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Potential Possibilities of Using Phage Typing in Elimination
of Multidrug Resistant Staphylococci
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Abstract

Coagulase-negative staphylococci (CoNS) have become the most often isolated bacteria from blood culture, spinal
fluid and respiratory tracts of neonates. These nosocomial strains are often resistant to oxacillin and other antibiotics
(macrolides, aminoglycosides and fluorochinolones). 50 multidrug resistant CoNS strains isolated from bloodstream
neonatal infections were tested for sensitivity to 23 lytic staphylococcus bacteriophages. No lytic patterns for 19 of the
phages were observed. Phages P4, A3R and 676/Z were active against 46%, 54% and 56% of the strains, respectively.
In general, 60% of CoNS isolates were susceptible to one or more of the staphylococcus bacteriophages.
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Neonatal Intensive Care Unit’s (NICU) patients seemed to be the most susceptible group to bloodstream
infections. Intensive treatment using arterial, intravenous and broviac catheters, ventilation and other risk
factors such as a low birth weight, and neutropenia, favour neonatal nosocomial infections (Beck-Saque
et al., 1994; Huebner and Kropec, 1995; Reimer ef al., 1997; Rupp and Archer, 1994). Coagulase-negative
staphylococci (CoNS) have become the most often isolated bacteria from blood culture, spinal fluid
and respiratory tracts of neonates (Burnie et al., 1997; Drulis-Kawa et al., 2002; Huebner and Kropec,
1995; Kellogg et al., 2000; Pfaller et al., 1998; Villari et al., 2000; Weinstein et al., 1998). Prolonged period
of hospitalisation and unrestricted use of antibiotics leads to the development of antibiotic resistance
and to nosocomial infection problems (Beck-Saque et al., 1994; Hall, 1991; Pfaller et al., 1998). From
60% to 90% of CoNS strains isolated from bloodstream infections are reported as resistant to oxacillin.
These strains are also frequently resistant to other antibiotics (macrolides, aminoglycosides and fluoro-
chinolones) (Drulis-Kawa et al., 2002; Pfaller ef al., 1998; von Eiff et al., 2000). Because glycopeptides
are often the only drugs active against multi-resistant gram-positive strains, the emergence of low sensiti-
vity to vancomycin was also reported (Hiramatsu et al., 1997; Sieradzki et al., 1999; Smith et al., 1999).
Therefore, new antibiotics or antimicrobial agents are needed to treat neonatal infections and to decrease
selection of multidrug-resistant nosocomial pathogens (Baquero, 1997; Biswas et al., 2002; Sulakvelidze
et al., 2001; von Eiff et al., 2000).

The aim of this study was to determine the sensitivity spectra of CoNS strains isolated from neonatal
bloodstream infections to antibiotics and to specific bacteriophages.

A collection of a total of 50 CoNS strains was isolated from blood culture and tracheal aspirates of the
neonatal patients treated in Neonatal Intensive Care Units (NICU) in Wroclaw, Poland. Isolates were
included only from patients with monomicrobic infection. The examined collection of bacteria contained
32 S. epidermidis isolates, 11 S. haemolyticus isolates and 7 other CoNS Staphylococcus isolates (S. simulans
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[n=3], S. chromogenes [n=2], S. warneri [n= 1], S. xylosus [n= 1]). The sensitivity to antimicrobial agents
was measured by applying the following antibiotics: oxacillin, gentamicin, chloramphenicol, clindamycin,
azithromycin, ciprofloxacin, tetracycline, and vancomycin. MICs of the antimicrobial agents tested were
performed using E-tests (AB Biodisc, Sweden). Detection of oxacillin/ methicillin resistance was carried
out on Mueller Hinton agar (MHA) + 2% NaCl. Direct colony suspensions in saline to a 0.5 units of
McFarland turbidity scale were plated and incubated at 35°C in ambient atmosphere for 48 hours. Detection
of glycopeptide resistance of strains was carried out on Brain Heart Infusion agar (BHI). Colonies from
a 24 hour blood plate were suspended in BHI broth to a turbidity of 2 in McFarland scale. E-tests were
incubated at 35°C in ambient atmosphere for a first reading after 24 hours and confirmed after 48 hours.
Detection of resistance to other antibiotics was carried out on the MHA plates using 103 cell mI~! suspension
in saline (0.5 McFarland scale). E-tests were incubated at 35°C in ambient atmosphere for 16—20 hours.
Interpretation of susceptibility to antibiotics was determined according to the NCCLS standards [NCCLS
2000]. The breakpoints of the susceptibility (resistance) were for: oxacillin 0,25 ug ml™! (20,5 pug ml™");
gentamicin <4 pg ml™!' (216 pg ml!); chloramphenicol <8 pg ml™!' (=32 pg ml™'); clindamycin <0,5 ug ml™!
(=4 pg ml™"); azithromycin <2 pg ml™! (=8 pg ml™!); ciprofloxacin <1 pg ml™! (=4 pg ml™!); tetracycline
<4 pgml! (=216 ug ml'); vancomycin <4 ug ml! (=32 pg ml™"). As a quality control the Staphylococcus
aureus ATCC 29213 and Staphylococcus epidermidis ATCC 14990 strains were used.

23 staphylococcal bacteriophages with wide spectrum of activity have been used. The phages came from
the Collection of the Bacteriophage Laboratory of the L. Hirszfeld Institute of Immunology and Experimen-
tal Therapy, Wroclaw. The phage stocks were prepared by standard methods and the results of typing were
recorded as previously (Slopek, 1972).

In vitro susceptibilities of CoNS strains to tested antibiotics are reported in Table 1. Ninety six percent of
the isolates showed high level of resistance to oxacillin (MICs =128 pug ml™!). High rates, 86% of resistance
to gentamicin (MICs =16 ug ml™') and azithromycin (MICs =8 pug ml'), and 60% of resistance to
ciprofloxacin (MICs =4 pg ml™") were also observed. Low level of resistance (8%, 34%, and 38%) was
noticed in case of tetracycline, chloramphenicol and clindamycin, respectively. All of the CoNS bacteria
were sensitive to vancomycin. Among the 23 bacteriophages used for phage typing only four showed lytic
activity to isolated staphylococci (Table II). Phage P4 lysed twenty-three of the 50 tested strains. The lytic
activity against 28 and 27 of the 50 isolates was shown by phage 676/Z and A3/R, respectively.
S. epidermidis ATCC 14990 was also sensitive to these phages. Only one of tested strains was sensitive
to phage AS/L. In general, 60% of isolated CoNS strains were susceptible to one or more of the staphylo-
coccus bacteriophages.

Table I
In vitro activities of eight antibiotics against coagulase-negative staphylococci (n = 50) isolated from neonatal blood
culture and tracheal aspirate

No of isolates inhibited by MIC [pg ml™'] of: Susceptibility
Antibiotics
<0,25| 0.5 1 2 4 8 16 32 64 128 | 2256 | %S* | %R°
Oxacillin 0 0 0 0 0 0 0 0 3 45 4 96
Gentamicin 1 0 0 1 0 1 6 5 8 23 14 86
Chloramphenicol 0 1 5 25 1 1 1 1 1 14 64 34
Clindamycin 27 2 2 0 0 0 2 0 0 17 58 38
Azithromycin 1 6 0 0 0 1 3 7 4 28 14 86
Ciprofloxacin 17 1 1 1 1 1 28 NT® NT NT 38 60
Tetracycline 5 32 7 0 0 0 1 1 92
Vancomycin 0 0 0 50 0 0 0 0 0 100 0

a—S; susceptible; *— R; resistant; °— NT; concentration not tested

The high risk of bloodstream infections in neonatal ICU forces the use of antibiotics, most often beta-
lactam on account of their low toxicity. Therefore gram-positive as well as gram-negative nosocomial strains
developed various mechanisms of resistance to beta-lactam antibiotics. The number of methicillin or oxacil-
lin resistant coagulase negative staphylococcus strains (MRCNS) in various hospital wards is different.
In the study of Antimicrobial Surveillance Program (SENTRY) carried out in United States and Canada
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Table I1
In vitro activities of four S. aureus bacteriophages against coagulase-negative staphylococci isolated
from neonatal blood culture and tracheal aspirate

Species No. of strains susceptible to bacteriophage No. of strains susceptible

P4 676/Z AS/L A3/R to one or more phages
S. epidermidis (n = 32) 13 18 1 19 20
S. haemolyticus (n = 11) 4 4 0 2 4
S. simulans (n = 3) 2 2 0 2 2
S. chromogenes (n =2) 2 2 0 2 2
S. warneri (n=1) 1 1 0 1 1
S. xylosus (n=1) 1 1 0 1 1
Total (n =5 0) 23 28 1 27 30
S. epidermidis ATCC 14990 (control) 0 1 0 1

68% of S.epidermidis isolated from bloodstream infections were oxacillin-resistant (Pfaller et al., 1998).
In our previous study (Drulis-Kawa, 2002) 90% of S.epidermidis isolated from neonatal bloodstream infec-
tions were resistant to oxacillin. In our investigation we stated nearly the same high number of MRCNS
strains (96%). This means that the use of beta-lactam antibiotics against the most frequent neonatal patho-
gens is strongly limited. The CoNS isolates tested in this study were also resistant to other useful antibiotics
such as aminoglycosides (amikacin, gentamicin, netilmicin) 86%, macrolides (erythromycin, azithromycin)
86% and lincosamides (clindamycin, lincomycin) 38%. The tetracycline resistance of tested staphylococci
amounted to 8%, but because of its side effects tetracycline can not be used to treat children. The most
effective antimicrobial agent against CoNS strains has become vancomycin (glycopeptide), because almost
none of the isolated staphylococci strains are resistant to this antibiotic (Drulis-Kawa, 2002; Pfaller ef al.,
1998). It has been already reported that S. haemolyticus strains and other CoNS clinical strains have showed
heterogeneous expression of teicoplanin resistance (glycopeptide) so it could be associated with hetero-
geneous resistance to vancomycin (Sieradzki et al., 1999). Efficacy of vancomycin for treatment of methi-
cillin-resistant staphylococcus bloodstream infection decreased when vancomycin MICs for MRS isolates
were 1-2 pg ml™! (Sakoulas et al., 2004). It means that we should look for alternative antibiotics or anti-
microbial agents to treat the multidrug resistant staphylococcus infections.

The idea of using bacteriophages in bacterial indentification and infections treatment is well known.
In 1925 Sonnenschein used phages as diagnostic reagents for Salmonella paratyphi B and Salmonella
typhi strains. Different bacterial species may be subdivided into phage types with identical phage sensitivity
by using the method of phage typing (Richardson et al., 1999; Slopek et al., 1972; Slopek et al., 1973;
Zawieja et al., 1986). The method of phage typing of coagulase-negative staphylococci with phage sets for
human and animal staphylococcal strains has been used in many countries: Poland (Heczko et al., 1977),
Georgia (Akatov et al., 1982), Germany (Holmberg, 1978), Spain (Martin-de-Nicolas ef al., 1990), Nether-
lands (Verhoef et al., 1972), United States (Skahan and Parisi, 1977), Hungary (Barcs et al., 1994) and
Denmark (Jarlov 1999). Total bacteriophages typability was between 35—-58% (Skahan and Parisi, 1977)
and 76% (Barcs ef al., 1994). The susceptibility of bacterial clinical isolates to the bacteriophages showed
considerable geographic variation and new combinations set of CoNS phages increase typability (Talbot
and Parisi, 1976). Rosdahl noticed (Rosdahl ef al., 1990) that antibiotic resistant staphylococci, especially
MRS, were rarely typable (11-13%) in comparison to susceptible strains (36—50%). In our study we have
found similar dependence, because among 23 lytic staphylococcus phages only four were active against
multidrug resistant strains.

The most detailed historical publications documenting phage therapy have come from Stefan Slopek’s
group (Slopek et al., 1981a, b; Slopek et al., 1984). In 518 of the infection cases (the patients ranged in age
from 1 week to 86 years) phage therapy was used following unsuccessful treatment with all available anti-
biotics. Number of successful phage treatment ranged from 75% to 100% (92% overall). The successful
phage treatment was also showed in therapy of bacterial infections in cancer patients and in therapy for
antibiotic-resistant septicemia in man (Weber-Dabrowska et al., 2003; Weber-Dabrowska et al., 2000; Weber-
Dabrowska et al., 2001). The efficiency of phage treatment in various staphylococcus infections was described
also by other authors (Sakandelidze and Meipariani, 1974; Sulakvelidze et al., 2001; Zhukov-Verezhnikov
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et al., 1978). In presented study 60% of the multidrug resistant staphylococci isolated from severe neonatal

infections were sensitive to lytic action of four bacteriophages. While the most of the isolates occurred high
rates of resistance to vancomycin (MIC 4 pg ml!) we suppose that phage therapy could be useful as
supportive or alternative treatment staphylococci infections in neonates.

Literature

Akatov AK., M.L. Khatenever, GL. Ratgauz and [LA. Parchinskaia. 1982. Coagulase-negative staphylococci
isolated from patients. I1I. Phage typing. Zh. Mikrobiol. Epidemiol. Immunol. 2: 59—63.

Baquero F. 1997. Gram-positive resistance: challenge for the development of new antibiotic. J. Antimicrob. Chemother. 39
(Suppl. A): 1-6.

Barcs I, J. Paszti and E. Czirok. 1994. Typing of coagulase-negative staphylococci isolated from immunocompromised
patients. 1994. Acta Microbiol. Immunol. Hung. 41: 163—-172.

Beck-Saque CM., P. Azimi, SN. Fonseca, R.S. Baltimore, D.A. Powell, L.A. Bland, M.J. Arduino,
SK. McAllister, RS. Huberman and R.L. Sinkowitz 1994. Bloodstream infections in neonatal intensive care
unit patients: results of a multicenter study. Pediatr. Infect. Dis. J. 13: 1110-1116.

Biswas B., S. Adhya, P. Washart, B. Paul, AN. Trostel, B. Powell, R. Carlton and C.R. Merril. 2002.
Bacteriophage therapy rescues mice bacteremic from a clinical isolate of vancomycin-resistant Enterococcus faecium. Infect.
Immun. 70: 204-210.

Burnie J.P, M. Naderi-Nasab and K.W. Loudon. 1997. An epidemiological study of blood culture isolates of coagu-
lase-negative staphylococci demonstrating hospital-acquired infection. J. Clin. Microbiol. 35: 1746-1750.

Drulis-Kawa Z., E. Lewczyk, K. Korzekwa and W. Doroszkiewicz 2002. The occurrence and antimicrobial
susceptibility pattern of the microorganisms isolated from the infant blood. Post. Neonat. 1 (Suppl. 1I): 132-136.

Hall S.L. 1991. Coagulase-negative staphylococcal infections in neonates. Pediatr. Infect. Dis. J. 10: 57-67.

Heczko PB., G. Pulverer, A. Kasprowicz and A. Klein. 1977. Evaluation of a new bacteriophages set for typing of
Staphylococcus epidermidis strains. J. Clin. Microbiol. 5: 573-5717.

Hiramatsu K., N. Aritaka, H . Hanaki, S. Kawasaki, Y. Hosoda, S. Hori, Y. Fukuchiand I. Kobayashi.
1997. Dissemination in Japanese hospitals of strains of Staphylococcus aureus heterogeneously resisntant to vancomycin.
Lancet 350: 1670-1673.

Holmberg O. 1978. Phage typing of coagulase-negative staphylococci. Zentralbl. Bacteriol. 241: 68—71.

Huebner J. and A. Kropec. 1995. Cross infections due to coagulase negative staphylococci in high risk patients. Zentralbl.
Bakteriol. 283: 169-174.

Jarlov J.O. 1999. Phenotypic characteristics of coagulase-negative staphylococci: typing and antibiotic susceptibility. APMIS
(Suppl.) 91: 1-42.

Kellogg JA., JP. Manzella and D.A. Bankert. 2000. Frequency of low-level bacteremia in children from birth to
fifteen years of age. J. Clin. Microbiol. 38: 2181-2185

Martin-de-Nicolas MM, A. Vindel and J.A. Saez-Nieto. 1990. Development of a new set of phages as an epi-
demiological marker in Staphylococcus epidermidis causing nosocomial infections. Epidemiol. Infect. 104: 111-118.

National Comittee for Clinical Laboratory Standards. 2000. Methods for Dilution Antimicrobial Suscepti-
bility Tests for Bacteria That Grow Aerobically; Approved Standard-Fifth Edition. M7-A5. vol. 20, no. 2. NCCLS, Wayne, PA.

Pfaller M.A, RN. Jones, G.V. Doern, K. Kugler and the Sentry Participant Group. 1998. Bacterial
pathogens isolated from patients with bloodstream infection: Frequencies of occurrence and antimicrobial susceptibility
patterns from the SENTRY Antimicrobial Surveillance Program (United States and Canada, 1997). Antimicrob. Agents.
Chemother. 42: 1762-1770.

Reimer L.G, M.L. Wilson and M.P. Weinstien. 1997. Update on detection of bacteremia and fungemia. J. Clin.
Microbiol. 10: 444-465.

Richardson JF, VT. Rosdahl, WJ. van Leeuwen, AM. Vickery, A. Vindel and W. Witte. 1999. Phages
for methycillin-resistant Staphylococcus aureus: an international trial. Epidemiol. Infect. 122: 227-233.

Rosdahl V.T., B. Gahrn-Hansen, JK. Moller and P. Kjaeldgaard. 1990. Phage-typing of coagulase-negative
staphylococci. Factors influencing typability. 4PMIS 98: 299-304.

Rupp M.E. and G.L. Archer. 1994. Coagulase-negative staphylococci: pathogens associated with medical progress. Clin.
Infect. Dis. 19: 231-243,

Sakandelidze V.M. and AIN. Meipariani. 1974. Use of combined phages in supparative-inflammatory diseases. Zh.
Mikrobiol. Epidemiol. Immunobiol. 6: 135-136.

Sakoulas G., PA. Moise-Broder, J. Schentag, A. Forrest, RC. Moellering, Jr and GM. Eliopoulos.
2004. Relationship of MIC and bactericidal activity to efficacy of vancomycin for treatment of methicillin-resistant Staphylo-
coccus aureus bacteremia. J. Clin. Microbiol. 42: 2398-2402.

Sieradzki K., RB. Roberts, D. Serur, J. Hargrave and A. Tomasz. 1999. Heterogeneously vancomycin-resistant
Staphylococcus epidermidis strain causing recurrent peritonitis in a dialysis patient during vancomycin therapy. J. Clin.
Microbiol. 37: 39-44.

Skahan JM. and J.T. Parisi. 1977. Development of a bacteriophage-typing set for Staphylococcus epidermidis. J. Clin.
Microbiol. 6: 16-18.

Slopek D., I. Durlakova, A. Kucharewicz-Krukowska, T. Krzywy, A. Slopek and B. Weber. 1972.
Phage typing of Shigella flexneri. Arch. Immunol. Therap. Exp. 20: 1-60.



1 Short communication 67

Slopek D, I. Durlakova, A. Kucharewicz-Krukowska, T. Krzywy, A. Slopek and B. Weber. 1973.
Phage typing of Shigella sonnei. Arch. Immunol. Therap. Exp. 21: 1-161.

Slopek S., I. Durlakova, B. Weber-Dabrowska, A. Kucharewicz-Krukowska, M. Dabrowski and
R. Bisikiewicz 1981a. Results of Bacteriophage Treatment of Suppurative Bacterial Infections I. General Evaluation
of the Results. Arch. Immunol. Ther. Exp. 31: 267-291.

Slopek S., I. Durlakova, B. Weber-Dabrowska, A. Kucharewicz-Krukowska, M. Dabrowski and
R. Bisikiewicz 1981b. Results of Bacteriophage Treatment of Suppurative Bacterial Infections II. Detailed Evaluation
of the Results. Arch. Immunol. Ther. Exp. 31: 293-327.

Slopek S., I. Durlakova, B. Weber-Dabrowska, M. Dabrowski and A. Kucharewicz-Krukowska.
1984. Results of Bacteriophage Treatment of Suppurative Bacterial Infections III. Detailed Evaluation of the Results
Obtained in Further 150 Cases. Arch. Immunol. Ther. Exp. 32: 317-335.

Smith T.L., M.L. Pearson, K.R. Wilcox, C. Cruz, M.V. Lancaster, B. Robinson-Dunn, F.C. Tenover,
MJ. Zervos, J.D. Band, E. White and W.R. Jarvis. 1999. Emergence of vancomycin resistance in Staphylococ-
cus aureus. Glycopeptide-Intermediate Staphylococcus aureus Working Group. N. Engl. J. Med. 340: 493-501.

Sulakvelidze A., Z. Alavidze and J.G. Morris, Jr. 2001. Bacteriophage therapy. Antimicrob. Agents Chemother. 45:
649-659.

Talbot H.W. and J. Parisi. 1976. Phage typing of Staphylococcus epidermidis. J. Clin. Microbiol. 3: 519-523.

Villari P, C. Sarnataro and L. Tacuzio. 2000. Molecular epidemiology of Staphylococcus epidermidis in a neonatal
intensive care unit over a three-year period. J. Clin. Microbiol. 38: 1740-1746

Verhoef J, CPA. van Boven and K.C. Winkler. 1972. Phage-typing of coagulase-negative staphylococci. J. Med.
Microbiol. 5: 9-19.

Von Eiff C., RR. Reinert, M. Kresken, J. Brauers, D. Hafner and G. Peters. 2000. Nationwide German
multicentre study on prevalence of antibiotic resistance in staphylococcal bloodstream isolates and comparative in vitro
activities of quinupristin-dalfopristin. J. Clin. Microbiol. 38: 2819-2823.

Weber-Dabrowska B., M. Mulczyk and A. Goérski. 2003. Bacteriophages as an efficient therapy for antibiotic-
resistant septicemia in man. Transp.Proc. 35: 1385-1386.

Weber-Dabrowska B.,, M. Mulczyk and A. Go6rski. 2000. Bacteriophage therapy of bacterial infections: an update of
our Institute’s experience. Arch. Immunol. Ther. Exp. 48: 547-551.

Weber-Dabrowska B.,, M. Mulczyk and A. Gorski. 2001.Bacteriophage therapy for infections in cancer patients.
Clinical Applied Immunol. Rev. 1: 131-134.

Weinstein M.P, S. Mirrett, L. van Pelt, M. McKinnon, BL. Zimmer, W. Kloos and LB. Reller. 1998.
Clinical importance of identifying coagulase-negative staphylococci isolated from blood cultures: evaluation of MicroScan
Rapid and Dried Overnight Gram-Positive Panels versus a conventional reference method. J. Clin. Microbiol. 36: 2089-2092

Zawieja M., W. Kedzia, B. Weber-Dabrowska and M. Dabrowski. 1986. The usefulness of the method of
phagotyping of Escherichia coli strains in the epidemiological investigations in an intensive medical care unit. Anest. Intens.
Therap. 18: 274-278.

Zhukov-Verezhnikov N.N. LD. Peremitina, E.AA. Berillo, VP. Komissarov, VM. Bardymoyv,
A.G. Khvoles and L.B. Ugryumov. 1978. A study of the therapeutic effect of bacteriophages agents in a complex
treatment of suppurative surgical diseases. Sov. Med. 12: 64—66.



