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INTRODUCTION

Relationship of staphylococel to external infections of the eye.
Acute and chronic infeetions of the 1id margins, conjunctivas and

‘meibomian glands are the most frequent external diseases treated by the
ophthalmologist. That staphylococei play the prominent role in these
infections has been shown by the studies of Thygeson'l 2), A11em(3 1)
and Bmcs) . Tlvmﬁ') reported that 259 of 280 cases yielded path-
ogenic staphylococei. Ina ujm'itf of his cases staphylococel were the
only crgamisns found. In a subsequent study'2) of 350 military persemnel
with the diagnosls of blepharitis, he found pathogenic staphylocei in 130
cases, budding yeast cells alons in 100 cases and both staphylococci and
yeast cells in 102 cases. The role played by the yeast in these infec-
tions has not as yet been clearly defined.

a11en? ¥ gomonstrated that taxic filtrates of Staphylococous
ameus cultures produced conjunctivitis in hmmans, rabblits, monkeys and
baboons., Punctate ulcers of the cornea simllar to those found in clini-
cal cases of staphylococcic blepharitis were seen., In other expeariments
he was able to produce chronic meibomitis in rabbits by inogulation of
S, awreus inte the meibamian glands. Aoute infections developed in 12
to 15 hours and lasted two to three weeks, then were followed by chronie
medbomitds and conjunctivitis of six to elght months dwration. Injection
of S, albus into the glands resulted in acute infections which subsided
in L8 to 60 houre.

Individuals without blepharitis have few if any pathogenic
staphylococel on the 1id margins or conjunctivae. Thygeson'Y) found



them in only ten per cemt of 2,53 unselected precperative cases. OF
100 patients with nomal eyes studied by Keilty'®), 43 per cent had ster-
ile conjunctivae; 34 per cent had organisms on both sides. He noted
hemolytic staphylococei in 70 per cent of the cases whare organisms wore
found, but these staphylococei were described as producing large, white
colonies with distinct zones of hemolysis typleal of a type frequently
found in the nose. No tests for pathogenicity were made, but the infer-
ence vas that these staphylococci were nompathogenic., Khorazo and
Thompson'?) found 6l per cent of a total of 1,122 normal individuals %o
have staphylococel on their conjunctivae, but of 103 of their cultures
tosted for manmitol fermentation and coagulation of plasma, only 18 ware
positive for one or both tests. Their results indicated that pathogenic
staphylococel are rare on the normal conjunctiva. Rﬂnca) obtained no
growth from 20 per cent of 42 clinlecally normal conjunctivae. Seventye
glx per cent yielded coagulase negative staplylococal.

Pogsible sources of the staphylococcl found in external infectlons
of the eye. There is some disagreement smong the ophthalmologists about
the source of the staphylocoecli found in cases of blepharitis, melbomitis
and conjunctivitis. Thypesen(2) suggested that the staphylococci carried
normally in the nose may be carried to the eyes by way of the fingers,
swan(?) believes that infoction passes from one member of the family to
another by way of contaminated towels and other household _artiﬂm used
comonly by members of a famlly, Berens'>) suggested that retrograde
infection fram the nose through the naso-lacrimal duct may occur, or that

a texic condition of the eonjumctive may arise from exctoxin produced by
the nasal staphylococei.



Humerous studles have shomn that S, aureus is a common nopmal
inhabitant of the nose, nasopharymx and, to a lesser extent, the skin,
Several attempts have been made to associate the carrier ’mte with
staphylococede infections elsewhore in the body. Other studies purport
to show that nasal carrlage of staphylococel correlates wall with chronie
fooal infection. Mudson(’®) found 4O per cemt of 70 streins of staphylo-
cocel from 65 normal individuals to be S. aureus. Gillesple, Devenish
and Gmn(n‘) reported 30.8 per cent nasal carriers of pathogenic
staphylococel among 159 normal persons examined. The carrier state in
his study correlated well vd.th & history of chronic nasal disease. Timee
monthe after the original study, 17 of 20 nasal carriers still remained
carriers, and in each case the infecting staphylococcus was of the same
serological type. liles, Willlems and ClaytoneCooper'i2) in a study of
seplic wounds, found coagulase positive staphylococci in 87.5 per cent
of the wounds. Of L79 cutpatients examined, 47.L per cent were carriers
of pathogenic stephylococel in the nose and 18.) por cemt carried patho-
goenlc staphylococel on the skin, Forty-nine per cent of ward patients
were found to be carriers on admission, Si:by-feﬁr per cant of the
mureing stall were nasal carriers. Twenty-seven of the nurses wers
followed from 10 to 50 weeks. Of these murses, 15 to 20 per cent nover
failed to carry staphylococei; 10 per cent were consistently negative
and the remainder were tremsient carriers. In elght m studied,
Bloomeiend (35 W 35) ooy g3 phineraids and S. albus made up the
constant flora of the nose. There was a variable flora of pathogens
and nodpathogens ineluding S, aureus. S. sureus was found constantly
in one case associated with a chronic focal infection of the tonsil,
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Aa2tman( 25
carried pathogenic staphylococei. The percentage of carriers varied in
different age groups. McParlan(l?) found 3L to 57.5 per comt carwiers
among 165 healthy persems. Here again the percentage varded with differ-
ent age groups. MNeFarlan felt thmt, because of the frequency with which

pethogenic staphylococci occur in the noses of healthy parsons, it is

found that 39.2 to 60.5 per cent of a group of LS8 persons

reasonable to assume that their presence in the noses of persons with
infection is just & reflection of the general carrier rate and eamot be
considared the source of infection. Jacobeon and Diek{18) cultured the
noses of 500 potients and found S, albus and diphtherolds in all cases.
No S, aurcus were reported by them, an cbservation which is at variance
with other ;n.lhlil’f'ad findings. These am gtated that when organisme
other than S, elbus, diphtherelds and Midrococcus catarrhalis wore found,
abpormal changes existed in the nasal cavity or parenasal sinuses.

Both Ke1lty{®) and Berens(5) have pointed out the close relation-
ship of nasal organlsms to those found on the 1id marging or conjunctivas.
Kellty found that the type of coleony from the eyo bore a direct rescib-
lance Yo that from the nose, and concluded that the mjority of sye con=
taminants are of nasel erdgin. He was wnable to distinguish specifically
one strain from snother. Berens studied 03 cases of conjunctivitis in
which he obtained cultwres from both nose and infected eye. Of the nesal
cultures, 85.5 per cent yielded staphylococcl of some sort, bub only 54
per cent showed toxde staphylococei. Of the eye eultures, 8L.3 por cont
showed staphylococel of some sort, but only 29 per cent showed toxie
staphylococci. OFf 31 sete of cultures studied, the same organism wes
present in pure growth from both eyve and nose in 22 instanses., In 16



instances, toxic staphylococei were found in pure culture from both
sites and in canbdnation with streptococci in four instances. Berens
emphaglzed that 20 of the 31 sete showed a suggestive similarity between
the flara of the nua:l. ad conjunctival membranes. In the case of the
tade staphylococei, the relationship was assumed because of the COTTOO~
pondence in species and texicity. In 36 sets of cultures, the eye cul-
tures were sterile or showed non~toxic organisms while the orgau!:m
from the nasal membranes were texic. This circumstance was noted
particularly in cases of recurrent conjunctivitis where texde organisms
were on the conjunctiva during the primary scute infection but were not
found at the time of the recurremce. The same species of taxic organ—
mfmdm&mﬂa'mﬂmwmmthematthetimofﬁm
recurrence, Berens feels that these findings support his contention
that 2 toxic condition of the conjunctiva may arise from exotoxin PXO-
duced by nasal organisms,

The data reviewed strongly suggests that there is a direet rela-
tionsiip between the staphylococel found in eye infections and those
carried in the nose by the same individual, but the evidence is at best
presumptive since no reasonably acourate method of idemtifying strains
was used. We have undertaken this study in an attempt to demonstrate
by 2 more specific method the correlation between the strains of patho-
genle staphylococel obtained from the nose and from the infected eye in
an individual, Several methods to ald in identifying strains were con-
sidered. These methods included biochewical reactions, texin production,
agglutination and precipitation reactions and bacteriophage typing,



Consideration of methods available as alds in identification of
—_—— e S hLorP avellanle 89 aids dn ddentification of

strains, Early studies of the blochemical reactions of staphylococed
were made in efforts to find stable reactions jcmt. would help in classi-
fying staphylococol into groups rather than to seperate one strain from
another, Winslow, Rothberg and Parsons'’) recorded differences in
£inal pH values of sugars fermented, while Julianelle(?%) concluded that
all strains of hemolytic staphylococel farmented certain sugars but not
others, However, he did not determine final pH values, He did find
ﬂffwmhtmmwuqmmafmhtinm&gimtm
interval, On the other hand, Dudgeon{Z*) noted that subculturing daily
caused changes in the biochemical reactions, and that for comparative
study, only freshly isolated strains should be used, and the time intere
val between isolation and testing should be coustant for all straing
used, Chapman and Stiles'??) noted only an oceasional resction ccour—
ring after as long as L hours incubation and concluded that the reag-
tions mmingﬂhrimubntimpeﬂ.odsofStojﬂdays, did so because
of the development of variants.

Serologleal methods have been used extensively in the classifico~
tion of organisms such as the gemera of Streptococci, Salmonella and
Shigella, and for identification of types of organisms within a species
such as the 0 or more types of Lancefleld group A streptococcl and the
112 0 antigenie groups of Escherichia coli. Sears, Brownlee and Uchiyema')
and Sears and Brownles'24) used 0 group agglutinstion as a means of identi-
fying resident and transient strains of E, coli in the human bowel, In

1922 Eﬂm(g) attempted to classify staphylocoeci by agglutination reag-
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tions, but found only three types among the yellow strains and two types
among the white strains. By precipitation reactions, using a soluble
specific substance from sbaphylocoecei, Jullanslle and ?ffaiglﬁ:ﬂ(zé}
divided staphylococel into two distinct lmmnological groups correspond-
ing to the pathogens and nonpathogens. It was not wntil Cowm(2(? 20)
developed the slide mlutimtm technique in 1939 that strains of S,
ammdiﬂﬁiﬂ&:igﬂﬁmmmafammmm.v
Christie and Keogh'??) identified mine serologieal types. ‘Hobbe(30)
added four more types to Christie and Keogh's mine and applied the method
to epldemiological studies in the field.

It has long been known that the pathogenic staphylococel produce
a soluble toxin called the alphe taxin, characterised by ite hemolytic,
sicin neerotising and lethal effects. Few reports in the litaratm
describing the toxic properties of varlous stralns of staphylococei men—
tion the species of red cells used to determine the hemolytic effect.
This may acecount for some of the discrepancies in reports by different
investigators of the properties of alpha toxin., Alpha toxin hemolyses
rebbit and sheep red cells but not those of other specles. Since 1935,
at least tiwee other hemolysins have been described and confimmed by
later workers, These toxins or hemolysins sre produced by staphylococei
in various combinations, a fact which might be made use of in identify-
ing strains, However special conditions of culture are required to
demonstrate the presence or absence of these hemolysine in any given
straln, and speeific antihemolysins are necessary to confim the find-
ings.



Since the description by Mt.(x") in 1915 of an "ultramicro-
scople virus® and the esrly investigations of the Iytic properties of
bacterial viruses by D'Herelle(2) culminating in his monograph in 1922,
the study of bacteriophages has progressed rapidly, Craigie and hig
comarierst33s s 355 36, 37) goveloped specific phages for at least 11
types of virulent typhodd organisms, and these phages have been used
extensively in epldemiological studies of typhold fever., While bacterio-
phages for staphylecocei have been studled by mumerous warkers, the use
of thess phageg in the epidemiclogy of staphylogoccie infections was not
feasiblo mitil the reports by Fiak(3%s 32) 11 1019 of tne occurrence of
bacteriophage carriers among strains of 8, aureus, and his description
of methods for I.snitting the phages. Imn a subsequent repart, Fisk and
toravin'®®) ghowed the practicability of identifying types of S. aureus
by bacteriophage action. Wilson and ﬁtkl.mm(m') extended Fisk's tech-
nique, developing 18 phages with which they identified 21 types or gub-
types of S aureus. Since 1945, other pheges have been isolated bringing
the total mumber of different staphylosoccus phages to 32.

Bacteriophage typdng of staphylococci has been used quite exten-
sively in recent yedars in epidemiological studies of variocus kinds.

Skin and nose carriage of bacteriophage types wes reported by ﬁmm{hz)
in 1946, ‘Denmton, Kals and Foley'“3) used the method 1 an investigation
of an outbreak of phemphigus necnatorus in a hospital. MoClure snd Mil-
1er{) | Bran and Noven(™5), ana Saint-Nertin, Charest and Desranieau(lS)
applied bacteriophage typing to epldemiological investigations of foed
poisoning outiweaks. The most widespread use of bacteriophage typing
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has been in studies of the increasing frequency of staphylococcus
infections caused by strains resistant to pemicillin. Among tha reports
sppearing in the literature are those of Darber and Roswadowska-
Dowsenko“T), Barber and Mhitehead(’®), Rountree and Thomson(t®), par-
ber, Hayhoe and Wiitehead(>®), Elwood{®?), and Wallmark and Lewre11(52),
It hos been shown in severel studies that nasal earriage of cer-
tain bacteriophage types of staphylococel are common in hespitals,
These types, often perdeillin resistant, mey spread rather rapidly tc“
now staff mevbers or patlents entering the hospitals, Often, too, in-
fections occurring after entry into the hospital are of the same phage
types as the predominant phage typee earried by the hospital persomnel.
It has been demonstrated that the same phage types that are found in
carriers are also found in the air of the wards where the carriers
worle(13s 17> 195 505 52) oy and wedtmari$53 M) pouna staphylo-
cocel most frequently on the upper lip, hands and clothes when they were
presont in the nose. All but one child of 26 children with sikin lesions
examined by these investigators had the same phage type isclated from
beth respiretary tract and slkin,

Bacteriophage typing as the method of cholce for this study.
After conpideration of all the methods deseribed, bacterliophage typing

seemad to be the method of cholce for our problem from the standpaoint

of simplicity and reliability. Determination of bilochemieal reactions
is time-consuming and umreliable, Hamolyein production as a means of
identifying types has not been investigated; the reliability of the

method is unlmowm. The necessity for specific antitoxins and speecial



equipnent to identify the hemolysins precludes its use as a quick and
slmple method of typing. Precipitin reactions identify at most only gix
types. The agglutinin-absarption test identifies a much larger mmber
of types, but the antipenic composition of the staphylocoeei has not
been as well defined as in the enteric group of organisms, and the
mothod has not been used extensively cnouch to determine its reliability.

saith(5% %) 4ng winrame and RippontST) in indepandent. stuctes
showed that lyeis of staphylocoeel by bacteriophage is not specific in
thssenmmtagivenstﬂinafﬂaplwhomﬂﬂhnmodbym
particular phage only, even at high dilution, If however, a large
mm‘phaumwm‘bahrgemhu-ofm, the
ogourrence of lysis will fall into & mumber of more or less distinet
patterns. The phages mroducing these patterns are not randomly assorted,
but certain phages are commonly assoclated in groups. On the bagis of
this association, Williams and Rippon(>') divided their phages into three
groups which are quite or mearly dietinct in thelr actions, that ig
nﬁp@lommimchmlmdwmzphgummugh@mimp
ant to the phages constituting Qroups II and IIX, and the same exclusive-
ness is manifested by Groups II end ITI. Any given strain of stapiylo-
coocus may be lysed by one or more phages within the group. The |
staphylococci lysed by phages in Groups I, IT or III correspond broadly
to Cowan's serological types I, II and III respectively.

Williams, Rippon and Dowsett(>C) nelieved thet phage patterns are
oo mmerous to designate definite types of staphylococei and sugpested
that results be reported as "bacteriophage patterns.” Most of the phage
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typing studies reparted have been studies of epidemics of staphylococcus
infections ammg closely assoclated people ﬁ.tg the idea in mind of find-
ing 2 common source of infeetion, In these cases, variation in lytie
patiorns assumes major importence, and one must be certain that the
variztions in patterns actually denote distinet strains, and are not the
result of conditlons in the laboratory.

sutth(55» %) pag qemenstrated that staphylocosel may scquize
resistance to phage lysis, and suggested that this may asccount for
the differsnt patterns that cocur within a group, He expressed the
opinion that such changes in pattern may occur in the fleld among strains
isclated in epidemiclogical investigations, but felt that such changes
would be & rare ccowrrence in investigations of short duration, In spite
of the ability to acquire resistance, Smith considersd phage typing of
staplylococel to be useful in epidemioclogical studies so long as the
apguired rosistance hecomes a permanent and comstant character. He then
denonsitrated that phage patterns are stable in character when the strains
of staphylococol are maintained under laboratary conditions.

Howevor, Williams and Rippon 57) demonstrated a gain or loss of
wealt reactions in S0 percemt of duplicate plates seeded from the same
broth cultuwre. When phage testing of a culture was repeated on differ-
ent days a greater degree of variation resulted, When multiple colonies
wore plcked from the original plate, or when multiple cultures were made
fron the same broth, & gain ar loss of a strong resction sometimes
occurred, Cultures taken in sequence from the same site on different
days might show a gain or loss of one or more strong reactions, As a
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result of these rather extensive studies, Williams and Rippon comcluded
that results of phage typing should be interpreted in the following man-
nor. In sets of cultures tested on the pame day, two strong differcnces
in 1:}81&3, that is complete absence of lysis, indicates a distinct popula-
tion in any of the three groups, but ono strong difference in lyeis
indlcates a distinct population in either of Groups .I or II. A4 popula-
tion was muamwmmt?ﬂrmmmmm
natural site. Wu of the variations that could ocour on strains of
staphylococel maintained in the labaratory, these investigators felt
that the stamﬂm@i could be placed definitely in one of the threo
Frouns, butbeaundlthatﬂnmt that could be done was to decide whether
a not, any peir of cultures was or was not identical. Wallmark and
Laure11{52) independently concurred in this opinion, but added that
consideration of the epldemiological data and the complicated phage
patterns that somotimes occur increased the Hl‘l.lh:l.litgr of the method.
Phage filtrates used for typing are diluted in such a mammer that
any given filtrate will just lyse completely the strain of staphylococcus
upon which it was propagated, Many straine of staphylocoeel isolated
for epldamiological study are not lysed by any of the diluted phages.
Williams and Rippon{>7) tried undiluted phages upon these resistant
strains and found that L9.l per eent of 154 resistant strains were lysed
by one or more undiluted phages. They pointed out, however, that inter-
pretation of rum:lt.- was more dlfficult because the filtrates would vary
greatly in titer and plaques were often obscured by secondary growth.
In a mmber of epidemlological investigations, particularly iu
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the study of acquired penicillin resistance, it has been found that in
each instance one or at most two phage types were involved in a given
epidemic. That this is not because of the exlstence of only two ar
timee types in the genersl population has been shown by both Wallmark
and Lowrel1{%2) end Dembon(43) who found that in outpatients and others
not assoclated in any wey with the hospital or epldemics under lnvesti-
gation, & large muber of phage typee exlsted. v

williame(42) studted the phage types of staphylococsd obbained
from 161 persons and from the frequency distribution of types found, he
calculated the probability of chanee duplications of any type. In a
group of 30 persons from whom S. sureus was isolated from both nose and
sin, 31 carried the same phage type both places. The mmber of duplica-
tions that ocowrred in this group was far in excess of the mmber to be
expocted on a chance basls and Willlams concluded that duplication of
types is unlikely to be a chance effect.

In spite of the very evident limitetlons of the bacteriophage
method of typing, its reliability for the purpose of this study seems to
be sufficlent since it is proposed simply te show similarity or differe
ences in strains of staphylocoscl obtained from the nose and from the
1id margins, conjunetivae or meibomian glends of the same individual,

METHODS AND MATERIALS

Colloction of cultwres. Naterial Trom both nose and lid maergins,

eonjhimctivae or meibomien lends was obteined from infected persons.
For purposes of comparison, simdlar meterial wes obtained from a group
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of medical studenis who gave no history or symptoms of infeection. This
group was considered to be representative of the general populatiocn,
Sterile cotton swabs moistened with sterile, 0.9 per cent saline
were used for obtaining cultures. Two cultures wers talen from each
patient, one frem the nose, and one from the 14d margin, conjunctive or
meibomian glands, 1id margin cultures were obtained by rubbing the
molst swab vigorously along the lash line, Cultwres from the conjunc-—
tive wore made by everting the lower 1id and passing the moist swab
ovor the exposed palpebral conjunctive, Cultures of meibomian glands
mwwwmmﬁmmmmm.mcm
up this moterial with o molst swab. Cultures from the nose ware made
by inserting the moist sweb inte the anterior part of the nostrll,
rotating the swob and withdrawing it, The swabs were streaked over the
surface of bleod agar plates on the same day. During the course of
mﬁmmkinmmmatwitmmmﬂmtmm
in maldng cultures of the oye could be streaked over the emtire blood
plate without danger of obtaining confluent growth, However swebs used
for taldng cultures from the nose were streaked over a third of the
plate only, then a straight inoculating noedle was used to strealk out
the culture over a third of the plate at right angless to the initial
inoculum, The noedle was flamed and cocled and the second inoculum
streaked out at right angles to it. |
Blood plates were made fresh each day when needed. Humon citrated
blood from the blood bank was used throughout the experimental work,
Plates ware prepared by melting resuspended Difco dehydrated hlood sgar
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bage at 100°C., cooling to 45°C. and pouring into 10 cm. Petrli dlshes
containing opne ce.cs of blogd,

Culture plates were examined for the presence of staphylocoecl
after 2l hours incubation at 37°C., and if they were present a notation
vas made of the appraximate number of colonles as follows:

i+ 50 colomies or less

2+ 50 %o 300 colonles

3+ more than 300 colondes but without confluent growth

b+ confluent growth
One to five or more colonles were picked from each plate and transfarred
to extract agar slants. The mmber of colonies picked depended upen the
total mmber of coloniee present on the plate. The extract slant cul-
tures served as the stock cultures. Am'—lkﬁpturthaﬂmm
blood agar and the hemolytic action of each colony picked. If the
colonies differed in appearance, at least one of each kind was piciked.

A code mmber was assigned to each stock culture. This mmber
indicated the patient from whom the culture was obtained, the mmber of
the culiture if more than one culture was obtained from the same site at
different times, the site from which the culture was obtained, and the
mmber of the colony plcked from the plate. Thus ABC(2)a 1 indleated
patient ABC, culture mumber two from the conjunctiva and the first
colony plcked from the plate. The extract slant cultures were exmmined
after 2 to 40 hours incubation at 37°C. for extent and color of growth,
Thay were then stoppered with rubber stoppers sad stored in the refrig-
erator until used.

Biochomieal tests. The blochemical tests outlined in Bergey's
armal, 6th ods, 2948¢5%), were used to identify species. Included are
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reactions to such tests es mannitol fermentation, reduction of nitrate
to nitrite, and ability to utilise ML;HZPOZ; as the sole source of nitro-
gen. Ability to liquefy gelatin is included in the necessary tests for
defining specles, but this test was omitted in our study. Becauss the
range of tests used was incomplete, the results are treated in an appen-
dix. '

Stock cultures were inoculated onto the surface of nitrate agar
elants, incubated for LG hours at 37°C. and tested for nitrate reduction
by adding a few drops each of sulfanilic aclid and alpha~naphthylaming,

4 distinet pink or red color indicated the presence of nitrite. Uninocu~
lated tubes of nitrate agar were incubated under the same conditions and
tested in the same mammer, Results were recorded as positive if nitrite
was produced and negative if not produced under the conditions of the
exporimont,

To determine ability to utilize ammonium dihydrogen phosphate,
etock cultures were strealked omto the surface of a synthetic carbolynrate
agor medium contalning the phosphate and incubated for three weeks at
37°C. Results were recorded as positive or negative growth at the end
of this period, ‘

Hanpdtol broth was used to determine ebility to ferment manmiiol,
Stock cultures wore inoculated into tubes of mamndtol troth and incubated
for 48 hours at 37°C. A red eolor indicated fermentaiiony no test was
made for gas production. Hesults were recorded as positive if an aeid
change in the indicator appeared and negstive if such indlcator change

did not ocour.
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Mm:m&mgmﬁg, Coagulase tests were performed

on all streins icolated to determine pathogendcity. Several lots of
human plasma removed from cutdated bloed bank blood were tested for
coagulability by & known coagulase positive etrain of ctaphylococeus.
Umlotafplam,uuﬁinanmtaﬂveaﬂ]uﬂm,‘mfmdk;coaguw
late within three hours with the test strain., All stock strains were
tested with this one lot of plasma, The plasma was used in a one to
flve dilution in 0.9 per cent saline. One=half ml., amounts of the diluted
Ploagma were dlstributed in small tubes, A large loopful of an 18 o 24
howr agar slant culture of the organism to bo tested was added to ono=holf
mle of the diluted plasma and incubated in o water bath at 379, Results
were recorded as poeitive if coagulation took place witidn three howurs,
Anmwauhofﬂm,ﬁamemmmuthamcm—
hmpmuwawainmudumlsmhtmthutm“m-
formed,

Sources of staphylocoecus bacteriophages, Phags filtrates
togethor with thelr propagating straine of staphylococci m recelved
from Dry Go Ge Kals, Department of Bacteriology, Motill Umiversity, |
Yontreal, Canada, Phages received were designated 34, 3B, 3¢, L7, L7A,
LB, L7C, 7, 6, 52, 524, W, 29, 31, Lk, L2, Initially, propagation wes
trded by the method of Wilson and Atkinson{™™) 1n which a few drops of
Jurifioed phage filtrete and six drope of an 18 hour roth cultwre of the

propageting strain of staphylococcus were added to ten ml. of extract
broth and incubated at 37°C. until lywis took place. Attempts to
propagate phage in this memner resulted in the loss of severel phages
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including 29, 31, L2, L, 524, 6 and 51, Phages 42 and Ll wore reported
by br, Kalsz to be very weak, and the vials contalning phages 6 and 51
wore dry on arrival,

Subsequently two phages were found by the cross culiture method of
Fisi{3), staghylocoseus strain CRy when spotted on strein 3, the prope~
gating otrain for phage 6, produced plagues, The plaques were plcind
and propugated on strain 3 untdl a filtrate was cbtained which lysed
gteain 3 at a cﬁl@im of 110,000, In the same menner a phage lysing
strein 1163 was propagated. This was believed to be phage 423. |

In testing 21l wmdiluted phage flltrates ageinst all propagating
strains, it was noted that some phages attacked strains other then their
propagating streins although to & lesser degree. VWhen lymis of a propa-
gating strain for one of the missing phages was observed, propagation
wes attempted. In this way phages LA and 524 were propagated from
phage 52 on staphylococcus streins 373 and 925 respectively. Phage 51
was propagated from phage 3C using staphylococcus strain 145, the propa-
gating strain for phage 5l. Phages 42C and 425 were obtained by propa-
" gating 42B on staphylococcus strains 1307 and 1670 respectively. Phages
29, 31 and l} were not recovered. There is no certainty that the
recovered phages are identiecal to those lost, but when thay lysed the
propagating m:i.nﬂ only at the routine test dihxﬁom, or showed the
samo pattern of reactions on the propagating streins, they were so
designatod.

Fropagation of phages. For routine phage t;-,rpin.;, 17 phages were
useds These phages were 34, 3B, m; h?g h?ﬂg 21783 lﬂﬂ, 52. Sﬂt 73 63




51, W, L2B, L2C, 428, and LUA. Phages were propagated by the plate
mothod of ¥1lliams and Rippon>T) with somo modifications. Ixtrect agar
plates were spread evenly with 10 hour broth cultures of the propagating
strains of staphylococei and alleowed to dry at 37°C. for cne-half 4o one
houre WVedge-shaped areas were marked with a wax pencll on the botiom of
the Petrl dishes. Two or three drops of the phage to be propagated were
spread over the ewrface of the agar plate previously inoculated with the
phage's specific propagating straln, with the exception of the wedgow
shaped area used for control. This procedure was repeated for each phage
to be propagated. The plates were incubated at 37°C. overnight or until
1ysie had cccurred. Orowth of staphylococel was apparent only in the
wedgewchaped areas if phages were present. After incubation these areas
ware cub out with a sterile instrument and the plates placed in a freeser
at -40°C. for several hours. Pletes wore then thewed at roam bemperature
ond the resulting flulds pipetted off. These fluids contained the phage
particles, The flulds were filtered through eintered glass filters and
stored in sorew=gapped tubes .in the refrigerator,

Titretion of phages. BEach phage filtrate was titreted againat its
propagating strain. Tenw-fold dllutions of the phage filtrate to be titra-
ted wore prepared in broth. An extract agar plate was inoculated with

the speclific propagating etrain of the phage and dried for cne-half to
ene hour at 37°C. One drop of each of the dilutions was then spotted on
the plate. The plate was incubated at 37°C. for three to five hours then
overndight at room temperatuwre. The titer and routine test dilution vwas
the highest tenefold dilution causing complete lysis of the propagating



strain, All phage filtrates were tested both undilnted end at the
routing teot dilution for phage patiermns as suggested by Willisms and
Eig}m(gﬂ . The staphylococcus phages are identifled by the patterns
of lysis shown by the phages when tested upon all of the propagating
strains, The lysis becomes more specific when the phages are ¢iluted
to titer, To illustrate, phage 34 when tested undiluted will lyme
stralns 28), 211, 1339, 1307, 373 and 145, bub when diluted to titer
it will lyse only etrain 284, its oropsgating strein, When new batches
of phage are prepared they must show the same lytic patterns as pro-
vious batches; any clmnge in pattern may indicate contemination with
another phage or pesslbly & mutation of the phage in question, Tables
1 and 2 indieate the lytic patterns of the phages used in this study,

Method for routine phage tu’oim of staphylococei. BPilutions of

phage filtrates used in this study were tested against the propagating
strains of staphylococei not more than four days before using to be

sure that there was no loss of titer, ALl streins of staphylococcl
isolated for study that showed weak or no lysis with diluted phages were
tested with undiluted phages following the suggestion of Williams and
Rigpan(5T),

Ixtract agar plates were inoculated evenly over ﬁh@ surface with
18-hour cxbract broth cultures of the staphylococcus strains $o be typed,
and were dried at room temperature with the lids open for one hour.
Phages wore spotted in o constant arder on the plates using & tubereulin
syringe with a 30wgauge noedle, Fach drop contalned aporomimately 0,01

C+Ce OFf phape filbrate. Plates were incubated three to [ive hours ab
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37°C. éhﬁn ab room temperature ovornight. After Incubation the phapges
lyeing a given strain wore noted and the degree of lysis indicated as
followes

++ confluent lysis or semiconfluent lysie or confluent

lyeis with secondary growth
++ mnore than 50 discrete plagues
+ less than 50 discrete plagues

Unly three plus reactions were used in designating phage patterns.
TWhere the three plus reactions acnmdwithmm only, the
designated phages were enclosed in parentheses. If additional weal
reactions were present, a plus sign was placed after the numbers of the
phages giving three plus lysis. The phage resctions were also grouped
acoording to those suggested by Willlmms and Rippon‘57). The phage
filtrates included in sach group are az followss

Croup I 52, 528, 29, 31, 314, Lk, LiA

Group TIT gﬁ’;vmﬁzgf’h%, k2, b7, 478, LTC
Phages 1;2C, 474, are unclassified. e had available for owr study only
three of the group I phages, 52, 52A and LiA., Phage W was one isclated
by Dr. Eals and was not included in Williams anci Rippon's classification.
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MEDIA
Extract broth.
Bacto-peptone 10.0 grams
Sodium chloride 0.5 grams
Bacto=boef extract De3 grams

The above materialswere added to 1000 ml. cold tap water and
brought to & boil to dissolve. The medium was adjusted to pH of 7.0
with normal NaOH and dispensed in approximately 3.5 ml. amounts in
L x 5/8 inch tubes, or 15 ml. amounts in 6 x 3/4 inch tubes. The tubed
media was autoclaved at 15 1lbs, pressure for & to § mimutes, cooled and
stored in the refrigerator.

Extract slants. _

Fifteen grams of agar was added to 1000 ml. of extract broth,
brought to a boil, then dispensed in approximately 3.5 ml. smounts in
Ly x 5/8 inch tubes. The tubed media was autoclaved at 1S5 lbs. pressure
for 6 to § minutes end slanted to cool. ledia was stored in the

refrigerator until used.

Mannitol broth.
The medium was prepared by adding 10.0 grams of mannitol and
10,0 c. c. Andrade's indicator to 1000 ml. of extract broth. The twoth

was tubed in approximately 3.5 ml. amounts in L x 5/8 inch tubes and
autoclaved at 15 lbs. pressure for 6 mimutes. The tubed media was
stored in the refrigerator until used,.
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Synthotic carbohydrate medium.
WH), HoPO), 1,0 grams
Potasgium chloride 0.2 grams
Magnesimm sulfate 0.2 grams
Glucose 10.0 grams
Agar 15,0 grams

The above ingredients were dissolved in cold water and brought to
a boil, The pH was adjusted to 7.0 with normal sodium hydrexide and
brom cresol purple indicator in a 0.0 per cent agueous solution was
added, The medivm was tubed in approximately 3.5 ml. amounts in
L x 5/0 ineh tubes, autoclaved at 15 lbs. pressure for 6 to 8 minmutes;
glanted and cooled. The tubed medium was stored in the refrigerator

until used,
Dacto=beef extract 340 grams
Bagto=peptons 5.0 grems
Potasgliun nitrate 1.0 grams
Bacto-agey 12,0 grams

Twenty=one grams of Difco’s dehydrated medium in the above
propertions was dissolved in 1000 ml. cold tap water and brought to
2 boile The medium wes dispensed in approximately 3.5 ml. amounts in
L x 5/8 inch tubes and sterilized by autoclaving at 15 lbs. pressure
for 6 to 8 minutes, then slanted and coocled. The sulfanilic aedd
reagent was prepared by dissolving 0.8 grams powdered sulfanilic acld
in 100 ml, 5 ¥ acetic acid. Alpha naphthylmm reagent was prepared
by dissciving 0.5 grems powdered alpha naphthylamine in 100 ml. S §
acotic acld.



EXPERIMENTAL

In reporting the results of our sudy, it is important to keep in
mind that the cbjective was to obtain evidence as to the origin of the
staphylococel found in a high proportion of cases of external infections
of the eye. The staphylococci carried in the normal nose have been
cited as one possible source of the infections. By use of the coagulase
test and phage typing we have attempted to find evidence that the
gtaphylococed from these two sites may or may not be progeny of a single
gtrain. It is obvious that if the staphylocoeccd from the two sites
differ in pathogenicity or phage type, they are not the same straine
The staphylococel at one site cannot then be considered the source of
the staphylococel at the other site.

The data as presented shwﬁ first the correlation in pathogenicity
of the cultures from the two sites as indicated by the coagulas test,
and second where cultures from both sites are coagulase positive, the
correlation in phage type between the two sites. The term experimental
has been applied to that group of individuals with external
infections of the eye, while the tm_%m has been applied to
that group of individuals who are normal as far as external infections

of the gye are concerned,

Basls of comparison of cultwres from e¢ye and nose. In the control

group, 55 sets of cultures were obtained from 55 individuals with &
total of 135 separate cultures. There was an average of 2.5 cultures
per set. 4 set consisted of cultures from eye and nose of the same

individunl taken at the same time.
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In the experimental group, 59 sets of culbtures wers obtained
from 55 individuals, Duplicate cultures were taken from three of these
people. The interval between cultures was three weeks in two cases and
five months in one ease. In the latter instance, cultures were taken
from both eyes and both nostrils on the same date. Thnae cultures were
countod as two sets. In addition, in three instances, the aunthor was
able to compare the culture sets with eye cultures taken preiously ab
six, seven and ten months respoctively. Two of the individuals from
whon duplicate cultures were made were mother and desughter. The 59
sets included L83 separate cultures, an average of 8.2 cultures per set.

While the nmumber of sets in each group is approximately the same,
there is a marked difference in the number of cultures from each group.
Up to the present time only those staphylococel considered to be patho=
genic have shomm susceptibility to lyeis by phage. These pathogenic
staphylococel are the organisms with which we are primarﬂ;r concernsd
in this study. It was thought advisable to detemmine the constancy of
phage patterns of staphylococel from any one site. Far this reason
more colouies wore selected from plates with S. awreus than were selscted
from plates with nompathopens only. The incidence of S, aureus was mch
higher in the experimental group than in the control group thms account-
ing for the discrepancy in the total number of cultures in each group.
The proper basis for comperison then is not on the total mmber of cultures,

but on sets of eulbtures.

Incidence of coag% Egg._td.m and coﬁgul_ﬂ mgati&e sets of

cultures. When a comperison is made of the inecldence of coagulase
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poeitive and coegulase negative sets of cultures in the two groups, &
naried difference is noted. Table 3 illustretes this differcnce.

TADLE 3. XICIDENCE OF COAGULASE POSITIVE AND COAGULASE NEGATIVE SETS
OF CULTURES FROM EYE AND HOSE

M

Experimental group Control group
Regults of coagulase
test
Tumber Per ceont Humber Per cent
of sets of total of sets of total
Coagules positive
both eye and nose 2k LoJ6 I ' 18
Coagulase positive
eye only n 1847 0 0
Coagulase positive
nope only 13 2240 17 30:9
Coagulase negative
only, eye and nose 1 1847 -3 673
Total 59 100,0 55 100,0

Eamma e R =
Coagulase positive staphylococel were :Lanhéed from 148, or 01.3
per cent of the persons in the experimental gréup, while only 18, or 32.7
per cent of the control group carried coagulsse positive staphylococei,
The incidence of nasal carriage alone, without coagulase poeitive staphylo-
cocel from the eye was more nearly the same in bobh groups. However, a
total of 62.6 per cent of the entire experimentel group earried eccagulase
positive staphylococel in the nose as compared with 32.7 per cemt of the
control e geliis ™



Correlation between clinical diacnosis and resulis of the CORLU-

lage tost. It ls difficult to correlate the presence or absonce of
coagulase positive staphylocoeel with the clinical diagnosis since stand-
ard terninology was not used by the clinieal staff., An effort has been
made tc tabulate this data nevertheless. Table ) shows the coagulase
nogative cultures in relation to clinieal diagnosis. |

TABLE L. CORRELATION BETWEEN CLINICAL DIAGNOSIS AED CULTURES SHOWING
COAGULASE NEGATIVE STAPHYLOCOCCI FROM THE EYR

M
Coagulase negative cultures from the eye

Climical diagnosis

With coagulase Tithout coagulase
positive cultures positive cultures
from the nose from the nose

Acute conjunctivitis
and keratitis L 6

Acubo cxacerbation of
chronic melibomitis or

blepharitis 3 2
Chronie meibomltis,
blepharitds or
daeryocystitis 6 o
Hormal | 0 1
No diagnosis

Total 13 11

w

It should be pointed out that of the 2, cases of eye infections in
which cozpulase positive organisms were not found in cultures from the
eye, ten were diagnosed as acubte conjunctivitis. Acute conjunetivitis is
not a disease caused by a single agent, Many organisms have been impli-
cated, ineluding Diplococeus pneumonias, Streptococous pyogenes, Tlanoe
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phllus influensae, Neisseria gonorrhea, N, meningitidis and certein of
the viruses. It is not surprising then thet cosgulase positive staphyloe
cocel were not found in every instance.
~ Innine cases of chronic meibomitls and blepharitis and acute
exacerbations of these chrenic disezses, no coagulase positive staplylo-
cocel ware isolated in cultures from the eye, but six of these cases
proved to have these crganlams in the nose,

Table 5 indicates the distribution according to clinieal diagnosis
of those cases in which coagulase positive cultures were isolated from
the oye.

TABLE 5. CORRELATION BETWERN CLINICAL DIAGNOSIS AND CULTURES SHOWING
COAGUIASE POSITIVE STAPHYLOCOCCI FROM THE EYE

m
Coagulase positive cultures from the eye

Clinical diagnosis

With coagulase Without coagulase
positive cultures positive cultures
from the nose from the nose

Acubteo and subacute

conjunctivitis and

keratitis 9

Chronie conjunctivitis 2 e

Blepharitis, acute and

clwonic 9

lelbauritis 3
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Coagulase positive staphylococci were isclated from 17 cases of
agute and chronie cases of blepharitis and meibomitis and from 12 of
those cases coagulase positive staphylococei were isolated also from

the noso,

Correspondence in phage patterns of cultures from & singis site.

In all but two instances, the phage patterms of cultures from a single

site, eye or nose, were alike., Table 6 indicates the correspondence in
phage patterns, including weak lysis and those instancesin which no
lysis occurred with coagulase positive crganiems,

TABLE 6.

CORRESPOIDIICE 1IN PHAGE TYPES OF CULTURES FRCE ONE SITE
e e R R e e e ey ey e S S e gy
' Humber of sites in which
mltiple cultures were of

Hmber of sites in which
mltiple cultures were of

Type of samo phage pattern different phage patterns
roaction
Eye llose Eye Nose
Strong lysis 22 20 o
Weak lysis only 12 il 0
No lysis L 5 0
Strong Lyvis
and no lyels 4] 0 0 1

The gimilarity in phage patterns of staphylococel isolated from

& gingle site simplified the problem of comparison.

Where phage

patterns were identieal, the staphylococci were treated as single

otrains,
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Phare pattarna of staphylococei isolated from the axperimental

gowp. Table 7 lists the individuals from whom typable staphylococei

ware isolated in this study, and the phage resctions of each strain of
staplyylococcus. If more than one phage pattern occurred in strains
isolated from any ome individual, all patterns are listod, The strains
listed include only those showing strong lysis.

More thon one culture was obtained at different times from four
of these individuals. The results of phage typing varied somewhat
among these four individuvals. In case 3, (Table 7) two cultures were
taken sbout six months apart. The phage patterns of the cultures
differ by one phage. If Willlams and Rippon's(>!) conclusions are
correct, one might assume that these cultures are from the same strain,
However, since so much time had elapsed betwesn the first and second
culiures, the difference in patterns may indicate that a new strain had
been agguired in the interim, ,

In case 12 (Table 7) two cultwres talken ten months apart are
exactly alile in pattern. In cases 13 and 1 (Table 7), a mother and
MMugm,mmmMﬁmsammNtm. Inuu
17 (Table 7) three cultures taken ot intervals of soverel months proved
to differ in phage patterns in each instance. The first culture wes
non-typabla, The second culture showed weak reactions only, while the
third enlture was typeble, ut cultures from nose and eye differed in
phage patterns. This individual had close contact with many patienta
suflering from staphylococcus infections and thus had ample opportunity
to acquire new streins.
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TABLE 7. PHAGE PATTERNS OF STAPHYLOCOCCI FROM THE EXPERIMEITAL
CROUP SHOWNING STROMG LISIS

Case lio. Date Patient Phage Pattern
1 7/10/52 GePe(1) 52, s24, (#)*
2 7/28/52 Doifl(1)a 1 {52, 524, +)

Doii(l)a 2 (75 +)
3 2/6/52 LeGo(1) L7, LTB
828{5’2 MOCE) ‘6,’24.?, ll-?B
% 9/12/s52 Jai(1) 30, 51, (+)
5 9/10/52 Maor(1) ke, (+)
6 9/19 /52 Bt (1) 52, 524, (+)
7 9/25/52 RIM(1) {3c, 51, +)
8 9/256/52 lasC(1) 5k, (+)
9 9/29/52 Thke(1) 52, 524, (+)
10 10/1/c2 Crim(1l)a 1 7
Grm(l)d 2 52, 524
n 12/23/52 RiOr(1) (L7, 47B)
12 7 miDa(l (3¢, 51, +
e | 3 e 23
- I 2 SaHa(l) 38, 51, (+
= 11?@/52 Sata(2) 3, 51, U
1 8/52 MrHa(1) 38, 51, (+)
31.12%1552 lira(2) 3B, 21, (+)
15 11/1L/52 HISe(lgb 1 Ts L7, L7B, (4)
MaSe{1)b 3 7s W78

»
(+) = addltional weak reactions

presont
(52, 524) = 1lysis by undiluted phages only
T = nontypabls cultures



TABLE 7 {Continued)

Case Yo, Date Patient Phage Patterns

16 1/3/52 | a190(1) 3, 5.
17 51 JER(1) ur

Ul | 2y | 26

JER(3)d 1 (7, +

18 12/1)/52 HaKe(1) w
1) 122/18/52 | uase(1) (47, L7B, L7C, +)
20 12/20/52 | WeHe(1) Ts 47, (+)
21 116/53 | Baw(1) 6, LT, 7B
22 1/21/53 Zelia(1) (34, 3¢, 51, +)
23 2/20/53 | Enre(1) 6, U7, (+)
2 2/3/s3 | wemi(a) 65 75 T, LB
25 2/12/53 | viHe(1) 6, 47, LTB, LTC, (+)
26 3/2/53 JeCu(1) 7s (4)

—-———-—_——_—
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Table G lists the phage patterns found in each phage group.

Group I phage patterns occurred slx times with only one distinet pattern,.
Group II phage resctions appeared twelve times with four distinct pat-
terns, Croup III phage reactions sppeared 21 times wlth U distinet
patterns, Any given pattern, such as the pattern in Grouwp I in this
study, may have ocowrred with diluted or undiluted phage mla'. Strains
showing the same phage patterns lmit differing in their resistance to
Iysis by these phages were congidered to be different m.

The variety in phage patterns of cultures fron different individuals
is in ccmplote contrast to patterns of cultures lsclated from a single
:r.ndivi{h:ll. As a general rule all cultwres obtained from amy ons individe
were of the sams phage pattern. I!ad this not been true, no compairisong
between cultures from nose and oye would have been possible. There would
have bLeen mo lodicatlon thet one strein was similar to or differed frou

another in any way.

Fhage patbans of staphylococei shoulng weak lysis only. Whare
only weak reactions to undiluted phages occurred, the cultures were
considered non-typable. Withmmnptd_.ﬁn,‘w cultures from a single
site showed the same weak reactions., Tablo 9 lists the individwals

from whom these cultures were isolated and the weak reactions shown,
There wvas come variation from one individual to another in the patterns
of weak lysis shomm by the staphylococel isolated. Becsuse of this
variation we folt that in each instance we were dealing with a single
stradn and intorproted the results in the same manner as those strains
showing strong lysis. It is possible that if more bacteriophages had
been avallable, some of these cultures might mve proved typeble.



TABLE G,
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PHAGE PATTERNS FOUID IN EACH OF THE THRER MAJOR

GROUPS

m

Group I

roup II

Group III

Hos | Pattern

ﬁo.

Pattern

Ko

Pattern

6 52, 524

5
2
L
1

3¢, 51

ﬂ.

3B, 51
3, 3, 51

b

Lol A S o o - T S PR S I )

7

L7, L7B

6, b7, LTB
L7c

iy

Ta 47, W78

7, LB

6, L7

L7

L7, L7B L7C
6, b7, L7B
6y 75 L7, LTB
b7, 478, h2B
6, L7, LB, LTC

I T T T T T T e e e ey I LT T S T e ey ey
Phages W and L7A are not classified in any of the three major

GrOUDEe



TABIE 9, PHACE PATTERVS OF STAPHYLOCOCCI FROM THE EXPERTMENTAL

CROUP SHOTING WEAK LYSIS

e

Case lic. | Date Patient Phage Patterns
1 //52 | Ra(a) L7C+ry hobs *
2 7/11/52 JoFr{1) W74+, LD+
3 1/25/52 JuH(2) 3B+ |
L S/18/52 ArBr{1) K704+, L2ber
5 s/u/52 Groe(l1) L+
6 9/5/52 cia(l) L7+
7 5/26/52 ﬁ)rih{i) L4+, LB+, Wt
G 1/25/52 | Haly(1) T+
g 1/30/52 | mepi(1) G, T4+, LTD+
0 1/22/53 Dii(1) 3+, 3+
un 2/19/53 MrLa(l) 64, L7+, LTB+
12 | 2/3/53 | agor(y) K7+

#*

= more than 50 discrete plaques with undiluted

phage, + = less than 50 discrete plagques with
undiluted phage.
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Correspondence in phaze type of cultures from nose and gre. In

2L of the 59 sets of cultures, coagulase pesitive staphylococel were

iselated from both nose and eye. Floven of Lhese sets showed strong
lysls with one or more phages. Bight of the sets consisted of non-
typable culturecs vith weak reactions. A1l of the cultures in each of

these sets showed the same weal: reamctions, Two sete showed no phage

lyeis, Table 10 illustrates the correlation in phoge patterns between

the nooe and the e3e.

TALE 10, CORRESPONDENCE IN PHAGE TYPES OF CULTURES FROM

WOSE AND ETE

Fumber cf sites in which eye and
nose cultures ylelded organisme

Type of reaction

Of same phage Of different
tyre phage type
Strong lyeis o § 3
Weal: lysis only 8
No iyeis 2
Total 21 3

The correlation shown by phage typing is nmuch greater than one

would expect Judging from the mumber of sets that did not correspond in

pathogenicity as evidenced by the cosgulase test. In all, 21 or the 24
sots showed exact correspondance in phage lysie between nose and eya.
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DISCUSSION

From the data presented, it can be seen that coagulas positive
staphylococel are much more common on the lid margins and conjunctivae
and in the meibomian gland of individuals with external infections than
in the same tissues of normal individuals, These findings corroborate
those of previous investigators. An asbsclute agreement in type between
staphylocoeci from the nose and from the eye in infections of the latter
is not shown in this investigation. However, the mmber of instances in
widch coagulase positive staphylococei were found from both the nose and
the eye was much ldgher in the experimental group than in the control
group. 4 coagulase positlive staphylococcus was isolated from the eye of
only one of 55 persons in the control group as compared with 35 of 55
persons in the experimental group.

It may be argued that if the source of the staphylococci found in
eye infections is from those normally carried in the nose, one si:nu:ldba
able to isclate coagulase positive staphylococci from the nose in all
infected casen., In this study, cultures were taken from the anterior
nores only. Berens and m{éﬁ) have shown that when nasal cultures
only are taken, some pathogenic organisns are missed. Ilis study of ﬁhﬁ
incidence of toxigenie staphylococcl in the nose and nasopharymx showed
that of 277 sets of cultures, 28.5 per cent had toxigenic staphylococed
in both nose and masopharymx, 28.5 per cent in the nose only, while 10
per cont had texigenic staphylococel in the nasopharynx enly. Had it
been possible to cbtain éultw from the nasopharynx as well as the
nasal cavity in owr study, the incidence in which the coagulase pesitive
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staphiylococel were found from both eye and nose might have been Mgher.
On the samo besis it must be admitted that the incidence of the carriage
of coagulase positive staphylococci in the control group might have been
higher also.

The significance of the absence of coagulase positive orgenisns
from the eye in the experimental group is harder to evaluste. Howevar,
in ten cases diagnosed as acute conjunctivitis or keratitis, viruses or
organians other than staphylococel may have been the cause of the in-
flammations. Other pathogenic organisms were not isolated in this study.
Of 11 cases of clronic meibemitis, blepharitis or agute exacerbations of
these conditions, mine carried coagulase poeitive staphylococel in the
nose, These findings may be of some significance in view of Berens'
Wt&tmmmmmmawmmmmymwmm
to a taxic condition of the conjunctiva. His hypothesis might be ex-
tended to include 1id margin and meibomlen gland inflammations, particu-
larly where an active infection existed previously. In the eye clinic,
where the cultures for the mresent study were obtained, it is generally
assumed that chronie infections of the 1lid margin or meibomian glands
follow acute primary infections csused by pathogenie staphylococei. The
assumption is based on the fact that the mejority of acute infections
of this ¢ype have been shown to be caused by the pathogenic staphylo-
cocel,

~ The resulte of bacterlophage typing demonstrste rather strilingly
the close relationship of the staphylococel from the nose with those from
the eye. Of the 59 sets of cultures in the experimental group, 2l cor-
responded in that coagulase positive organlesms were isolated from both
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eye and nose. Twenty=one of the 2l sete showed complete correspondence
in phage reactions. The experimental group in this investigation dif-
fered from most groups studled in that the individnals in the growp for
the most part had had no contact with each other. Therefore the question
was whother or not pairs of cultures from the same individual were
identical in phage patterns, e problem that fell well within the range
of reliability of the method.

One cannot say with certainty from the data presented that the
staphylocoeed found in the nose of an individual are the source of
those causing the infections of the eye. The findings of other investli~
gators lend support to the belief that the staphylococei found in infoc-
one of the eye came originally from the nose. Infections of clean
surgical wounds were found to be caused by staphylococel with the same
phage patterns as those found in masal carriers smeng the hospital staff.
Children with siin lesions were found to have stephylococei of the same
phage patterns from both leslons and the nose, suggesting thet the nasal
organisms were the source of those in the skin lesions. An epldemic of
pamplilgus neonatorum in a hospital was caused by staphylococci of the
samo phage patiern as attendants carried in the nose.

Staphylococel have been found frequently on hands and clothes
when found in the nose. DBoth hands and ceortain articles of clothing
mdbamdwmaaﬂsofmmiqgataphyﬂmﬁmm“awthe
oye. Since many peopls without any evidence of staphylococcus infec~
tions are nasal carrier of pathogenic staphylococcl, the presence of &
staphylococeus infection elsewhere om the body doos not sppear to be
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essential for nosal carriage. It seems more likely that the staphylo-
cocel found in eye infections come from the nose rather than the
rOVOrSt.

In the present investigation, one person, WiDa (case 12, Table 7)
and possibly & second, LeCo (case 3, Table 7) show the same phage
patterns 1n cultures teken at widely separated intermls. Two others,
¥ria and Safa (cases 13 and 1, Table 7) members of the same family,
show the same phage patterns. These findings are sugsestive that nagal
carriage of the same phage type may persist over a long period, and
that staphylococci may be passed from one mamber of the family to another.
However, %oo: few individuals or famillies hawe been studled to allow
definite conclusions to be dram. |

It would be of definite wvalue to determine the constancy of nasal
carriage of staphylococel of a given phege pattern over a long period of
time, Such a study would be of particular interest in those peopl who
presont thomselvee to the ophthalmologist with acute 1id infections. In
those cases it is desirable to lmow whether or not the same type of
organism originally isolated persists in the nose, and whether or not
rainfection or cxacerbation ccours with the type found originally,

SUIMMARY

Cultares were obtained from nose and eye of 55 persons with 1id
infections or conjunctivitis and firom 55 persons with no mw of 114
infections. The latter group served as & control group.

Coagulase positive staphylococel were isclated from both nose and
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1id margin of 0.6 per cent of the experimontal group, but from only
1.8 per cent of the control group.

In the experimental group, 21 of 2l sets of coagulase positive
cultures showed complete correspondence in phage patterns.

lo abpolute proof is offered that the nose serves as a reserveir
of infection for the eye, but the results are strongly suggestive that
this is the case. It has been demonstreted in this investigation that
bacteriophage typing will serve as a useful mothod in tracing sources
of infections of the eye.

Suggostiu‘. are made for further investigative work that might

be undesrtalem,
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APPENDIX

Biocchanical Reactions of the Staphylocsced
Isolated for This Study

A marked difference in colonial sappearance of the white staphy=
locoeci had been observed during the course of this work. In the
literature, these white staphylococei, isolated from external infections
of the eye, have invariably been called Staphylococcus albus, We
thought it would m_mm’uung to determine the species of these oran-
isms, thinking some might be other micrococei.

The biochemlcal tests used in classification of the micrococed
include ability to reduce nitrate, ability to utilise NHH,PO0 a5 a
sole source of mitrogen, ability teo ferment mamnitol and ability to
liguefy gelatine. Gelatin was not used in this study and, for that
reason, the exact classiflcation of some of the organisms isolated is in
doubt. No micrococel other than S, aureus and 3. albus are imowm to
coagulate plasma, We felt confident, therefore, in classifying all
coagulase positive arganisms as S. aureus or S, albus,l A few cultures
fermented marmitol but did not coagulate plasma, Without lmowing theoir
action on gelatin, these organisms could be classified either as S, aureus
and S, albus or as Micrococcus surentiacus. |

Tables 11 and 12 show the biochemical reactions of the staphylo~
cocel isolated from the experimentsl and control groups respectively and
the tentative classification of these organisms,

. Ahese organlsms are now claseifled as licrococcus pyogenes, wvar,
aureus or var. altme (Bergey, 6th ed., 1948). We have used the older
terminology throughout this paper since these terms are still in common
nae,
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TABLIE 11. BIOCCHEMICAL REACTIONS SHOYIN BY CULTURES FROM PERSONS IN
' THE EXPERIMFNTAL GROUP

w

=3 4 Coagulase
g S2IER |ES 2 | positive
Species Number of|Per cent § ag&“ EE 5%
cultures |of tn‘tﬂg.ﬁ 2 E’ 3 2 No. Per cont
Staphylococcus 303 64,8 + - + + 303 100
aureus
Staphylococcus 2l Gel + - - -] 24 100
albus
Hicrococcous L 0.9 + - - + 0 0
awrantiacus
V. opidermidis | 104 222 |+ | = | = | =] 0 0
K. candidus 30 6.5 - - + -1 0 0
Unclasaified 2 Ce5 i - - + 0 0
Total L67 100,0




TABLE 12, BICCHEMICAL REACTIONS SHOWY BY CULTURES FROM PERSONS IN
THE CONTROL GROUP

Coagulase
o~ positive
315253 ok
Emnberoff’ermntéé E&g gg pa |
Specics cultures lof totall 2d |IZE |28 |24]ve. Per cent
Staphylococcus 2l 17.8 + - |+ + |24 | 100
- aurcus
S. albusg : | 5e3 + - - - 7 100
Micrococcus ) 10.h + - |+ + 0 0
aurantiacus
Mo epidermidis 6ly L7.h + - |- - 0 0
H. flavus 4 0.6 = G e + 0 4]
M, candidus 25 18.5 - - |- - 0 0
Total 135 100,00
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It should be noted that none of the micrococci cluaiﬁeﬁ as
other than S, aureus or S, albus showed abllity to coagulase plasma,

In Tabls 13 are recorded the specles of micrococei isolated from
eye and nose of members of the experimental and control groups.

TASLE 13 SPECIES OF STAPHYLOCOCCI ISCLATED FROM THE EXPERIMENTAL

AVD CONTROL GROUPS AVD THE WUMBER OF PERSONS FROM WHOM
BACH SPECIES WAS ISCLATED

Bxperinental group Control group

Species
Eye Nose Eye Nose
S. aureus 33 3L 0 1
Se albus 2 kL 1 5
¥, aurantiacus 2 0 5 L
H. cpldermidis 20 23 20 20
¥, candidus 6 8 10 1
i, flavus 0 O 1 0
Unclassified o 0 0 1
Total 63 69 37 61

A high proportion of the micrococcl from both eye and nose in the
experimental group are S. aureus, while the reverse is true in the contrel
group. Persons in the experimental group who carried S. aureus often
garried M. epidermidis in addition. This fact accounts for the simllarity
in mmbers of that species in the two groups.
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In view of these findings one should be cautiocus in classifying

any white micrococci as S. albus and assuming them to be nonpathogenic.
The micrococed that are truly S. albus are often pathogenic. Those
that are nonpathogenic generally will be found to be other mierococci.
The coagulase test should be done on all micrococci found in infections

before ¢alling them nonpathogenie,





