle method consisted of bedside
inoculation of 10 ml of ascites into one 100-ml Difco (Difco
Laboratories, Detroit, Mich.) tryptic soy broth bottle and
one 100-ml Difco Thiol bottle (both with sodium
polyanethol sulfonate and CO,). Only the tryptic soy broth
bottle was vented. These were inspected twice daily for 2
days and then daily for 5 more days. Routine Gram stains
and subcultures were performed at 24 and 48 h, and after
7 days. Turbidity resulted in additional stains and subcul-
tures. The blood culture bottles were incubated at 35°C.

To determine the optimal quantity of ascites that should
be cultured in blood culture bottles, 1-, 2-, 5-, and 20-ml
aliquots were also inoculated at the bedside into each
bottle of pairs of tryptic soy and Thiol bottles as above.
Therefore, five pairs of blood culture bottles were inocu-
lated, including the 10-ml set.

Quantitative cultures were performed by culturing, on
chocolate agar plates, 1 ml of vortexed uncentrifuged
ascites as well as 1 ml of three serial log dilutions (in
nonbacteriostatic normal saline) of ascites. Colonies were
counted after 48 h of incubation so that a calculation of the
concentration of bacteria in the undiluted ascites could be
performed.

Diphtheroids, Bacillus species, and Staphylococcus epi-
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dermidis were considered contaminants. Identification of
organisms and susceptibility testing were performed by
routine methods (9). Twenty milliliters of blood (10 ml
into each of the two bottles) was also cultured at the time
of the paracentesis. In addition, Gram stains were per-
formed on uncentrifuged fresh ascitic fluid and on the
centrifuged sediment of 50 ml of ascites.

Spontaneous bacterial peritonitis was defined as above.
Culture-negative neutrocytic ascites was diagnosed when
(a) the ascitic fluid culture (of any type) grew no bacteria,
(b) the ascitic fluid neutrophil count was =500 cells/mm?,
(c) there was no intraabdominal source of infection, (d)
there was no antibiotic treatment within 7 days, and (e)
there was no alternative explanation for an elevated ascitic
fluid neutrophil count, e.g., pancreatitis, tuberculosis,
peritoneal carcinomatosis, or hemorrhage into ascites
(4,10). Secondary bacterial peritonitis was diagnosed
when (a) the ascitic fluid culture grew bacteria, (b) the
ascitic fluid neutrophil count was =250 cells/mm?, and (c)
there was an intraabdominal source of infection (1,11).

Patients were excluded from the study (a) if an inade-
quate quantity (<150 ml) of ascitic fluid was obtained or
(b) if any antibiotic was given within 7 days of the
paracentesis.

This study was approved by the Institutional Review
Board of Rancho Los Amigos Medical Center. Patients gave
written informed consent before entry into the study. The
X test (with Yates’ correction) and Fisher’s exact test were
used for statistical analysis. A p value <0.05 was consid-
ered significant.

Results

Thirty-one episodes of neutrocytic ascites in
26 patients met study inclusion criteria. One patient
(4% of the group) was documented to have second-
ary bacterial peritonitis (perforated gastric ulcer)
involving Escherichia coli and group D streptococ-
cus; all of the ascites cultures, including all conven-
tional culture methods and all blood culture bottles,
grew bacteria. The remainder of the patients had no
evident intraabdominal source for their infection;
therefore, they were classified as having either SBP
or CNNA. The remainder of the discussion involves
only the 30 episodes of SBP and CNNA that occurred
in 25 patients.

The blood culture bottles containing 10 ml of
ascitic fluid grew bacteria in 28 (93%) of the 30
episodes of neutrocytic ascites, whereas the conven-
tional cultures of ascites were positive in only 13
(43%) of 30 episodes (Table 1); this difference was
statistically significant (p < 0.0001). In only two
episodes were no cultures positive, i.e., there were
only two episodes of CNNA. There were no in-
stances in which the conventional cultures grew
bacteria when the blood culture bottles (containing
10 m! of ascitic fluid) did not. The flora of the ascitic
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Table 1. Comparison of the Conventional Method of
Ascitic Fluid Culture (and Its Modifications) to
the Blood Culture Bottle Method (Using 10 ml
of Inoculum)

Episodes of

bacterial
growth Total  Posi-  Differ-
Posi-  Nega- epi- tive ence
Culture method tive tive sodes (%) (%)
Conventional® 13 17 30 43 50
Blood culture bottie” 28 2 30 93
Conventional® (plus 17 13 30 57
two modifications) 36
Blood culture bottle” 28 2 30 93

l

x* = 17.33, p < 0.0001, significant; Yates' correction = 17.04, p
< 0.0001. significant; Fisher exact test (two-tail). p < 0.0001,
significant. ? ¥? = 10.76. p < 0.001, significant; Yates correction
= 8.89, p < 0.01, significant; Fisher exact test {two-tail), p <
0.01, significant.

fluid cultures are listed in Table 2. All cultures
yielded pure growth of a single organism.

Of the 28 episodes in which the 10-ml “‘set” of
bottles demonstrated bacterial growth, both bottles
were positive in 13 (46%) of the episodes, the Thiol
bottle alone was positive in 13 episodes, and the
tryptic soy bottle alone was positive in only two (7%)
episodes. Therefore, the sensitivity of the single
10-ml Thiol bottle (26 of 28, 93%) was greater than
that of the single 10-ml tryptic soy bottle (15 of 28,
54%); this difference was significant (p < 0.01).

Cultures of the centrifuged sediment of 50 ml of
ascites grew bacteria in only 10 (33%) of 30 episodes,
including one episode in which the conventional
method demonstrated no growth. Therefore, this
modification of the conventional method appeared
to be less sensitive than the conventional method in
detecting bacterial growth; however, this difference,
33% vs. 43%, did not reach statistical significance.
Culture of the sediment, however, was significantly
less sensitive than the blood culture bottle method (p
< 0.0001). The modification of the conventional
method in which 2 ml of ascites was inoculated into
brain-heart infusion broth grew bacteria in 16 (53%)
of 30 episodes. Overall, in 17 (57%) of 30 episodes of
neutrocytic ascites, the conventional method or a
modification of it demonstrated bacterial growth.
However, this degree of sensitivity (57%) remained
significantly less than that of the blood culture bottle
method (93%) (p < 0.01) (Table 1). The blood culture
bottle method also resulted in more rapid detection
of bacterial growth compared with the conventional
method (Table 3).

The inoculation of increasing volumes of ascites
into blood culture bottles demonstrated that the 10-
and 20-ml inoculum sizes were equivalent in terms
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Table 2. Ascitic Fluid Flora of 28 Culture-Positive

Episodes
Organism No. of episodes (%)
Escherichia coli 12 (43)
Streptococcus pneumoniae 7 (25)
Klebsiella pneumoniae 3{11)
Enterobacter cloacae 3(11)
Streptococcus viridans group 1(3)
Group A streptocaccus 11{3)
Citrobacter freundii 1 {3}

of overall sensitivity (both 93%) and were both
statistically significantly more sensitive than the 1-,
2-, or 5-ml inoculum sizes (Table 4).

The concentration of bacteria in infected ascites
ranged from 920,000 organisms per milliliter to one
organism per 10 ml (as determined by culture-
positivity of the 10-ml blood culture bottle with
culture-negativity of smaller volume inocula). The
median bacterial concentration was one organism
per milliliter. Eighteen (64%) of the 28 culture-
positive episodes involved a bacterial concentration
of <10 organisms per milliliter, and 15 (53.5%)
involved =1 organism per milliliter.

Of the 28 culture-positive episodes of ascitic fluid
infection, 12 (43%) were associated with bacteremia
involving the same organism. Gram stains of uncen-
trifuged and centrifuged sediment of ascites demon-
strated bacteria in only 7% and 10%, respectively.

Discussion

This study demonstrates that inoculation at
the bedside of 10 ml of ascites into each of two blood
culture bottles is more sensitive than the conven-

Table 3. Rapidity of Detection of Bacterial Growth

Episodes Total Posi- Differ-
Posi- Nega- epi- tive ence
Culture method tive tive sodes (%) (%)
12 hours
Conventional® 10 20 30 33 ,
Blood culture 19 11 30 63 30
bottle
{10 mb)®
24 hours
Conventional® 13 17 30 43 44
Blood culture 26 4 30 87
bottle
(10 ml)®

9x* = 5.41, p < 0.05, significant; Yates' correction = 4.27, p <
0.05, signficiant; Fisher exact test (two-tail}. p < 0.05, signifi-
cant. P x* = 12.38, p < 0.0001. significant; Yates' correction =
10.55, p < 0.0001. significant; Fisher exact test (two-tail}, p <
0.001, significant.


John Vogel


John Vogel


John Vogel



1354 RUNYON ET AL.

Table 4. Comparison of Volume of Inoculum of Ascites
Versus Detection of Bacterial Growth in Blood
Culture Bottles

Volume of Episodes Total Posi- Differ-
inoculum Posi- Nega- epi- tive ence
(per bottle) tive tive sodes (%) (%)
1 ml? 16 14 30 53 40
10 ml® 28 2 30 93
2 ml® 20 10 30 67 26
10 ml® 28 2 30 93
5 ml°¢ 21 9 30 70 23
10 ml° 28 2 30 93
10 m}4 28 2 30 93 0
20 ml9 28 2 30 93

a

x* = 12.27, p < 0.0001, significant; Yates’ correction = 10.31, P
< 0.001, significant; Fisher exact test (two-tail), p < 0.001,
significant. ? y% = 6.67, p < 0.01, significant; Yates’ correction =
5.10, p < 0.05, significant; Fisher exact test (two-tail), p < 0.05,
significant. © x* = 5.46, p < 0.05, significant; Yates’ correction =
4.01, p < 0.05, significant; Fisher exact test (two-tail), p < 0.05,
significant, 9 x2 = 0, p < 1.0, not significant; Yates' correction =
0, p < 1.0, not significant; Fisher exact test (two-tail), p < 1.0,
not significant.

tional method in detecting bacterial peritonitis (93%
vs. 43%, respectively; p < 0.0001). The blood culture
bottle method was also found to more rapidly detect
bacterial growth. Ten-milliliter and 20-ml inoculum
volumes were superior to smaller volumes in detect-
ing bacteria. Thiol media proved to be superior to
tryptic soy broth in detecting bacterial peritonitis (p
< 0.01). The median concentration of bacteria in
“spontaneously” infected ascites was only one or-
ganism per milliliter. Fifty-seven percent of culture-
positive ascites contained =2 organisms per millili-
ter. The insensitivity of the conventional method is,
at least in part, explained by the low concentration
of bacteria in infected ascites and the small volume
of ascites (<2 ml) cultured by this method.

Two modifications of the conventional method
could not be demonstrated to improve its sensitivity
to a statistically significant degree. In fact, the mod-
ification that involved culture of the centrifuged
sediment of 50 ml of ascites was slightly less sensi-
tive than the conventional method in detecting bac-
terial growth (33% vs. 43%, respectively). Methods
that would concentrate bacteria would be expected
to improve the detection of bacterial growth in
infections involving small numbers of organisms.
However, centrifugation of the bacteria into the
sediment, which also contains viable phagocytes
(neutrophils), could result in a reduction in the
numbers of viable bacteria because of engulfment
and killing of microbes by phagocytes.
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Two episodes (7%) of the 30 involved no positive
cultures of any type. Both episodes occurred in 1
patient who also developed one episode of E. coli
SBP between his two CNNA events. The explanation
of the inability of the cultures to detect bacterial
growth in two of three events in this 1 patient is not
entirely clear. However, in one of these two epi-
sodes, the ascitic fluid neutrophil count was sponta-
neously decreasing (from 2123 to 1690 cells/mm?)
before antibiotic treatment was initiated. Perhaps
episodes of CNNA that are diagnosed using sensitive
culture methods are in fact episodes of SBP that are
in the resolving phase, and the bacteria are no longer
viable.

Body fluid infections that involve large concentra-
tions of bacteria, e.g., infected urine or cerebrospinal
fluid, can be cultured successfully using small quan-
tities of fluid (12,13). Bacteremia involves small
concentrations of bacteria (14). Blood culture bottles
were devised to detect growth of bacteria when only
one viable organism is present in the entire inocu-
lum (15). By the inclusion of nutrients and sodium
polyanethol sulfonate (an anticoagulant and opsonin
inhibitor), blood culture media were formulated to
support bacterial growth and prevent further killing
of bacteria. It has been shown that the sensitivity of
blood culture bottles in detecting bacteremia is
largely dependent on the volume of blood cultured
(16). Apparently those who recommend the conven-
tional culture method of ascitic fluid (as well as
pericardial, joint, and pleural fluid) have assumed
that large numbers of bacteria are present in infected
fluid and recommend culture of small volumes of
fluid, similar to the methods used for culture of urine
and cerebrospinal fluid (7). Also the assumption has
been that ascitic fluid infection is often polymicro-
bial; therefore, selective agar media that suppress the
growth of certain bacteria have been recommended
(7). This study demonstrates (a) that ascitic fluid
infection is usually spontaneous (30 of 31 episodes),
(b) that SBP is nearly always monomicrobial (100%
of the SBP episodes in this series), and (c) that SBP
usually involves very low concentrations of bacteria.
In this setting the blood culture bottle method would
be expected to be superior to a method that cultures
small volumes of fluid on media that can inhibit
growth of bacteria.

In contrast to the conventional method, blood
culture bottles provide a nutritious environment that
also contains an anticoagulant and opsonin inhibitor
that protect the bacteria from further complement or
phagocyte-mediated killing, or both. Bacteria would
be expected to grow rapidly in such an environment
even if the cultures were delayed in reaching the
incubators of the laboratory. Also, most commer-
cially available blood culture bottles contain 50-100
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ml of media and therefore permit culture of 5-20 ml
of fluid—large enough volumes to result in detection
of bacterial growth in most cases.

Bacterial peritonitis has become a major compli-
cation of continuous ambulatory peritoneal dialysis.
Initially culture-negative peritonitis was a common
problem, but more recently studies have demon-
strated that {a) the concentration of bacteria in the
infected fluid may be less than one organism per
milliliter and (b) inoculation of blood culture bottles
with fluid optimizes detection of bacterial growth
(17—21). Infected peritoneal dialysate appears to be
very comparable to spontaneous bacterial peritoni-
tis. Both forms of peritonitis involve small numbers
of bacteria. Cultures of large volumes of fluid are
required to detect the offending organism.

Culture of ascitic fluid in blood culture bottles is
superior to conventional techniques in detecting
spontaneous bacterial peritonitis and should replace
the conventional method as the preferred method of

culture,
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