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The biochemical, serological, and epidemiological characteristics of 95 strains
of Serratia marcescens isolated at the Boston City Hospital were examined. Several
strains were shown to be endemic, and the majority of isolates were cultured from
urine or respiratory secretions. Serratia species were highly resistant to polymyxin
B and the cephalosporins, and various proportions were also resistant to other
antibiotics including kanamycin, but all of the isolates were sensitive to gentamicin.
The appearance of resistance to kanamycin and nalidixic acid among endemic
strains was demonstrated. The nosocomial nature of Serratia infections, particu-
larly those involving the urinary tract, was confirmed. Many clinical bacteriology
laboratories currently fail to identify the nonpigmented strains.

The problem of hospital-acquired infections
continues to be a major one. Gram-negative
bacilli, particularly Klebsiella pneumoniae and
Pseudomonas aeruginosa, have been the most sig-
nificant recently, but other species are also in-
creasing in importance. In 1967 at the Boston City
Hospital, an increasing incidence of isolations of
Serratia marcescens in the clinical bacteriology
laboratory was noted and led to the present study.

S. marcescens Bizio is a gram-negative bac-
terium of the family Enterobacteriaceae and the
tribe Klebsielleae. Some strains produce a red
pigment, prodigiosin, and episodes dating back to
antiquity of the "miraculous" appearance of
"blood" on bread, communion wafers, and other
starchy foods were probably from such Serratia
strains (15). In recent years, the organism has
been recognized as causing "pseudohemoptysis"
(14, 26) and the "red diaper syndrome" (35).
Serratia species were long considered a non-
pathogen for humans, and pigment-producing
strains were used in the past as markers in ex-
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perimental work. However, in 1913, Serratia was
first reported as causing a pulmonary infection
(38), and since then it was shown to be capable of
causing suppurative infections of wounds, pneu-
monia, lung abscess, empyema, meningitis,
urinary tract infections, endocarditis, septic
arthritis, osteomyelitis, peritonitis, sinusitis, and
septicemia. The literature on Serratia infections
was reviewed recently by Ringrose et al. (25).

It has also been observed that nonpigmented
strains of Serratia were more common than pig-
mented ones (5, 10) and that many clinical bac-
teriology laboratories were unable to identify
nonpigmented strains correctly (13). In 1962,
Ewing et al. (11) pointed out the nosocomial
nature of many Serratia infections. Several hos-
pital outbreaks involving urinary tract infections
(1, 4, 18, 22, 31, 36) and respiratory tract infec-
tions (2, 3, 25) and two epidemics in nurseries for
newborn infants (21, 30) have been described.
Infections also have been noted to occur at the
site of indwelling intravenous catheters (7, 23,
37) and after lumbar punctures (16, 32) or peri-
toneal dialysis (21). Previous antibiotic therapy
and underlying chronic debilitating disease may
also predispose to serious Serratia infection (7,
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37). Treatment of these infections may be a diffi-
cult problem because many recently isolated
strains of this organism have been resistant to
many antibiotics, although most isolates have
been sensitive to kanamycin and all to gentamicin
(27, 33, 37).
The present study deals with the isolation,

identification, and some of the epidemiological
features of the Serratia strains isolated at the
Boston City Hospital.

MATERIALS AND METHODS

During the 5 months, September 1967 through
January 1968, all isolates of S. marcescens obtained
from cultures of patients in the outpatient department,
accident floor, and hospital wards were collected.
Multiple isolates from the same source in any patient
were usually not collected, but an effort was made to
obtain isolates from various sites in the same patient.

Initial identification was made in the Bacteriology
Laboratory under the supervision of A. Kathleen Daly
and Alice McDonald. Serratia strains were identified
by previously described methods used in this labora-
tory (8, 12) and confirmed at the Enteric Bacteriology
Laboratory of the Communicable Disease Center
which also carried out serological identification (8).

Antibiotic sensitivity tests were done by the inocula-
replicating method of Steers et al. (29). The 111 strains
tested included the original isolates plus the isolates
from different sites in these same patients. An over-
night culture in Brain Heart Infusion Broth (Difco)
was diluted 10(4 and replicated on Beef Heart In-
fusion Agar (Difco) containing serial twofold dilu-
tions of the antibiotics. The antibiotics used and their
suppliers were: streptomycin sulfate (E. R. Squibb &
Sons); sodium cephalothin, cephaloridine, cephalexin,
and cephaloglycin (Eli Lilly & Co.); sodium ampicil-
lin and kanamycin sulfate (Bristol Laboratories Div.);
tetracycline hydrochloride (Lederle Laboratories);
chloramphenicol (Parke, Davis & Co.); polymyxin B
sulfate (Burroughs Wellcome & Co.); gentamicin sul-
fate (Schering Corp.); rifampin (Ciba Corp.); and
carbenicillin (Beecham Products Inc.).

Clinical and epidemiological data were obtained
from the patients' hospital records. The information
sought included temporal sequences in relation to
hospitalization, prior antibiotic therapy, results of all
bacteriological cultures, severity of the illness, under-
lying diseases and all prior surgical procedures, or
manipulations of the genitourinary or respiratory
tract. An organism was considered to be hospital-
acquired when previous cultures were negative for
Serratia, and the clinical significance of the isolates
was based on the presence of signs of clinical infection
when Serratia was the only or predominant organism.
Bacteriuria was considered to be significant only when
the colony counts of urine cultures were > 105/ml
(17). Isolates were streaked and stabbed on Trypticase
Soy Agar slants in tubes (13 by 100 mm), and then
sealed with paraffin-impregnated corks and stored at
room temperature in the dark.
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TABLE 1. Biochemical reactions of 95 isolates of
Serratia marcescens

Per cent positive
Test or substrate Per cent

negative
1-2 Days 3-14 Days

Hydrogen sulfide (TSI) 100
Voges-Proskauer (37 C) 99 1
Indole 1 (week) 99
Citrate (Simmon's) 100
Motility 100
Gelatin (22 C) 90.5 9.5
Lysine decarboxylase 100
Ornithine decarboxylase 100
Glucose: acid 100
Glucose: gasa 55.8 44.2
Lactose 100
Dulcitol 100
Adonitol: acid 83.1 7.4 9.5
Adonitol: gas 100
Inositol: acid 94.7 2.1 3.2

100
Arabinose 100
Raffinose 100
Rhamnose 100
Lipase (corn oil) 97.9 2.1
Cellobiose: acid 9.5 16.9 73.6
Cellobiose: gas 100
Glycerol: acid 99 1
Glycerol: gas 100
Deoxyribonuclease 92.4 7.6
Pigment 7.4 92.6

a Less than 10% volume.

RESULTS
Biochemical reactions. The biochemical reac-

tions of S. marcescens and its differentiation
from other organisms have been reported in de-
tail elsewhere (6, 8, 9). The reactions of the 95
primary isolates from this study are given in
Table 1. It will be seen that these strains were
highly consistent in most of their reactions, and
reactions were complete in 1 to 2 days in most in-
stances. At this hospital, the reactions most help-
ful for identifying Serratia species have been the
consistent inability to ferment lactose, positive
lysine decarboxylase, and the inability of Serratia
to form more than small amounts (< 10% in a
Durham tube) of gas with glucose as a substrate.
The only subspecies, S. marcescens var. kiliensis,
differs from the type species S. marcescens only
in that it is Voges-Proskauer negative. Only one
such strain was found. Pigment was produced by
only 7.4% of strains isolated.

Serological studies. To date, 15 somatic ("O")
and 13 flagellar ("H") antigens have been estab-
lished for Serratia. Difficulty in serotyping be-
cause of "roughness" has not been a major prob-
lem; the majority of strains from a variety of
sources and localities are typable. There were 23



CHARACTERISTICS OF S. MARCESCENS

TABLE 2. Distribution of serotypes of Serratia marcescenis

H anti-ensb
0 antigensa

.-

2

4
5

6
7
9
11
12
13
14

0 undetermined
Rough
Total

17
3

21

2

1

2

3

1

1

4

21
1

2

10

1

1

37

5

1

1

7 8 11

1

1

a There were no serotypes of 0 antigens 3, 8, 10, and 15.
b There were no serotypes of H antigens 6, 9, and 10.
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FIG. 1. Susceptibility of Serratia marcescens to
eight antibiotics: 111 strains isolated at Boston City
Hospital, September 1967 through January 1968. All
strains were resistant to 100 ,ug/ml of cephalothin and
polymyxin B (not depicted in this figure).

different serotypes among the present isolates
(Table 2). The 0 antigens of 8 strains were not
identifiable with available antisera, and the H
antigens of 11 were undetermined. For nine
strains only the 0 or the H antigen was identifi-
able; nine strains were completely untypable, but
only one strain was rough. The four most frequent
serotypes were 02:H4 (22%), 04:Hl (18%),
011 :H4 (11%), and 011 :H13 (5%).

In most cases, multiple isolates from the same
source or isolates from different sources in the
same patient were not serotyped separately. How-
ever, in those cases in which multiple isolates were

serotyped, the type was the same; these cases are
not included in the analysis. In one culture from
the stool of an infant in the outpatient depart-
ment, two serotypes were identified. Three of the
eight pigmented strains were of the same serotype.

Antibiotic susceptibility. In addition to the
antibiotics shown in Fig. 1, all strains were tested
with cephalothin and polymyxin B, but none was
inhibited by a concentration of 100 ,ug/ml of
either antibiotic. Nine strains were tested against
rifampin, cephalexin, cephaloglycin, and carbeni-
cillin. All were resistant to 100 ug/ml of cepha-
lexin and cephaloglycin. Rifampin inhibited six
strains at a concentration of 50 ,ug/ml and three
at 100 ,ug/ml; carbenicillin inhibited one strain
at 25 Ag/ml and one at 200 ,ug/ml, but the other
seven strains grew well in the latter concentration.
By using a tube-dilution method, Thornton and
Andriole (33) found that 8 of 35 isolates of Serra-
lia had a minimal bactericidal concentration of
50 ,ug/ml or less against carbenicillin and sug-
gested that this antibiotic might be of use in the
treatment of urinary tract infections. Nitro-
furantoin was not tested against the present
strains because standard discs containing 100 Mg
have consistently shown no zone of inhibition.
As previously noted (37), nearly all Serratia

strains are susceptible to gentamicin; all but 2 of
the 111 isolates tested in this study were inhibited
by 6.3 ,ug/ml or less (within the safe and nontoxic
range for gentamicin serum levels). Nalidixic acid
was inhibitory at 3.1 ,g/ml for about 80% of the
strains, and the rest required much higher con-
centrations. Thirty-two per cent of the isolates
were resistant to 25 Mg of kanamycin per ml, and

Total

1
25
19
9
3
I
2

18
1
1
6
8
1

95

VOL. 19, 1970 347

1

I



WILFERT ET AL.

TABLE 3. Sources of Serratia isolates

Other sources in same patients
Source isolates

Urine Sputuma Wound Blood

Urine 34 1 4 3
Sputum 48 3 1
Wound 7
Blood 3 1 1 1
Feces 2 1a

a Includes one isolate from nasopharnyx.

0.1 0.2 0.4 0.8 1.6 3.2 6.4 12.5 25 50 100 >100

MINIMUM INHIBITING CONCENTRATION, MICROGM. PER ML.

FIG. 2. Susceptibility of two groups of strains of
Serratia. Comparison of the 111 isolates in this study
with 17 strains received 10 years earlier at the Com-
municable Disease Center.

551%1 were resistant to this concentration of strep-
tomycin. As can be seen from Fig. 1, the other
antibiotics were even less active.

In an effort to ascertain whether drug resistance
had developed or increased in Serratia species
over the past 10 years, tests were done with 17
strains which were sent to the Communicable
Disease Center in 1957-58 from various labora-
tories and used there as the type strains for pre-
paring the original antisera for typing. The sus-
ceptibility of these 17 strains to those antibiotics
for which changes were noted is compared with
that of the strains isolated in the present study
(Fig. 2). All of the earlier strains were susceptible
to kanamycin and nalidixic acid, neither of which
was in use in this country at that time. Further-
more, 18 of the 25 recent strains that were found
to be resistant to kanamycin were of the 4 sero-
types that are endemic in this hospital. In the
case of nalidixic acid, 11 of the 14 strains that
were not inhibited by 25 Ag/ml were of the same
4 serotypes; all but one of these strains were iso-
lated from urine. Kanamycin was used frequently
in this hospital, and the appearance of resistance
was not unexpected in endemic strains. Nalidixic
acid, on the other hand, was infrequently used
here from 1964 through 1967, and resistance to it
cannot be explained on this basis.

Epidemiologic observations. The sources of the
94 cultures that yielded Serratia species and the
other sites with positive cultures in the same pa-
tients are shown in Table 3, and Table 4 gives the
incidence of hospital acquisition and the estimate
of the clinical significance of the strains according
to their source. The most common sources were
urine and sputum (including specimens obtained

TABLE 4. Acquisition anzd clinical significanice of
Serratia isolates

Hospital-acquired Clinicallysignificant
Source No. of
Sore isolatesa

No. Per cent No. Per cent

Urine 38 25 66 26 68
Sputum 52 24 47 3 6
Woundsb 13 11 85 4 36
Blood 6 6 100 5
Feces 2 0 0

a Includes secondary sources.
b Includes venous catheters.

by endotracheal suction, via a tracheostomy tube,
or nasopharyngeal swabs). Patients with urinary
isolates rarely had the organism in their sputum
and vice versa. Serratia species were rarely iso-
lated from stool specimens; the two strains in the
present study were from infants. One of these two
strains was pigmented, and the same serotype was
also present in the nasopharynx of the same
infant.

Bacteremia resulting from S. marcescens in pa-
tients at this hospital has previously been re-
ported (37). In the present survey, there are three
primary and three secondary isolations of Serratia
species from blood cultures. In five of these six
cases, the portal of entry was the urinary tract
(four cases) and an indwelling venous catheter in
one; in the sixth, blood cultures were drawn
through an indwelling venous catheter and yielded
three different organisms in addition to Serratia
strains, so that contamination may have ac-
counted for that isolation.
Of the 13 isolations of S. marcescens from

wound cultures, 3 were cultured directly from in-
dwelling venous catheters, and one was from a
"scalp vein needle" withdrawn from a vein
around which there was a cellulitis. The wounds
from which three other isolates were grown fol-
lowed abdominal or genitourinary surgery, and
cultures of the urine in these cases also yielded
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TABLE 5. Distribution of the more frequent serotypes according to source of specimen
and location of patientP

Source Location

Serotype Genitour- Outpa- Medical ward

Sputum Urine Wound Blood inary tient de- Neu-__-olg Others
ward partment AolBgC

02:H4 1 18 2 16 1 2 2
04:H1 12 1 3 1 4 4 9
011:H4 8 2 3 3 4
011:H13 4 1 1 3 1

a Values indicate number of patients.

TABLE 6. Factors associated with isolation of Serratia strains

Source No. of strains Associated conditions No. of strains Per cent of source

Urine 38 Indwelling catheter 28 74
Urological surgery 15 39
Cystoscopy 13 13
One or more of the above 32 84
None of the above 6 16

Sputum 51 Intermittent positive pressure breathing 12 24
Nebulizer 16 31
Intubation 15 29
One or more of the above 26 51
None of the above 25 49

Serratia species. The other wounds followed sur-
gical procedures except one from a case of cellu-
litis acquired outside the hospital.
The data in Table 5 suggest that strains of the

four most frequently isolated serotypes were
nosocomial. Of the 21 isolates of 02:H4, 8 were
from urine; three of the patients with positive
blood cultures also had this serotype in their
urine. Each of these 21 patients had acquired the
organism in the hospital or outpatient depart-
ment; 16 patients were on the male genitourinary
ward, and one patient, who was hospitalized here
prior to the present study, was in the urological
outpatient department. Serotype 011:H13 was
isolated four times from urine of urological pa-
tients and once from a case of nonhospital-ac-
quired cellulitis.
The strains with serotypes 04:H1 and 011 :H4

were primarily from respiratory sources; at least
70% of 04:H1 isolates were hospital-acquired.
Almost half of the 04:H1 strains were from two
wards, one medical and the other neurological-
neurosurgical. Fewer of the 011 :H4 strains were
hospital-acquired and two medical wards were
each the source of three of them.

Table 6 lists the procedures associated with
colonization or infection in patients who yielded

Serratia species from urine and sputum. Of the
patients with Serratia strains in their urine, 84%
had some form of urological manipulation, in-
dwelling catheterization being the most common,
and 80% had received antibiotics. In three cases
in which there was no previous manipulation, the
Serratia strains were probably contaminants.

In two previously described hospital outbreaks
of Serratia species from respiratory sources, the
common source was found to be contaminated
intermittent positive pressure breathing machines
(IPPB; 3) or ultrasonic nebulizers (25). In the
present study, 26 of 52 patients with respiratory
isolates of Serratia had been subjected to IPPB,
nebulization, or some form of endotracheal
manipulation; this occurred in 91% of those
harboring serotype 04:H1. Antibiotics had been
given to 64% of these patients. The seven pig-
mented strains all were isolated from respiratory
sources and were also cultured from feces in one
patient and from urine in another.

Clinical observations. The mean age of patients
in this study was 61 years, excluding one newborn
infant and two infants under 1 year old; 79% were
males. Possible factors associated with Serratia
colonization or infection were sought. None of
the patients had received corticosteroids or anti-
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metabolites before the first positive culture for
Serratia, but 7 had diabetes, 23 were chronic alco-
holics, 14 had some malignancy, and 17 were in
the early postoperative period. Most of the post-
operative isolates followed prostatic surgery.

DISCUSSION
The urinary tract has been the most frequent

site of Serratia infections. The epidemiology of
hospital outbreaks of Serratia infections of the
urinary tract is still unclear. In an outbreak in-
volving 135 cases of urinary tract infections re-
sulting from Serratia on the "service" wards (in
contrast to wards for private patients), Allen and
Conger (1) confirmed the high incidence of in-
dwelling catheterization and urinary tract ab-
normality noted by others. Their epidemiological
study yielded negative results, except for the pres-
ence of Serratia species on the floor beneath the
beds of patients with persistently positive urine
cultures. Serotyping of strains was not done, but
the uniformity of the antibiotic sensitivity data
suggests that a single strain or a small number of
strains were involved. Overcrowding was a sig-
nificant factor, and the suggestion was made that
closed drainage systems for all catheters, twice
daily mopping of the floor with germicidal solu-
tions, and isolation of infected patients might be
useful in preventing or combating such outbreaks.
Wheat et al. (36) reported 11 patients with

urinary infections from pigmented strains and
noted that all had undergone instrumentation of
the urinary tract. An attempt to determine the
source of the organism was unrevealing; sero-
typing was not done. Magnuson and Elston (22)
reported seven cases of Serratia infection, five of
which were in the urinary tract. Two of the uri-
nary strains were typed as 05:H1, and a wound
infection also yielded this serotype. In another
case, Serratia 05:H10 was isolated from sputum
and urine and also from floor dust adjacent to the
patient's bed.

In a series of 104 patients from whom Serratia
was isolated from various sites over one year,
Clayton and von Graevenitz (4) noted six cases,
including four urinary tract infections, which
occurred within 5 days on one ward. In the survey
reported by Ewing et al. (11) of the serotypes of
Serratia from three hospitals, 19 strains in one
hospital were isolated from urine and three sero-
types predominated, 04:H4, 013 :H7, and
014:H4. Lancaster (18) reported 20 cases of
Serratia urinary tract infections which occurred
in 10 months; eight of the strains were serotyped
but were heterogenous. Detailed epidemiological
data were not reported; all but one of the patients
had been catheterized. Taylor and Keane (31)
described an outbreak of seven cases on a uro-

logical ward from a pigmented strain. All patients
had indwelling catheters, and the outbreak was
ended by stricter attention to care of the drainage
systems. Environmental cultures were negative
and serotyping was not done.

In the present study, strains of serotypes 02:H4
and 011 :H13 were associated with urinary tract
infections acquired mainly in the male urological
wards and outpatient clinic. Interestingly, 02 :H4
strains were frequently resistant to kanamycin,
whereas 011:H13 strains were not. The expected
high incidence of urinary tract instrumentation
was found, but a point source was never identi-
fied. Environmental cultues were not done.
When Serratia strains are found in the urine, it

is usually of clinical significance. In all of the cases
reported by Allen and Conger (1), colony counts
were high; this was true in 68% of our cases. How-
ever, the organism may appear as a contaminant,
and, when this is suspected, cultures should be
repeated.
Four of the 26 patients with "significant" bac-

teriuria developed bacteremias. This high rate
may be attributable to the fact that many of these
patients had been recently subjected to prostatic
surgery, the fresh wound forming an easy portal
of entry.
The treatment of urinary tract infections in pa-

tients with indwelling catheters or after prostatic
surgery is difficult. For Serratia species, the pre-
sumptive drug of choice currently is gentamicin,
unless sensitivity tests show the organism is
sensitive to a less toxic agent. For treatment of
asymptomatic bacteriuria due to Serratia when
all catheters have been removed and surgical
wounds are healed, nalidixic acid may be useful
and perhaps should be tried even when disc sensi-
tivity studies show resistance, since drug levels in
the urine may reach 50 to 200 Ag/ml (19).
Although the most frequent source of Serratia

isolates in this study was the respiratory tract,
these isolations were infrequently of clinical sig-
nificance (Table 4). In neither of the Serratia
outbreaks associated with respiratory equipment
was the incidence of infection, as opposed to
colonization, reported. However, Serratia species
can cause pneumonia, empyema, and lung ab-
scess. In the two largest series of Serratia bac-
teremias reported, roughly 15% had the respira-
tory tract as the portal of entry. Tillotson and
Finland (34) reported 149 pneumonia cases in
which serial cultures were made. Serratia strains
were not isolated from the initial culture in any of
these cases. However, this organism was subse-
quently isolated from 10 of the patients, in pure
culture in 4 of them, but in no instance did super-
infection (in contrast to colonization) by this
organism ensue.

350 APPL. MICROBIOL.
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The findings in this study seem to confirm the
role of respiratory equipment and procedures
such as endotracheal suction in the spread of
Serratia species in a hospital. Cabrera (3) showed
how a respiratory strain could infect wounds and
the urinary tract by demonstrating contamination
of containers of "sterile" saline used for irrigation
of wounds and catheters and findings that such
containers were also used to fill intermittent posi-
tive pressure breathing machines which were
probably contaminated in this manner. In the
present study, intensive epidemiological studies of
respiratory equipment were not done since the
respiratory strains did not present a clinical
problem. Both previous studies pointed out the
difficulty in sterilizing respiratory equipment once
contamination occurs. Ringrose et al. (25) had to
discontinue the use of ultrasonic nebulizers to
end the outbreak. Cabrera (3) found that only by
discontinuing use of reservoir nebulizers in the
IPPB machines and sterilizing the "medication
nebulizer," manifold tubing, and mouthpiece be-
tween each patient usage could the outbreak be
controlled.
The frequency with which the respiratory tract

was the source of the pigmented strains is of in-
terest. It is not known whether this represents
some propensity on the part of pigmented strains
to grow in the respiratory tract or merely reflects
the higher number of serotypes and non-hospital
acquired strains among the respiratory isolates.

Other types of hospital outbreaks and iatro-
genic infections from Serratia species deserve
comment. Rabinowitz and Schiffrin (24) de-
scribed an outbreak of 11 cases of meningitis,
wound infections, or arthritis on a pediatric ward.
Serratia was isolated from a single bottle of 5%
dextrose in saline used intravenously and topi-
cally in several of the cases. In an outbreak in a
nursery of newborn infants reported by McCor-
mack and Kunin (20), the reservoir of infection
was found to be contaminated caps of "cord
saline" bottles. Serratia species were isolated from
20 newborns, and in 22% of nursing mothers the
breasts were colonized. Eight cases of clinical ill-
ness were associated with S. marcescens among
these patients (five cases of urinary tract infec-
tions, and one each of balanitis, omphalitis, and
respiratory tract infection). The strain was a pig-
mented one, 06:H2. Stenderup et al. (30) re-
ported on a more serious epidemic in a maternity
hospital affecting premature infants. There were
six deaths due to septicemia, six cases of purulent
conjunctivitis, and one case of arthritis with
possible septicemia. The strain in these cases was
nonpigmented, 014 :H12. An epidemiological
survey was unrevealing.

Tlhe iatrogenic nature of other types of Serratia

infection is illustrated in several reports. The case
of meningitis in the outbreak reported by Rabino-
witz and Schiffrin (24) was from intravenous in-
jection of a contaminated solution. In two cases,
meningitis followed lumbar puncture for diag-
nostic purposes (32) or spinal anesthesia (16).
Both organisms were pigmented strains; one was
serotype 05:H2. Shedden (28) described three
cases of meningitis and septicemia which followed
insertion of Holter valves for hydrocephalus
associated with spina bifida. This cluster of three
cases suggests some common source. McCracken
and Lipscomb (21) reported three cases of peri-
tonitis associated with peritoneal dialysis; the iso-
lates were all pigmented, and two of the cases oc-
curred simultaneously. The association of Serra-
tia infections with indwelling venous catheters
noted previously (37) was confirmed in the pres-
ent study.
The development of hospital-acquired anti-

biotic resistance is well illustrated in the present
study. Although all of the 1957-58 strains were
kanamycin-susceptible, 35% of the isolates in the
present study, most of them of endemic serotypes,
were resistant.
The true dimensions of the problem of noso-

comial infections from Serratia species will not
be known until most clinical bacteriology labora-
tories are able to identify the nonpigmented
strains. In September 1968, the Diagnostic Labo-
ratory of the Massachusetts Department of Public
Health sent out a typical strain of S. marcescens
to the 121 laboratories which participate in its
Laboratory Approval Program; 60% of them
were unable to identify the organism correctly.
It was most frequently called Enterobacter or
Pseudomonas species, but was also identified as
Shigella, Proteus, Providencia, or Escherichia coli.
Recent reports of series of clinical isolates show
that many laboratories are still reporting species
as "Paracolon," "intermediate coliforms," or
"Paracolobactrum" species, and strains of
Serratia may well be included in these groups.
The therapeutical and epidemiological implica-
tions of a Serratia infection demand its prompt
identification. It should be emphasized that
Serratia strains can be readily identified 1 to 3
days after isolation by using commonly available
media.
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