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Of 93 strains of Staphylococcus aureus isolated from inpatient wards of Ismailia General Hospital, 48 (51 %)

dilutions (100 RTD) of phages. Of these 48 strains, 37 (75%) (33 from patients and 4 from interns) were
nontypeable when using RTD and 100 RTD of phages. Of the other 11 strains, 8 were nontypeable by RTD of
phages, but 5 of them had the phage pattern D11/1136 when tested by 100 RTD. Three strains had the phage
pattern 3A/3C/55/71, and three strains had different phage patterns, 29/81, 96, and 95/D11. The finding of
colonization with virulent MR S. aureus strains in interns working on the wards in which these patients were
located suggested that new strategies for control of MR S. aureus nosocomial infections must be considered and
evaluated.

Infections with methicillin-resistant (MR) Staphylococcus
aureus continue to be problematic in hospitalized patients.
Studies (12, 28) have attempted to define the epidemiology of
these infections, but many unanswered questions remain.
For therapeutic and epidemiological purposes, it is important to identify clinical isolates of S. aureus that are resistant
to methicillin. The detection of MR S. aureus has been a

recovery of strains with these phage patterns from interns
and patients in five wards of our hospital over a 4-month
period suggests that new strategies for the control of MR S.
aureus nosocomial infections in our hospitals must be considered.

MATERIALS AND METHODS
Bacterial strains. A total of 48 clinical isolates of MR S.
aureus were collected between June and September 1986
from patients admitted to five inpatient wards and all medical
staff working in these wards of Ismailia General Hospital.
The hospital is a 400-bed general- and acute-care referral
facility. The isolates of MR S. aureus were from blood
cultures, urine, and septic wounds of patients and from the
anterior nares of interns, nurses, and medical students. S.
aureus was identified by colony characteristics; microscopic
morphology; catalase, coagulase, and acetoin production;
and mannitol fermentation (17). Methicillin resistance was
detected by using oxacillin and methicillin disks (BBL Microbiology Systems) and the Bauer-Kirby disk diffusion test
(4, 21). Resistance was confirmed by microdilution testing
(30). The tests were performed by using Mueller-Hinton
broth (BBL) containing a final density of 5 x 105 CFU/ml.
The MICs were determined at 18 to 20 h of incubation at
35°C. Resistance MICs of oxacillin and methicillin were
>3.1 and >12.5 F.g/ml, respectively (27). MR S. aureus
obtained from various patients and carriers had variable
antibiotic susceptibility patterns.
Phage typing. Strains of MR S. aureus were sent to the
Centers for Disease Control, Atlanta, Ga. Their phage
patterns were determined at the Staphylococcus Laboratory, Nosocomial Infections Laboratory Branch. S. aureus
propagating strains were subcultured to a blood agar plate. A
single colony was picked to a Trypticase soy agar (BBL)
slant, incubated overnight at 37°C, transferred from the slant
into Trypticase soy broth, and incubated at 37°C for 4 to 6 h.
Trypticase soy broth cultures were used to flood Trypticase
soy agar plates, and the excess was removed and allowed to
dry. A drop of each dilution of the phages was applied on
previously designated areas of the dried plates. When the

continuing problem for clinical microbiologists since the first
reports of resistance to this drug in 1960 (2, 18). Recommendations for improving the detection of these isolates have
been reported (3, 5, 7, 26, 29, 30). Thornsberry and McDougal (30) described a reliable and practical microdilution
method for detecting resistance to penicillinase-resistant
penicillins in S. aureus.
S. aureus is responsible for nearly 10% of all nosocomial
infections. It is surpassed only by Escherichia coli as a cause
of bacteremia (8). In the 1950s, a particularly virulent
bacteriophage type, 80/81, caused outbreaks of serious nosocomial staphylococcal infection in hospitals throughout the
world and was also found to colonize and infect hospital
workers (10, 20, 22). The introduction of antistaphylococcal
antibiotics in the 1960s coincided with the eclipse of strain
80/81, which was replaced by diverse phage types responsible for nosocomial infection (14-16, 22).
Antibiotic abuse is very common in Egypt, especially oral
penicillins (the cheapest antibiotics) (13, 19). Staphylococcal
resistance to methicillin develops quickly and is frequently
found in clinical isolates, particularly from hospitalized
patients with a history of frequent treatment with penicillins
(K. I. Khalifa and H. N. Abuelata, Program Abstr. 27th
Intersci. Conf. Antimicrob. Agents Chemother., abstr. no.
741, 1987). A high proportion of nosocomial MR staphylococcal infection was noted in our hospitals (13, 19). To better
understand the epidemiology of these virulent MR S. aureus,
we studied their phage type patterns.
In this paper, we report that a significantly high percentage
of nontypeable virulent strains of MR S. aureus was isolated
from patients and nasal carriers (newly arrived interns). The
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were proven to be methicillin resistant (MR). Of these MR S. aureus strains, 44 were isolated from patients and
4 were isolated from healthy carriers, who were newly arrived interns working in the same wards.
Bacteriophage patterns of MR S. aureus were identified by using routine test dilution (RTD) and 100-fold
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TABLE 2. Phage patterns of 11 MR S. aureus strains

TABLE 1. MR and methicillin-susceptible S. aureus strains
isolated from patients and carriers

Phage pattern by:

Strain

No. (%) of strains isolated

S. aureus
type

Patients

Carriers

Total

MR
MSa

44 (64.7)
24 (35.3)

4 (16.0)
21 (84.0)

48 (51.6)
45 (48.4)

a MS, Methicillin susceptible.

RESULTS
Of a total of 93 S. aureus strains, 48 (51%) were resistant
to methicillin and oxacillin; 44 MR strains were isolated from
patients in five inpatient wards of Ismailia General Hospital,
and 4 were isolated persistently from healthy hospital workers (carriers) over a period of 4 months. The other 45 strains
were methicillin susceptible (24 from patients and 21 from
medical staff) (Table 1). A total of 25 S. aureus strains were
isolated from all medical staff working in the wards where
the patients were located; 21 were methicillin susceptible
and 4 were MR (Table 1). The four MR S. aureus carriers
were newly arrived interns working in these wards during
the summer semester and were actually responsible for
caring for these patients. No MR S. aureus strains were
isolated from 30 hospital employees with no direct contact
with the patients. Patients and employees in the outpatient
clinic were not tested.
The frequency of resistance for the isolated strains was
51%. All the resistant strains were uniformly coagulase
positive (by both slide and tube methods). Disk diffusion
testing, to determine the frequency of resistance, was done
under the same conditions for all strains as a function of
time, temperature, and source of Mueller-Hinton agar.
The phage typing results for the isolates were restricted to
the MR strains only. Methicillin-susceptible strains are not
included in these data. Of the 48 MR S. aureus strains, 37
(75%) (including the 4 strains isolated from carriers) were
nontypeable by RTD and 100 RTD of phages. The phage
typing results showed that the other 11 isolates were typeable (Table 2). Of these 11 strains, 8 (73%) were nontypeable
by RTD of phages, but typeable by 100 RTD (Table 2). When
using 100 RTD of phages, we found that 5 of the 11 typeable
strains had the phage pattern D11/1136 and three strains had
the phage pattern 3A/3C/55/71 (Table 2). The antibiotic
susceptibility patterns of the nontypeable MR S. aureus
strains were not similar. Our finding that 75% of MR S.
aureus isolated from patients and carriers were nontypeable
by RTD and 100 RTD of phages represents a high percentage. When cultures were retested with the more concentrated phages (100 RTD), the criteria for phage typing may
be applied if the reactions are those of strong lysis. Often,
the concentrated preparations produce a number of weak
reactions (less than 50 plaques) or inhibition reactions which
are not reproducible enough to be useful (6). It is advisable

1
2
3
4
5
6
7
8
9
10
il

NR'
NR
NR
NR
NR

3A/3Cd

Dllb/1136c
Dllb/1136c

Dllb/1136c

95d/Dlle
Dllb/1136c
3A/3C/55/71
29/81

NR
NR
NR

96

3Cd
3Cd

3A/3C/55/71
3C/55/71 (weak 3A)

D11/1136f

" NR, No reaction.
b Confluent or semiconfluent lysis.
' Over 50 plaques.
d 20 to 50
plaques.
e Fewer than 20 plaques.
f Weak reaction.

to include only the strong reactions (more than 50 plaques)
and to disregard all lesser degrees of reaction (5). If this is
done, we can add more nontypeable strains to our results
(Table 2).

DISCUSSION
The introduction of phage typing to epidemiological surveys of hospitalized patients for up to 20 years demonstrated
that once carriers are colonized with certain strains of S.
aureus, they generally maintain that strain and become
sources of infection (33). Recent studies of the hospital
ecology of S. aureus did not identify predominant phage
types in nosocomially acquired staphylococcal infections (9,
24, 31-33). In contrast, Cross et al. (11) reported that a
limited number of S. aureus phage types were isolated from
the blood of patients over a 1-year period. Egyptian investigators reported that 25% (19) and 40% (13) of S. aureus
strains isolated from septic wounds were nontypeable. There
is the fact that the number of nontypeable S. aureus strains

is increasing.
Archer and Mayhall (1) reported that an MR S. aureus
strain may be traced by using four specific epidemiological
markers: antibiogram, phage type, production of aminoglycoside-inactivating enzyme, and plasmid pattern. They compared the efficacy of these epidemiological markers and
reported that plasmid pattern analysis was superior to both
phage typing and the antibiogram and that it should be even
more useful for epidemiological investigations of complex
MR S. aureus outbreaks involving multiple strains in different hospitals (1). However, there are limitations to the
plasmid analysis procedure. For instance, two patterns may
be very similar but not identical, differing only by a single
plasmid. The loss or gain of a single plasmid may be
associated with the loss or gain of antibiotic resistance.
Of the 25 S. aureus strains isolated from medical staff
(responsible for caring for these patients) in our hospital, 4
nontypeable MR strains, responsible for 75% of serious MR
staphylococcal infections, were frequently isolated from
four interns working in the wards with the patients. This
finding raises difficult question about the control of nosocomial staphylococcal infections. There are few data linking
staphylococcal carriage by hospital workers to infections in
their patient contacts. Rountree and Barbour (25) reported
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phage drops had dried, the plates were covered, inverted,
and incubated at 30°C for 18 to 24 hours. The lytic reactions
on the plate were read under transmitted light against a black
background (see Table 2). The phages used were the international set of 23 typing phages (23) and two experimental
phages. The routine test dilutions (RTD) of phages 29, 52,
52A, 79, 80, 3A, 3C, 55, 71, 6, 42E, 47, 53, 54, 75, 77, 83A,
84, 85, 81, 94, 95, and 96 and experimental phages Dl and
1136 were used. The procedure was repeated by using
100-fold dilutions (100 RTD) of the phages (6).

100 RTD

RTD

VOL. 27, 1989

PHAGE PATTERNS OF MR S. AUREUS IN HOSPITAL OUTBREAK

ACKNOWLEDGMENT
We thank Carol Crowder, Nosocomial Infections Laboratory
Branch, Centers for Disease Control, for technical assistance.
LITERATURE CITED
1. Archer, G. L., and C. G. Mayhall. 1983. Comparison of epidemiological markers used in the investigation of an outbreak of
methicillin-resistant Staphylococcus aureus infections. J. Clin.
Microbiol. 18:395-399.
2. Barber, M. 1961. Methicillin-resistant staphylococci. J. Clin.
Pathol. 14:385-393.
3. Barry, A. L., and R. E. Badal. 1977. Reliability of the microdilution technique for detection of methicillin-resistant strains of
Staphylococcus aureus. Am. J. Clin. Pathol. 67:489-496.
4. Bauer, A. W., W. M. M. Kirby, J. C. Sherris, and M. Turk.
1966. Antibiotic susceptibility testing by a standardized single
disk method. Am. J. Clin. Pathol. 45:493-496.
5. Blackwell, C. C., and D. S. Feingold. 1975. Frequency and some

properties of clinical isolates of methicillin-resistant Staphylococcus aureus. Am. J. Clin. Pathol. 64:372-377.
6. Blair, J. E., and R. E. O. Williams. 1961. Phage typing of
staphylococci. Bull. W.H.O. 24:771-784.
7. Brown, D. F. J., and D. Kothari. 1974. The reliability of
methicillin sensitivity tests on four culture media. J. Clin.
Pathol. 27:420-426.
8. Centers for Disease Control. 1982. National nosocomial infections study report. Annual Summary (1979). Centers for Disease

Control, Atlanta.

9. Cluff, L. E., R. C. Reynolds, D. L. Page, and L. L. Breckenridge.
1968. Staphylococcal bacteremia and altered host resistance.
Ann. Intern. Med. 69:859-873.
10. Cohen, L. S., F. R. Fekety, and L. D. Cluff. 1982. Studies of the
epidemiology of staphylococcal infection. N. Engl. J. Med.
266:367-372.
11. Cross, A. S., C. H. Zierdt, B. Roup, R. Almazan, and J. C.
Swan. 1983. A hospital-wide outbreak of septicaemia due to a
few strains of Staphylococcus aureus. Am. J. Clin. Pathol.
12.

79:598-603.
Crossley, K., B. Landsman, and D. Zaske. 1979. An outbreak of
infections caused by strains of Staphylococcus aureus resistant
to methicillin and aminoglycosides. Il. Epidemiologic studies. J.
Infect. Dis. 139:280-287.

13. El-Batawi, Y., F. Sobhi, and F. Mitkis. 1975. Bacteriological
investigation of a limited outbreak of hospital wound infection.
J. Egypt. Public Health Assoc. 1:201-204.
14. Gross, P. A., R. Lyons, and M. Flower. 1976. Endemicity of
multiple staphylococcal phage types: relation of two common
source outbreaks. Nephron 16:462-471.
15. Harris, D. M. 1973. Staphylococcal infection in an intensive
care unit and its relations to infection in the remainder of the
hospital. J. Hyg. 71:341-348.
16. Jessen, O., K. Roseland, P. Bulov, V. Faber, and K. R. Eriksen.
1969. Changing staphylococci and staphylococcal infections. N.
Engl. J. Med. 281:627-635.
17. Kloss, W. E., and J. H. Jorgensen. 1985. Staphylococci, p.
143-153. In E. H. Lennette, A. Balows, W. J. Hausler, Jr., and
H. J. Shadomy (ed.), Manual of clinical microbiology, 4th ed.
American Society for Microbiology, Washington, D.C.
18. Knox, R., and J. T. Smith. 1961. The nature of penicillin
resistance in staphylococci. Lancet ii:520-522.
19. Mitkis, F. A., S. A. Shoeb, N. A. Sedky, M. M. Ezzat, and S. S.
Zaki. 1980. Staphylococcus hospital wound infection: a followup bacteriological study. Egypt. J. Med. Sci. 2:135-140.
20. Nahmias, A. J., and T. C. Eickhoff. 1961. Staphylococcal
infection in hospital. N. Engl. J. Med. 265:177-182.
21. National Committee for Clinical Laboratory Standards. 1985.
Methods for dilution antimicrobial susceptibility tests for bacteria that grow aerobically. Approved Standard M7-A. National
Committee for Clinical Laboratory Standards, Villanova, Pa.
22. Parker, M. T. 1962. Phage typing and the epidemiology of
Staphylococcus aureus infections. J. Appl. Bacteriol. 25:389402.
23. Parker, M. T. 1983. The significance of phage typing patterns in
Staphylococcus aureus, p. 33-62. In C. S. F. Easmon and C.
Adlam (ed.), Staphylococci and staphylococcal infections, lst
ed. Academic Press, Inc. (London), Ltd., London.
24. Phair, J. P., C. Watanekunakorn, L. Golberg, and J. Carleton.
1972. Ecology of staphylococci in a general medical service.
Appl. Microbiol. 24:967-971.
25. Rountree, P. M., and R. G. H. Barbour. 1951. Nasal carrier
rates of Staphylococcus pyogenes in hospital nurses. J. Pathol.
Bacteriol. 63:313-324.
26. Sabath, L. D. 1977. Chemical and physical factors influencing
methicillin-resistance of Staphylococcus aureus and Staphylococcus epidermidis. J. Antimicrob. Chemother. 3(Suppl. C):
47-51.
27. Smith, S. M. 1986. In vitro comparison of A-56619, A-56620,
amifloxacin, ciprofloxacin, enoxacin, norfloxacin, and ofloxacin
against methicillin-resistant Staphylococcus aureus. Antimicrob. Agents Chemother. 29:325-326.
28. Thompson, R. L., I. Cabezudo, and R. P. Wenzel. 1982. Epidemiology of nosocomial infections caused by methicillin-resistant Staphylococcus aureus. Ann. Intern. Med. 97:309-317.
29. Thornsberry, C., J. Q. Caruthers, and C. N. Baker. 1973.
Effects of temperature on the in vitro susceptibility of Staphylococcus aureus to penicillinase-resistant penicillin. Antimicrob. Agents Chemother. 4:263-269.
30. Thornsberry, C., and L. K. McDougal. 1983. Successful use of
broth microdilution in susceptibility tests for methicillin-resistant (heteroresistant) staphylococci. J. Clin. Microbiol. 18:
1084-1091.
31. Vogelsand, T. H. M. 1958. Carriage of phage patterns of
pathogenic staphylococci in medical students. Acta Pathol.
Microbiol. Scand. 42:196-210.
32. Williams, R. E. O. 1946. Skin and nose carriage of bacteriophage types of Staphylococcus aureus. J. Pathol. Bacteriol.
58:259-268.
33. Zierdt, C. H. 1982. Long-term Staphylococcus aureus carrier
state in hospital patients. J. Clin. Microbiol. 16:517-520.

Downloaded from http://jcm.asm.org/ on September 29, 2017 by guest

that nursing students previously identified as noncarriers are
at the greatest risk of becoming colonized with organisms
containing antibiotic-resistant phage types common to the
hospital. In another study, the phage type of the organism
carried by medical students who were intermittent carriers
frequently changed over a period of months (31).
The presence of these phage patterns in our hospital
presents a difficult problem of infection control. Compared
with other hospital personnel, interns have a particularly
intense and widespread exposure to patients at risk of
developing nosocomial infections. If interns did indeed function as a reservoir for virulent staphylococci, their capacity
to disseminate and perpetuate these strains must be considered in any attempt to control nosocomial staphylococcal
infections. Furthermore, it would be impractical and costly
(and probably futile) to treat all carriers with antimicrobial
agents, since this would conceivably include many patients.
Therefore, the implementation of strict sanitary control
measures such as hand washing, using gloves, and observing
thorough disinfection practices should be reinforced to prevent MR S. aureus nosocomial infections.
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