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SUMMARY

Enterotoxin production by strains of Staphylococcus aureus isolated from clinical
specimens of human and animal origin and from healthy human carriers was
investigated. All nine patients admitted to hospital with symptoms of toxic shock
svndrome (TSS) vielded enterotoxin-producing strains of 8. aureus. Eight of these
produced staphylococcal enterotoxin F (SEF). A significantly smaller proportion
of strains (42°, of 50 strains tested) isolated from other clinical specimens of
hospitalized patients produced SEF. Production of SEF by strains isolated from
clinical specimens of animal origin (48 strains) was not observed. Twenty-nine
per cent of 24 S. aureus strains isolated from noses of hospital staff produced
SEF. This result was not significantly different from that obtained from strains
isolated from clinical specimens other than TSS. A similar percentage of strains
isolated from healthy human carriers outside hospital produced SEF (25°, of 24
strains tested).

The results indicated that enterotoxin production. especially that of SEF. is
associated with S. aureus isolated from patients suspected of TSS. There was no
indication of an association between S. aureus isolated from other staphylococcal
infections and SEF production.

All strains were phage tvped and 79°, of the strains belonging to the inter-
national phage-group I produced SEF. All strains lysed by phage 187 were found
to produce SEF.

INTRODUCTION

Todd et al. (1978) described a disease associated with Staphylococcus aureus called
toxic shock syndrome (TSS). The symptomsobserved included vomiting, diarrhoea,
high fever. erythroderma. oedema. kidney-insufficiency and shock. Most of the
patients described with this disease are women and most become ill during their
menstrual period (Davis et al. 1980). Symptoms of TSN are also observed asso-
ciated with other 8. aureus infections such as abscesses and osteomyelitis (Bergdoll
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et al. (1981). These workers isolated strains producing an enterotoxin-like protein,
which was tentatively named enterotoxin F (SEF). from 949, of patients. Their
investigations demonstrated a clear association between TSS and SEF producing
S. aureus strains. Schlievert et al. (1981) found the production of a toxic protein
called exotoxin (" in 100 °, of the S. aureus strains isolated from patients with TSS.
Since both toxins have a similar molecular weight and an equal iso-electric point
they may be identical (Schlievert ef al. 1981: Bergdoll et al. 1981).

Bergdoll et al. (1981) examined 62 S. aureus strains from clinical sources other
than TSS and from foods and animals. Only four of these strains produced SEF.
Preliminary investigations in our laboratory indicated that SEF producing
strains are frequently found in pus.

In this report we describe the enterotoxigenicity of S. aureus strains isolated
from (i) patients suspected of TSS, (ii) other human clinical specimens from
hospitalized patients. (iii) animal clinical specimens and (iv) healthy human
carriers both in and outside hospital. All strains were also phage typed.

MATERIALS AND METHODS

Strains of S. aureus. Strains were isolated from patients with suspected TSS and
from patients with wounds, furuncles, sepsis, mastitis and paronychia and were
collected in 19 different hospitals in The Netherlands. Strains from animals were
obtained from district animal health laboratories. These were isolated from
chickens with sepsis (haemolytic strains were recognized as 8. aureus), from cows
with mastitis and from dogs with wounds. Strains were also obtained from the noses
of hospital staff in 13 different hospitals and from the noses of people outside
hospital. Eleven additional strains lysed by phage 187, and taken from the
collection in our laboratory, were tested for enterotoxin production. These had
been isolated from wounds and noses of hospital staff.

Enteroloxin production. Strains of 8. aureus were tested for enterotoxin pro-
duction using the sac-culture method of Donelly et al. (1967). After inoculation the
sac-culture was incubated at 37 °C on a rotary shaker (120 r.p.m.) for 40h, and
then centrifuged at 10000 g for 10 min. The supernatant was tested for the
presence of enterotoxin using the optimal sensitive plate method (OSP-method)
as described by Robbins, Gould & Bergdoll (1974). The OSP-method is a modified
immuno-gel diffusion technique (Ouchterlony, 1958).

Reference toxins and antisera used in the OSP-method were kindly provided by
Professor M. S. Bergdoll, Food Research Institute, Madison, Wisconsin, U.S.A.
The tests for SEF production were also performed using SEF and anti-SEF
prepared in our laboratory (Notermans and Dufrenne. in the press).

Phage-typing. All strains tested for enterotoxin production were phage
typed using the international basic set of typing phages and phage 187 (Report
Sub-committee Staphylococcal Phage-typing, 1975). If they were untypable with
the international phages they were further tested with an additional set of phages
(Van Leeuwen & Rost, 1976).
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Table 1. Enterotoxin production by strains of S. aureus isolated from patients with
suspected T'SS

Nite of Phage-group Production of
Patient* irolation (phage pattern) enterotoxin

1 Throat 1(52) F

2 Vagina 1(29/52/81) K

3 Vagina 1(29/80) F

4 Cervix. ureter, anus. urine non-typable K

5 Vagina 1(29) AF

6 Vagina. cervix 1(29/52/79) AF

7 Nose. pustule, cerebro 1(29/52/79/81)111(54/42E) F

spinal fluid
Blood I(3A/55/71) —
XITH(94/96/14/15) —

8 Throat [(81) F
1(29/52/80/81) F
1(29/81)/111(6/47/53/54/75/83A/85) A

9 Nose. throat [(81) ABD

Wound 11(36(*/55) —

* Patient 1-7: menstruating women: patient 8: girl (11 vears old): patient 9: girl (7 vears
old).

RESULTS

Enterotoxin-producing strains of S. aureus were isolated from all of the patients
with suspected TSS (Table 1). Strains from eight cases produced SEF alone or
together with SEA. No attempts were made to isolate S. aureus from the vagina
of patient 1, though a strain of 8. aureus isolated from the throat was available.
From patient 4 strains of S. aureus were also isolated from the ureter, anus, and
urine and they were indistinguishable from the strain isolated from the cervix.
Strains with an identical phage pattern were obtained from the vagina of patient
6 and from her cervix, and from menstrual discharge. Similar strains of S. aureus
were isolated from the nose, from a pustule and from cerebro-spinal fluid of patient
7. These strains had the same phage type and produced SEF. Two different strains
were isolated from her blood, one belonged to phage group 11 and the other to phage
group XIII, and they did not produce SEF.

Patient 8 (a non menstruating girl of 11 years) yielded S. aureus from the throat
only. Three different strains were obtained; two of these produced SEF, one was
lysed by phage 81 (group I) and the other by phages 29, 52, 80, 81 (group I). The
third strain produced SEA and was lysed by phages 29, 81. 6, 47, 53, 54, 75, 83A,
85 (group I/111).

Strains of S. aureus sensitive to phage 81 were isolated from the nose and throat
of patient 9 and they produced SEA, SEB and SED. A strain of 8. aureus isolated
from a knee wound belonged to phage group 11 and did not produce enterotoxin.

Enterotoxin production by strains of S. aureus isolated from human clinical
specimens not associated with TSS is given in Table 2. Forty-two per cent of the
strains isolated from infections other than TSS produced SEF, which is significantly
lower (P = 0-05) than the frequency of SEF production by strains isolated from
patients with suspected TSS. Twenty-nine per cent of strains isolated from noses
of hospital staff produced SEF (Table 3, upper panel). Of strains isolated from nasal
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Table 2. Enterotoxin production by strains of S. aureus isolated from clinical

specimens
No. of
strains
No. of producing Enterotoxin produced
strains enterotoxins — A -
Source of specimen tested A-F A B ¢ D E F
Wounds 29 18 2 4 2 — — 12
Furuncles 6 5 2 1 — 1 — 2
Paronychia 8 8 3 1 ! 1 — 5
Mastitis 2 2 — — — — 2
Tracheitis [ 1 — — — 1 — —
Septicaemia 2 1 — 1 — — — —
Cerebro-spinal fluid 2 1 —_ 1 — — — —
TSS 9 9 3 1 — 1 — 8

carriers outside hospital 259, produced SEF, which is not significantly lower than
SEF production by strains isolated from carriers in hospital and from human
clinical specimens. Strains of S. aureus isolated from clinical specimens of animals
did not show SEF production (Table 3. lower panel).

Production of enterotoxins other than SEF is also shown in the tables. Some
strains produced a combination of two or more enterotoxins. Of note was the
combination of SEF production with SEA and SEC. Of the 55 strains of § aureus
which produced SEF, 31 9% produced SEF only, 14 ¢, SEF and SEA, 5%, SEF and
SEC and 5%, SEF, SEA and SEC.

Phage-typing results showed that these animal strains were different from those
isolated from human beings (Table 4). There was no great difference between the
incidence of different phage groups among strains isolated from human clinical
specimens, from carriers inside hospital and from carriers outside hospital.

Enterotoxin production by strains isolated from human beings (patients and
carriers in and outside hospital) and the phage groups to which these strains
belonged are presented in Table 5 (together with enterotoxin production by the
additional strains lysed by phage 187). Seventy-nine per cent of strains which
belonged to phage group I produced SEF. All strains that were sensitive to phage
187 produced SEF, usually in combination with SEA and SEC. No clear relationship
between SEF production and susceptibility to any particular phage in phage group
I was found.

Reproducibility of the results. Twenty-five strains chosen at random were tested
a second time for enterotoxin production. In this experiment the whole procedure
(including growth in sac-cultures) was repeated. Twenty-three strains gave the
same results as in the first experiment. Once SEC production was not observed
and once, instead of SEF, production of SEC was observed. Anti-SEF serum
produced in our laboratory gave the same results as anti-SEF serum obtained from
Professor M. S. Bergdoll, when used to detect the production of SEF by 20 strains.
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Table 3. Enterotoxin production by strains of S. aureus isolated from human clinical
infections, excluding TSS, from carriers in and outside hospital and from animals

No. of
strains
No. of producing Enterotoxin produced
strains enterotoxins  — -A —
Strains isolated from tested A-F A B ¢ D E F
Clinical infections 50 36 1 8 3 3 — 21
Carriers in hospital 24 15 7 2 2 1 — 7
Carriers outside hospital 24 16 3 2 3 4 — 6
Cows (mastitis) 24 1 — — 1 — — —
Chickens (sepsis) 14 2 1 — — 1 — —
Dogs (wounds) 10 4 - - 4 - = =
Table 4. Phage-groups of strains of S. aureus isolated from carriers,
patients and animals
No. of No. of
carriers in carriers out- No. of No. of
Phage-group* hospital side hospital patients animals
I 7 7 23 —
11 1 4 8 —
I11 1 2 3 10
X1 4 5 3 —
X111 3 2 7 -—
XVI 3 — 4 —
17111 2 2 5 12
mixedt 2 — 1 9
non-typable 1 2 6 17
* Phage groups X1, XIIT and XVT are described by Van Leeuwen & Rost (1976).
t Other phage groups.
Table 5. Enterotoxin production by strains of S. aureus isolated
from human beings in relation to phage-groups
No. of '
strains
No. of producing Enterotoxin produced
strains enterotoxin — A -~
Phage-group* tested A-F A B ¢ D E F
| 37 35 10 2 2 2 — 29
11 13 3 1 2 — — — —
111 6 b5 2 | i 2 — —_
187 13 13 9 — 7 — — 13
XI 12 7 2 — 6 1 — 1
X111 12 7 — 6 — — — |
XVI 7 7 — — — 1 — 6
I/111 9 7 2 1 | 2 — 2
Mixedt 3 0 — — — — — —
Non-typable 9 6 1 1 — 1 — 3

* Phage groups X1, XIII and XV1 are described by Van Leeuwen & Rost (1976).

t Other phage groups.
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DISCUSSION

Enterotoxin-producing strains of S. aureus were isolated from all nine patients
with suspected TSS and strains from eight of the patients produced enterotoxin F
(SEF). These findings are in agreement with the results of Bergdoll et al. (1981)
indicating that enterotoxins, particularly SEF, may be a cause of the signs and
symptoms of TSS. In constrast with the findings of Bergdoll ef al. (1981) we found
that a high percentage of strains isolated from clinical specimens not associated
with TSS also produced SEF (429, of the strains tested). However, the results
may suggest that SEF production was not associated with S. aureus isolated from
patients with symptoms other than those of TSS: (i) an equal percentage of
strains isolated from clinical infections and from human carriers in and outside
hospital produced SEF and (ii) SEF production was not observed among strains
isolated from animal clinical specimens. Production of enterotoxin, particularly
that of SEF, can be regarded as an important virulence factor of S. aureus.
However, the question arises as to whether strains which are able to produce SEF
in broth also produce the toxin under other conditions. It is known that
enterotoxin production of S. aureus under anaerobic conditions is much reduced
(Baird-Parker, 1971). Under strict anaerobic conditions we found that SEF
producing S. aureus strains failed to produce this toxin in vitro (results not
presented). As SEF-producing strains are commonly found in human carriers both
outside and in hospital more investigations are needed regarding SEF production
in vivo Also, other factors which may limit the occurrence of TSS should be
studied, for instance, the antibody production against SEF.

The production of enterotoxins A to E by strains isolated from human
infections corresponded with the results of Wieneke (1974) and Berman, Gilpil &
Knight (1981). The enterotoxin production by strains isolated from animals agreed
with the results of Casman et al. (1967), Briickler et al. (1981) and Shiozawa, Kato
& Shimiza (1980). With regard to the phage-typing patterns of SEF-producing
strains a strong association was found with lysis by phage 187 and by phages of
group I. Strains sensitive to phage 187 are rarely isolated ; about 1 % of strains from
clinical specimens and human carriers in the Netherlands are lysed by this phage
(unpublished results). About 30 %, of human strains belong to phage group 1. All
strains lysed by phage 187 and nearly 809, of strains belonging to phage group
I produced SEF. The observation that SEF is produced as a single toxin or only
in combination with SEA or SEC may also be important with regard to the genetic
mechanism of SEF production by S. aureus.
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of Utrecht, The Netherlands.

https://doi.org/10.1017/50022172400071060 Published online by Cambridge University Press


https://doi.org/10.1017/S0022172400071060

S. aureus enterotoxin in toxic shock syndrome 505

REFERENCES

BAIRD-PARKER, A. C. (1971). Factors affecting the production of bacterial food poisoning toxins.
Journal of Applied Bacteriology 34, 181-197.

BeErGDOLL, M. S., Crass, B. A., REISER, R: F., RoBBINs, R. N. & Davis, J. P. (1981). A new
staphylococcal enterotoxin, enterotoxin F, associated with toxic-shock-syndrome Staphy-
lococcus aureus isolates. The Lancet, i, 1017-1021.

BeErMAN, R. E., GiLPIN, R. W. & KN1GHT, R. A. (1981). Enterotoxin synthesis by clinical isolates
of Staphylococci. Laboratory Medicine 12, 621-622, 654.

BRUCKLER, H., KLiMaA, M., ScHAEG, W., MaNz, D. & BLoBEL, M. (1981). Staphylococcus aureus
von Kiihen mit subklinischen Euerinfektionen. Zentralblatt fiir Veterindrmedizin; Reihe B 28,
494-499.

CasMan, E. P., BENNET, R. W, DoRrsgy, A. E. & Issa, J. A. (1967). Identification of a fourth
Staphylococcal enterotoxin, enterotoxin D. Journal of Bacteriology 94, 1875-1882.

Davis, J. P, Cuesney, P.J., Wanp, P. & LA VENTURE, M. (1980). Toxic-shock-syndrome:
epidemiologic features recurrence, risk factors and prevention. New England Journal of
Medicine 303, 1429-1435.

DoneLLy, C. B., Lesuir, J. E., Brack, L. A. & Lewis, K. U. (1967). Serological identification
of enterotoxigenic staphylococci from cheese. Applied Microbiology 15, 1382-1387.

NoTERMANS, S. & DUFRENNE, J. (1982). A simple purification method for enterotoxin F
produced by Staphylococcus aureus and some properties of the toxin. Antonie van Leeuwenhoek.
(In the Press.)

OvcHTERLONY, O. (1958). Diffusion-in-gel in methods from immunological analysis. Progress in
Allergy 5, 1-77.

REPORT SUBCOMMITTEE STAPHYLOCOCCAL PHAGE-TYPING (1975). National Journal of Systematic
Bacteriology 25, 241-242.

Romsgins, R., GouLp, S. & BErRGDOLL, M. S. (1974). Detecting the enterotoxigenity of Staphy-
lococcus aureus strains. Applied Microbiology 28, 946-950.

ScHLIEVERT, P. M., SHaNDs, K., Dan, B. B., Scamip, G. P. & NisuimMura, R. D. (1981).
Identification and characterization of an exotoxin from Staphylococcus aureus associated with
toxic-shock-syndrome. Journal of Infectious Diseases 143, 509-516.

SHi0zawa, K., KaTo, E. & SHiMi1za, A. (1980). Enterotoxigenity of Staphylococcus aureus strains
isolated from chickens. Journal of Food Protection 43, 683—685.

Topp, J., FisnauT, M., KaPrAL, M. & WELCH, T. (1978). Toxic-shock-syndrome associated with
phage group I staphylococci. Lancet ii, 1116-1118.

VAN LEevwen, W.J. & Rosrt, J. A. (1976). An additional set of phages for the typing of
Staphylococcus aureus strains of human origin and non-typable with the international basic
set of phages. Zentralblatt fiir Bakteriologie Mikrobiologie und Hygiene, I. Abteilung. Supplement
Heft 5, 1013-1019.

WIENEKE, A. A. (1974). Enterotoxin production by strains of Staphylococcus aureus isolated from
foods and human beings. Journal of Hygiene 73, 255-261.

https://doi.org/10.1017/50022172400071060 Published online by Cambridge University Press


https://doi.org/10.1017/S0022172400071060

