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AbSTRACT 

Observations were made on 150 newborn babies 

delivered in hospital, and on 38 babies delivered at 

home. Two or three per-nasal and throst swabs were 

obtained from each baby during its first two seeks of 

life. Further consecutive swabs were obtainel, at one 

to four week intervals, from 34 of the hospital-born 

grous, and from 28 of the home-born group. The hospital-

born bbles were observed. for six to twelve months where 

possible, and the home-born babies for four to six months. 

in adAtional eight hospital-born babies were observed 

for shorter periods, not necessarily from birth. The 

swabs were inoculated routinely on blood agar plates, with 

or without gentian violet, and incubated aerobically. For 

certain organisiLs (e.g., Haemophill, fusiforme) special 

cultural methods were used. 

•taphylococous sureus was esent in both nasal 

and throat cultures of 29 per cent of the hospital newborns 

(106) and n per cent of the home-born group (36). Ninety-

seven per cent of the hospital newborns (34) and 18 per cent 

of the home-delivered newborns (2) acquired penicillin 

resistant strains. ,any babies ceased to be nasal carriers 

of staphylococci after about the first month, but continued 

to be throat carriers. Pelage typing demonstrated that the 

strains neonatally nequired way be carried for as long as 



a year. New strains seemed not to become established 

during the later months of life, ant home-delivered babies 

who had not acquired staphylococci neonatally remained 

negative during the later period of observation. 

--Ineem000cci were fcund in less than one per cent 

of the hospital neWeorne (160). They occurred in 14 per 

cent of the home-delivered group (36). but seemed not to 

persist. In both groups pneumococeal carriage began in 

the lete neonatal period, awl 	four to five months 

about half the babies were carriers. The particular 

pneumocoocal type acquired usually persisted for many 

weeks. 

Carriers of beta haemolytic stroptocooci, including 

Group A, were seen 'acct lonelly in the newborns, as well 

as in the oleler beblee of both groups. H. influenzae was 

never founO. in eny of the newborns, and was rare among the 

older bablee. 

Conform bacilli often became established in the 

throats of tlee :ece3pital newborns, and usually persisted 

for at least six fonths. Fusiforms were present in most 

babies' mouths before tooth eruption. 

Note - Figures in braok,  to indicate the total number of 
babies observed for the particular. organism. 
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INTAODUCTION 



Investigations on the normal body flora usually 

are undertaken with reluotence because it is regarded 

us both complex and variable. Its variability may have 

been overemphasised, for knowlelee gleiduelly accumulating 

indicates it to be a ereciseiy balanced ecological system. 

etter knowledee of this system should contribute much 

t our concepts of immunity and resistanee, bit cannot be 

obtained ithout fuller understanding of its component 

parts. The normal flora is most eeeily studied in young 

infants where the sequence of Its establishment may be 

observed. That of the upper respiratory tract was chosen 

for tee present investiotion becaule 1) the upper 

respiratory tract presents a fairly well defined region 

toward which some baeterioloical work, mainly on adults, 

has been directed, 2) material from different sites of 

the upper respiretory tract can readily be obtained, and 

3) information on the normal flora of this region should 

be useful for the advancement of dental bacteriology in 

which the author hss been interested. 

) L., • 



PART I. RWIEW OF TRI' LIT  

CRAPTAI I. 

ESTABLISHAENT OF THE INFANT 

UPPER RESPIRATORY FLORA 

3. 



4. 

The upper resriratory tract of the foetus in 

utero is believed stnrile. 	Bacteria have never been 

cultivated from the oral or nasal cavities of infants 

delivered by !"laesarian section, althouh the sum total 

reported to hove been exacdned is rather small. 	It is 

thought that bacteria do not normally croon, the placental 

barrier. 	As evidence of its effectiveness, Neter (1950) 

reported a case of paratyphoid occurring in into 

pregnancy. Although numerous lalmonella cholerae-suis  

ere cultured from the placenta, blood and mouth cultures 

of the baby were sterile. Transmission of bacteria, 

viruses, and apirochaetes may occur across the damaged 

placenta (McKhann and apnick, 1938), but it is improbable 

that bacteria often reach the infant upper respiratory 

tract b this route. 

Just after birth the oral and nasal cavities are 

frequently sterile. 	The incidence of positive cultures 

reported by different inveatirators hou variad considerably, 

dne, no doubt, to the use of different culture techntiues, 

or to differing eIrcumstanees of labour. 	Salomon (1923) 



pointed out that sterility of the newborn mouth was partly 

related to the du ution of labour, the time of rupture of 

the foetal membranes, and to .delivery manipulations, 

This was inter confirmed by Cornelison et al. (1946), who 

found that the incidence of positive oro.naaal cultures 

directly related to the time at which the foetal 

membranes had ruptured prior to delivery. 	:7:nyder (1936 

apb) believed that membrane rupture, with consequent 

ingestion of btA:'teria, explained the positive cultures he 

obtained from meconium specimens collected immeditelY 

after normal birth or at still.bi&?th. 

Nearly all investigators twve fona that infants 

whose noses or mouths .ire sterile t birth begin yielding 

poltive cuturesnot later than the second or third day 

of life; frequently colonisation begins within the first 

day. As a rule, throat cultures become positive before 

non cultures. The organisms usually reported include 

f:ItephlOcOccus aureaS StarthYlegoccus albus, viridans 

streptococci, gamma or "indifferent" tref,tocecci , 	Gram 

negative cocci, diphtheroide and conforms, 

5. 



Most wern agree that ataphylococci ore predominant in 

the nose, and ntreptococci are predominant in the mouth. 

Moniline are often found in the mouth when approprinte 

media are used. Air saprophytes are rarely pronent, in 

either the none or mouth, and never in significant 

numbers; it in believed that they are only transien 

(Bloomfield, 1922). 

Although there is general clreement as to the 

composition of the rtiry flora, thel,e has been consie— 

rabic dispute an to its derivution. 	or1y investigators 

thought it ono derived principaL4 	ho maternal 

vagina and perineum, and regarded the frerluent presence 

of Doderleine s bcillus and conforms in the infant 

orhvyn.:-. al evidence of this (73cheitzer, 

Their arpumcut„ hoever, has been weakened by more recent 

recognition of the ubiquity of these organisms. 

DOderleints bacillus, although originally cultivated from 

the vnina, 13 now usually considered identical with 

pactobeillus acidhiluil, a common component of the adult 

oral flora. 	ide dinsemimAion of coliforms in nursery 

8. 



air, .slunt, anJ bedding ho now become apparent during 

invtistions on the transmission of S.. coil associted 

with infantile gastm-enteritis (Rogero, 1751; 

Stevenson, 1952; Taylor und Charter, 152). 	Nurses 

attendlng newborn infants may carp: c!:)liforms on their 

han.is(Torrey end Reese, 144). 

The best evidence that the ne.iborn oro-naIal 1ora 

may be derived, at leant patially, from the vagina is 

the transfer of vinal iu. eti 	tn the newbcIrri upjql 

respiratory mucosa. Candida alticens infcction is an 

example probably of cost comer) occurrence. Anderson ct 

al., (1944) found a statistically significant or7Trel=tion 

between the presence of C. albicans.  in the vtr;inn of 

mothers and the mout of newborn infants. Transmission 

may also occur by ether routes, hrwever, on demonstrated 

by Ludin and 7enderson (1c42)  who cultured C. albicans 

from . f'ants h.LIPM, end the hands and throats of nursin2; 

personnel. Viral "epidemic stomtitis of the newbnrC 

may be derived from infectiE of the ma„,ornal vagina an 

aho'an by Buddingh (1946) and bp Dodd W46 • Again, 

7. 



however, infection may also originate from other sources, 

as indicated by recovery of the virus from the moths of 

adult hospital staff. 

Some investigators have felt that r.7nt of the 

bacteria which the ne;4bern acquires from the vagina are 

only transient (Torrey and Reese, 1944; Smith and 

Bloomfield, 1950). 	As evidence they cite the high 

frequency of sterile orenasal cultures obtainoble during 

the first half day of life, However, if only a email 

number of bacteria were acquired from the vagina it is 

ioubtful .-A-lether they Jould multiply sufficiently during 

this tie to be detected by the usual culture methods. 

Torrey and Reese also pointed out that; streptococci of the 

newborn upper renpiratory tract are more closely related 

in fermentation resetiona to those of the adult 

respirotory flora than to those of the vagina, but this 

in not a very accepable basis for comparison. 	Indication 

that at least some vaginal bacteria may be eliminated is 

found in the rapid disappearance of gonococci from die 

mouths and nasopharynx of babies whose mothers have 

a. 



gonorrhoea (Salomon, Torrey and Reese, lc_44). 

A sharp increase in the number of positive cultures 

observed to follow the first feeding of newborns 

indientes that norle of the pri flry flora may be derived 

from the mothers breast (Bloomfield, /)22a; Kneeland, 

1930; Torrey and Reeee, 1945). It has also often been 

sugu:ested that the bacteria of the mother's upper 

respiratory tract are passed on to the infant. This has 

been considered true particularly of cer 	pathogens, 

diseusoed in Chapter 3. The literature thus indieates 

that newborns may ;,lori-sie their tir:,:er zes,:iretory flora 

from several sources. The relative importance of these 

is difficult to decide for it 1ay differ for different 

gt1.1.sms. 	Also g as cinted ct by Dmith and Bloomfield 

(1950), the initial inoculum need not necessarily be ltIrge.. 

Numerous ebserIvtione have been made on the upei. 

respiratory flora of the newborn (i.e. babien less than 

two eeeke old, tut few have been made during the late 

neonatal period (i.e. the last weeks of the first month). 

It is generally presumed that no change occurs during this 

9. 



tine. Torrey and Reese (1i) seem Int to have noted 

noy dif erenee in the flora of the 37 premnture bntics 

they examined between the '.th an 25th Clay of n e. 

The only study on the upper respirntory flora in older 

infancy is thnt or 1-leelnnd (1930) who compnred the 

cultures of 28 healthy bflAes four to eijlt months old 

with tone of 30 newborns. 	Their throat flora differed 

from that of the newborns mainly 	that the viridans 

streptococci and Gram negative cncci had increased at the 

ex7ense of the "indifferent streptocecci" and ataphylo. 

cocci. The nasal flora showed a similar decrease in 

stn:hylococci, vhile diphtheroids and "large Gram :2ostive 

cocci" had increased in numbers. 	By eight months of c4::e 

the flora seemed entirely comparnble to that of adult. 

It in often stated in tctic that there is a definite 

chanLT in the oral flora at the time the deciduous teeth 

erupt. This is sup oned to be principally the 

appearance of anaerobes, believed to ro,lire the 

gingival crevice for their habitat. They include such 

organisms as fusiforms, spirochaates, od"leptothrix". 

10. 



Pew actual 3tudies h ve been made and these, cited by 

Appleton (1251, contain too little data to five much 

sup.ort to this contention. 	For examples 

Brailovsy—Lounkeviteh (1915) 

examined the oral flora of an unntuted 

number of newborns, and of children aged 

one to fourteen years. 	strict anaerobes 

were said to occur rarely in the ncborns, 

and because leptothrix, n:Arocbaetep, 

vibrloa, etc., were present only in the 

oiler children it M3, suggelted that they 

appeared with the eruption of tooth. 

KosteCka (1924) claimed to have observed 

anaerobes to apr;ear only after tooth eruption, 

and to disappear in the edentulous mouth. 

He gave no infomlation on the number of cases 

observed, nor his methods. 

Andre (19314) reported that he had been 

unable to cultivate anaerobes from the mouths 

of 26 infants under one week old, or from 14 

infants eight days to six month old. 

11. 



Pecause he cultivated fusiforms, 

actinomycetes, and leptothrix frm five 

of eii7ht infants aled seven to nine 

months, an well an from oljer children, 

he concluded that tle<;e oranisms had 

appeared with tooth eruption. 	Although 

his cultural methods 500M tAelunte, his 

conclusion is based on circomfltantial 

evidence. 

It is conceivable that the requirements of these 

anaerobes could be met, prier to tooth eruption, in 

symbiotic growth ith the aerobic members of the oral 

flora. Their pcylsible presence before tooth eruption 

irther invc Cl t1cn. - 

Almmary 

The infant 	reqir7,tory tract, often sterile 

at birth, becomes colonined ithin the first few days. 

Streptococci become predominant in the newborn's thront; 

12. 
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in the nose staphylococci are most numerous. ether 

bacteria sometimes found in either site include 

"indifferent streptococci", diphtheroids, Gram negative 

cocci, and coliforms. 	It is difficult to determine the 

exact source of these beer:lune they are common to the 

upper respiratory tract, akin, alimentary canal, or 

vagina of the mother and other adult contacts. 

It is presumed that there is little change in the 

flora during the rest of the neonatal period, or in the 

first few months of life. The only study on older babiee 

indicates that some change occurs by the fourth to eighth 

month. Viridane streptococci and Gram negative cocci 

increase at the expense of "indifferent streptococci" and 

staphylococci in the mouth; in the nose staphylococci 

also decrease while diphtheroids and "large Gram positive 

cocci' become more numerous. There is a general belief 

that obigate anaerobes, including fusiforma, spirochaetes 

end "leptothrix" appear in the infant mouth at the time 

the teeth begin to erunt. Mowever, few actual studios 

have been made, and those reported contain insufficient 

data to support this conclusion. 

13. 
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3ta:::hylococci almost invarinbly have been found 

predominant among the upper respiratory flora of newborn 

infants, and present also, althnugh in looser numbers 

end fequency, in °Vier infants. The occurrence of 

potentially pathogenic strains cannot be accurately 

entimted from the early reports becauoe, in these 

otudies, the species were denicnated according to pig—

mentation only. In recent years, vAth acceptance of 

coagulase production as an index of potential 

pathogenicity, many reports have-  confirmed that the 

infant uper respiratory tract is highly susceptible to 

colonisation by coagulane produciw: strains to which the 

names StElphzlocoecus aureus or lta . 11ocoveun r7o7en 

are ap!:lied. 	Non-coagulane producing strain, usually 

white pigmented and designated as 3taph7lcocrua albas 

or "white micrococci", have received little attention 

from recent investigators. The figures of Kneeland 

(1930), who did not test coagulase production, suggest 

that they are more numerous than Staohylococcus aureun  

in both the nose and throat throughout the first seven 

lb. 



months. Torrey and Reeee (1944), who differentiated 

Staphylococcus aureus by coagulaae and haemolysin 

production, nlso retorted Stahzlococees altus more 

frequent in both ansoTlinrynx and thront of premature 

babies during the first 25 days. Mnrtyn (1949) 

reported non—coagulase producing atar)hylococci in the 

nasopharynx of 51 of the 130 newbra in:rents he 

examined. 	Prom these report°, it therefore arenrs that 

Staphylococcus alba.  and StaphYlococcun nureus have a 

similar propensity for becoming established in the newborn 

upfler respirntory tract. 

Incidence of Stqphylococcus aures 

mo7A infants born in hospital have Staphylococcus  

aureus in their upper reapiratory tract by the end of 

the first week of life. 	Colonisation tecl'ins very soon 

after tirth, and usually over half ",he babies are found 

affected as early as the third or furth day. 	Positive 

fiso ellltres appear suddenly, the negative cultures of 

1t3. 



the early days of life being followed by a heavy growth 

of Stat,hylococ us aureue (Parker and Eennedy, 1949; 

Cunliffe 14). The throat, according to Torrey and 

Reese (1945) in colonised loss rai.idly than the nose, 

and they found that the incidence in the throat remained 

lower than that of the nose and nasrTharynx throughout 

the first week. Among 63 babies fv:ed four to eight days 

the incidence .ans 	in the none and 35-  in the throat. 

Krag-Anderaon (19%3) 'vhose fires are. ali::htly higher 

for babies of comparable number and ace, nevertheless 

found a airlilar difference between the throat and the 

nose. 	McFarlan et al. (1949),who investigated throat 

swabs only, reported the incidence to be an low as 27 

among 41 babies tied four days. On the other hand, 

Duncan and Aalker (1942) reported the throats of 91:, of 

75 newborn infants to contain Staphylococcue anxious within 

the first eight dnyn of life. All other inventigatore 

have considered the findings of nasal siabo only, or of 

nose and throat swabs combined. 	In these reports, too 

numerous to mention, the figures cited vary from 60: to 

100. 



It has been nuo-coted that the inciOonce of upoer 

respiratory Otaoh7locoocus aurcun among babies born at 

home in probably lower than that of bnbion born in 

hospital. Brailovaky—Lounkevitch, as early as 1915, 

observed that "pyogenie cocci" were only present in the 

mouths of babien born in the city hospital and not 

amongst those of babies born in the village. No 

obnervntionn hove :rot been made on newborn infanta noon 

after home aelivery. 	However, Cuolirfe (1349) examining 

infants ooed two to eight weeks found eight babies born 

at home to have a nasal carrier incidence of 12.5 in 

contrnst to 814.6. among 26 babies born in hospital. 

Ludlam (1953), similarly examining two..eek old babies, 

also found fewer nasal carriers among those born at home 

than among those born in hospital. The incidence among 

54 babies born at home woo 59.3', Alereas the incidence 

among 57 born in one hospital was 70.2-', and aloong 29 

infants born in another hospital, 36.2: 	In view of the 

prevalence of 3taohylococcus aurcus in the hospital 

nursery environment, discuosed loteo, uch findings may 

le. 



be expected. 

Cunliffe M49) preeented data auggenting that 

later infancy is characterised by a much lower nasal 

carrier rate of Staphylococcus aureue. In 78 babies 

aged six months to two years the rate wan only 23%, and 

among 65 babies aged two to four years it was 29;. The 

observation via confirmed by Ludlam (1553) whose data 

also showed the nasal carrier rate to decline progressively 

from two weeks onwards until at 12 to 24 month it had 

reached 15-25;. The same trend ,,Ais exhibited both by 

babies born in hospital and those born at home. 

According to Cunliffets figuren the carrier rates 

of hospital and home-born babies had reached the same 

level by the age of 3-12 months. Ludlam, hoover, found 

a statistically significant difference still existent 

between these two groups at five months, althoL:h not at 

two months nor at 12-24 months. 	3uch inconsistencies 

suggest that the nasal carrier rate flay be affected by 

factors other than place of birth, and that cml:cirisns 

of small nampleo drawn from different populations met be 

made with caution. 

19. 



Cunliffe f-un,1 that the nasal carrier rate of 

aureus gradually increaned up to 60-65 

in the tenth year of ago. Although the number of 

children sampled in each age group was small, his 

statistical analysis of the data in2icated that the 

differences were significant. His figures for the 

nasal carrier rote of infanta aml char children el7pare 

closely A.V1 the 56.4: incidence 7.:(111an (1937) reorted 

in the anterior nc..res of 272 e%ildren u el two months to 

twelve years. 	Similar figures ;ere obtained by Vthews, 

et n1.)(1949) when examining mouth waehings of 194 sch,1 

chiliren ai7,ed five to twelve years. 	Coagulase penitive 

staphyleccei were fo:Ind in - .71 of the specimens. 

These reports indicate that the carrier rate of older 

children is about the same as that of adults. 

In adults, the carrier rotes reported for the 

general por,ulation vary from 30 to W, A.th about 50, 

the mode; amonp: hon:Atal patients and staff it is tten 

higher. 	These fiL;uree usually are based on reco-very of 

3ta7hylecoccus aureus either from urinal aabs alone, or 

20. 



from threat ns ;f:t11 as nasal sat. 	rent investigators 

renrd the nasal mucosa to be the natural reservoir of 

3tanhylococcus aureus and attach little siznificance to 

its presence in the throat. Packalen and Dergqvist 

(1S47), however, reported that "staphylococcal findings 

in the throat reflect fairly faithfully the corresponding 

flora in the 11c:se". 	They also noted that p  tiente whose 

throat culturea cotained staphylococci had, a distinct 

tendency to retain them for long periods of time. Among 

362 subjects suffering from tuberculosis or other medical 

disease they found it ;reeent in the throats of 63 	in 

38.47 it represented 51 or more of the total throat flora. 

Vogelsang (1951, 1()53) likewise fund that Stanhylococcuo  

aureus was usually r,resent in the throat an well as in the 

nose. 	It was numerous in the throats of 2n.6, of 1,000 

healthy adolescent school children a'.:cd 14-15 years. 

Plackburn (1945) examined excised t'tils of an unstated 

number of children nnd adults, an tc, und coagulase—

producine staphylococci in 30. They were more freuent 

in the younger age group (under 20 y,tnrs) than in the 

older age group (over 20 years). 

21. 



TADIZ 1 

rscumpcx 0? COAGULA33 PRODUCING 3TA 

Woe* 	Throat 
Reference 	Threat +  Throat t only .+ 

CI I! TflS MCAT 

persons Exa-.4ned 

 

Krag- 	26 	 19 puerperal . .omen 
Anderson 	18r-1 	33 hosrital staff 
(1943) 	454 	29 puerperal onion 

294 	 359 hosiAtal staff 
Packal6n & 	635 	362 patients with tuberculosis or other medical 

Bergqviet 	W; 	7.8 	77 	n 	(143 cultures) 	disease 
(1947) 

Colbeck 	23 	IC:, 	141B ntaff, maternity ward 't- free of pernpigus 
(1949) 	12: 	l 	142 	ft 	ft 	ft 	, pemptogus outbreak 

30 	le, 	113 old staff, " 	" C- 	tf 	 n 

195 	16: 	32 now staff, " 	" C- 	If 	 " 

Martin & 	1& 	 50 healthy adults 
hitehead 

(19149) 
Vogelsang 	47.3 	17.1 	1000 healthy school children, aced 14-15 years 
(1951) 

Vogelsang 	394,91 	174a; 	764 hospital ward & domestic staff, medical 
(1953) 	 students 

Laurel' 	704,54* 	9.6 *  166 hnscital staff (*coaculase production not 
(1953a) 	 always teIted! 

rempligus outbreak, 109 

rempMgus outbreak, 1941 



Not all investigators have noted an high un 

incidence of 3taH'(Iylococcua aureus in the throat, but 

inspection of the literature indic-:ten that it is 

probably more common than geneyally realised, a-ta 

reported are eummrised in Table 1. It may be significant 

that some of these investiaters used Chapman's se•ective 

medium containing aC1, or ordinary nutrient agar, either 

of which discourages grov;th of other components of the 

throat flora (Krag—Andereon, Colbeck, Vogelsang, Lauren). 

Tiowever, others used blood ac:ar (rackalfin and Bergqvint, 

Martin and ilitehead). 	It is, of course, aebatatle 

whether these throat staphylococci arc only transients 

which have wa led tack from the nose. In those instances 

where they are present in the throat alone (Table 1) their 

possible colonisation of this site merits consideration. 

Sources of qtaphylococcus aureus Colonising the 

Neborn Up;er Respiratory Tract  

As colonisation of the newborn's upper respiratory 

tract begins about the time of the first feeding (Chapter 



1), it might be th7) 	that staphylococci are acquired 

from the mother'n breent. Recent work, however, India,  

cates that babien more often obtain their staphylococci 

from other sources. Duncan and alker (1942) presented 

evidence that on1 a small proportion of babies 

acquired staphylococci from their mothers' milk, even 

though thele oreninme were frequently present in 

aselAically collected samCLeo. Among 87 mothers and 

their babies, 3tahyloco ° aureue was resent in the 

nether's milk before it vas present in the baby's throat 

in :Jest 15 inntances. 	In 33 instances it was resent in 

the tatyle throat before it ar2,eared in the mother's milk, 

and in 9 it occurred 	.taneously in. both. 	Thus, in 

only 1!3:. of the cares was the baby likely to have received 

its staphylococci from its mother's milk, while in 	the 

mother's breast appeared to have been infected by the baby. 

The observations of Buttieux and rierret (149) later gave 

iadirect evidence that the baby does not receive its 

respiretory 	:hYlococci from the mntornal milk. 	hue 

the 7resence of fAie!le oNanisrAn in the milk supply could be 

correlated uith their presence in the baby's stools, there 

was no correlation between their occurrence in the stools 

24. 
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and in the baby's naeopharynx. These workers also 

advanced some evidence that the akin of the f-other'a 

breast is not a common 30111'00 of the tnby's u_er 

respiratory staAlylococci. Only 23 of 22 breat.skin 

swabs were positive for staphylococci, This wan also 

the experience of Marsh and Rodway (1554) who found only 

32 of 57 mother's 	swabs to yield StaRhylococcus  

nyogenes on hospital admission, although 51i were positive 

in the second week after delivery. Knott and Blaikely 

(1' 	reported that newborn babies whose mouths and hands 

envied itephylococcus aurcus micJy transferred them to 

their mother's brenot. 	The vtlrioun reports therefore 

inJicate that althotIgh the rrnther's breast may occasionally 

transmit stet.hylocci to the bby, rnere frequently they 

are paored from baby to mother. 

3ince it is no kclown that adult nasal carriers of 

staphylococci are likely to carry them on their skin and 

clothing, it would sefm probable that mothern who 'ere 

nasal car-iers would transmit them to their babies via 

this route. There are, however, two lines of evidence 

indicating that the babies do net commonly acule heir 
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mother's narlal lta:hylocccel: 1) babies nasal carrier 

rates often cannot be correlated with the maternal 

nasal carrier rates. 2) babies strains often differ from 

their mother's nasal strains in scrolo3icaltype, phage 

type, or penicillin sensitivity. 

Canliffe (149) drew attention to the fact that a 

comperison between nasal carrier rtes amongst newborn 

babies and their mothers indicated that the mothe:.s ere 

not the major sn',Irce of the btbien nasal stahylococci. 

Although during each of ',he first four days of life he 

found the carrier rnte to be higher among babies . hose 

mothers had been nasal or r,'-in carriers on admission than 

those whose mothers had heen ne:7ntive, his statistical 

analysis showed that the difference could have been due to 

chance. Rountree and Barbour (r50) likewise reported 

that the difference in ow:1,1er paten between babies and 

their mothers indicated. the mothers to be an unlikely source 

of iaf,-ction for their newborn babies. Ludlam (1953) 

also found carrier rates of newborn babies and mothers to 

be unansociated, but claimed that they were somewhat 
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associoted during the babieel early months of W‘e. He 

suggested that this was that to continued contact between 

mother and infant. IlrIge tyrAw.;, however, showed a high 

proportion of the tables to carry ntrnins distinct from 

those of their mothers. Moreover, later in their first 

year of life he found no association with the mothers' 

carrier rates. His hypotheeie therefore finds contra. 

dictin in his data as well as suport. 

The aLlication of serologicAnnd -41e typing 
h 

techniques have done much to clarify the connection beteen 

mother rani baby nasal strain. 	This inforctition has been 

derived mainly from inventitions on the epidemiology of 

pempMzus neonatorum and other neonatal infections due to 

staphylococci. 3ince the incidence of nasal staphylococci 

among mothers and bies has not been Do ad higher during 

outbreaks than in 4 he absence of infection, these findings 

probably reflet the normal relationnhips between theM. 

In some investigations attention has been :-iven to the 

epidemic strain, but in ethos a corparleon has been made 

between all coagulane-producing strains caried by mothers 

and babies. 



Krag.AndrIn (1 13 	to htive been among 

the first to eloy :7,,er1oicitypin,7, in the investigation 

of a pemphigun outbreak. 	She frond the nercloL;icgtype 

reonnible for it tr 7 e n”Prlent in the ne7,ses of 54- of 
the 46 babies examined, but in the nones of only 24:7, of 

29 mothers. 	It was also present in -14. 7  of the bobios 

throats, but in !Ilr.3t 3.5: of the .,:tIlercO throats. 	The 

relvtive sequence In which the mr)thers and.. babies became 

infected wan not fnvestigated, but these observations 

demonstrated that the epidemic strain was not equally 

distributed between mothel's and babies. 

Allison and Hobba (1947), also inveotigsting the 

spread of pemphicun, cotapared the serologicattypea of nasal 

sta.]:bylococci isoltea from 15 bnbien with those obtained 

from their mothers. In only four instnees did both 

mother ud baby carry the identical nerological type. 

Throat cultures ,4ere taken on the mothers only, but just 

two of these contained the ser7Aolcaitype present in the 

baby's nose. 	The epidemic strain was isolted from the 

noses of only five of the mothers, and v4hile it was also 

2s. 



obtained from the lesione of their Labios it wars not 

necessarily present in the baby's none. T,0  of the 

mothers ap eared to have been infected by their babies, 

as one had developed a septic finer, and the other 

mastitis, after their babies had becorle infected with 

pemphigus. Allison and Hobbs concluded from their 

observations that the mothers ,:ere not often renponsible 

for infeeting their infants. 

phage typing technique more recently has provided 

univernal coniirmation that mother's and baby's nasal 

strains nra not frequently associated even nhen 

staphylococcal infections are present. 	illiams, 

Sims.Roberte and Cook (1949) investi7ating a pehiL>s 

outbreak due to phnce type jA in en 'Snglieh nurninE7 home, 

found it present in the none of eight healthy infnnts and 

in the nine afneted ones, but not in the nose of any of 

their mothers. 	3imilarly, Cunliffe (rn49) investigating 

an outbreak of neonatal inpetirso due to phvge type 471, 

found it present in the nose of all nix of the affocted 

infants as we 7 as in the none of five of the six healthy 

one n•  As only hnlf of their mothers' nasal syrbs yielded 

29. 



starhylococci, he concluded "the odds would be very 

great a[7ainst the chance ,'7,ccurrence of staphylococci of 

the same phage type in more than one of these". 

McGuinness and ruogrove (1949) who invotigated en 

outbreak of pemphigus in three innipeg hosrAtals, found 

the e'iAdemic strains " " cormon among the bnbieng  navel 

cultures, but ',ere among the nnal cultures of their 

mothers. Later, De Pepe and c:';wen (1951) reported on 

this same outbreak in greater deall, ..tId supplied more 

complete data on the lack of association betweon mother 

and baby nasal carriage. Upon eacAnation rf The wisal 

swabs taken from 6t mothers and their bnbien, either the 

mother's swab or that of the baby ,aaa nertive in 35; in 

17 both were negetive. 	In only one nair did both swabs 

yield the epidemic strain "7", while in our rairs 

stay:hylococci not phe type ! ;fl were isolated but not 

further typed. Thus, in only 	did mother and baby 

nasal swabs correspond, and. yield the epidemic strain. 

In 3YZi there defin'tely was no correspondence in the rvIT'Ta 

carriage of mother end baby, while in the remainin 

the correspondence which may have 0.1sted was not 
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established with certainty. 

Parker and Kennedy (194) attempting to truce the 

source of a pemphigus outbrea;: at Carmarthen, did not 

find the epidemic type among the nasal swabs -aken on 

104 mothers on admis7ion. Furthermore, thej observed 

that there was little relation bet-een the phage type 

contained in the nflthert s admisolon swab and that 

eubsequently inted from the nasal owab of her infant. 

There are two re:)orts in which the naal star,hy-

locceci of mother and babies were cowpared when no severe 

rikllylococcal infection was present. 	In both studies 

penicillin sensitivity was used in conjunction with phage 

typing for comparison of the strains. 	Rountree and 

Earhour (1950), in an attempt to Jetormine the origin of 

na7a1 staphylococci among newborns in a Sydney hosltal, 

swabbed 54 babies, aged nix to cloven ,Alys and their mothers 

at the sae time. 	From only 13: of these pairs ere 

3taphylocoerus [/o:7enes of the same :7hn:7e type isolted. 

In 2477 the mothe and baby ear led a different phage type, 

while in the renaming 63,  either a awab from mother or 



baby was negytive, or both were neoative (5.5). 	In a 

somewhat similar investigation in a London maternity 

ward, Barber et al. (1953) obtained comparable result°. 

Tror took nasal swabs from the meers both, on admission 

and at discharge, and from the babies at discharge. 

Comparison of the nabs taken on 1.2 mothers and babies 

at discharge, usually on the tenth day, shed that in 

only l6 did both contain the name phnge type. 	;te,eina 

of diffeeent he type were inoleted from mother and 

baby in 3V, and in the remaining 50: the swabs from 

either one or he other were negative, or else troth were 

negetive (17"). 	4hen the baby's nasal eolture on 

discharge was compared. with that of its own mother on 

admission, dif'eurneen were obtained in 80.• 	Finally, 

when results of the two swabs from the nether were compnred 

with the one from the baby the Jifforence was very great. 

Of the 111 cenes where all, three sent° from mother and 

baby had been positive, in only three cases (3) were 

ntaehylecocci of the identical ph.e.7,e type and penicitin 

eensi ivite obtained. 	These stedlea therefore indicate 
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that the mother as well as the baby acqtAre nasal 

staphylococci during hospitalisation. The chance of 

both acquiring the same strain is slight, and there 

soems little inte!'change between hc two. 

An newborn tribies do not usually acquire their 

nasal staphylococci from their mothers, it might be 

suprosed that they acquire them from the hospital nursery 

staff. In general, the probability of transmission from 

nurse to baby seems greater than from mother to baby. 

It has been found that the incidence of nw)al carriers 

among adult hospital personnel is often somewhat 1:1gher 

than tot of adults in ho general poulation, and that 

nurses may persitently carry hospital strains over 

considerable periods of time. 	Moreover, 7lace it has 

been shown that, in adults, nasal colonisation by hospital 

strains is rclted to the length. of time spent there, the 

nurse in more likely to have acquired them than the 	ther, 

and therefore more likely to trananit them (1.1ot:bs, 

pfmber and hitehead, 19149; Barber, nayhoe and 7hitehead1  

11.4.9; Rountr.ee and Barbour, 1951; 'iallmark and Laurel]., 

incy). Vogelsang,, 1953). 
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In a cc pnrison of nasal strains from 41 babies 

and 	nurses in a neonatal nursery, Rountree and Barbour 

(1550) found 14 phage types amen the bnbiea, only 7 cf 

which were also present in the nurses. The remaining 

50'0  therefore, seemed to have been acquired from other 

sources. 	On the other hand, when Barber et al. (1S53) 

investinted staphylococci cnitired frnm the nnns and 

aprons of nurses in a neonnta., nursery, the mont conon 

phnge type was that also most enmmon in he babies' nasal 

cultures. 	They entrinvied thnt the 	,e t es W:ieh they 

ioolnted from babies, mothers and nurses indicnted that 

the babies acquired staphylococci more readily from nurses 

than from their mothers. 

During outbreaks of neontal infection a considerable 

number of nurses are sometimes found to be carriers of the 

epidemic strain. Hobbs (1544) reported pemrhigus neonatorum 

is a nursing home where, , ter two babies had become 

infected, five of the seven nurses ;sire found to be carrying 

the pemphigus strain in their none rr throat. 	Allison and 

Hobbs (1947) found that at the out et of a pemphigue out- 



break 37.5 of the nursing s%aff cre na,,,a1 or hand 

carriers of the epidemic strain. 	In the course of two 

outbreaks in the same unit durin the previous two years, 

the nurses' carrier rate had been about 3O. Colbeck 

(1949) investigating pemphigus and mastitis in three, 

Annipeg hospitals, all am to the name phage type, 

found the nasal carrier rate among staff personnel to be 

only V in one hospital, but 1.97: and 22:', in the other t,io. 
Denton et n1.1  (1950) in a Montreal outbreak of pemphigus, 

founti only lY of the nursing stnff to be nose and throat 

carriers of the epidemic :train, but concluded that the 

nurses v,ore at leant partly responsible for the spread of 

the epidemic. 

In none of the reports eited has lt-been clearly 

established that the nurnes 	carriage of the epidemic 

strain wrio the cause or the 	lt of the outbreak. 

Slliott et al.;  (1941) nublished Ault seems the most 

sug7etive evidence iA)licating a nurse to helm introduced 

a pemph;gua strain into a nursery, l'Ait even this may have 

been circumstantial. 
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There are, on the other land, oeveral reports of 

neonatal outbrealcs in which 10: or les of the nursing 

staff were carriers of the epidemic strains (brag—

Anderson, 1M-3; Prier and Kennedy, 191; 7elin and 

'alImerk, 1941. Other vectors of infection therefore 

must be 1 - portents 

The hospi,41 environment IA believed by many 

investigetors to be the reseovoir from hich babies, 

mother end nurses alike derive their staphylococci. 

Allison and Nobba (1(:,47) showed that 2 of the staphy. 

lococci obtained from the nursery dust ere the aerological 

type currently causing pempWgus there. Similarly, 

Rcuntre and Barbour (1950) found nursery dust samples 

to contain 1:rge numbers of Staphylococcus pyogenes,  even 

in the .:'tbsence of any severe staphylococcal infection. 

Five of the seven phnge types contained in the dust were 

those also isolted from the noses of babies and nurses. 

Coagulase-producing staphylococci, Inc lu&iIng the strains 

associated with neonatal infectin, Ilve also been 

cultivated from the infants blan - cto and baby oil, (Blair 

e. 
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and Carr, 1953), nurses' aprons (Barber et al., 1953) 

5nd the comnunal changing bench (Rt)untree and Barbour, 

1950). 	In view of these findings, it is rather 

surprising that the staphylodocral contamination of the 

air of these nurseries someties hafl been reported rather 

for (Allison and Hobbs, 1947; Marsh and Rodway, 1954). 

allace and Puguid (1952) found the nursery air to carry 

0.01 to 0.10 staphylococci per cubic foot during morning 

activity, and calculated that the infant there would inhale 

only about one staphylococcal.containing particle per day. 

On the other hand, Rountree and Barbour (1950) obtained a 

mean count of 1.8 staphylococci per cubic foot during 

morning activity, and 4 to 5 per cubic foot during 

sweeping and dusting. 	In some nurocries, therefore, the 

air may be a primary vector of infcction, but in others 

fomites probably are more important. 

The complex mode of staphylococcal spread in the 

ne,anatal nursery is further indicated by the extreme 

difficulty experienced in controlling pemphigua infection. 

Even the most drastic measures such as '.ard closure 
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accompanied by thorough cleaning, pointing, and use of 

ultraviolet light hove foiled to prevent recurrences of 

this infection (McGuinnes1 and Musgrove, 1949; 

Farquharson et al. 1952). Antibiotic treatment of the 

nurse nasal cariers, or their .lthdrawal from duty 

also proved ineffective (rorker and Kennedy, 19; 

McGuinness and L12.7rrve, 	It may be ini 'ant 

that the most succennful re:Thigus control MCBUPCS 

claimed are those Axected against control of stfOlylococcal 

carriage among the bnbiee. McGuinness nn a Musgrove 

(1949) reported that aureomycin, -;;:rhylactically 

administered to the ty:;bies seemed 'n :teip the outbreak 

when all other measuren had foiled. 	Farquharson et al. 

(1952) claimed remarkble SUCCO3 in bthin:7 the babies in 

a compound (ellisellex) leaving a long lariting lacterio. 

static film on the akin. The suceess of these measurea 

lend sport to belief that the most important vector ef 

staphylocecal spread is from baby to baby an some workers 

have eugented (parker and Kennedy, 1949; Melin and 

Eillmerk, 1949). 



i,nnee 	tnphiococcal Carr 40 in the  

Infant Upper Reegiratory Tract  

Considering how readily the newborn's upper 

respiratory tract becomes colonised -;;Ith staphylococci, 

and how easily it may spread them, It is apparent that 

the newborn may play an important role in the elAdemielgy 

of 7taphyioe000al. inection. 	These infections present 

serious problems in the maternity ward both for mothers 

and babies; in the batten they may prove severe and even 

fatal. 3ome paediatricians are concerned that such 

infctions are occurring with incresing frequency. 

Not only are the newborn staiAlylococeal carriers 

potentially dangerous to themselves and their mothers, 

but upon hospital discharge they Leenme a source of 

infection to the general populations ColLeek (V)4 cited 

examples of staphylococcal infc 1(41. due to the pirIce 

type of the hospital nursery. Jeveloping in family member° 

as long an 10 to 15 Honths after the arrival of the new 

baby. 	3imilarly, Denton et al., (2.y.50),  claimed to 

is,Tlate from the noses and thrc)nts 	the general population 
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the phage type causing pomphigus at the local hospital. 

The hospital strains colonising the infant upper 

respiratory tract frequently are penicillin resistant. 

Thia is to be expectc in view of the increasing 

prevalence of penicillin renistant strains in nospi:als 

since the introduction cf this antibiotic (Barber and 

Rozwadowska.Dowenko. 1948; Vogelsang, lZ,53b). 	Reports 

on their occurrence in the newborn upper respiratory 

tract ,:ary from 25. to 1C0 (Irtynt  1949; Rountree and 

1nrbour, 1950; .Alimork and Lauren, 1952; Berber et al. 

1953; Ludlam. lc.::53; Marsh and Rodway, 1954). 	It is 

therefore 	arent that the neborn's dissemination of 

penicillin resistant strains among t o eneral r:opulatton 

may be of major importance to this alarmW! problem. 

The neborn infant uper respiratory tract is redily 

colonised by Jahy1ococcus aureus and there is some 

evidence that Staphylococcus albun in also fmluently 

present. 	Colonisation of the throat seems to occur more 



elowly than tht of Vie nose and nasophr.rynx. 	the 

time of hospitnl dincharge nearly ar tables have 

acquired 3taphylococcus aureus.  It is believed that the 

incidence of 7'ta "locoecu aureus among babies delivered 

at home is probably lower than thnt of babies born in 

hospital. Very low carrier rten have been observed 

among home-born bbics during the first few months of life, 

whe the carrier rtes of hosTital-bore babies are ctir. 

high nt this age. 

in the later months of infancy naAal carriage of 

3taphylococcus Areas  decreases until, by the end Of the 

fit year, the carrier rate has fallen to about 2%. 

After the firat year of 7.ife the nasal carrier rate 

progressively increases ua;t11, at aboot the tenth ycar, 

it renchea the .5 - level, of .;-2idalthood. 	Throat carriage 

in young infants cnC children hasp not been i'vcst14;ated. 

In older chilOren n:c adults, 'Iowevor, positive throat 

cultures often aecmpany positive none c lturee. 

Thce in ensidernble .211idence that newborn infants 

do act usually cle,Thire their staphylococci from the 
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mother's breast or u or respiratory tract, 3tarhy. 

lococci may be cultivated from the batien throats before 

they are present in the mother' bre nt milk and negative 

cultures are often obtained from he 1- rcant stn. 	ore. 

over, when the na:731 carrier rate° of mothers and tbies 

are copored, they are found. to iitfor, an do the 

serologicaland phage types of their strains. 	A closer 

connection has been found between the staphylococci 

carried by nurnes and babies than beteen mothers and 

babies. 	Ilo,iever, it ha a not been ascetained whether 

the nurses transmit them to the bohios, or ihcther n- race 

and babies both c ire ther fro!: the hospital environment. 

The spread of staphylococci is the nursery probably 

is ccrlcx, for it is heavily contamincted. 	Large 

sumUern of Staphylecrecua aureus may be cultivated from 

the air, dunt, blanhots, gowns, etc. 	In view of the cane 

ith which the infant upper respirator,  meet becomes 

profusely colonised with staphylococci, it is likely that 

the infants themselves are Important contributors to the 

nursery reservoir. 

Staphylococcal infections aH7-.0c ncl:iborn infants and 



their mothers are common, and in the innts they are 

nmetimes severe. The newborn in:ant carriers therefOrs 

are o potential hasani to one another, as well as to 

their nothern; upon hospital linc:Iryge they become a 

potential hazard to the family• 	An penicillin 

reaitant ntahylococci :ue no prevalent in hospital 

nnr 'crleo, it in clear that the newborn infant may play 

a major role in aisse:21inating hose strains among the 

general poulation. 
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Conforms usually are not considered a component 

of the uer respiratory flora, although a review of 

the literature indicates that they nre 'resent more 

frequently than is generally believed. 	Early in the 

twentieth century several rJorkern, cataloguing componeats 

of the ur, er respiratory flora, noted conforms part1. 

cularly among children. Thane very early reports have 

been rctriced by Laurell (1952a). 

In more recent years, many i%ventigators have 

found colil:orms in the upper respiratory tract of newbrn 

infants, The incidence figures reported arc coinriled in 

Table 2. They vary greatly, perhaps an a result of the 

different cultural methods used. For eAimple, Gundel 

and lehasrs,who obtained the highest incidence, used 

broth for primary cultivation. Others, whose figures 

are lower, used blood 	ar plates, 11111e Cornelison et 

al. uned VacConkey's agar. 

The newbornl a acquisition cf conform° may depend 

on cleveral factors. These include the conditions of 

labour, and the deree of coliforin dissemination in the 

nursery, as mentioned in Chapter 1. It hos also been 

sugi7ented that conforms in the infant thrat are 

46. 
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Table 2. Incidence of orliforms In The Upper Respiratory 
Tract Of 1cit.r,rn Infants 

Investigators 

 

number of 
Individuals Age 	Incidence 	site 

OMMI=MINIS 

	

1st day 	8% 	U 

	

2nd day 	lk.,1 

	

2-9 days 	0 

;chweitzer 
(1919) 

 

37 

11, 

Ploomfield 
(1522) 

;n1smon 
(1922) 

Knecland 
W31 

Gundel & 
3clwarz 
(1932) 

itkowski 
(1Y35) 

Torrey & Reese 
(1944) 

(1945) 

Cornelison 
et al. 
(1946) 

18 

19 

30 
(155 cultures) 

2 
( 646 cultures) 

50 

85-premature 

105-full-term 

100 

	

1-0  „days 	0 

	

1st day 	20. 

	

8th day 	58' 

	

1-14 days 	3,', 
16,1 

3 days 

	

12 days 	89:1, 

	

2 days 	t4; 

	

5 „layn 	30: 

	

1st dray 	3.5 
3 	13.' 

	

1;t .ay 	3. 

	

At birth 	2 

T 

T 

N & M 
N & M 

M 

v. I. 
r.r. 

T 

McFarlan et al. 	24 
(1949) 
	

41 

Levine & Tanimoto 
	

232 
(1954) 

M 0 Mouth  

1 day 
	

T 
4 days 	T 

2.5 days 	17.2 	T 

T = Throat 	N.P. m Nesopharynx 
N • Nose 



associated with the type of feeding. Gundel and Schwarz 

(1932) reported that they were present in 92;; of newborn 

babies being breast fed, and in 6O: of those who were 

artificially c.:de 	There were, however, only five bnbies 

In their urtificially fed group, whereas there were 47 

in the breast Thd nroups ennversely, VcFarlan et al. 

(1949) found a ponitive correlntion tetvieen nrtifical 

feeding and enliforms in the newborn infant's thrnnt. 

Examining the throat nnd rectal flora of newborns in two 

hospital units, they notch the incidence of throat con- 

forms to be 	in Unit A and 31.= in Unit B. The fact 

that the percentage of rectal swncs showing lnctobncilli 

was lower in Unit P than in Unit A aug7ented thnt thene 

diff:erences niht be related to feeding. A further 

analyein of their dnta, part of which is shnwn in Table 3, 

indicated this to be the cane. 	In Unit B a grenter 

proportion of babies . nere being crtificially fed, and 

enliforma were riot frequent anon them. An the feeding 

ingredients did not contain coliferms, they concluded 

that when a bnby's intestinal enliferms were increaned by 

nrtificial feeding they Aline then introduced into the 

thront in :r nter nulnbers, either during fecdinc, or •by 

4'7. 
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Table 3. 	Relation Between Ooliforms In The 1:,, ,,:-;.1orn Infant Throat, 
and Type Of Feeding (McFarlan, Crone and Tee, 1949) 

Unit A 	Unit B 

	

IT°. of 	Throat 	of 	Throat 

	

Feeding Regime Babies 	Coliforms LaLies 	Coliforms 

Breast 	65 

Breast after 
complement* 	28 	V 	42 	29,; 

Breast and 
complement* 	28 	14% , 	. 66 	36 

Artificial 	24 	17% 	33 	.60v4 

*Complementary feeds conted of re—constituted dried 
milk fed with a cup and spoon. 



regurgitation. They alno thought that overcrowding in 

Unit B might have contributed to the high incidence of 

throat conforms amen!: the babies there. Apc;arently, 

hey did not believe that the con'orrin actually became 

entablished in the throat. 

Laurell (l152a) hen sugeted that premnture Labies 

are especially prone to acquire coliforms in their up:: or 
respiratory tract. 	In observntlnoon heapitalined 

infants, he found the highest incllence of uper 

renpiratory coliforma to occur a 	thole umler one month 

old, and particularly in those who viere premature. .It is 

conceivable that the factor of :rematurity may have 

affected the obnervationa of :clu'arlan et al. Although 

prematures wre included among the infants ntudied, their 

(iistribution among the feeding ,l'ioupe was not taken into 

cent 	n. 

Information on the incidence of conforms in the 

ulrer respiratory tract of older infants, children and 

adult° in meagre. The few figaren reported, pertaining 

maillly to honpitalined individuals, have been an.:-embled in 

Table 4. From Kneeland'a figures, they seem about an 

common in the none and throat of older tnbies an in the 
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Table 4. Incidence Of Conforms In The Upper Respiratory Tract 0f Older 	a, 
Children and Adults 

Investigators ;ncidence site 

Kneeland 
(1930) 

Oundel & Schra 
(1932) 

itkowski 
(1935) 

Torrey & Reese 

28 norm1 infants aged 4 to 8 months 	7, 7% 
21 infants, first cold—average age, 3 maths 	10,:, 5 
14 infants, recurrent colds—average age, 7 months 	141, 0% 

51 puerperal women (426 cultures) 	 :so 
21 nurses (66 cultures) 	 331 

50 puerperal women 	 66' 

70 adults in infant ,ards 

T 
T 
T 

Oro—naso—
pharyn 

Mouth 

Nose & 
(1i,'44) Throat 

Lipman et al. 10 arthritic children and adults 0 Throat 
(1948) 

Smith * Ploamfield 
(1943) 

6 hoaplealised adults, free of up -or respiratory 
infection 

0 Throat 

urell 346 hospitalised chi'y en (2,140 	) — 	12 	eare ft21: Throat 
(1951) *16 Nose & 

Throat 

151 adult 	hosital staff (1,1346 cut 0  61 Throat 
1.6'', Nose & 

Throat 



newborn. 	Pop adults, and aler clI rent  the e is a 

wide discrepancy between the fiuurca of vnrioue vier%ers. 

It may be taint fnctrrs affecting the up er respiratory 

coliform incidence vary c nnidernbly in different 

ho inla, an Laurel' (1952a) has ner,r:e-ted. 	He believes 3 

- ctorn tc). include the invanivenena of the coliform 

ntrn an  c-crrned, he age of the 	 ticntn, and their 

length 

:earcity of data on the incidence of coliforms in 

the adult uper respiratory tract a :omo due, partly, to 

the assumption that any c,:311forms cultured from tIlis nite 

mutt only be chance contaminants. Blonmflold, in 

numerous early publications on the ecology of the up7:er 

respiratory flora (1920a, 1921b, 3321c), repeatedly 

omphaoised that certain bncterin 	permanent inhabitants 

nnl ,thorn tr°anaieu 	Tie believed that 	rms ere 

trannienta becaune of their irrgulnr occurrence, and 

because he was unsuccensful in implanting them in the 

upper renpirtory tract of four subjects. 	B. ccli 

placed nn the tongue, nasal mucosa, and into the tonnil 

cryptn disapcnred ithin 3 days cr lea •. Later, Arncld 

and co-norers (1:. 2S) resorted siilar failure in 
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implanting P. cola, on the adult naeal mucosa. They 

found that 	of Ilk coil  sprayed into the noses 	of 

42 volunteers disnppeared within 10-15 minutes. At the 

time of theee atudien the fact that strains .1thin a 

npecios may differ greatly in invru 	power wan not 

fully appreciated. 

Feeding adults large number° cf.  3. coli isolated 

from inihntilediarrhoea hoe not resulted in their 

implantation in the tIront. 	Perguson and June (1952) 

fed 46 erisoner vllunteers milk which had been inoculated 

with three ntraina f F. colt serotype 0 111, B14. 

Throat cultures taken on three consecutive days after the 

feeding .were negative, although the stool cultures 

usually remained positive for seven to twelve days, and 

there wore mild to severe gantro.inteetinal symptoms. 

In a second series of experiments (June, Perguaon and 

lt:,;53) they fed 58 volunteers with three straina 

of 	coli 0 55, b5. Except that the symptoms were 

milder, the rrr u1  is we °•e similar to the first experiments, 

and the throat cultures remained neentilte. In each 

series, a small number of volunteers vere also fed 	pelt  

isolate'; from two healthy normal babies. Ho symptoms 

Note - The terminology applied to the eoliform bacilli by the 
individual authors is used throughout this review. 
e.g., 53. colt, 	coil 



resulted, nn'lhe thrat cilltires were negative although 

the same organinm unual'y cold be recovered from the 

stols throughout the week of  obsevatiohe 

A pos!Ably nuccscrIdl implantation of S. colt in 

an infant's upper respiratory tract hzw been reported 

by Neter and 5humay (1950) . They fed a two—month old 

bab.:', having multiple congenital defecto, with a culture 

of 	cell, serotype D433. On the frilowing day, the 
was 

strainAcultured in small numbers from the throat and in 

large numbers from the faeces, while on the second day 

large numbers . iere present in the throat, nasophnrynx anti 

faeces. 	Diarrhoea vith weight loss occurred, and the 

experiment -ass terminated- by administering terramycin at 

the end of the second day. 

Although artificial tTplantstion of 	ccal in the 

u: or r iratory tract usually has not been succes,Ifl, 

evidence is accumulating that coliforms may become a part 

of the up orrespiratory flora under certain conditions. 

hio suvetion 's forthcoming from several flffOrent 

avenues of renenrch: 1) Observ,)tions on the p. coil  
sorotypes associated with infantile :771tro—enteritis; 

2) Studies on the occurrence of serlo:leally specific 
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eoliform tre3 in the u: er resplratorY tract of 

hospitalioed children; 3) ObservationS on the emergence 

of conforms during antibiotic therapy. 

In infantile 7 otro—enteritin, 7;4, con  of the same 

seroloolciatype an that found in the stools have been 

cultivated from the nose and throat. Taylor et al. 

(1949), uain, blood agar, found stroin D 433 in the 

nasopharynx of twelve out of eighty—eight babies 111 

with thin disease. Similnrly, Meter and 3humway (1950) 

found this serot7T-,e in the throat of one, and in the 

nasopharynx of ',:;hrce oot of the four infants oboe ved. 

Magnusson et al. (1950) coltivoted it from the fences 

and none of six out of eiMIt boties from whonc ntoolot it 

was also recovered. 	Laurels (1H:71), using Conradi—

Driolski's agar, examined sixty—two infonts oith the 

disease and folul it in the nose and throat of twenty, 

and in the throat, alone, of five. Neither toter and 

Shumway, nor Magnusson and eo— -rkere stated, the medium 

used. 

There a:pear to be several possible explanations 

for finding theno conforms in the infant upper respiratory 

pasnogen: 1) that they were derosited there during 
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vnmiting, 2) that they were inhaled or inge -ted from the 

infants/ heavily contaminated environment, 3) that, 

however introduced, they have actually colonisen on the 

Lipner reapirntory mucosn. 

Vomiting, very obvicn:sly, might account for upper 

resA.rato-y coliferms, L:ut ev1dence a:'  ears to contradict 

thin belief. 	For e• ample, although vomiting was 0 

cymntom of all casco 1,::ventignted by Taylor, strain 1) 433 

was cnitivnted from the nasopharynx of only 13 of them. 

Neter and nhumway obtained positive cultures in the 

absence of vomiting, and Laurell cites cases in which 

negative nose ann throat cultures accompanied several days 

of vomiting. That vnmiting rer se doen not explain 

the Presence nf this erganisn in the unper respiratory 

tract, was pointed out by Netcr and 2humway. 

Lauren believes that the frcnuent presence of 

the:;e ntrains in the none and throat Onring infantile gastro- 

enteritis indicates air-borne sprond of the disease. He 

demonntrutod the name strains to be present In the air, 

and others, likewise, have reported their wide dinsemination 

in the hosnital environment (Rogers, 1n51; Taylor and 

Charter, 1952; Itevenson, 1952). Lauren (nid not find 



them in the milk nor on the rubber tents wIcd, augesting 

that they were not beim intrduced with feeding. 

Laurel' (152a,b,c) is of the opinion that the 

upper renpirotory tract° of hospitalieed children 

actually become colonised by conforms. During his 

observations on inffintile gnstro.enteritis (1951) he found 

coliforms frequently present in the upper reapir!Aory 

tract of the cldren hospitalised for other illnesses. 

Not infrequently, too, he cultured coliforms from the 

uprer respirctory peuvages of the a,Thit hospital staff. 

lie does not specifically stntc their incidence, but the 

figures which may be calculated from bin data are seen in 

Table 4. They suggest that the incidence, both in 

hospitalised children and in adult hospital personnel, 

may be quite high. Throughout hie Studies, both blood 

owls nnd Conradi—Drigals,?A'n mar were used, and the 

ewobs taken from both nose and throat. 

In Laurelli e further studies, he demonstrated by 

serologicalmethodn that partIcular celiform otrains could 

be cultured repeatedly from t'..e nrse and throat of 

certain children. Therm children he therefore considered 
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to be carriers. As a rule they cfied one or, somo. 

times, two nerotypes throughout many weeks of 

nositalination. The highest carrier incidence wan 

among infants under one year of age, and an prvioasly 

mentioned, prcmnture inn-its were peticularly apt to 

becr,me capiers. 	The ma:)ority of chIldl'en acquired 

their conforms after their admission to heni,,al, and 

carriore we a most common among those !f7Alpitalised for 

more than two weeks. The latter fact, Lauren pointo 

out, partially may have accounted for the high incience 

of carriers anon' the premature infante whose 

hospitalisation was long. Ooliforms were most often 

present in teth the nose and the throat, although it was 

not uncoon 	r theff; to be prenent in the threat alone. 

The IDajorty of conform ntrains which Laurel). 

isol,ed from then° children belonged to three serotypeo: 

0 6 (39 7 , 0 18 (19) and 0 Xi  (251. 	In analyses of 

the los-14ta1 floor dant, 0 6 wan most common (211 while 

C 18 and 0 Xi  were lens frequent W, 101. 5evera1 

otroins which were -common in the floor duet, such an 

0 X18 (11) and 0 15 (1).6), were never found among the 
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children. The strains obtnined .:rnm the adult hospital 

staff were, as a rule, different from those recovered 

from the children, and also difnevent from those in the 

floor dust. Likewine, the majortty of strains obtained 

from cW:Irin visiting the out..patiente department wene 

different from thone of the hospitalinen children. 

Untypable ntrains were numerous amen Loth adult hospital 

personnel and out-patient children, but not in the 

hospitalised children. 

It may be aligned that the repented recovery of a 

ninnle strain from an individual hospitalined child is 

not necennarily evidence of a carrier state. 	If the 

environment were henvily enntaminated with the strain 

might onnstantly be re-introduced into the child's 

reonirntory tract. Laurell himself nbnerved that the 

hospital environment often cnnteinn an extraordinarily 

high concentration of cclinrms. However, the fact then 

different children ,xn,e charaeterined by particular 

strnins at the time when other ntrains .ere also numerous 

in the hospital environment, strongly sungents that these 

childnen had beenme carriers. 	It is intnrcnting to note 

that tno of the three out-patient enildren found to have 
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hospital strains had evidently retained them since their 

discharge from hospital a month earlier. 

Laurell thinks that there oceurs in a hospital, a 

selection of strain 	est likely to invade the child's 

upper ropiratory mucosa. 	The facts supHorting this are 

1) the children admitted to hosital usually acquired the 

strains most comlonly present amow: the other children, 

2) the conon infcting strains rften replaced other 

strains present en the child's a:.1-ission, 3) oc., me of the 

strains numerous in the 'claitsi iust ee ncver fc nd 

among the children, 4) t c strains encountered amon;.7 the 

out.-patient children and aJ'61t hospi'al staff difered 

from those of the hospitalised children. 	He believes 

that penicillin therapy may favour both the carrier state 

and the spread of coliforms in hospital. 	any of the 

children orho became carriers did so after the commencement 

of penicillin treatment. 

Laurell does not think that the number of upper 

respirntorY colitorm carriers among hospitalised children 

necessarily reresents that among healthy, non- 

hospitalised children. 	Hoever, it can 4:e calculated 

from his data (1952a, 1952c) that the coliform incidence 



among out-patient childen 	sliht y Higher (44) than 

among the hospitalised children (34) luring the same 

yearn f inventigation (Table 4), Also, the frequent 

occurrence of conforms among the adult v:tird staff, 

although aerologically distinct from thfl-:e of the 

children, suvelts that children 	not -1ocessarily 

unique in harbouring upper respiratory conforms. 

Further obsei-vations on the upper rosirntory coliform 

incidence among both children and adults of a healthy, 

non.hoepitalioed op.ultion are needed to evaluate the 

full significance of Lauren's findins. 

It has teen a general e . crience that conforms 

may become predemLnnt mcil)ers of the kier reapir:Aory 

flora Curing treatment with antlblotica, particularly 

penicillin. Long (1947) reportel that in 312 patients 

with ginp:ivo.atomatitis and treated 4ith penicillin 

pwltilles, Gram negfltive bac117i became numeroua in Tr 
between the second and seventh',;ays. The majority of 

strains examined were of the coli.aerogenes group. 

Lipman et al. (1948) found that of ten arthritic children 

and alts iven oral penicillin for up to six months, 

nine developed a ?redominantlY Gram negative flora, 
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including conform!, in :;heir thrnats. After the 

ces2ntinn of treatment, the colif rmn became less numerous, 

but porsintnd for periods varying from seven days up to 

three months. In contrast, Smith and Bloomfield (1948) 

found coliforms frenuently but not consistently present 

in the throats of nix patients trentel nith penicillin, 

and that 'hey quickly disappeored after trnatment. 

These patients, however, had beer ivon intramuscular 

r.enicillin in low dosnge for wt .(.re than neveral ces. 

Haffner et al. (1950) obnerved that all of 22 children, 

to whom penicillin wan given with or without sulphonamiden, 

developed a predominantly Ora m nngntive flora in the nanr. 

pharynx and thrnat. In n aecond zroup of -&r. children 

with urn:er renpirntory infection, 30 acquired Gram negative 

bnyilli dnring or following penicillin therapy. They noted 

this tendency to be grenter annn children receiving 

•sro*ol penicillin than anon thane receiving Wby 

intramuseninr ijnction alone. The majority of the Gram 

nenative bacilli found were members of the B. coli— 

A. acrogenes  group. McCurdy and Neter (1952) reportnn 

the slime phenomenon occurring in 19 of 33 children given 

either penicillin or penicillin in combination with a 

broad spectrum antibiotic. On the other hand, only four 



of 21 children receiving a broad spectrum antibiotic 

alone developed a I•rednminantly Gram negetive 1.11)-.43r 

respiratory flora. They also made the interesting 

obsel.vation that conforms were no more likely to a: Gar 

in patients A.th up'per rcapiratory infectionn than in 

those with other illneles. 	Smith et a1.(1952) 

observed 36 rhearritic chilren receiving oral penicillin 

tablets daily for three months. The incidence of N. 004 

in their throat cultures durinp: thin period wan V, as 

contrnsted with 0.2;!, in the throat cultures of the control 

group n t receiving penicillin. 	It ap7cars from thene 

various reports that the arearance and persistence of 

the coliforms in the upper repirtory flora in somewhat 

derendent on the ty:ce of antibiotic used, mode of 

administration, the dolnge, en0; the duration of treatment. 

Unfortunately, not tinny ctne:lintions have been 

reported on the rrognency of coliierms in the uper 

reneirtory pasaGes prior to antibiotic therapy. 

Lipman and co.workera state thnt their ten p tients crO  

initially free of conforms, although Y. rneumoniae  wce 

found in two. Smith end ploomfield cultured no coli. 

forms from qleir six patients prior to therapy. On the 
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other hand, although 'Haffner et al. state that in one 

group of 2: children there .ere ao Gram negative bacilli 

before treatment, in a necand group they were pia:a:lent in 

22 of 66 children prior to treatment. No explanation 

for thin difference betwean the two Iroups is offered, 

but it may be eignifivant that the media used for the 

second group included Endo agar and penicillin agar, in 

addition to the blood agar used far the first group. 

McCurdy and Neter did not deteralae the incidence of 

conforms befoae theraty, but agitate that in their control 

aeries of 52 children receiving no therapy, nine children 

ieveloed a Gram native bacillary flora during the 

period of obaervation. 

From the ittle data avallable, there la eanon to 

believe that the conforms bocomt g predominant during 

antibiotic therapy nometimen may have been present 

:preview.; ly. 	Cultures nagative aafare therapy may have 

contained caTaiaarmn in small nuahera eta7Illy mined by 

the unual routine cultural methods. Thus, it is quite 

rosible that the coliforms multiplying during aatibit c 

therapy often are of endogenous oriain. Aa yet, no 

observations have been made on he nerologiatypee present 

before and after antibiotic therapy. 

83. 



SUMMARY 

Nearly all investigator° hnve found conforms 

prc nent in the upper respireter7 trnct of newborn infnnts, 

although there has been no agreement on the incidence. 

Factorn believed. to influence their occurrence in new—

borns are the conditions of inbour, prevalence of colifflvs 

in the nur7ery environment, type of feeding, and eerhaps 

premnturity. Cliforms have also been found in the urper 

respiretery .-,raet of older infnnto, an well an older 

eWidren enCi adults eho were hospitalined. Unfortunately, 

no information is nvnl.Inble on their incidence among the 

general, non—hospitali7;cd parelntion. 

It is usually assumed that the coliforms 

occasionally cultured from the upper renpiretory trnct in 

small numbers are only chance contaminnnts. The only 

evidence that they can not become en',nbliahed in the ti or 

re9platory tract i that Viey have never been auccessw 

full implanted there by feeding or other experimental 

methods. Lauren, hoever, has demonstreted that 

npecific serologicgtvpes not only become eltablished in 

the u• 7er respirtory tract of hoepiallised chilren, but 

may be carried for long periods of time. 
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gvidence is accumulating that eliforms commonly 

occur in hc ii;er respiratory tract under certain con—

flttons. The 4or of Laurel' sug:cts that, among 

children, a honal environment is pL1rticularly 

conducive to the acquisition of certain serologicaltypes. 

Inittantle gitro.entepitin, A. coli  of the scrotypes 

recovered from the stools are also found present in the 

upper resniratory tract, and do not necessarily accompany 

vomiting. 	During antibiotic therapy, coliforma frequently 

become predominant in the upper respir!Aory tract, and 

occasionally persist for a long tt7e afterwards. 	It is 

not ovirl :bather they are of endogenous or exogenous 

origin. 	The various observations suet !..hat coliforms 

often do become established in the uper respiratory tract, 

although not always in large n.:mbera. 
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Friedliinder's bacillus, or Elebnielle pneumoniae, 

is often stated to be a normal inhabitant of the Liver 

respiratory trect. Reports on its actual incidence Ere 

few, and are difficult to amens because of the 

frequency with which it may !rive been confused with the 

coli.acry-enen :7roup, also sometime() present. 

Recouition has depended mainly on its colonial 	earl:Ince, 

said to e characteristically mucoidi However, nori. 

mucoid variants have commonly been noted, particulnrly on 

secondary cultivntion (Topley and ilaon, 1c346). 	ith 

loss of its rnucoid character the organism becomes 

indistinguishable from he coliforms. Its bioloical 

activity is also variable, but reseles that of the coli-

aerogenes grcup. 

Osterman and %et.%Jer (1941),  in a comparative 

study, concluCied that FriediFinder's could not be 

distinished from the coli.eerocenes group in either its 

bioche-ical or nerologicalproperties. 	Yauffrlinn(1949) 

later dencribca 4. pneumonia0 and A. acroenes to contain 

type-specile capsular K antigens apart from the somatic 0 



antiena ;;Lich they shared with the Es colt group. 	lie 

therefore advocated that A. nerogenes and K. nneumoniae  

be included in a single dCnW3, Klobsiella, distinct from 

Escherichia. Very recently Pickett nod Cnbelli (1)53) 

huve dcribed an "5w" ntigeo present in all mucoid and 

smooth ntrnins of hauffman's genus Elebaiella, and absent 

in 	c11. 	These new lcrologicalmethols may prove useful 

in (rifyin:; the t“:tual frequency of loriedliinderl s in 

the ormal 	rc.lpi-atory trnet. 	For the present 

review, ic cignation "Priedrilor's", as Avon by the 

authors, has been accepted. 

Most inve3ti7,ntors have not feund Friedlnder's 

among the up er respiratory flora of the neAlorn infant 

(Torrey and Reese, 1945; Kneeland, 1730; Ploomfield, 

1922). However, Gundel and ;3chmrz (132) reported to 

have found it in 8 of 52 infants under twelve days of 

age, and itowski (1935) found it in 16: of 50 infants 

up to five daya of age. Both of the letter workers uric(' 

broth for 7rimry cultivation in contrast to the other 

investi!:ators who used blood agar plates. The organism 
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designnted as "Pried16mlerse was not de7er1ted, but 

coliforms were also mentioned in tte7e reports, it is 

probble that the clonial appearance was distinctive. 

The incidence of Friedlanderis in the normal upper 

respiratory ;1,, A7f, of older children and adulta has been 

variously estimated by different worers. Thomson and 

Thomson (1931), who reviewed the literature up to that 

date, round the figures reportea to range from 5:7, to 
20Y. Those reported subsequently have been compiled in 

Table 5 • 	:ith the exception of the figures reported 

by Gundel and Ichwnrri, and 	they do not eceed 

10. 

The tendency of Friedlinder'str persist in the 

upper resni?-rtory tract of certain lmlividuals for long 

penis has been noted by several worens (Bloomfield, 

1920b, 1.21a; Blac%burn et al.,1S3C; Stra%er, 193). 

Bloomfield node a long term study of four adults carrying 

Friedliinder's and found that they retained the o7-:anism 

for from five weeks to four nootha. It was usually 

present in the threat, 7iith the trmnila being the ap]Tarent 
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Table 5. Incidence Of Friedliinderts In The Normal Upper Respiratory Tract 
Of Older Children And Adults, As Iieported Since 1930 

 

't1 trs  Incidence Group 3arm1od 

 

Culture 
Pedim 

  

      

2.2 	115 KOnigsberg school children Blood 
agar 

Oral cavity 
and throat 

Nehlfiel & Jaffe 
1931) 

Ounditl & ,Ichwarz 
(1932) 

Atkowskl. 
0935) 

Straker et nl. 
(1939) 

Torrey & Reese 
(19145)  

286 Bonn school children 

51 puerperal women 
426 culturee) 

12 nurnes (66 cultures)  

50 puerperal women 

	

1.8 	111 adults, London Ichool 
of ITT:lose 

106 adults, Min. of Health 

100 boys, 11 to 15 years 

200 Public :tch 	70.c -js, 13 
to 15 years 

	

0 	50 01711anae cildren, 
2 to 12 years 

70 puerperal omen 

Dextrose broth Naso—oro 
pharynx 

Dextrose broth Oral cavity 

?tides' and 
	

Nose naso. 
Blood Lzar 	pharynx 

Blood agar 	Nose, Throat 



fr)con, and rarely in the naree. 	In some interesting 

artificinl implantntion atudies on n few ia,lividuals, 

Blomfield found that even 'Jith repented introduction 

a non.caprier did not become a carrier of the organisms 

:loreover, it proved imponsible to transfer a distinct 

Friedliinder strain from one carrier to another carrier, 

and throat cL:rriers could not be 1i cod to ca-ry their 

own ntrnin in :Aheir nose. 

3UPVARY 

Freldnnderis bacillus has not frequently Ueen 

reported in the up or respiratory tract of net?born 

infants. 	In olier children and adults it ha n been 

reted an a normal component of the upper respiratory 

flora of a small percewage of i Jividunls, some of whom 

remain carriers for long periodo. The peraistence of 

Friedlilnder's tacillus in the u7:er respiratory trct is 

analocus to that observed for conforms to which it is 

closely related. 
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Viridano end on.haemolytic streptococci are 

invariabU present perticulsrly in the mouth, alnost 

from birth. Kneeland (1930) found the "indifferent 

streptococci" to be amonil.  the moat • predominant boteria 

in the mouth during the first two weem of life. Torrey 

and Reese (l945) did not find the indifferent streptococci 

to be more numerous than the viri,lans types during this 

age period, but both were nbundants In the adult mouth, 

viridane streptococci are sometimes sated to constitute 

the bulk of the flora, but this may be an irusion gained 

from their ready growth and easy recognition on blood acmr. 

The covlex heteregenity of the oral streptococci 

has jiacouraged their stAry, and biochemical reactions have 

proved unsatisfactory for their claselfiretion. 

Gerologicalclaesification appears more promieing, although 

it hen not yet been worked out, 3elbie nnd coworkers 

(1949) were able to ivide 2. of lr:/"/ strains ieolnted 

from normal thro9.tn, extracted teeth, and endocarditis, 

into five serologicAgroups distinct from those of 



Lancefield. Fnrmer (1953) isolcd from 25 healthy 

mouths the Lancefield Groups F, 0, 7 and K, as viell as 

the Group 0 of Doisscird and ormald. 	Both of these. 

studies indicated th2t the streptococcal flora of the 

individual mouth in c71)osite, often contalnin2; several 

scrologicaitypes. 

In recent years, 4tmtococcus salivariuq  has bean 

proposed an a distinct species, although as .ielbie and 

co.workers have pointed out, it is probably, m. re 

correctly, a group with homologous characteristics. It 

is usually characterised t7 its production of mucaid 

colonies on 6-nr containing.  51 sucrose, and by fermentation 

of salicin and raffinose# Torrey and Reese (1944, 1945) 

believed that 	07aniem was one of neveral unl.:1:10 to 

become established in the newborn upper respirutory tract. 

In their study on 150 premature babies they found it 

pre ent in the nasopharynx and throat of about 28:1 under 

four .flyo old, but in only 8 of thoec who were two to 

four weckn -1d. In their later study on 70 ful.term 

newborns, they found it in 17.G, and sated that it did 



not persist. 

The literature contains no information on the 

occurrence of thin organism in older infants. 	It is 

usually cultivted from the a&lt mouth. 	Data ;1.1/en 

on its incidence in children and adults are cited in 

T;:lble 6. 
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Table 6. Incidence Of 3trcptococcua salivarius in The 
Upper Respirtory irac 0 Cli siren And 
Adults 

 

alto 

Throat 

Nasojiarynx 
and Throat 

Nose & Thr-Tit 
Nose only 

Number of 
individuals 

 

incidence  

   

Safford, 3herrnan 
and Hodge 
(1937) 

Torrey & Reese 
(1944) 

Torrey & Reese 

 

20 ndults 
(322 cultures) 

40 adults 

70 adults 100 

Shiere et al. 	Saliva 
	

58 adults 
	92 

(1951) 
	

56 children 

of positive cultures 

approximate incidence, calculated from data cited 
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Non—pathogenic Neioaeria are nearly always 

present in the a3olt aver respiratory tract, rarti. 

cularly in the nanopharynx. Although they may be found 

in the newborn infant, their incidence is uncertain. 

Gundel and Ichwarz (1%32) claimed to have obainud them 

from the mouth and no:le of 841 of their 52 infants under 

12 days old, but this figure seems very high. The 

figures cited by Atkoweii(1935) and Torrey and Reese 

(19L14, 1!7:)45) core mush lower, tIlt .%eir figures on the 

incidence anion; the mothers were lower than would be 

anticipated (Table 7). Accordin to Eneeland (1930) 

they are more fr ;Ltent among the 	ots of older infants 

than those under two weeks of ace. In children aged 

.-4 Years Dawnon and 2innemen (1952), who used Bordet. 

Gengou agar with penicillin, noted them in 	of 468 

nasapharyngeal swabs obtained from whooping cough 

suapects or contacts. The literature thus seams to 

suggest that these orga2isms occur less cam only in iarants 

and young children than in adults. 
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Table 7. 

Investigators 

Incidence Of Non—pathogenic Nei: seria In 4 e Infant Tipper Respiratory Tract 
No. of 	Babies' 	 rabies' 	blethers' 

Designation 	Babies 	4ge 	Site 	Incidence 	Incidence 	Site 

Kneeland 
(1930) 

Or 	negative 
meal 

••••••••1••••••••1110. 

30 
••••••••••1111111MIIIIMW 

< 2 wks. 
4.101.1111.11.10 

N 
41110111111111110 

18-71 
7l% 

()andel & 3chlearz 
(1932) 

ntkowski 
(1935) 

M. eatarrhnlis 

0 

52 < 12 lays 

< 5 a ye 

N, M 

M 

841,  

W.,  

8E6 

12;-; 

M 

N 

Torrey & Reese I:. entarrhnlis 70 < 9 	nyEll N, NI, T 1.4°, 5.7:'3 N, rir, T 
(1945) 

=I Nose 	Throat M ".'euth NP a Naapharynx 



E....--telmaeLLIMILL=Laa has been found in the mouths 

of G to 25: of ohildren (2 toll :Nara) and adults. 

(tra:or,et al.. 1'.;3)41 	It ',a13 claimed ty 'ohlfeil and 

Jaffe (131) that infants aged ZI.ro to seven months do 

not harbour rneningococci, but they did not state the 

number they inventigated. They also did not find it 

in the nseopharyiu or throat of 20 children aged three to 

six years, although they remIed 437 to 47% in sonewhnt 
larger groups of older children eyed six to fourteen 

years. The liteviture seems to contain no other report 

on meningococcal cariers in enrly infancy. 

Anaerobic Gram nepAtive cocci ore believed to 

a regular component of the normal c,ral flora. Leacowicz 

(1901) noted "Microcoecus gazogene" in the mouth of an 

eight day old infant, but Andre (1934) claimed it not 

present in the infant mouth unti' after the teeth erupt. 

Hall and Howitt (1925) found Mioroeoccua c;szogenes in all 

mouths of 23 individuals (age not ltateta) '5h1M1 they 

eanined. In present taxonomy this orgnnism is doocribed 

as Veionells 7ci:or7ones. 	Poris (19544) recently 

cultivted it 5na other Veillonolla species from all mouths 

of 11 subjects aged 10 to 24 years. 
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Diphtheroids are comcion amon: the upper 

respiratory flora of toth infants and adults, although 

they are not always present. Xnecland (1930) found 

them more likely to be predominant in the nasal flora cf 

babies four to eight months A.3. than among newborns under 

two weeks old, but their incidence was similar in oth. 

Figures which have been reported for their inciJence in 

infnnts are shown in Table P. 

It is well llown that Corynebacterium diphtheria° 

may be ccirie both by healthy children and adults. 

The cer-ier rate seems to depend upon the closeness and 

continuity of contact with inf-ction, and varies 

accoraingly between about 0.5:;!, and 1rX.: (Topley and 

1946). The literature seems to contain no reports on 

the carrier chametcriatics of young healthy 17Jants. 

However, Cruickshank (personal comnunioation) observed 

several newborns to become tvAilthy nasal carriers during 

an outbreak of dIththeria in a neonatal nursery. 

Interestingly, the cord blood of the three babies found 

to be carriers had high antitoxn titres, Olcrens those 

82. 



of the three hies who beccme 117. hod lo.; titres. 

Diphtheria in eorly infancy is not no rope on in thought 

(Parish. 1949). Babies recovering from the disease may 

carry the bacilli for 5-6 months (1.1ans, 1547). 
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Table 8. 	Incidence Of di;-htheroids In The Infant Up or 
e711-,tcry Tret 

No. of 
Babies 	i:t.r.4.2 	Inciaeriee  :lite 

Fneeland 	30 	2 viko. 	43 : 	N 
( 1930) 	 T. 	rr, , 

26 	4-3 mok,  
7% T 

Gundel & ';chwrz 	92 	> 12 .;ys 	W 	N & :1 
(132) 

Atkowski (1935) 	50 	> 5 Jays 	16. ; 	M 

Torrey 'Reese 	22 	2-4 days 	18% • N.P. & T 
(1944) 	premnture 

Torrey 417 Reese 
	17 
	

Int ,any 	17.56, 	V.V. & T 
(1945) 
	

full-term 

= None 

• T • Throat 

M = Mouth 

NesoharynX 
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Ronobury (1944, 1952) asserts that lactobacilli 

prenent in the mouth of the newborn, disa;2pear toward 

the end of he necond week, and do not reap ear until 

the time of dentition. This statement seems completely 

unsuorted, however, for their incidence in this age 

group han been litle 7tudied. The crlly recorded report 

is that of ;,ndre M34) who, on the contrary, claims to 

have found aerobic "Bacillus acid -,:hilus" in the mouths 

of 13 babies aged eight to nix months. 

Aerobic lactobacilli are found, almost invariably, 

in the mouths of children and adults, l'ut their 

predominance vori(Ys greatly in 61; nrent 

It has been claimed that ltirc numbers are associated with 

dental caries and Nigh carbohy%Irete .:;iet, but the matter 

is highly controversial. 	hile the majority of reports 

favour this vim, there '1.0 also a nuttantial number 

which aro contradictory (Cox, 1952). 	The subjet in much 

confused by 1) the technical difficulty of quantitatively 

estimating the aalivc4ry hz7ctel.is, 2) inadequte criteria 

for classifying the loctobocilli acyl the closely related 
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streptococci, 3) unsatisfactory clinical definition of 

"active c.ries", 4) failure to assess adenunte controls. 

The arr.' lactobncilli are very similar to the aerobic 

specie- of the intestinal tract, but identity of the two 

has been much disputed in a voluminous body of literature. 

Lactobacillus bifidua, the anaerobic species of 

this genus, has lon17, been known to be a major component 

of the brest fed infant'n interlAnal flora. 	It would 

be interesting t !Tnow 'llether it occurs in the infant 

mo;Ath, as well. 	Unfortunntely, its r)resence in the 

mouth hns been little studied. 	Lewcov41cz (1901) 

mentioned finjing it in the mouth of nurslinz infanta, 

and ntnted that it became more numerous in the mouths of 

older children. Although he stated the ornnism to be 

identicallatththat isolated by V.:1-ier from the infant 

intestinal tract, the criteria for clansificution are 

not '72.vene 	Howe and Hatch (1907) reported that 

L. bifidua was 3bundant in 'istal caries but, again, the 

   

classifiction is doubtful, becaune they do not ntate 

vAlether it 	73 an oblii:ate anaerobe on primary Isoltion. 
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Andre (1934) was unable to find tIctincmycetes in 

the mouths of 13 infants.tE,,cd. eight days to six oaths, 

but claimed to cultivte them (charcteristics 

undescribed) from five of eight infants six to nine 

months old. This suggests that they are associated 

with dentition, but it is the only report available on 

the sequence or their establishment in the infant mouth. 

A number of workers have reported them present in the 

healthy adult mouth; those deocibed include members of 

the aerobic Genus Vocardia, and the anaerobic Genus 

Actinomycco. It is probable that many of the Nocardia—

lic orf.)nisms tiecribed in the mouth by early workers 

were contaminants. 	The cni7non occurrence of the 

anaerobic actinomycetes, on the other hand, is more firmly 

establihed. 	rich taxonomic confusion has arisen from 

the fact that many oral otralns, mor:Tholoo:leally 

resembling A. Israeli,  are facultative in their oxyen 

requirements and ro equal4 well aerobically (Garrod, 

1953; Morris, 19503). Their incidence in the mouth is 

difficult to estimate because Icle strains are highly 
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pleomorphic, and easily A.ntaken for diphtheroids and 

cocci (Hurst, 1.50; Morrie, 1954)• 	Although they 

may he isolted from saliva, they are more abunant 

in Acenp1n:7 fr,orn tooth aurfaceo. 
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It has been stated that fusiforms and spirochaetes 

do not appear in the infant mouth until the time of 

dentition, but 'he evidence for tIlis is meare (ch. 1). 

They are believed to he constant oval inhv.titante of 

older children and adults. The numbers very enormously 

in different individuals. 1-ije it In generally &Aid 

that lager numbers are associated with inflammation, 

many exceptions to thie may be found. Their study has 

been ETently handicapped by the difficulty of their 

isolation and maintenance. 	iiecent reviews on the oral 

mehers of thole two groups have been presented by 

7ioffman (1949. 1952) and Macdonald (1953). 
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Little work has been done on the anaorobio 

members of the upeer respiratory flora. It has been 

claimed that anaerobic bacteria are not .rcent in the 
infant mouth until after the teeth erurt, but the 

nubject has not been edeeeetely inveatieated (oh. I). 

A few of the annere1:0e which have been reported an eprmal 

component of the neelt flora are briefly mentioned here. 

Anaerobic arum nejotive fi,ter passing organiema 

have been cultivated from the healthy nanopharynx by a 

number of ,e7,rers. 	Criginally described as D. eneumo. 

sintes, they have been reclansified recently an Dialanter  

pneueosintes (Bergey'n manual, Gth ed.). 

A pigment producing orgenism docribed as 

Dacteroides melanogenicum which neemo to be a normal 

pera -  ite of the meeoun membranes wan celtiveted from the 

throat end tenails by Oliver and harry (1921) and others. 

It:, piment, originally thought to be a melanin, has now 
been neowe to be a parahnematin. Andre (l9.34) reported 

that an aerobic organism, to which he a lied this name, 

WWI ubsent in the mouth of infante, rare in young children, 
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but abunJantly present in adults. 	Nis o.!7:aniam seems 

to have been improperly classified, Ilnever, for he 

describes it n a small shDrt rod, with polar granules, 

71,obbly relnted to the diphthe-oidei 

Clostridia, including Cl. tetani and Cl welchlit  

were found by Hal (1925) in six saliva samples colJected 

from 43 persons ei 10 to 54 y(7,41rs. They appeared to 

he only transients, , owever, as they were not 

consistently rot!overed from the sane individual. 

Hartle and McDonald (11) claime to have isolated 

el. welchil from 6O: of 252 extracted carious teeth and 

10,7!, of L45 sound ones. 	never, they were unable to 

duplicate this in later ork (Hartlee, personal connuni—

cation). There strains, steJled by %vans an rrophet 

(1951))  were claesified as To A. 

The taxonomic posltion of the Leptothrix fremictly 

mentioned by early students of the oral flora has never 

been resolved satisfactorily. 	It seems probable that 

some of these would now be classified as ruelforme or 

Pocteroides, anti others as roca dia. However, Morris 
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(1954b) in a recent study of this complox and hetcro. 

genous group, has concluded that some strains are 

sufficiently distinctive to warrant a soparate generic 

rank, Leptotrichia. 
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3om Invost41me3 WItove t4ot the upper rssOisatory 

mooan of to nowborn roaiata colonisation by potential 

pathoGons such as pncnneemei, haemolytic strepteoeet, 

c! .inornorphiolo,) ipfAuc_jnzcf  .Tb. ovSdenee :•or thiu 2.9 

comtderod hovel, as w011 aa the 4sta o tho oecurronoc 

O f thooa organism anone, oljew behies and i°)ung cUldren. 

OPEI 1  4a PIT41249P9a. 

tit militity of investigators have failed to find 

Pneum0000el !In the uvfler rospiletory possame of newoorns 

dollwrod in  hosPitcla. Blommtield (1027) made no mntion 

of finding tham among the 18 newborns Uo examined. The 

first rariort to draw attontten to their absence, hooever„ 

is that of Vinotland (1g30)„ HS ma unable to find thram 

th the noses or throgsts of 30 babies durinc; their first 

tuo wooN) of life. lho observation was inter ccufirmed 

y 	Med 30000 (944, 2945). They to. 	no posumoessel 

In tbo nasoPherpha it "throat of 02 proosture infante up to 

ton days of aga, despite the foot that five of the," adult 

oonoots were Irnown to tx' throat carv!ers of Types 6, 19, 

In and 83. ittong 70 full-tor:3 infants of similar ada, 

linommoaoi ware propent in only throe (4.a.). They did 

not pare ist 	any of the three babies tidy !yore than a firr 

do-in. On botiy,o pkIeum0000ca wro Typo 9, and t_.oso of the 

ot;her two Qom Tyr's CO. Those types were not harboured by 
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tbto r3othors, 12:xtrainat ion of the 70 mothers slowed 

to eorc.y.  pneumocooei in their tixroste (Typ€::5s 3, 0, 8, 9, 

p IeØ  2 24 • 20, 31). 

ubsaquent to the studiee of Torrey end i.ieose, 

c:oznya i le  on Ci t al.. ( 1946 ) re per ted pne umoe oco I abet) nt. 

L50 be.bios ext:Imineel iramsdlstoly after 'birth. !AllewSre, 

Smith and iloomfield (1950) failed to find the: in elewn 

newborns up to ten days old. 

	

Contrnry to th,3so findincs Rre the 	o't of c:undol 

end .1013wers (1932) and 'ill. (1936) tlt pnetiMOCOCOI 

oalmonly oeour in newborn infonte. Guneel and Botvarg 

oleimed to isolate pneumoc000l from the nose or oral c,evity 

t59% if ,151, infants during t 	first 1 days of .ir°. 

°I;y1-fia 3 in pro' so n t in 11 ( 37% ) of these, in cx.ro ins tame e 

on se veral oe °Reims , Tbis other 1? :j&iic htrboured 

pristraocoeci of Coo IV. Of tt 	not:hero examined 

	

pneumos000i in their throete, of Utlafil 	ont'rIod ye 3, 

and the remainder tie Rroup IV, Gundol end ;'- elvaers 

d t:1,1p.f,-, the notbers 1.xad 2n 	red their babies 

octtose 117(4 3  WEIS 11c 	from a.11 babieu whose mothers 

earrtee.' tt, 

Witkowski repertod Mint the found pneumosOoei in 

the nouthi of 4Q of 50 babies up to four days old. Elown, 

of theze ( 4 8.7,  harboured 	• rpe 2 v,;as enomntered in 



100. 

one, and tlo ottr.. 	 O!1br of 'otp TV, Sixty. 

eight yy.n. ex:at of tivir mothora oarriQd pneurgrocei tn 

6139 .1.7 1..hroatc, and CEO.. f *Arse had 	S. 

The extracediiiartly hIftfieurf:a obtained by tbene 

InVaatigatorn may be -,ort tally ox-lainod by tir cultural 

thoem uced. Cunk..)01 and .Joliaaarn rinsed thole swabs in 

dcy<tr. 030 Izeotai • 111I teh Writ) incubated 	to 10 uourix and 

then ino5vloted into nice. It Is now irrxxin that au n 

• tno Tasirlaiod * mouse inoo ulat ion ytoida the 111,6IP a t; 

pfiroOs tar of 7nouraeo oce t o  al tbou Lt. the cory is atill 

rot 1141 blab ate vhota noubined roe tt:(Xls ere used (:'111" ,o4i • 

1042; Nod Ep End o.-:/ort:.ers , 19116 ), 1itk1' z3wUs 

wore rinsed in j. dextr ose broth asap but this was rited 

on blood af v.z. after ',34 houre /no ubtlt ten 	This ‘i.ce thod g  

conocivably„ r,sy b.ave isi_Txra a higher rcoovory than if the 

"Abe hfld been piatrd directly. Knoeland, as Vol). w 

01°007 art1 henna, incoulotod the l..r swabs cHrectly onto 

blood arr pla*,e 8 , 	(prey tuld truozie oontend that cil.roct 

nlatini.L; givtia tho ro)t ea Miro 0 t !Mate of the actual 



numbers of pneumococci present. According to their 

view, colonisation is indicated only by the presence of 

large numbers; small numbers may le regarded as tran—

nients. However, even if the argument of Torrey and 

Reese is accepted, the fact that Gundel and 3chwarz 

repeatedly obtained Type 3 pnewocoeei from certain 

babies makes it unlikely that thane were %rannients. 

It is also possible that the infnnts observed, by 

Oundel and lchwers, and 	•itkos'7i, were exceed to 

pneumnececi in very high concentrntion. The report of 

qundel 5ne] 3chwarz contninn some evidence of this, because 

many of the bnLies' mothers were found to acquire 

pneumoeocci during their stay in 7:ospital. Several case 

histories cited indicate that respirnt ry infection of 

varying severity nere common among both mothers and babies. 

It may be significant to, that Type 3 was prevalent in 

their ,tudy, ns well an that of Atkowskie That Typo 3 

tends to become established on the healthy upper 

respiratory nucosa is suggented by its high incidence 

among the adnit population Lebster and nughea, 1931; 

10' 
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Smillie, 1933; 	traker ot al,, 1939). 	however, in 

children the Type 3 carier rates usually reported have 

been low (Neufeld and iitinger.Tuksyneke, 1932; Black—

lock and Guthrie, 1)33; Andrews, 1937). Landsman 

(1953) fauna them infrequently among babies unior one 

year old, and believed them to occur only in ansocition 

with upper respiratory infection. 

In a recent study on babies born at home, 

Landsman (1953) observed a pneumococcal carrier rate of 

15.2:, among 99 babies lens than one week old; by their 

third week it had risen to 3::: 	Thin suggests that the 

newberns n apparent irr7unity in not complete r  and may 

depend part1:7 on the degree of contact :th upper 

resiratory infection. 	The babies of Landsmani n study 

were born into homes where "overcrowding and lack of care 

viore manic(=.nt"; the pneumoccec'al carrier rate of their 

mothern was estirlated at 36'. 	Crosse and Mac}intoeh 

(1953) have emphasised that bebicl born at hoe hve a 

!.ruch greater risk of respiratory Infection than those 

born in hospital. 	In an extensive clinical survey, they 
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found ncr3a1 discharge an respitory infections more 

frequent among 1 to 10 day—old babies born et home than 

among those born in hospital. 

The newborn's resistance to pneumococci has been 

su77ested due to its transplacental acquisition of irrune 

substances. 	leveret pnewnecoccal antibodies have been 

demonstrated to be :Tesent in high titre in cord blood, 

but absent or low durin,7 the third. to fifth weeks and in 

the seeond to fifteonth msnths of life ($urhans and 

Oeretenberger, lci; :3utliffe and Finland, 932). 

Rowever, the protective properties of tele antibodies 

never have been satisfactorily detr!:1 ed. 	It hoe also 

been proposed that the neborn's 1-,mture up, or 

respiretory Licona in nutritionaly indequate for the 

pnenococeun (Torrey and geese, /05), but there in no 

evidence to suf•ort this hyrothonn. 

Pneumeoccal carrier vatee among older infants 

have been variously relvrted. Robertson and Devi° (1942) 

found only Z of 60 babies under nI months old to 'iave 

pneumoceeci in their nasal or throat culturen, while 
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Kneeland found 114, of 23 baLies aced four to eight monthe 

to have them in their naoal culturea. The study of 

Landsman indicated that among babies living in crowded 

homes the per—nasal carrier rate may !-e no :A.gh an 

to I 	during the first year of life. This in comparnble 

to that of older children and adoits among whom it is 

usually estimated between 25 and 60:>. 	It would apl:,( 0  

therefore, that any existent immnity of newborn infants 

is of relatively short dortion. 

Pneumococci octur most fmnuently in the nano —

pharynx of infants, and less frequell'ay in the throat. 

Adults, in contrast, sometimes arc found to carry them 

only in the throat. Thin difference may Le 'ore aparent 

than real for, an pointed out b Nendez and Likar (1953), 

adequate nabLing of the nanopharynx vim the napes is more 

difficult in adults than in children. Rasophr.rymcal 

swabe obtained from adolts ty the 'cost method have been 

• reported to yield pnelziecocci as often no throat 

and more frequently than nasal awnbe (Blockburn.et al. 1930; 

Straker et al., 139). 
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There hsvo been three pneuococcal carrier studies 

on infants 1 	Jeh the serologicitypea :,ere recorded. 

Neufeld nnj rtinger.dTd1ezynelta (1932) examined 125 infants 

with cols, cged 1 to 20 months, and found T-pea 6 and 19 

most fre uent. Types 10, hi, 23 and 26 were rxxt in 

frenuency, while Types 1, 17, 1":: can 20 were only 

occasionally encountered. 	jutlif--o and Davies (1937) 

took weekly naaopharyngeal swnbs from nine bebies aged 

6 to. 13 months in a prison nurncry. All had pneumococci 

most of th,  tire during the fifteen months they were 

observed, 41.4 of which were Types 4, 6, 15, 17 or 19.  

Types 1, 2 and 3 were not found among. these babies, nor 

among another group of 25 infante aged 5 to 25 months. 

Landsman (1953) obtained Types 6, 1C, 11, 19 and 23 moat 

comonly among the 99 babies she observed throughout their 

first year. Among older children (Nemir et al., 1936; 

L ndeberg, 1941; Yang, 1541) and adults (Straker et al., 

1939; Mendez and %ikar, 1953) Types G, 19 and 23 are also 

among those frequently carried. From the availble Jata 

there is no tdication that hc types carried by ins 
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011.1drlo diffrir igteatly from thove oerried by adult's. 

iit,,raCoxteellj, Typos e and 10 Often parried by hoelthj 

boblee•  frequently '7nuae Infant mfr.:orients. en. the other 

bend, Tyira 14 old 1. frequently reeponeible for 7'netr'.onie 

babit 	nre r ere 	ottrrit,  el by hk,  rt!", tt-.4 babies. 

Oulturne from tteltbq itifertu and' rhildrer rrrrlry 

o 	ta 1.11 More than one 7-.310 unoc beau a typa 	kufe1d and 

.1::t in gor,..',1sule zynate fowl! tiro 	Iry cent e 1=1 er;'7' mai Y 

7vi) 
 

of t- tto Of tiv culture:7 obtrined fron thirty.five 

.-:.joun, batten tratfAVJod tvio to five tirrte. :blitz,  et n't. 

otr.leTvc,,t] that only f:3•'. of 4 	br.,, nittv children 

afted two wrkrto ttirteon yeers 	ratie then one 

serologiorl type in o 1nr1e larynePel swab. Vu1t1r7,e 

tY70P were nevi votivebyYrng (1041) in col -:Arrer obt teed 

from F..) two to eight vt)r old chilOro 	ad nt intervals 

over a film month portal. 

Tt la not uncommon to ftnd two or more orologieal 

vurrtrg tinri...zotootai'm swabs teken on the anme 

Irer, iv/duel 	'-'1utI if re rind 	vir 	l(D 37 ) o77-er 	red thtr, 

of: the nine babies on who. they-  obtained oer-30,00- 

UtiVe gilcbt4 and rk'n43701d and 	nC,e11 -`?0.01*1151k17 found 

r 	type T.? at d Uiorirt tines Mang l4 of tü 35 

he bio fl they Xer) /zed • Lemirtrl or be 1 Is van t 1-r-! t bnb to a who 
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'booms pneasi0c0coal cttrriers (luring the neonatal period 

are more likely to retain a single 	-han those ,aho 

brioarle cfmriere later (personal corrinnication). 

lanes group of 38 children aaed two to eiFht yoga._ 

different types appeared in 84, oS t1 consecutive swabs. 

The frequency of this occurrence In adults has been 

variously roported by different inveatic,ators. 

and liughes (1931) rarely exi:erienced it, but others 

(Bliss et,  al., 19.54; ,Stralmr at al., l'39) have found 

it c orsnlon. 

Xt is well lain 17,17,Ht adults way remain pneum00000el 

carriers for wry lo n,6 periods of time. 	few u ez'x'te r 

studies on irfan„ Aontioned above, sugEwt that til-Js is 

!4#1.ie of -Lids svaj group also, 3,orto of the babies examined 

Juti 1..ffe and Davies were 	throughout the aix  

mica tha 41E4 they were observed. 

411.0.44 
Usual failure to obtain pneumococol fro babies 

born in hospital indicates tt-e3 nelwhaon up-per respiratory 

tract to be r.,3s latent to the ST c olon 5,3 at ion 	is 

immunity seems not complete for a 1.5'i„. otir r r rate has 

been reported among newborns delivered a t hone 4  It nay 

bc that the supposed immunity of ti.le newbozn is due partly 

to 1-ti relative isolation. The newborn in the hospital 
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nureery la not Ilrotootad from tvpor 	 'Infection 

eetWelys but its dosaky la .0robab1y often loss than that 

of o baby born at hen°. .tt has 'been suGoes'Ald silo, that 

the 1301Marn to reetotant because of :-.0uselvely ologotsee0 

*ADO to • or boom no its La ,sture muo os 4 is nutritionally 

taadoquato for rneumoceeeil Lrowth. More le littb1 

evIdonoe, however, far either hypothesis. 

The nombornis apparent innunity ee=:J rre of short 

duration s  toeaDee carrier rates reported for oldor bobiciF1 

two only e1it:41tly 3.0143V than those of chlidran and oduli'o. 

lenem000ctel moot often 'Wow° estabilali 2,11 the infuot 

flO'tQ flX, and somtizeu in the throot. Like adurA, 

babies soy resolu oarrloro for long portoda of time, 

The types carried by haalthy bebies a e,V3i1ar to thaw 

cool; foun in waltiv adulte. '27.)es 6 nod le, 
frequently oarrlod s  may cause pneumonia to bablo 

T rpo 8 1 and 140  likewise responsible for infant prunonr, 

ere relvly carried by Wrathy babies. 
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SECTION B. BETA HAUOLYTIC STREPTOCOCCI  

Torrey and Reese (1944, If:145)  apear to have been 

among the fir,lt investigators to draw attention to the 

infrequent occurrence of beta haemolytic strentococci in 

the newborn up or respiratory tract. They did not find 

them among 150 preen 	infants up to 25 days of age, 

despite the fact that 5 of the adult contacts wee throat 

carriera• Among 70 full-term inftnto up to eight days 

old, beta hnemolytic streptococci were harbored by only 

one infant, although eight of the mothers were carriers. 

Previously, Kneeland (1930) had recorded them absent in 

30 newborn infanta during the first two At)s of life, 

and had com-ented on the relntive resisttinee of neHborns 

to these and other pathogens. Bloomfield (1922) had 

noted haemolytic streptococei as only transients in the 

newborn wryer rospiratory tract. 

Contrary to these observations arc the roorts of 

Gundel and 3chwarz (1932) and of -:it7lowiTci (1935)4 	Gundel 

and chwarz stated that "howoolytic streptococci" were 

present in the nose and month of 13 of 52 newborns by the 

third clay, and in f33 by the 12th day. 	It han been 
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suggested by Torrey and Reese that these "haemolytic 

stre7Itococci" may not have been of the beta variet. 

Mile it il true that no clear definiticn wcu; ;Iven t  

the fact thot "Mundstreptococci" were cited Tresent in 

901 of the babies, suggests that tee "hnemoytic 

stre:tococci" were not the usual comoneals. 

these "haemolytic streptococci" were also claimed present 

in the cultures of 53/,  of the mothers. This unusually 

high incidence Emong adults free of infection makes the 

classific:ation of these streptococci very uncertain, and it 

is difficult to accept the figures of these authors. 

:itowski reported haemolytic streptococci in 0% of 50 

infants 2 days old, and in 14% when they were 5 days old. 

It would appear that these were of the beta group, as 

members of the non—haemolytic end viridans groups we -v 

cited separately. The degree of haemolysis, however, 

was not noted. 	Similar haerAolytic strptococci were 

present in the mouths of 14; of the 'others, b-t 

A.tkowski was of the opinion that the bsbies derived 

them partly from the maternal va7ina. 
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Cornelison et al. (1946) presented evidence that 

babies may acquire beta haemolytic Itreptococci from 

the vogina durin delivery. 	flninc; sodium aside broth 

as a selective medium, they found c.tia 11.1emolytic 

streptococci in 1.1e oronanal cultic of 50 babies 

examined imnediate,y after birth. Mena seem to have 

been enterococci, because they 3re resistant to 60°C. 

They gave no reaction with Loncefield Group sera A, B 

or C; Group D serum was not available. 	It iao not 

determined how long the 'o streptococci persisted. 

parker and Kennedy (194), however, noted an instance 

where beta haemolytic streptococel ennarently nemlired 

by a. baby during delivery became etablished. Nasal 

cultores on thin infant pornistently yielded Group B. 

streptococci during its first eight days of life, an(1 its 

mother was found to have procse numbers of Group P. in 

her vagina. As yet, there in no record of Group A 

streptococci being recovered from the u?Thor renr,intory 

tract of healthy newborn infante. 
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The newborn's su,1 °sod resistance to beta 

haemolytic otreptococci h been suL7coted to be due to 

possession of maternal antitolicri. 	It Is true that 

antistreptolysin, antifibrinelysin and erythrogenic anti-

toxin are sometime° present at birth, although their 

actual protective power remains .indemonstratede  It is 

known, h74evor, that these are lost within the first few 

monthn of life. AntistreptolySin has been shown 

usually to remain LT, low titre during the first few years 

of age (Rentz et al., 1951; Laurell and .Allmark, 1953b). 

Erythroenie antitoxin likewise is noon loot, and 

eryt%roenic toxin sensitivity loes not reappear during 

the first year, although this is probbly because the 

infant's highly vascularised am ,..loon not "fix" the toxin 

(Cruickshank, 1954). Babies unler three moths of age 

have been reported to have high titres of 47alurenidass-

inhibitin7, substance, while the between 3 to 12 months 

have low titres (Friou, 1949). 

Relatively few observations ve teen made on the 

incidence of beta hemolytic strepteorei in the upper 
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respiratory tract of healthy older bableo. Kneeland 

(1930) reported haemolytic streptococci present in the 

throats of 11 of 23 healthy babies four to eight months 

of rig°, although they iere absent in the nasal cultures. 

They were not found in 35 babies .ith colds, aged 3 to 7 

months. In a recent survey, Holmes and 4illiams (1954) 

found that the Group A carrier rate in babietvand young 

children was relaed t:,o their lerTee of com7ueity 

The carrier rate of those living at home was considerably 

lower than that among thone attending day nurseries 

(Table 9). Other reports :iving some index of the 

prevalence of beta haemolytic steptococci in babies ore 

those citinr,: the incidence song tnfunta adrAtted to 

hospital for illness other than up er respiratory 

infection (Table 10). The data of these several reports 

indicate that beta haemolytic streptococci are not 

infreqhetly aeT;ired at a fairly early ace. Ac 19 to 

be exvocted, somewhat higher frequencies have been noted 

among infants and young children with u7per respiratory 

infection (Kneeland and Dawes, 1932; Prooks et al.,1942). 
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Table 9. Nose And Throat Carrier Uaten In Young Children 
At Home And In Nurserios (Holmes and Alliams, 
1954) 

PereentEve Carrier Rntos in Chiljren of 
"Home" Irp 	"nomaunity" Group  

No, of 	Na. of 
Age (Yrs.) Children Nose Throat Children Noac Throat 

TInJor 1 166 0.6 1.3 19 10.5 10.5 

1 nnd 2 62 1.6 4.3 122 6.6 23.0 

3 ran,1 4 35 0 .1 201 14.4 33.8 
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Table 10. Incidence Of Beta Haemolytic Streptococci 
Among Babies Admitted To Hospital Ath 
Non-Upper Respiratory Illness 

No. of 
Pnbi 	Ai=  Serologic 

22.Incidence Groun  

Long, McKhann, 
& Cheney 
(1939) 
	

322 	2 yrs. NP 	411•41111. 

del Mundo & 
McKhann 
( 1941) 	L169 	. 2 yrs. 	MM. 

Robertson 
Doyle 
(1942) 46 Tres. T 

0  approximate inciJesee isferre,- from dnta cited 

NP la Nasophrt.:'ynx 

U Nose 

rat 
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Rants et al. (1952) who inventigated 2C4 upper respir tory 

infections occurring in babies under oneycsr, found that 

5.9:!, were aprarently caused by Group A streptococci, and 

3.1.0 by groups other than A. Am-mg 92 bnbten obnerved 

at intervals during their firot fifteen months of life, 

30.51 had definite evidence of streptococcal respiratory 

infection at some time. 

The throat carrier rote for haemolytic streptococci 

is generally said to be Nigher among school children than 

among older persona. Uolmes and 41111ams (1954) found 

it to be nigher among pre-school children, aged 3 to 4, 

than among older children. They believed thin due to 

the reater number of tonsillcetmies among the older age 

group. 

In adults, the hae:Iolytic streptococcal carrier 

rote has been voriusly eatimsted.Straker1939) found 

it tr ran7e between 0 and 20 in different zroups 

observed in London and 3outh-aot %nc:land. From surveys 

in diferent parts of the 'corld, !op° WW1 entimted 

the nvernge Group A carrier rote in 1-valthy adults to be 
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, but 11kg and l'ashet a (1940) free-) later literature 

estimated it to 	two cif throe times hihor. 

Streptoe occ tareattan a in infant a ar€ d is t tnotly 

d /fro re nt 	c havoc tor f ran th000 of older persons • 

Infants undole two ad,  throo yoars, stroptooccoal tnfeotton 

tends to be a low grade rssooess, frNuentiy seoctnpanted 

1.)y etrcipurative emplicat ions • 	tro ptoo °coal of t301 it is 

/a a disease of infamy almost ontiroly, while r!iiesitnetie 

foyer end wrAveitis rarely moms ln infamy (incae, 1054) 

It is pxiesuried that Woo() differences aro in sox way 

rsiol:od o the gal t Moly response, et infancy, which aro 

quite different from thole of adnits, cventy to eicp.ty 

wr cont of adults hove eimifiesntly hicher anti. 

streptolyein 0 titres followinc trfOctton 9  but in infants 

the /novenae in tttre in usually necliztble and not 

sustained (FlaCarty p 19E4) 

The evidence et to whother thti La oolytta 
Streptoeccol oral oolmise the upper resriratory tract c 

tbe boolthy nouborn baby to Ow0whot 0quiv0091. Sct) 

1,21Veatigat',avv have reported then to be absent, but others 

brim stated them to be lavesent in a sicnificant rroportion 

of newborn b&tea. UnfortUnata1,y0  tn the early ronorts 

ottincs thara present tl-r orcentstie are Inadequately 

dosoribed. time recent ropatite sut,eat, that ww- borns may 



oaqutre beta haenolytto stro-ytococci, other than Group A, 

from t 'tan 	 Betablielmn.9nt of Group 

t stre --)tococel irs tars nowbern infnntory tanner rcaniratory 

tract has not yeti', been describad. 

It apriears that beta haemolytic a treptonocel may 

amplIred rather early in infamy for they have been 

recorded'present in 11: oi" etnall gr ou p of healthy 

babios four to eight months old, 'h'e !n no evldenee 

the; the inolrlonco areon6 healthy olcior babios end young 

cot differs frevi adtats. The streptococcal dies 

of infancy arc of different ontaractor free: those of 

adults, iloxtvor, ?Liu is trlievod to be rolatod to Lo 

fact that gtrop,  oc ace al ant Mod le rre !lent at birth arc 

soon icet iand *w no 	rota:nod &mint-, early 

thildhood 



SECTION C. RAEUOPHILUS IMPLUENZAE 

It wns suce--!ted by TcLf-poy cnd Roene (1944, 1945) 

thnt the hsenophilic bacteria are Incapable of growth 

in the newborn upper re7riratory tmet. This belief was 

based on their failure t find them in the throat and 

nasopharynx of 150 premature bripios up to 25 days old, 

and 70 full.term babies up to 5 days old. Haemophilia('  

';fluenzae was found in the throat of three mothers and 

tvsnl staff contacts of the premntare babies, and in 

10 of the falLoterm babies mothers. Haemophiliae 

haenolyticus  frequentV was present in the adults of the 

first study, and occurred in 20 of the mothers of the 

second. 	Previously, Kneelan (130) also had noted 

• i:f1eozno  pfeifferi) and m,1ticaa 

  

Macilus ) to be absent in the noses and throats of 

30 newborns up to two weeks old. However, ondol and 

chwary, (l:32) reorted H. influenzae ("Iihluenzatacilles") 

present in the mouths of 13 of 52 babies by their 12th 

day of life. They nls found them in 43: of the mothc. 

TInfortunately. they ,lid not describe the oranism, and 

the method of isolation is not entirely clear. 	rrimary 

119 



cult lye 	wne in dextrose 11,0.64, le .-21‘,  subcultured on 

a var ty of md la not, nom) d „ It the ro f ot,e is dot b tf u I 

wile the r the ir or sp ism =Is t'ruly hoe moph ilio 	otivr 

in vs t isat awe used blood agar plates 

riba ara y observe. ;.• Lana OKI tho ins idenou of 

j,‘wiL 	dur ing the early non ths of life are those 

of 	()lend 	!.c round Hp,. vie  j‘f ft::r.r in the noos of 7,‘ 

and in t Iv throat of b 	of 2 b&ti 1: our tu et, ,r11, mon tho 

of *p. Aia's infanta with • olde they were s eve what more 

fro 

 

quort 9  and he eonoluded purtieps on insu f f le tont de to 

ti--ounPlY Plays a soccmdsry role in 

"11;41w:3 o oide • 

rt‘..T...12-*va ions on t110 Ina 'Wells° of s 01 	in 

um-Air roe 	y '-zruo t of young children have been 

Vevi „ and a tte ',Atm 	i)of:sr, true ted rie 7. 	t `,) .)no 1)-h in 

Mt1 I tto d to hoe tt1i, M.' living in Institutions ahem 

*Iwo r respiratory i!ootti WOW bib. In the fiiure a  

whioh hew boon mpt.d (Togaii 11) t ine'rienoe var ie s 

from toss than jrt to 1101, Teta 	n t figure s were 

obtained by Live t iga 1, or s 	tnc r,edln re tin ttt in e, "tem WM 

develop:1,  nt of t!to oolonies, 'moth as Fildee 	z-4traker 

at al.) or norde t.ftensou nc*r with nen I lin ( Dawn on and 

innerlann ) The Liu ice,  ity of 11 jjaawaht recovered frcu 
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houltlly ot1r 'Q noci.encapat;lated tato I ti • Osipsul a tad 

atm Ina wour 	ro quo 	(3.to 7,44 and Cray a small 

PrOPOrttan of thacc aro of 'oo4 Type b Alt* sawn 

lefluonsal araningitia in children (11,3intandleit s  1943k 

Doween and Anrrvenn*  vxf4 *Ss enL Likav„ 

Studios on Cy, 	clAielaci of Too b have itigjistod 

that he ni thy Wall/Irian boo am, carrier. only through dtrect 

cantvot with raenini al 1.nfectlen (OW, ut al., 1043; 

17art -came and Pater acil s  l3). 

Ivosithy adolta the inctdence of 

ix) tho uppoW IPS Ppira 4,orj t'tot usually in estimated 

botwen 30-94*, *t a4Qt 2 	ho derlonsaLed In all 

if pontoillin In r11 ,*(3 to the medium (PlerlinG aril 

Vaolonn • 1930  • azteotia$  ca-dauiaN.3d tretne oco:ar in only 

a BM& 1 rorent of (Anita, and Tj b oca. r tors Ilave navor 

Lean foun,,  awn wan st3u1La In contact WIZ children 

havin3 r4-yve b conincitie. 

Y.t is well !moon tbiit fiuEnoi tuthGttt8 to a 
dlsorxxiiofEnfrirxiy, ontirely. fin/ OcIte 8 Ue 	MICX18 

Want:41 =ler two mon tbe 4,:bo lnoidertoo inarcasse to a 

maxim= Wilmer) the SI 

 

ft to ninth Months .9  and then 

tyadusalr tells tu a 1 rJj level `wteen VI' sae orki and 

Ibitod psis finttbergill drijit o  1x33). it has Won 

amps ted thet thie as.raw ity re lot lonehip /lora], 101a 
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the tthcenco of tzaaino 	batences. 1,ottalrgt13. and Wriciat 

demmetrated that cord blood, eind the blood of babies.  

loss than two amtha 	lled convidoreble bactericidal 

,r)ciler for a virulent strain of 	rIlle blood 

of children Lottueen too and thme ;1?Oars old had alwoot 

non3 0  but ftor the third year tbo bacteriotdel goner 

inero 4;. sod until it rovoiled hi,sh level 4.11 adulthood. 

vilether tho abrieneo of non-eneapsulated strains of 

haonebili in ti upT)er rotoiratavy tract of newborn 

infanta V,311$ IX) related to their possession of izT:;uroa 

substances ea(*) imd from the MOttr$ r le not 2,-.mcmn 

 

.§MVALA 
seems not to the newborn 

   

uppop respirotcry tract. Although ale report elaimd 

.t to bit present, that organism wss inadiqustely deoortbod, 

(Ind ami met have two haanoryailVa. In t stas20 ntudy 

qn its sosorponee ts later infsnoy9  tt sae imparted 

nroeent 	the throv,,e of53.;. Wir lora a studios on old or 

chndrep Indicate it.  to 1.13 foirly camon, :43000.1 

capsulated strains, including aorraocical (11,47,-)o b, lin%) 

boon found infreuently in healthy children. 
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CHArr FIR 14 

FACTORS CONT Ri T I711 TO DI mimic ES 

BEnsFr THE FLORA OF Tn Et INFANT AND 

THAT OF MN ADULT 
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In the preceding chapters it has been shown that 

the uyer respirory tract of tho very young infant 

differs snrewhat from that of the adult both with respect 

to its erA.oniantion by certain eo7rennnls, and in its 

resistance to certain pathos 	Thoo Jifferences 

probably are due to a complex mosaic of factra, 

difficult to inveotigate. A few which may be contribr7, 

are e naidered briefly here, es., relative inointion, 

anatomical differences, and .(ribern. irnunity. 

I3CLATION OF I77,17AUGY 

It in often postulted that the apparent iuicuity 

of the young infant is .due portly to its relative 

isolation. Undouttedly the ihfant's quantital,c 

exposure to many infections in L 	than that of olaev 

children and adults. 	It is well known that many 

infectious liseones become :.ost froluent at school age, 

and are also more common amng instituti(malined infants 

and children than among those ivir at home. The degree 

of protection afforded by the infant hone environment 

is, of course, dependent on the hygienic conditions there, 



and on the number of school-age siblingo in the family. 

Because infection risk in the home environment is 

determined by a multitude of factors, it is impos.nible to 

assign any absolute value to the degree of protection the 

home affords. 

Although "home isolation" may ocuce the infant's 

c ertunity to ecTAre infections .7irectly 'irom the 

general population, at the same t.Le the inti•acy of the 

home increases its contact A.th family infections. 	Yet 

it is well known that yoang infants often escape the 

infetious diseases of other family members. 	Moreover, 

the young infant does not always shore the common 

coarensal flora of its adult contacts. As mentioned in 

the previous chapters, the infant frequently doos not 

acquire the pneuococcal type of its mother, nor does it 

necesarily carry her phage type of Staphylococcus aureus. 

Obviously, infant resistance does not depend entirely upon 

exposure, and must be controlled partly by its inherent 

characteristics. 

diddh DIFFERETTES 

It has been stated, aptly, that "the human infant 



must not be regarded an a einiatere man" (Cruickshank, 

1e46), for its physieloeicaiand anatomicgsystemn are not 

yet comparablemeththoee of the adult. The anatomy of 

the Want up:er respiratory tract differs from that of 

the adult in several important reepects. The infant 

mucosa, like the o%in, is thinner than the adult's, and 

is more vascularised. According to peter et al. (lee), 

the upeer respiestory epithelium of the neeborn is only 

three to four cell layers thick, and laces the basal 

merribrone and lymphoid layer which do not begin to form 

until the fourth month. It has been augeented that the 

anatemicalconfieuration of the infalt :epee favours 

infection (Ffaendler and achlossmann, 1935) • Narrowness 

of the nasal entronce, which is -'ore turned up than in 

older chili:iron, promotes obstruction by cruets. Moreover, 

the infant choanae are extremely small and easily closed 

by even a moderate degree of nwelling. It may be that 

anatomical pectIliarities explain why orenninms such as 

Itneeelococeun sure 	pneumocoeci, and C. diOtheriae  

to become established 1c tele infant's nose 

earticulely. 

The infant nanol sinuses ere usually welted to be 

rudimentry, altemegh some authors feel that they are 
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more developed than in centrally recognised (verants, 

1931; 'faundler end 1chlossmann, 1935). Most texts 

agree that the ethmoidal sinus in present at birth, 

though small, but disagree on te etent to which the 

maxillary, sphenoid, and frontal minunea are developed. 

Adenoid tissue in said to be 7resent it tAxth, tut 

usually remains small until childhood. 

The young infant's oral. cavity differs from that 

of the adult in several ways. Most obvious of thee in 

the absence of teeth which probably favour bacterial 

multiplication by the accumulation of food debris. 

Dentition probtly also increnses certain components of 

the oral flora 3uch an the ill.defined filamentous 

organisms abunlant on enamel sixfaces, an well as fusir7n 

and spirochKtes. 	However, as previo:,sly mentioned, the 

chnnn7es LAtendnnt with dentition have never been 

inv-tinted adequately. 	lalivs in the newborn is 

scanty ,Jue to the poor development of the salivary 71.ands, 

hut in older infants salivary secretion. may become 

extremely enlous. 	hether the infant saliva differ° 

in character from Whet of the adult seems not to have been 

rtudied. 	The palatine tonsils are pre-lent at birth, but 

,,ecnuse they rarely pl-otrude beyond the pillars their 
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importance as a site for bacterial multiplication perhaps 

is umlerestmated. 	In fact, the crypt system in infant 

tonsils may be considerably leveloped (Arey, 1946). 

T4', )BORN I MUNITY 

The newborn's resistance to infection is cften 

attributed to passive imnunisation across the 11.acenta. 

It is true that some ,ternsl antibodies may be demon—

strated present in cord blood and during the early weeks 

of life; in inter . seeks they gradually disappear. 	These 

include such antic oAies as antistaThylolysin, antistrep—

toysin, pertussis aglutinin t  diphtheria antitoxin, 

pneumococcocidal substances, etc. Yet, with the 

exception of diphtheria antitoxin, the protective 

properties of these antibodies remain undemonstrated. 

Their contribution to newborn immunity, therefore, is 

difficult to comprehend. 

Susceptibility of the youn infant to infection may 

be associnted with underdevelopment of its reticulo—

endothelial system, and inadequacy of its antibody— 

producing r charism. 	This has not been investigated 

adequatbily,, 	the available literature is conflicting 
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(Parish, 1949). 	Experimental .ork 4th animal embryos 

hao shown them to to remarkbly unresponsive to foreign 

:proteins, and it is thow;ht that this principle operates 

in the human foetus and newborn as well. However, it is 

also ;,:nown that infnnt antibody responne may be under-

esti-nated because it in "blanIrcted" by antibody pa7sively 

acquired from the mother. In the absence of maternal 

antibody, good antibody response may be obained. 	It 1 

also thought that young infants ockletimes may spear to 

give a .Npor antibody respose because, unlike older 

individuals, they have not had opportuni for previous 

sensitisation. The nubject of newborn immunity in a 

fancinatiag one ;,ith 11e opportunity for research wors'c 

important to the e idemiology of childhood infectin3s 
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PART II 

013'3EzNATION3 ON 1101PITAL-  PORN INFANTS 

PROM BIRTH TO ONE YEAR 
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The literature contains numerous obsevations on the 

upper renpireetory flora of the newborn, but little 

attention has been given the later months of infancy. 

No doubt this in due to the granter ac, ennitility of the 

newly born inront in hospital. The Child 'ielfare Centres 

of Great Pritain, ho4ever, afford an e:cellent oportunity 

for -beqving older infants. 	nreovor, they make poseible 

repentnd. examination of the same Laby throughout its first 

6 to 12 mcnthe of life. 	Only :;ith such sequential 

eelturen is the constancy of the inividual flora revealed. 

The newborn infants observed 	mainly those born 

in Pedd.ington General Hosital (14e! 	, ,.2.) between 

December 1j52 and June 1953. 	A small number of t:,;bies 

horn at t.Maryg o Tiospital (London, .2.) ere included 

to surjement some of the observntions. For the rurpoec 

of ob:-,aining neeuential elteees, attention was focused 

on those likely to visi7!, the two Child '-elfare Centren 

there arrangements for collectin.: the "follow—up" swabs 

had been made. 



As a rule, teo to three swabs were obtained from 

each infant beteeen the 	day of life and the ttee 

of hospital discharTe, usual y about the tenth day. 

Thereafter, stir bs from these same infants ware ob%nined on 

each visit they made to their el ere Centre. They 

usually began visiting the Co tree by about one month of 

age, and then came weekly for the first several months. 

Toward the ena rf the Flie months they often were re:.  rting 

only once a fortni-ht, end toward the end of the year only 

once a month. 	Many of the dincontinued regular visits 

after the firet six months, ne :,hat the number of 

observations which could be made in the second nie 

of life was somewhat wall. The examinations at the 

Centres were continued until December 1953 when all the 

babies still raeorting were at leant nix months old, end 

some we 	nearly a year old. 

None and throat swabs were taken at each obser—

vation. In order to recover pneumoeocci, the nose swebs 

were always taken by the pernasal method. A very fine 

cotton wool swab1  wound on fleeible wire wan inserts back 

as fur as ponsible into the poeteeasal space. 	OrJinery 

swabs wore used for the throat where, 1th the aid of a 
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sterile tongue depreesor, an effe-t was made to sample 

the e:tire fauclal area. 

roth in the hospital, and at the Centres, the 

swabs were imrledintely plated nntr) first, a blood agar 

plAte, and. second, onto a blood arrar plate containing 

ge!Alas vilet 1:500,000. These pintes were returned to 

the labora Cory within a few hours time. The nose swab 

was otrened on one-third of each plate, and the throat 

swab on the other two-thi:-da. 

All awRbs obtained from the newborn infante were 

taken by the author. In each cane, the hospitalised 

mother wan personally intervie4ed to gain her consent, 

rand her c()-operation in bringing the taby to the elfare 

Centre for continued swabbing woe solicited. Although 

the,) interviews were time e,insuming, they were conliderod 

essential because the succese of the carrier studies 

depended upon r(7,gular visite to the Centre. 	Also, it .an 

deemed important to reassure the -other on the harmlessness 

of the swabbing procedure, to allay fears which: rAi7ht 

jeopardise her favourable relations :pith the Centre. 

Thus, Centre co...operation upon which the success of the 

project likewise depended, was insured. 

The maternity unit of Paddington Hospital connits 
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of three wards, each with its adjacent nurnery. The 

nurseries are all of si7llar 1eoin accommodating 2C; to 

29 basinettn spaced about 2 feat apart. Mothers are 

not permitted to enter the nurnery, and at feedinf7 time 

the tabion are taken to their mathern sAho :Auene them 

uamanked. Although the nintern are permanently ansignod 

to each ward, the rest of the nursing ntaff nna the 

dc. antic ntaff are often transferred from one aurncry to 

another. During the nix months of observation, no out. 

break of infcctioun Jineaae occurred among the raddingt-11 

nev;borns, apart from a mild one of thrush in .:EIrd 10 in 

march, 1953 (pee part IV, D.) . 	As no isolion unit 	wan 

available, bnbien having mild infcvtiona of any kind were 

removed from the nurnery into the mothers' ward. "3tic:_y 

eyes", which lere iite common, were often treated in the 

nuraery. 

The nur'ery at 3t, Vory'e Hospital rarely houses 

more tari t:;elve babies, and in lens crowded than thecae 

at Fa 1 	Mothers enter it, mnned, to collect 

their babies for 'reeding. 	No ozrtbreak of infectious 

d - 	occurred during the limited number of obse-vations 

made there, mainly in February V:53. 
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It want regrettable that of she 130 newborns 

°nabbed in hositnl, only one third loiter r xrted to 

the 	:el ore Centre according to their mother's exnrenned 

intention. The waste of labonr eel materials on the 

newborns wan therefore very great. Hnnever, enennenne-

ment wns found in that mothern who once re orted nn the 

Centre usually continued to do no with faithful regularity, 

and only two eventually decided against having the 

nwabbingn continued. 

The "follow-up" sweba were obtained at two Welfare 

Centren: one of Wirylebone Town Hall (London, !.l.), and 

the nther at Lineon Grove (London, N. ,b8.). 	At each 

Cnntre, all nnnbn nere taken by a single person; the 

nintrict health vinitor. Theca two women ere instructed 

in the swabbing procedure at the beginning of the survey, 

Linn nu-' • lied with a small electric torch to nid in tnking 

the throat swnbs. Toth Centren were kept 4yAquatcly 

sup lied with sterile sw La, sterile tongue depressore, 

and fresh blood agar elntene 

The plates were examined fi 'It after overnight 

ineubntion, and once again after standing for two to 

three dave on the laboratory bench. The latter iac: 
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found useful for detecting starphylococci and eoliforms, 

particlarly when present in small numbers, and for 

recognition of ciphtheroids and 7einner1a, the colonies 

of wllich wore sometimes stiil ver call after overight 

incubation. 	Other 1)rocedureS used for studying the 

various groups of orInnisms are deerlbed in the 

following sections. 



.L3. 
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previous otudiee have indicated that the newborn 

upper roloirotory tract is t ghly suocctible to 

colonisation bo 3taphylococcus aureus. That of older 

infants appears uniquely insusceptible, for it has been 

found that by one year of a;e the nasal caroier rate is 

muco lower than that of older c71i-Uren and adults. 

hethsr the throat carrier rate declines as abruptly as 

the na-:(11 carrier re during early infancy is not 	own. 

It is also not known whether the newborn retains the 

staphylococci acT,ired from the hospital for any length 

of time, or whether these are soon replaced by those of 

the home environment. The present prevalence of 

penicillin-resistant strains in the hospital maternity 

ward and nursery makes the latter a question of 

considerable epidemiologicaiimportance. 	Answer to this 

queotion was therefore a major objective of this 

inotiontion, for it was believed that an answer could 

be obtained through application of the recently developed 

technique of staphylococcal phage typino. This 

technique also offered a method for determining whether 

the staphylococci of the throat ore only transients, as 

sometimes suro7eoted (Bloomfield, 1921b; Thomson and 
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Thomson, 1932), or whether they are -,ormanent residents. 

PIETIIODS 

The rjtes were examined for staphylococci after 

two to three days at room temperature following overnight 

incubation. Thin permitted full develoinment of pigment, 

and facilitated easier recognition if only a few colonies 

were prescient in the confluent area of groirth. 	The number 

of colonies was recorded as followes *4.4 . more than r)(7), 

or predominant; 4.4. . 10 to 50; 	. leer than 10. 

One golden pigmented colony vas alwnyn picked from 

each nose culture, and one from each throat culture. 

Although it wan realised that a stni!le colony coulA not 

he a repreentative sample if more than one strain were 

pre2ent, previous workeres  observntions on both babied 

and adults had indicated that only a single phoge type 

is usually encountered in the nose (Alliams and Rippon, 

1952; 'ountree, peracw1 com7unication). 	In the 

inotnnces here more than one colonial type Wne present, 

one of each wns picked. To avoid overlooking coagulase. 

producing strains of :ale cream or white pigment, one 
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such "Tta:hylococcus tabus" colony won also always 

T4eked from each culture. 

011 isolated ccAonien were tented directly into 

choped veal broth. 	If not well ..isolated, they were 

nubcultured onto nutrient agar :Antes from wich a single 

colony wan similarly tranaplented after pigmentation had 

fully developed at room tempern-ure. The chopr,ed veal 

broth cultures were incubated over7Aght and tented for 

coagulase production by Fisk's tube -.method. using rabbit 

plasma diluted 1:10 in normal saline. 	Results were read 

after two hours incution in a 360  water bth. 

Coagulane negative cultures were recorded but dicnrded. 

Coaulase positive cultures were fltored in 	chop2od 

veal broth until they could be phage typed. The later 

cultures are hereafter referred to as 'Itol.lylococcus  

aureue. 	As it couLl nc)t be preicted which of the 

newborns would later report to the Ccntre, several 

hunred cultures had to be collecte from them which 

proved of no subsequent value, but nip cold not he 

avoided. 

Phage typing wan done by ,,he auVv. r at the 0olinale 

Flablic Health Laboratory, under the direction of Dr. 
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Joan N. Ripon and Dr. R. ,C. illiams, according to 

the Colin ale met Hod (Alliams and Ri: on, 1952). The 

phges used included: 3A, 3r, 3C. Gs 7, 29, 42D, 423, 44, 

47. 52, 52A, 53, 54, 55, 70, 73, 75s 77, 79. 
Staphylococcal otraine failing: to lTle A.th the routine 

teat dilution of thene phages v:ere t.en retested with 

them undiluted. At the same tine, they :acre aloe tented 

with the following phoge 

Pool A . 31P, 52B, 42F, 47A 
" 	13 — 31, 44A, 69, 51, 71 	in routine 
• C — 57, 58, 75A, 75B. 73 	telt dilution 
• D 42B, 420, 47E, 47C, 76 ) 
• X — Fool A and D, umailutod 
• Y — Fool C and Do  ndiluted 

::;trains lysing with any pool were, of crleo  rete:•;tt 1 

with the separate comnents, 

Few of the culturcn could to 1 	i.yped before 

at least several months of storac:e, Locaune during the 

period that the newborn material was being coleeted tine 

was insufficient. This was disadvantageoun in that 1) 

the 	rvey was well under way before the general trend 

of the results was k own, and 2) many of the cultures 

became "ropy" with storage no that the rough, granular 

growth obtained on the typing pluton made weak lytic 

reactions difficult 10 read, However, beginning the 
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phage typing toward the end of the mnrvey did hnve the 

advantage that a larger sample of ,h,e cultures collected 

from any one baby could all te 4/pad on Ale name day. 

Identical atraina give more conniatent typing reaults if 

typed on the aame day, thereby elmplifying the inter. 

prottins ( illiame and Ripper), 1952). 

Nearly all of the hospital cultures collected from 

the babien who reported to the Centres were phge typed. 

VeA, abnut half the cultures collected fr.m each baby 

v;h1le ,i'initing the Centre were also phsge typed. 

Finally, as many additiernal cultures ,_ore phage typed 

for each ba)y an seemed neceelary to give a more nearly 

complete picture of its carrier characterintice. 

The total numbor of cultures phage typed wan approximately 

6004. 

Conventionally the "phage 7re- 	any particular 

Stanhylococeua aureu 7.train ii de cr:lbed by the phagee 

which ly,:30 it. 	Mere corr,.etly, it is referred to as a 

"phage pattern" ( illiams and Ripron, 19 ). These 

patterns may be very cenlox hen the :;train in lyned by 

many pliw:en. To simplify interpretation of the results 

obtnined in thin study, a system of coding these patterns 

wan developed. The 21 distinct pie patterns 
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encountered were first divided into tie three broad 

Groups I, II and III suggested by Alliame, Rippon and 

Dowsett (1 53). Each pattern within a group wan then 

coded vA.th a lower cane letter, as follows: 	Is, Ib, etc. 

Patterns which could not t:e assigned to any of the three 

grops, nod w-Ach Alliame and Rippon would call 

"unelanifistle, sere annigned the u .er case letter N 

and coded ;Ath a lo or cane letter subscript: e.g. Na, 

Nb, etc. An there in cnnideratle 7radation between the 

Group III an the unclassifiable phage pa terns, the 

distinction between them, in some instances, was n 

arbitrary (e.. IIIe miht perhaps hmie been rarded as 

an unclassifiable strain). 	A few strains 1T:ed by 

several phnges of both I and III, and thus possibly 

intermediately related, were deeimated NX. Strains 

lyned b7 any phage, even ,.indilated, were recorded an 

"untypable", using the letters M. 

The co71plete code sTltem adopted was as follows: 

In - 52A/79 

Ib - 52/52A 

Ic - 29/52 

Id - 29/52/52A/53/79 
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II 	- ZYY'_;!) 

Ilia - 420/421:/54/70 

- 7  

,Ic - 47/53/75/77 

III - 7/42D/70 

III° - 42C/47/57/75A 

IIIf - 42N/47/53/54/77 

Inc 7/147/53/514/73/75/77 

IIIh - 53/77/79 (usually undi't ted phjcs 17) 

II1i 

Na . 31 

1) - A4/52/52A/70 (undiated ptvges only) 

Nc - 29/77 (undtiutea ill-LTG only) 
end 	29/42D/44/54 (undliuted rhagea only) 

Fie 	- 7/29/53/54/77, soctimcs plus 42C, 42E, 52, 

52A or 79 

Nf 	- 47B/470/57, sometincs plus 42,7 9  42E, 58 or 75 

rx 	- multiple reactins sw:gesting relatiotIship 

to Loth Groops I and 

29/42: /52/52A/53/5 
	or 

29/42D/42N/52A/53/79 

UT 	- Untypable 
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Interprc-tntion of the similarity between phage 

patterns of flfferent strains was made accorAng to the 

conventions sulelted by Alliams and Rippon (1952): 

strains differing in strong lyais by two or more phages 

are considered dintinct. Slightly more variation was 

allowed, however, in the patterns within some III and N 

subgroups when it was found that the same ntrain if t7ped 

on different days 7ained or lost to or even three strong 

reactions. For °simple, a Illa strain might give the 

following patterns if typed on different days: 

42D/424/54(70 
424/54 
42R 

However, two Ina strains from the name briby, having a 

different number of IIIa reactions usually gave the 

identical pattern if typed on the same day and if they 

had not become "ropy" with storage. The slightly 

modified convention adopted for udging similarities 

within certain III and N subgroups thorribore seems valid. 

However, the relation between straina ithin these sub—

groups cannot be considered as certain as t:,e relation 

between strains within the I subgroAps or in Group II. 

It might be thought that alloing as many RI three 
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strong differences ou1d result in coision between 

such subgroup us: 

IIIn 4211/42V54/70 
lilt . 42V47/53/54/77 
1111 42M53/79 

However, despite variations, the strains A.thin these 

subgroups were always lyned b at least one phage .;/hich 

marked them a distinct from the 7)thers. 	Further, Illi 

was nearly always penicillin sensitive, Wiereas Ilia and 

IIIf were usually penicillin resintnnt. 	,here several 

'trains were cw,ried b the same baby, they were usually 

of different Grops, no that confusion between them wan 

unlikely (oe discussion). 

The cultures were tooted for penicillin sensitivity 

at the time that they 'acme phsge typed. Thin wan done 

by "spotting" one leopct the freshly transferred over 

night broth culture onto Levinthal agar 1-:Ltca containing 

0.25 A/m1 and 5.0 Aiml penicillin, and. nLa1t 	C: 

penicillin as a control (:;ay and Uorle, 152). 	The 

penicillin activity was coAro7led ty nottlnd 	-r1c-n 

senoitive strain onto all three 

partially or completely inhitAted by 0.25 4/m1 

penicillin were recorded a sensi ive, Lilo those not 

inhibited by thin concentr tion were recorded as 
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resistant. The majority of resistant traino were also 

n t inhibited by 5.0 p/r1. 

RESULTS 

a) It;"IDCRN INFANTS 
Incidence of StaOlylococcue aureuri_in Zhe neoro: 

The incidence of Otsrh7locous rttarcus wan 

observed among 106 newborn infants in the rwidinIton 

nurseries between December 1952 and June 1953. It was 

found 1..iat 99:, of them left the hospital with ilteOlylo. 

coccue auroc3 which tIvy had acquired there. Cnly tms 

failed to acquire thin ,rgenism in either the none or 

throat before their discharge from hosAtal. In one of 

these, a single swabbing wan obtained on the fifth day 

no had additional swabn been taken bcfclve discharge a fee 

days inter they might have been positive. 

Nearly all bnblen had 3t(*hylocoecup aureus in 

both their nose and threat by the time they left hoslAtnl. 

One baby had a positive throat culture Ttiy, on the sixth 

day, but just one sbbing was obtained from it. Five 

babies had positive none cuituree only, tut 'single 

swabLings were obained from three of liese, and the 

throat cultures of the other two were ovrgrown with a 
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spreading Proteus species. 	It ,.;aa noted that nasal 

cultures were usually positive as early as the third day, 

and. once they had ;ecome so they remained ;::enitive 

throughout the period of %oapitalisfltion. The throat 

cultures often became o., tive 1,-iter than the none 

cultures, and subse-luently ;,ore ncA alciays regularly 

positive. 

Nose cultures invariably contained very 

numbers of ¶tshvlococeua eures. 	The throat c, ltares 

were Hore apt to contain numbers meliorate tc) "o, but 

large numbers ore not uncom -on. 

During August 1953, incidental to a stady of 

3treptococcut3 salitlriuq, the prevalence of 5tariylococcus 

swells was again asnelsed among the neclorns in the 

raddington nurseries. Al]. of the 23 babies examined had 

gtriphylococcus aurcus, unually in Loth their nose and 

throat, before :11,1charge. 	The incldence in the autumn 

therefore cT- eared atill as high as ring the first half 

of the year. 

u1t1 pie phne tyres  of the individ,lal nevbornit 

phago typing aa begun it was round that, 

contrary 	expectation, the hostital cultures of many of 
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the newborn babies contained more tein one distinct 

strain. For example, the nasal cultures obtained from 

one baby mi7ht contain type /a on the third day of life, 

IIIa on the seventh day, and Ia again on the tenth day. 

This implied either that theme Labies were carrying two 

or ire strains eimultaneounly, or that their staphylo. 

coccus palstion changed from ,,ay to day. To determine 

w'aieh in the enne, five to nine colonies from two or 

tiAree 3UCCOGANO riatil cultures taken on 'ive babies. were 

nhner typed. 	The re 7,4itr, were as follown: 

7iaby 121 . 7th day - 3 colt7nient In; 2 colonies: Ic 
10th day . 3 colonieas Ia; 3 colonies: Ic 

nnby 127 . 3rd day . 6 colonies: TT 
7th day . 2 colonica: UT; 3 colonies: lb 

13th day 5 coloniee: lb 

Baby 129 - 5th day 5 colonies: Ic 
8th day . 6 enionleo: Ic 

Baby 13W . 2nd day - 6 colonies: Ia 
5th day . 5 colonies: Ia; 4 colonies 11Th 

Baby 132 - 3rd day . 5 colonies: UT 
6th Jay - 2 colonies: UT; 4 colonies In 

It wen apparent that a mingle elture could contain two 

strains in nearly equal ratio. This might obtain in 

another culture from the same brIby, or one strain f71.11t 

then be present either alone or predominantly. 
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In this Ludy it was also noted that colonial 

diference,1 cxro not necesserily useful in dietineuishil 

dif went phage typen within any ono culture. Colonise 

which seemed identical were often of different phage type. 

Convornely, colenien of distinctly di-rfcrent pigment were 

eemetimes the same phage type. Thin an further confirmed 

inter in t'ping 30 pairs of dintinct colcnies iaolnted 

from 30 cultures. seventeen of them proved to be of the 

same phage type, and 13 of them were different. 

It was now evident that to determine accureeely 

whether a baby carried more than one strain, a very lare:e 

number of colonies would need to to taped from each 

culture. 	This eras impractical. On the other hand, the 

original plan of typing sin'je colonies 'rem sequential 

cultures on the anme .•ty might give e ~sacral, if not 

exact, index of i.ta etrainn. That thin proved to te the 

case will be seen in Table 12 ((wer eocet) tinting all 

the phage typen encountered among the 34 teties awabbod 

both in hospital, and, at the Centres. 	Typing colonies 

obtained from the throat as vie7A. an the none gave more 

complete information than would have been obtained from 

the none alone. All babies demenetreted nom consistency 
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in he phase tapes oLiined from Alemi 

1:11e types c,Lcurring.in the newborn zrouR: 

The tos-ltal staphylococci of the 34 newborns who 

Inter repcAA to the Centres were nho e t!ired. They 

contained 14 distinctly different t7pee. 	The incidence 

of the different types is shown in Table 13. 	Most of 

the strains had phage patterns beTheging to Group I, III, 

or were untypnhle. 	Apart from the untypable strnins, 

those of Ia and. Ilia were by far the most common. 

The incidence of the various phage types seemed 

about the same in all three wards, as would he (r<pected 

ith the ennstant interchange of the hospital personnel 

beeen them. 	However, the number of babies examined per 

ward was small, since the group of 34 was divided ill a 

ratio of 12:11:11 between wards 9, 10 and 11 respetively. 

There was no indication, that any phage type was more 

frequent at any time during the six .enths in wich t'hese 

newborns were observed. 

Per Ct 	seusitivit 	f t,he ncJ)nrn c eta 1 lococci: 

Surprisingly few penicilin seusitive strains were 

encountered. 	These belonged to phage types Is, Ic, II 



163. 

Table 16. 	Incidence Of The Staphylococcal Phage Types 
i'resent Among 34 Newborn Babies 

khage type 
(Code) 

Number of 
babies 

Type 

Ia 18 63 
lb 3 9 
Ic 4 12 

II 2 6 

Ilia 9 2? 
IIIb 1 3 
III* 1 3 
IIId 1 3 
III* 2 6 
III? 1 3 
IIIh 1 3 
III' 1 3 

Non-classifiable: 

Nb 1 3 
NX 

 
3 9 

UT 16 47 

* an many babies harboured more than one 2hai&7e 
type, the total percentage exceeds 100. 

kercentage of babies* 
4roup 

74 

a 

50 

12 

47 
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or IIIi, of which ,hero :cre also penicillin lesistant 

strains. 	r'enicillin sensitive untypable ntrains also 

occurred. The various penicillin sensiA,ve strains 

were found among seven of the 34 newborns examined (20). 

However, six of the seven also harboured, in addition, 

at least one penicillin resistant strain of another type 

(See Table 12 — pocket cover) . The seventh baby (No. 37) 

was unusual in that it carried penicillin sensitive 

strains only. 	All other 27 baii.ee harboured penicillin 

resistant stroina nnly. 	:her the six babies with both 

penicillin resistant and penicillin sensitive strina are 

added to these, it in opraront that 971 were leavin the 

hospital with penicillin resistant ntrainn. 

b) OLDER INFANTS . 

Incidence of StaphYloceccus aurena among babies seen at  

	 Cet rcs: 

The batten obsrved at the Centres included the 3 

who iad been ctabbed at birth and. an additional three not 

swned until the third or fourth week of age. The 

incidence of 3ta1ylocOcqua area  among them, in 

relotion to their tae, in ;:riven in Tables 1L and 15 and 
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Table 14. Incidence of Paphrococcue aureue 
In The Nasal Cultures 

Age- 
eels 

No. of 
Babies 

1/2 21 
1 31 

1-1/2 20 
2 20 
3 19 

4 28 
5 27 
6 26 
7 27 

19 
9 25 
10 15 
11 17 

12 16 
13 16 
14 1? 
15 14 

16 16 
17 11 
18 e 
19 1.3 

20 12 
21 7 
22 10 
23 8 

Vositive 
Cult.ires 	Age 

lefAis 

1? 81 94 
30 97 25 
20 100 26 
20 100 27 
18 95 

28 
25 90 29 
22 82 30 
20 78 3]. 
12 6? 

32 
13 69 33 
16 64 34 
7 47 35 
13 77 

38 
1; 75 37 
0 58 38 
8 47 39 
6 43 

40 
3 19 41 
4 37 42 
3 38 43 
5 38 

44 
5 45 
2 45 
1 24 47 
1 49 

49 

No. of Cultures 
Babies . eltive 

7 	2 
7 	3 
	

20 
5 	0 
5 	,..? 

1 
7 

0 
0 

1 	23 
2 
0 

2 	0 
2 	0 	13 
2 	1 
2 	0 

O 0 
2 	0 
2 	0 
3 	C 

2 	0 
O 0 
O 0 
O 0 
0 	0 
1 	0 

(The results of two consecutive swabbings on the same baby 
are sometilLes included in the incidence calculated for the 
four-week periods.) 



Table 15. 	Incidence Of Stapylococmls aureus  
In The Throat Cultures 

Age- 	o. of Cultures 	Age- 	No. of (lulture,1 
-•3ieks Babies ::ositive 	Yoe.?ks liabie3 ioqitive 

1/2 	21 	9 

	

1 	31 	26 
1-1/2 	20 	16 

	

2 	20 	17 

	

3 	19 	17 

	

4 	28 	19 

	

5 	27 	21 

	

8 	28 	18 

	

7 	2? 	18 

	

a 	19 	14 

	

9 	25 	16 

	

10 	15 	10 

	

11 	17 	11 

	

12 	16 	9 

	

13 	16 	a 

	

14 	17 	10 

	

15 	14 	11 

	

18 	16 	9 

	

17 	11 	7 

	

18 	8 	4 

	

19 	13 	5 

	

20 	12 	7 

	

21 	7 	4 

	

22 	10 	5 

	

23 	8 	6 

43 :iA 
84 25 7 
80 26  
85 2? b 
90 

28 5 
68 29 
78 30 : 
70 31 2 
67 

32 
74 33 3 
64 34 4 
67 35 
65 

36 2 
56 37 :2 
50 36 ,,-) 
59 39 2 
79 

40 0 
56 41 2 
63 42 2 
50 43 1 
33 

44 2 
45 0 

60 46 0 
47 
46 0 
49 1 

7 	60 • 

'7 

2 
2 
g: 	53 
4. 
0 

3 

2 - 
7 
LI 

2 
1 	75 
1 
2 

0 
1 	43 
1 
1 

1 
0 	66 
0 
0 
0 

(The results of two consecutive swabbings on the same by 
are sometimes included in the incidence calculated for the 
four-week periods.) 
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ohown grnphIcally in Figures 1 and 2. 

The percentage of positive nose evits began a 

steady decline between the second and third week until 

it had fallen to about 15, . at the end of the year. The 

percentage of positive throat cultures declined more 

slowly, reaching about 55: by the end of the babies first 

year of age. After the second moth, therefore, the 

incidence in the throat was gher than in the none. 

Many babien Alone nose cultures becane negative continued 

to have po3itive throat cultures. The rising frequency 

of negative none swabs in conjunction ,lth Tcr;itive 

throat swabs in seen in Figure 3. 

Carrier characteristics of the c)]....xr  

The frequency .ith which the older bnh1o' tended 

to harbour Staphylococcus aurey, in their throats rather 

than in their noses wee evident when tc1r intjividual 

records were examined. lixty percent of them eventually 

lost their &Anal stahylocoeci while continuing to harbour 

them in the throat. An about half of the others were 

not observed for ore than a few menthe, they too might 

have become . ,hroat harbourers had they been observed 

longer. The one by Mies° throat =ribs ..are negative 
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FIG 1 . 
	STAPHYLOCOCCUS AUR.E US 

NASAL AND TI-IROAT CARRIER. 
RATES IN I" MONTH OF AGE. 
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F I G. 2 . 	STAPHYLOC OCC US AUREUS 
NASAL AND T401.0AT CARRIER RATES FROM I TO 12 MONTHS OF AGE . 

NUM3E2. OF 	Abb . 
1. 	i06. 	74;:, 	63. 	48. 	37• 	25. 	15. 	13. 

APPeoximxre, WEE-K.5 of Ace 



• 

• 

FIG.3. STAPHYLOCOCCUS AUREUS 
INCIDENCE OF NEGATIVE NOSE : POSITIVE THROAT CULTURE - PAIRS - 
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in hospital (No. 132) continued to have negative throat 

cultures darint: the twelve wees it ,c1c1 observed. 	It 

wss the sole etam171.e -f a na :al carrier. 

Loss of StaMylneoecus auras from the nose some. 

times was quite abrupt, quantitatively, for a positive 

culture containing moderate or large numbers often 

pr ceded the s, ries of negative culture. After the 

nasal cultures became netrotive, the throat cultures 

usually continued to contain about the same numbers an 

they had previously. An occasinalthroat culture 

contained large numbers durinc 	period that negative 

nose cultures were beinL; obtained. 

Phage typinL: clearly established that the !-).bies 

harbouring fltarlylecocun nureus maintained the same 

strains persistently (TuLle 12, ,7over rocket). 	It also 

demonstrated that the staT,hylococci in the bableas throats 

were not transients; their throats were nctually 

colonised b the h:Aapital strains. 	This wen particularly 

evident when the hon - ital strains continued to appear 

consistently in the throat cultures long after the nose 

cultures had become negative. Hospital strains were 

carrted longent, therefore, when they coonined the throat. 



Nach individual baby's staphylococcal population 

remained remarkably conatant throughout its period of 

observation. The carri r period usually wee of many 

weeks duration, ns shown in Tables 12 and 16. Of 27 

carriers whose strains were almont certain to 118110 been 

of hospial origin, 24 caaried et leant one typable 

penicillin resistant strain. Ten of the 4 were 

observed to carry such strains for at leant six months, 

and one was still a carrier when nearly a year old. An 

additional nix babies (6, 2, 12, 1, 23, 125) whose 

hospital strains were untypable likewise continued to 

yield these for long periods = in three cases for over 

six months. 	Thus, there in Tittle doubt that the 

majority of itaahylococcue aurcun strains acquired in 

hospital were raAained for several months or more. 

The hospital strains did not invariably become 

permanently eatabliahed, for an occasional one aas never 

recovered an after hoapital discharge. These included 

phage types such as Ia and lie carried moat comionly, as 

well an MX which was more seldom carvied. 

aometies phage types similar in pattern to the 

hospital strnins were recovered for the frat time from 
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Table .e ntinned 

rpistt A1 ,: ,trq1401(r; 

In 
IItU 

UT 
To 

7 fl, 
'17 h 

lb 

Tb 
Tu 

93  

4  

20 
2C 

33 
8 

9 
19 

14 
25 
12 

ff 

p. 

4'0 

#1 

92 

95 
103 

3.09 

118 

131 
132, 

22 

33 

8 

9 
28 
25 

25 

" 

fp 

ff 

'J penicillin eeneitive etreine 
(3abies who WA only un untpoble etroth in their horp 

eulturce lame not been in,eluded in thie taulej their' 
records may be eeezi in Toble 
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a iby's Centre cultures 	Babies No. 8, 12, 13). 

it is losGible Ault these may have been present earlier 

but et rcvenled in the random sampling of a single 

colony per culture. quch no explanation seems 

particularly probable when they ap oared in the early 

weeks of ce.7e, and were carried thereafter. 	However, 

strains nimilar in phnge patern to the hospital ones 

sometimes made their first allcarance in the later months. 

It would be very difficLlt to determine hether they were 

identical to the hospial strains or not. Goneyally 

they ,jid not become established, and it in conceivable 

that they could have bran temporarily acquired from ther 

babies attenAW the Centre on thnt day. 

Five strains obtained from the babies' Centre 

celt,.lren were never present anon the hospital cultures 

and therc%fore probably were not hospital strains. These 

•e1T:: Id (Paby No. 14), lug (Paby No. 95), Na (Paby No. 

23), Nc and Nd (Paby No. 72). 	trains lug, Na and Nc 

seemed to become etablinhed in their honts, no they 

were recovered in more than one swabbing. Gtroina Id 

and Nd appeared not to become eetablished en they 

occurred only once. 
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*Transients" - strains never obtained orc than 

once from an in(lividual ty,by 	..ore 	;.Incorr.-'en on 

the whole. 	hue they were observed in nenal culturea 

of t n 13,71bies, they apered in throat cultures of c.)ly 

two bible. 

dInCliviinality of the carrier state: 

It wtls a strning fact that the babies often could 

be chraeterised by the ntuphylococcal strainn they were 

carrying. There were -7eventeen dintinct otraina carried 

among them, and nines 7O of the babies carried at leant 

two strains, the chance of more than one baby having the 

name net wan not (Teat. 	Alen the different phage 

patterns were conA.dercd together 'Ith penicillin 

nenoltivity, it wen found that no -ove than two babies 

held the identical combination of strnins. The 31 strain 

combinations which occurred among the 37 113bies may be 

noen in Table 17. As a renult, 25 (681 of the 

individual babies co!Ald have been identified by the 

atraina they carried; the remaining 12 bbies could have 

been identified ith 5Q certsinty. 

Twins, r1es:ite their Intl ate contactjdid not 

ahnnie same ypes entirely. This was particularly 

true of rair No. d. 81. 	;hilc one of them (No. 81) 
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Table 17. 	?tr!:in Co 	it 	of 5 a)h. aureus  Carried 

S. 	rain: 
aby c). 

Two 1tr1.ns: 
Baby No. 

Ia 

la 

2, 

132 

103 la, UT 

le, UV 

5, 93 

50 

lb 131 Ia, 	IiIa 55, 81 

I° 84 la, Ina 38 

lila 14, 80 Ia, 	.IIe 89 

'Ur 83 Ia, 	NI* 72 

IIIh 109 II, 	UT 121 

UT 19, 125 Illa, UT 9, 16 

1111, UT a? 

Threetrains: Na, UT 23 

Ia, 	Ibo, 	lila 92 UT, 	jT* 6 

Iafl, 	Ibo, 	1111 40 

Ia, 'Ile, 	Nb 67 Four to six ltrains: 

Ia, No. "4* 75 Ia, 	III, 	IIIc, 
'-sr4 78 

Ia, 	Nt*, UT 76 

lb, UT, 	UT* 118 
Ia, 	lb*, 	lila, 

x, 	WI% 29 

lc, 	111g, UT 95 Ic, 	IIIa, 
IIIb94, 	UT 13 

II*, 	Ilia*, 	UT 13 

Ina, UT, OT° 8 

* peniolljln sensitive 

underscoring indicates lysis with ln,iiited 
phage only 
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capried phage t pe Ia rrld lila, the t;ther (No. 80) 

ca- nod only Ma in all of its 23 positive cultures 

obtained durin the 34 weeks of observation. The 

distinction between the strains c1cf. by the other 

pair of t1/4vins observed wan somehnt 7_cos clear. 

Nevertheleas, Twin 7o. 75 tended to: ea;.ry In, Ne and Nf, 

while hin brother, No. 76, had mainly Ia, Ff and an 

untypntle etrain. 

Relation between etaDbylococcal carioile and type of 

11211Ra: 

It wan conceivable ,„hot the babies who e%rried 

staphylococci in their throats only received them from 

their mother's milk supply which they right previously 

have infected. Analysis of the feeding records, 

however, indicated that thin could not have explained 

moot cartes of throat carriage 	(Table 18). Although 

three of the throat carriers received breast milk through—

out malt of their cal.rier period, the majority conttued 

to be throat carriers long after they wive fully wcaned* 

There wen ee evidence that commencement of bottle feeding 

sf ected the crier state in any way. 
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Table 18. 	Breaet Feeding Of The Throat Carriers 

Ago when weaned Observed throat Total period of 

	

by 	from brenet 	carrier period* 	obeervation  

	

No. 6 	1 week 	6 - 20 weeks 	30 weeks 

38 	2 weeks 	11 . 32 weeks 	32 weeks 

12 	2 weeks 	6 - 25 weeks 	41 weeks 

55 	4 weeks 	16 - 26 weeks 	26 weeks 

14 	5 weeks 	6 - 9 weeks 	9 weeks 

16 	6 weeks 	6 - 41 weeks 	44 weeks 

9 	o.18 weeks 	6 - 20 weeks 	22 weeks 

87 	c.22 weeks 	4 - 30 weeks 	30 weeks 

89 	o.26 weeks 	9 . 38 weeks 	38 weeks 

29 	c.40 weeks 	24 - 39 weeke 	weeks 

5 	o.45 weeks 	14 - 49 weeks 	49 weeks 

* Period during ve-loh the throat 

oulteres remained eositive after 

the nose oeltures had 'become 

imeative. 
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ARetomieel distribution of atxoiri 	ed by the same 

12aV 

hen it 	found that most of the babies had 

carried several streins, it was thought that their 

dif erent trains niqht be colonising different sites in 

the ilper repiratory tract. Although it was known 

that the several strains of he style baby were found 

frequently in both its none nn hroat, this might be due 

to the direct comuniention between thene regiOna. 

However, Ince inteveltanze bet4cen the right and left 

anterior :71- es is less likel.v it wan conceivable that 

separate sw. ,La of these rates Inight yield different 

strains. Accordingly, right nod left anterior narea 

swebe were obtained on threc babies known to have 

previously carried several strains. Immediately after 

taking the anterior noires nwebs, the spal pernasal swab 

was also taken as a control. 3cveral colonies from all 

swabs ere phage typed. In each taby the right and left 

anterior nnren swab, as well as the pornesal swab, all 

Yielded the name strain. 

The results of this experiment do not preclude the 

possibility of selective colonisation/  but indicate that it 
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in not readily deonstratle. Colonisation by any one 

strain could be ltAted to a veri small arca of the 

nasal mucosa which would not eaoly be sampled b- the 

unual swabbing methods. However, it ao felt that in 

the stall babies it would be difficult to investigate 

adequately Alio interesting protlem further. 

Dl  

Ineidence Of ':3taT;hylococcus aureun In The Infant 

Upper Respirotory Tract 

The very high incidence of :ItaPhYlocoeun aure,an  

found among the newborns' nasal cultures in in accordance 

with observe 	of previous investigators. Likewise, 

the somewhat less frequent occurrence in the throat agrees 

with other reorts, The A.gh frequency of penicillin 

resistant strninn in in acs 	A,th the recent reports 

of Ludlam (1953) and Pnrber et ale (1)53). As in the 

inventintion of Farber, and co...workers, the oot 

prevalent strains ere of 7,hnge Group I, or wery untypable, 

The Group III strains were more cc::). 	than in their 
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expericnce, an:J to(.11, 1p II :trains lose so. 	The non—

classifiable strains encountered in the present study 

apparently 'ere not found in theirs. 

Mode of :3taphylococcal Carriage in the Young Infant: 

After the first several months of a;e the nasal 

staphylococci arc often lost, while those of the throat 

persist much lon-er. 	In babies aged nix to twelve 

months the throat carier rote is similar to that of 

adults, ;hi le the nasal carrier rate is much lov,er. 

Babies are therfore cinique with respect to their nasal 

carriage:.-high in the early weea, and lov in the later 

months of their flrot year. 

This aparent im-unity of the nasal mucosa in late 

infancy cannot be correlated with any antitody mechanism 

understood at the present time, ami has no known 

explanation. Anti—staphylolynin passed from -othcr to 

foet_In is quickly lost tev Lirths 	hie its rrntiou 

begins near the end of the firt yortr, not until the 

sixth year of age is the adult .itre reached (Frye° and 

Burnet, 1932). 	Moreover, it :leema a res.r:onse which 

confers no protection against sta:Ivlococcal colonisntion. 

In adults, high anti—staphylrlynin titres are associated 



with nanal an throat carrine (rnenin and Perggrist, 

1947; Bergevist, 1,)50). 	For this enon, it ha n been 

sug- eated that the low anti.staphylolysin of late infancy 

results from the to nasal carrier rate (Cunliffe, 19149; 
Ludlam, 153)  but this hypothesis ie incompatible .4th 

the present observation -f a high reat carrier rate 

during this oge. 

It wan clearly established, by phage typing, that 

the babies were persistent upper renrAratory carriers 

yielding the same strains in sequestial swebs. Until 

now, the infant carrier state han boon largely a 

presumption based an the presence of 3taphyloeoccus aureug 

in a single nasal neab per infant. OrIge typing further 

demonstrated that the babies retaineJ their hospital 

strains for very long periods of tic, especially in the 

throat. With both babies and actJta, there has been a 

tendency to ignore the occurrence of stahylococci in the 

throat, often on the assurIption that they 'ore :roL-bly 

transients there. 	In the present experience, transients 

ere found to be extremely rare in the babies throats; 

possibly even more so than in the none. Although the 

throat strains were often only intemA.ttently recvcred. 
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and in snail nbers, thew(' was no doubt of their 

persitonce. The frequency with which ncgative throat 

cultures intervened between positive ones of any 

individual 1::ty in not surprising if conniderntion is 

given the difficAty of obtaining adequate throat s::41Lo 

in this age ,Toup. 

This study demonstrated that the ntaphylococci 

which first become established in the newborn up::er 

respiratory tract are not readily disT:Javed by other 

ntrains. The finding may be analogous to Rountree and 

Barbour's obserAnion (r:51) that atudent nurses who are 

nasal carriers at the egin'.ing of ward Juty are leant 

likely to ncouire the penicillin resistant strains of the 

hospital. Although not underatc,od, an ecologicitalance 

of the body flora probalAy does exint. There MIS some 

evidence in the present study that the babies occasionally 

did acquire 	ntrains as they became olcr, but it 

happened too infrequently to draw cnclusiona about the 

eircumatanee. 

Newborn infants in the honital nursery are 

to 4any 3trains of 3tarhy1ococcu3 01110,00 10 large numbcrs. 

Therefore, it in perhaps not surprielag that many babies 
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acquire neveral strain° vAth chance determining their 

pnrticulnr not. 	Other inventigstore 'irave noted recovery 

of more than one train from newborns' nasal cultures 

(Alliscn and Hobbs, 1947; Parker and Kennedy, 1949), but 

the probability of their continuing to carry neveral 

strains has not before been considered. Perhaps their 

high susceptibility to staphylococcal colonisation is a 

factor in their maintenance of several strains. However'  

that babien differ from adults in thin respect cannot be 

stated ith certnity. The multiple strain carriers 

among the bnbies probably would not have been noted if 

frequent sequential sabs had not teen eAamined. finch 

frequent sequential ownbs have not often teen !JIken on 

adults over long perioJs and it in ponnitic that multiple 

strain carriers among them have bean overlooked. 	when 

Rountree and Barbour (1951) phase typed up to ten colonies 

in each of 230 munr1 cultures from nurne trainees, they 

found th t 4.5 cf the cultures contaned two strains. 

They entiated from heir data that the number of 

mn1t4lc carriers amnnf7, the nurses would not exceed 10. 

Nine of 38 student nurnen yieldeJ new ntrains after they 

began ward duty; whether the ncni strains were carried in 
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addition tc the previous ones 4041 not investigated 

Parber .et al., (1953)  studied 769 nasal swabs obtained 

from mothers, babies and hos7ital staff in a rrternity 

ward. 	In L2 instances they found penicillin resistant 

and penicillin sensitive strains in the enme swab. 

These ./ere of different p ge rencti&ns in ten cases, and 

in telve canes one strain wns untyrable, 3uch reports 

suget that the hospital environment, heavily saturated 

with many strains of ata hylococci, may induce multiple 

cnrriae in babies and adults alike. 

Epidemiological sianificance of the innt uper 

renrintory carrier: 

The finding that nearly every newborn baby carries 

at least one penicillin reaistant strain of ataarylococeue 

aureus nt honpital discharge in of considerable 

epidemiological importance. Cle vly, the neA)orn may be 

a major source for disseminr;tion ,.4" penicillin resistant 

strains clmn he general population* The )otential 

hazard of their carrier state is increnned by the facts 

that 1) they carry these penicillin resiatant strains in 

profuse numbers, and 2) they may carry them in VA, nose 

for never ..1 mothe; in the throat far as long an a ycar. 
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It could be argued that the period in iihich the babies 

carry 3ta1Wocnccuo aurcus in their throats hnn little 

epidemielogicallignificance, for it hnn been shown that 

certain organisms are ,--ore A.dely disseminated by nasal 

carriers than by throat carriers (Hamburger et al., 1,J4.1.-I 

Lauren, 1952c). lloAwer, young babies may dintrib to 

their saliva much more A.dely tlan do older children nnd 

adults. 	The pe7,ible signifieunce of infant throat 

carriers, therefore, perhaps should not be minimised. 

Recent ntudien indicate that not only may the 

honnital.brnlaby,bea major vector for dinneminating 

penicillin resistant ntrainn in the general population, 

but that itn mother may also carry thom nt the time of 

her hod ital dischurge (Ludlam, 1.53; Barber et al., 

V63)* The alarming spread of penieillis renistant 

trains on the hospital maternity ward has led 3eve7,a1 

invtLatorn to suggent abolition of the corn unal 

nursry, and isolation of he tliby ith its mother 

(Allison aui Hobbs, r47; Farker and Ken-edy, 194(..A 

Parbor et al., 1953) . Unfortunntely, thin would roTAre 

comrjete reconstruction -f most raternity wards and 

their nurseries* 	It is posstble that isolation of just 
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the babies, in individual units with filtered air and 

more strict aseptic nursing technique, might meterially 

reduce not only their acquisition of staphylocooci but, 

simultaneously, that of their mothers. Except for 

motherS Wmaternity wards, relatively few hospital 

patients empire penicillin resistant strains during a 

week's stay (Barber and Whitehead, 1949; Berber et al., 

1953). 	As there in now cenelelernble evidence that the 

spread of ,StarhYlococcus nureus in the hospital nursery 

is mainly from baby to tabj, and from baby to mother 

(Chapter 2), the infant vector Deems most important to 

control. 

licabi. t 	 " to ;Jo . TerM 0 	ter Stu 

Phage typing proved a definite aeeet to the present 

investigation, and gave information not otherwise 

obtainable. As yet, phage typing in connexion with 

sequential ewabbings has not been widely used. The 

experience of this investigation indicator that phage 

typing mny be advantageously applied to long term carrier 

studies even where several strains are carried sieultaneously 

by the same host. 

willinme ,with (1948) predicted that phage typing 

might be inapelicnble to long term epidemiological 

inveatigationa, because the phage pattern of a given 
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strain may become altered. It is now believed that: 

Two strains of different phage type may became 

identical by acquiring resistance to the phagee 
otne 

carried byAsnother. 

24 A single strain say Wow its phage type by 

developing variants unable to absorb certain 

phagee to which it was previously sensitive. 

The progeny resulting from either kind of alteration 

remnins constant in its new phage pattern. 

Lowbury and Hood (1953) found that considerable 

variation in phage patternresults from acquired 

resistance. However, they drew attention to the fact 

that the ability to acquire resistance is somewhat 

dependant on the phage pattern. Most members of 

Group III (6/47) readily acquired resistance, vhile 

members of Group II (3A) seldom did. 	ome strain° ex' 

Group I (29/52) acquired resistance, but others did not. 

It acquired resistance did occur in the present 

study, the consequen00 Wie not greet enough to interfere 

seriously with the aveHoll interpretatiens. There may 

be two reasons for this: 

1 	Attention was focused on the carrier state of the 

individual babies only. 	Acquired croas-resistence, 

es a possibility, could only occur betweenthe 
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relatively amali 	or strains per baby. 	`'he 

strains of anj one baby so= may have reached 

e4ullibrium in acquiring resistance to one another's 

phages. 

21 	The objective was to determine whether an individual 

baby's etrainsporsisted over a period of time. 	As 

the phage pattern of a strain altered by acquired 

restellano, remains constant, the persistence of an 

*ppsrent new atrain still would be determinable. 

Thal significance of a baby carrying several strains 

wee just as great ie one currying a single strain. 

Alterations in phage type due to acquired resistance 

seem to have occurred very infrequently in the present 

study. 	This may have been because: 

'4 	Babies who have carried several strains usually 

carried ones belonging to different phage groups. 

According to present belief, strains of different 

phage groups arc unlikely to acquire resistance to 

one another's phagee. 

4 	Seventy-four per cent of the babies carried Group I 

strains which are believed to be reletively stelae. 

3), 	Although 50Y of the babies carried a Group III strain, 

most likely to be unstable,, 117° of them curried their 

Group III strain only in conjunction with me7bere of 
other groups. 
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Acquired phase resittanee may have accaunted for 

some of the untypable strains encountered in the present 

study. 	This is particularly likely with strains of 

Group T and Group II having a relatively simple phago 

pattern. Lowbury and ffood OM) have shown that 
strains characterised by 1,140 with a single phago become 

untypable on acquiring roniatence. 

It is conceivable that acquired resistance may have 

occurred among 'some of the non-cinosifinbie strains 

encountered, particularly 741X4 The NX strains exhibited 

phage patterns intermod:kato between Group I and Group III. 

Should rn  . strain acquire resistance it might then bave 

the phage pattern of either a Group I or a Group III 

strain. Per example, an NX strain lysed by typing 

phages 29/424142M52/52A/ 4/7C' 79 miuht, by acquired 

resistance develop a phage tt. rn 52A/79 (Group I) or 

a phage p8.ttrirn 421012V54/70  Croup III). 

Strains having NX. patterns were encountered once 

among each of three babies' hospital cultures. 	All 

three of these babies also carried Group 1 and Group III 

strains either of which could have been derived from the 

NX strain. 	Two additional. babies yielded NX otraine 

among theircentre cultures on more than one occasion, 

but not in t sir hospital cultures. 	They too carried 



Group I and Group III strains. The fact that their %A 

strains did not appear until their later cultures raises 

the question whether they could have resulted from cross 

resistance between the Croup I and III etrains previouely 

present. This seems unlikely for to reopens; 

11 Group I and III are believed not to develop resistance 

to one anntherls phagee. 	2 	In all observations reported 

to date, acquired resistance has resulted in the strain's 

phege pattern becoming more simple rather than more 

complex. 	It seems more probable that the NX strains 

Were actually present in the earlier swebo_from these two 

babies, but were missed in Ale random sampling of a 

single colony per culture, 	The cross-resistance studieo 

necessery to determine the possible relationships between 

the NX, Group I and Group III strains were not undertekon 

because of the great expenditure of time required. 

Moreover, the NA strains seemed to have been of too 

infrequent occurrence to have seriously afected the 

main conclusions, 
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71ose and throat cultures of 106 newborn babies 

were examined for staphylococci. Ninety—nine percent 

acquired coagulaae—positive 3taphylococcus aurouc during 

their stay in the olvdtal nursery. 	:;trains itr-lated 

from 33 of 34 babies (97) proved penicillin resistant. 

Phage tyin7 demonstrated that both the nose and throat 

of an individual baby often became colonised by several 

traina. 	3trnins having phage patterns of Group I 'cro 

most common, while Group //I and Jntypablc strains were 

also frequent* 

leouential cultures were obtained from 37 1-abios 

visitin the Child _clfare Coutres, 34 of whom wore 

observed from birth. As they became older, their nasal 

carrier rate declined steadily, reaching about 15771 by the 

end of their first year. Ther throat carrier rate 

decrosed much lewl, and was still 55 at the end of the 

year. 	gxamination of the individual blbien'carrier 

recrds showed that W of them eveAually lost their 

neoal staphylococci Chile continuing to harbour them in 

the throat. IV evidence could be founi. that throat 



carriage was related to breast feeding. 

Phage typing showed that the 	nometimes 

retained their hospital sWhylococei for nix Tonthn or 

more, on'ecially in the throats 	Ilapital-born babies, 

therefore, may be important dinneminators of penicillin 

resistant straine• 

The stanhylococcal populution of each baby rerlined 

ponarnIAy constant throughout its carrier :eriod. 

AcTlinition of new strains seemed infroincnt, and 

"tranalenta" were rare. Many babies who had acuired 

several ntrains from the hospital nursery could be 

characterised by thene particular strain combinatiDne 

which they continued to carry. It a' cared that the 

strains which chanced to becorJ1 ctublinhed first determine 

the individuality of the baby's staphylococcal flora. 
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PART XI 

SECTION 

COLIFONNI MCI I  
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Marly in the nurvey it was noted that coliforma 

frequently were prclent i he throat cultures, and 

sometimes in the nose cultures, of the newborn infanta. 

Although the nose cultures seldom contained more than a 

few colonies, moderate to havy zrowth ,was often eb.ained 

in the throat culturon. 	3ubsequently, thin was alaayn 

recorded, and a nino*le colony from each culture wan nved 

for further study. They varied from flat, greyish, to 

lightly raised, creamy colenies, but never were of the 

large mucoid type said to be typical of FriedIjinder; 

bacirus. 

Coliformo amoqg the neribornbabie  : 

The incidence of coliforms in the none and throat 

cultures of 128 newborn lyilJies is shown in Table 19, 	An 

eoliform contamination of the infant upner respiratory 

tract co:A easily occrnr in the nurnery environment, a 

single politive f3 7c:: may nct neeeslarily hove sinificance. 

On the other hand, two or more connocutively ponitive 

swabs nugget he pon'Ability of a carrier state, ae 

described by Lauren (Chapter 2). For thin reason, babies 

whone swebn were pelitive only once have been cowldered 

I.,eparately in the Table. 



Table 19. 	Incidence Of Coliforms In Newborn Infants 

Nursery Number of 
Babies 

Positive Swabs 
One 	Two or more 

Total 

1-Jad .iinc;ton 

Feb.. 	 ay '53 67 21  

August '53 22 9 5;4 I4 

*February '55 18 17% ,),..,i4 
Y4' 50A 

St. 	i:iry's 

*February 	 53 21 0 10;t; laii; 

iriLiary cultivation in broth plus 20;4 blood and 
gentian-vi. let 1:500,00. Otherwise, blood agar 
plates with or without an alAitional blood plate 
containing gentian-violet 1:500,000 were used. 
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The incidence of upper reTAratory coliformn among 

the tnhies of the Paddington nurnerien during the opring 

of 1953 was high, and comparable to figures reported by 

some of the very early workers (Chapter 2). In Auguat 

it was leer, and in 3t. ?lary'n 7 3pital nunnery the 

incidence an also low during the observ%tions made there 

in the spring. 	Unfortunately, the amount of data is too 

small to permit Itatistical evaluation of these differences. 

That such differences may occur at different times in 

diff'erent nurseries, in sug. 7er7ted by the reultn obtained 

by the various orkers already quoted in Chapter 2. 

Accurate feeding records could not be obtained for 

many of thee newborn infants. The majority of the 123 

observed. ,,e1,0 brest, fed,and all were fed Hartmann's 

solution during the first day Of life. Of 25 for whom 

the method of feeding was ascertained, 19 were brent fed, 

and qiN were bottle fed. 	Only seven of the brest fed 

babies yielded positive culturc, 	five of the 

bottle fed group had coliforms. Thin indicates that 

bottle feeding may favour coliforms in the newborn infant's 

throat, as sugested by McYarlan and co—orkers (1949), 

tut the amount of data in insufficient for statistical 
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consideration. 

In view of Lauren's observation (1952a) of a high 

incidence of ccl.ifr,rms among premature infanta, it should 

be mentioned that all but three of the. 128 newborns 

observed were full-term, All three of the premature 

babies harboured coliforma; two 'acre bottle fedl and one 

was breast fed. 

Coliforms obtained  from the ttea an they became older: 

Thirty-three bties were observed for coliforme 

until they had, renched 10 to 49 weeks of '70. 	Of this 

group, 18 (554) had at least one positive culture shortly 

after bi th. Most of them continue2 to harbour coliforma 

for connidernble periods of time. The term "harbourer" 

has been apLlied to them rather than carrier", because 

no nerologicaltyping was done and a carrier state, in the 

strict sense, was not determined. Only those whose 

cultures were always, or nearly always, positive - ere 

considered to be harbourers. The cultures of the other 

babies were always negutive or only positive on rare 

occasions. 

The proportion of babies ho continued to harbour 

conforms is shown. in Table 20, and. graphically, in 

Figure 4. It wan found thnt all babies who hod harboured 



.oceks 
of A e 

No. 	Babies 
Observed 

0 - 10 33 

10 - 20 31 

90 . 30 23 

30- 40 11 
40 - 50 5 

Coliforms 

Still 	No loner 	Never 
Harboured Haro,ired Harboured 

	

18 
	0 

	

18 
	0 

	

11 
	1 

	

a 	4 	4 

1 

is 

15 

11 
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Table 20. Persistence Of Coliforms Among The Older albies 
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FIG.4. PROPORTION OF OLDER BABIES 
CONTINUING TO HARBOUR, COLIFORNS 

COLIrOcaMb 
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coliforms in their early weeks of life, continued to do 

so until about their sixth :onth of ac. Some of the 

bibles still being obs, rved after their olxth month of 

age lot their coliforms, but about half of this group 

cofltlnuoL to harbour them. 

Examination of the clinic records available for 28 

of the 33 babies suggested little relationship between 

the occurrence of upper res7i-tory coliforms and the type 

of feeding, or vomiting (Figure 50, Among the twelve 

ixAples who .,vore completely brelt fod for to weeks or lees, 

seven harboured conforms and five did uot. Of two 

pairs of twine (Babies No. 75 and 76, 80 and U) brest 

fed for less than one week, only one of ench pair harbored 

conforms. Six of eleven tr7itien brest fed for three to 

eleven v;eeks harboured collformn, as did one of three 

bibles bre7t fel. for 16 to 18 'ae s. 	In to instances, 

the arearanec of c,l_iforms may have been associated with 

the introduction -Yif: bottle feeding. 	In one, (Paby No. 38) 

cultures ;fiken on the fl_rat and fourth day were negative, 

but were found positive on the ninth day of age when 

bottle feeding had begun. 	In the other, (Baby No. 53) 

three cultures taken during the first two weeks were 
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negative, but ponitive cultures were obtained the fourth 

weeT.: when bo - lc feeding had commenced a , oelk previously. 

ith these .ronnible exceptions, all of the babies who 

hnrbourcd coTiformn acquired thorn during the first weeks 

of life irrespective of the type of feeding. 	In general, 

thee observations conflict with the report of cFarlan 

rt al. (1949) that, among newborn infants, there is a 

definite correlation between the occurrence of coliforms 

in the throat and artificial feeding (Chapter 2.). 

Vomiting, in the present ebnervntions, did not 

seer to account for the occurrence of coliforms in the 

infant uper re•pir,Itory tract. 	Four of the ten babies 

whooe clinic rocords noted vomiting did not harbour 

coliforms at any time. 	Croversely, of the fourteen 

babien harbouring colifoto, no vomiting was noted in 

eight (Figure 5). This is in harmony with the belief of 

Neter and 'humny (150) that vomiting per se  dean not 

explain coliforms occurring in the threat duri;47 infantile 

gatro.enteritis. 	It in also in accord with the 

experience of Haffner et al. (1950) who found no relation 

between vomiting tanA the speearance of coliforms in the 

throats of children receiving antibiotic therapy. No 



diarrhoea er) noted in the clinic records of any of the 

infante. 

Although it seems reesonable thet the presence of 

cceiforms in the ueeer reepiratory tract may be related 

to environmental hygiene, this did not appeor to be true 

in the two pairs of tins obnerved(Babies No.75 and 76, 

80 and 31). In the firet pair, observed from four to 

fourteen eeke of eget  one twin harboured conforms Olile 

the ether did not. In the second pair, one twin had a 

few coliformn in the throat on the nixth day, in the A080 

on the tenth day, and in the nose and throat at the 

fifteenth wee, but othereise remeined negative. The 

other twinlo throat eltures conatantly contained numerous 

colifeems, and its nose cultures often had a few, through—

out the 34 weeks of observation. 

rroreptice of the collformcetod: 

Approximately 200 of the conforms isolated from 35 

of the bobien were examined for their biochemical renetions. 

These included those of the 33 babies oboorved for two 

months ae more, and represented at least 50:; of the strains 

obtained from any one baby. 	The properties tested were 

the formation of indole, the methyl—red test, lieges 

Protur eenetion, and the ability to grow on citrate agar. 

19S. 
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Forty-two of the strains found to resemble 

.Aerobacter aerogenee were investiatod further. 	In the 

sixth edition of Bergey's manual, tic genus haulaciar 
is divided into two species, J. aerogenes and A. _cieacae. 

Characteristics distinguishing them are the liquifaction 

of gelatin and the failure to ferment glucerol by the latter 

species. 	Recently, Brooke (1953) reported that 

fermentation of inositol and production of urease were 

also useful in characterising the two species. 	In an 

examination of 1411 strains, be found that 

did not ferment inoaitol, and usually utilised urea slowly 

if at all. A. aerogenes, on the other hand, fermented 

inositol and rapidly utilised urea. 	In regard to the 

taxonomy of this group, perhaps it should also be noted 

that Kauffmann (1951) states that no clear distinction 

can be made between Bergey's genera, Aerobacter and 

Klebsiella, and they therefore should be grouped into a 

single genus, Klebsiella. He cites the fermentation of 

inoaitol, and failure to liquify gelatin as characteristics 

of it. 

it was found that ten strains (obtained from five 

babies) resembled A. cloacae in the most characteristic 

propertis ascribed to this species by Bergey's Manuel 

and by Brooke. The other 32 strains (obtained from 

17 Lbis) seemed intermediate between A, aerogenea and 



otAop9,  Lecause thoy ozh2,bited cr,vo of tip o'.:..isarso ter is t /es 

of both ( Tablo PU. fl o spoot to ea. ie tn I. clue f tan t; ton the y 

usOre nosrly resembled 	a0r947,Vpos,  bscsuse 	foiled to 

i1ui f sr it 	3.:bsoevorç.d td not; fe ?no n t 	yco  

did not forrlent inositol„ end nano 

sugmetinP, closer role,ti..onship to 	 Ac cord ing 

to IcollffmrEnn all bIlt throe of the 42 strains would be 

excluded from his Ylebnielln ("cup because of their failure 

to forrent inoottol, and ttrIr ability to liquefy oslatin. 

ore oleo unejanc!.floble in any ,ot)or 'oup be 

ner 	s among the 	 ( rent fman :1 1951).  

In FICTate ti it in seen that of ths fourtoen babies 

ho harbcklred voliforme r  the culturai of seven often 

contoincd morters of ttw. ./1, 	n....1..as.12. typo. Other 

tnves t es tor F.t he also found the t t11.1 col it arms lc olated 

frau the infant u7,1r.osr respiratory trot aro not always 

trtts 	rat. 3  example, Tocvey and 1.43t,se (1D44) 

fryfleeted that ft'f,  of 11 c:olircern tralria they cultivated 

frw, rictvbssin babies wero 	 1,914 	In orecent 

by Lev infl and an !veto ( 1964 ) it is me nt toned that 

of 40 notion babies having c ol 'forms in Ills Tr throats , 

cinly6 (6O) harboured ,-'40,..rr5f.:thil etr CI Ins; pre sumo bl 

the others bar b,t.I.741 ri the "M.,  Otr no s t ype 6  

in the oourtle of mouse inoculation tests for 

ouraos000t (Jection 0) It vats noted that the conforms 

oont in thk--). babies 	and tbr oat swabs were c oiot1io 
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Taole 21. 	i'roperttes Of The Ccliforms Intermediate Betn7een 
14.crocter aeroenes And Aeroblcter cloacae  

Baby No. Culture c;elatin iJlycerol Inoltol 

25 liN a o a 
25 IIT a c , 
29 16N a , , c 
29 239 a c c 
30 4N c c a 
30 4T c 0 a 
50 iT a c c 
50 2T a a a 
50 ST 4 C c 
63 2T a , „ c 
69 1T a c c 
69 33 C a a 
71 1T a C 
72 2T a 0 a 
76 iT a a a 
73 lON a C 0 
7J IIN a 0 0 
80 2T 0 a a 
BO 5T a a EA 

80 81' c a a 
80 13N a c a 
80 13T a c a 
80 15N a .. a a 
81 12N a c c 
81 12T a a a 
82 4T a a c 
83 8T a a C 
93 10N a a a 
93 11N a c C 

118 20N a a c 
127 2T a a 0 
131 5N a c a 

Gelatin a - not liquifiei, like A. aeroenes  
c - liquified, like A. cloacae  

Glycerol a - acid and has promptly produced, like 
A. aerogenes  

a - acid alone produced slowlyj if at all, 
like A. cloacae  

InGsitol a . fermented (sowetimes slowly), like A. aerogenee 
a - not ferwented, like A. cloacae' 

N 	Norie c!ture 

T Throt culture 



00. 

virulent fey mice. Only a few of thee° ursine were 

examined for their IMVIC properties, but there wme no 

suggestion that virulence wan aosociated with a particular 

conform group. 

Although aerological inventieation was beyond the 

scope of the present study, it seemed worth while to 

determine whether nay of the strains wore of the aero-

logical types which have been isolated from infantile 

gastro-enteritis. 	Sera for elide agglutination tests were 

kindly eupplied by Dr. Joan Taylor of the Colindale ubltc 

Health Loboretoriee. 

None of the a trains were agglutinablo in antisern for 

0 26, 0 55 or 0 111, the 	con  serotypea associated with 

infantile gestro;enteritis.nic majority of them were 

agglutinated by acriflavine in saline 1:500, a property 

not exhibited by the strains of gastroenteritis (Charter 

and. Taylor 1952). 	it was noted, that those atrainn not 

agglutinated with acriflavine usually loot this property 

when elibeultured, and this, too, is enceamon among gastro-

enteritis strains (Taylor, pereonal communication). 

Frequently, these proved of the 4 aerosenee-cloacae  type. 

All evidence, therefore, indicated that the coliforms 

encountered in this study were not related to thOSO 

asaociated with infantile gastro-enteritis. 



DISCUSSION 

The persietenes of upper respiratory Ooliforms in 

certain babies makes it unlikely that they were present 

as mere contaminants. Although it is a temptation to 

regard the babies in whom they were consistently present 

as "carriers", this would not be 3uatifiable without 

demonstration of the aerological identity of their strains. 

It is for this reason that the term "harbourer" has been 

used throughout this discussion. Carriers, if present, 

would most likely be those babies who persistently harboured 

coliforms having the biochemical reactions of true ziL 221,10  

However, the other babies vbeee coliforms sometimes incluald 

"aerogenes-cloacae" types cnnnot be excluded as possible 

carriers. 	?hey may have been carriers of several strains, 

so that the single colony picked from each culture was not 

representative of all types present. In Laurent° 

experience, some children carried more than one aerological 

type, and although the majority were true Et  colt,  a email 

percentage had biochemical reactions of 	 aoro 

:Aoreover, he found that strains of the same aerological 

type did not necessarily have the Game biochemical 

behaviour. 

The relatively frequent occurrence of the "aerocenea" 

type of calif orm in the infant upper respiratory tract is 



surprising in view of the veneral belief that they are not 

common in the intestinal tract. 	The literature on this 

subject is controversial, however. /all and O'Toole (1935) 

reported Aujuguase to be 'resent in the faeces of breast 

fed infants up to ten days old„ but Snyder (1940) was 

unable to corroborate this. 	According to Snyder, 

aerogenes was present in the stools of 44 of 22 infants 

under one year of age, but rarely before they had been 

weaned. Olson (1949) reported both Siaatuult and 
xiii_agaga to be rare in the infant intestinal flora. 

In adults, the incidence in the intestine is also disputed. 

Koser (1924) reported that coliforms of the "cloacae-

aerogenss" type were rare in human or animal faeces, but 

common in soil. Cruickshank and Cruickshank (1931) stated 

that B. aerogenes is present in the majority of adult 

stools, although only in rall numbers. Rowever, Iarr 

(1938) found them in freshly passed stools of only 33 of 

100 adult.. 	In '14, of these stools, 1-arr found "gelatin 

livirging screw:mos" presumably 	cloace. From these 

confliOilft reports, it is difficult to decide whether the 

infant's upper respirntory coliforms are acquired from 

faecal contamination, or from other sources. 

It may be nignificant that Long (1947) in a study of 

300 strains of Gram negative organisms isolated from the 

mouths of gingivo-stomntitis patients being treated with 



enieillin, found 14.0 of them to be 116 aerogenes Type I. 

This suggests that the aerogenes type of conform may 

easily establish itself in the mouth under certain 

conditions, and may moan that they are not uncomonly 

present in the normal oral flora in small numbers. 

SUMMARY AND CONCLUSIONS 

Many of the newborn babies harboured ooliforms in 

their upper respiratory tract. They continued to do 

so after their discharge from h eeital, usually for at 

least six months, end sometimes for nearly a year. 

Among the newborn babies there seemed a slight correlation 

between the presence of coliforms in the uener respiratory 

tract and artificial feeding, but this was not true among 

the older infants. Babies bottle fed within the first 

weeks of life were found no more likely to harbour 

conforms than those completely breast fed for a longer 

time. No apparent relation wsc found between vomiting 

and the occurrence of upper resiitory coliforms. 

Of fourteen babies observed, to be eersiatent 

harbourers, the coliforms isolated from seven were found 

to be true Es coll. Those of the other coven contained, 

in addition to 	colk, members of the A, aerogenes 

group. Many or the latter liquified gelatin, and 

appeared intermediate between A, aerogenes and A. cloacae. 

)03. 
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J. few resembled A. aloaate in all properties tested. 
That the bebies who persistently harboured conforms 

were probably carriers is suggested by the studios of 

Lauren. It was not possible to undertake the serological 

work neceseary to establish this point. 

None of the babies' 	0°14  were agglutinated by 
antieers for the serotypes commonly aeveciated with 

infante 	These serotypes have been 

reported to occur in the infant upper respiratory tract 

during this illness, but it he not been determined 

whether they remain there after recovery. The frequent 

persistence of coliforme in the iffent upper respiratory 

tract as observed here together with the studies of 

Lauren, suggest that upper respiratory carriers of 

these seretypes could occur. This possibility deserves 

more attention in future investigation of the epidemiology 

of the disease. 
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PART II 

313CTICIT C 

PNIrormevICI  



The upT,er respiratory mucosa of hc neborn infant 

seems relatively resistant to pneumococcal 

It in not known whether this is duo to some form of 

inheent ia:unity, or to infrequent pnoumococcal contact. 

Resistance appears to be of short duration, because 

carrier rates retorted for older babies are not much 

lower than those of children and adults (Chapter 3.). 

The observntions reorted here were ilAxnded to inve-7tiate 

furthe- the pncuriocoeeni carrier characteristics c,17 early 

infacy. 

WITHOD3 

Four methods wore used, for the ciAtivstion of 

prietimococi: 

A. The swabs were inoculated directly onto blood 

agar Dlates containing i7ontion violet 1:50000. 

B. The swabs .ore inoculated directly onto blood 

agar pl..tes containing no cntian violet. 

C. The 5y0, WC inoculted into broth containing 

20:4 blood and gentian violet 1:500,000 which, 

after six hours incutatio was plated on cooked 

TtAso(2) 

 

ar also cataining ceatian vioet. 
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D. 	The swabs were inoculated directly onto 

blood agar pLltes containing gentian violet 

1:500,000 and 	sucrose. 

Methods A and B were employed routinely for all 

swabs obtained from the babies being seen nt the elfare 

Centres. 	All four methods v4ore used, at different 

times, for the ownbs obtained from the newborn bbies. 

In addition, mouse inoculation tents were used for 

some of the cultures :A)tained fr the newborn bnbies. 

The nose and throat abs were inoculated into separate 

bijou bottles cent niug broth 1.th 20 blood, and 

gentian violet 1:500,000. After overnight storage in 

the refrit;orator the broths were ineubnted for 6 hours in 

a 360  water bnth. Vice ;cre then injr ted intraperito. 

neally with 0.5 ml., and one loopful n also streaked 

onto a cooked blood agar plate (?lethod C.). 	The 11ce 

were observed frequently within the firot 43 hour°, and, 

were kept under observtion for rive days before the 

tests were considered negative. 	!lice .:;hich became ill 

were sacrificed for autopsy, and 1ce 1ch died during 

the night .::ere autopsied the fo1.lowin7: morning. 

Fe itonen1 oxuate and heart blood were pinte0 onto blood 
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agar, and films of the peritoneal fluid .;ere Gram stained 

for microncmic examination. 

All platen ore examined for pnenmococci after 

overnight aerobic incubation. 	Colonies cf typical 

morphology were typed directly from the rit:tee. Those 

whose morphology wan nc;t eatimly charecterlitic we. pe 

transplanted into Ted-Hewitt broth, and tented for tile 

solubility after 1B-24 hours iueubation. 	Early in the 

atud!J, optochin 	ivity s tried as a method of 

identificetioo, but it on abandoned when it proved net 

to detect some strain3 i4hich were bile soluble, although 

untypnble (see Ar,,endix). 

The typing sera were obtained from the State :3erur2 

Inititute of Copenhagen. They included Types 1.45, 
excluding Types 26 and 30 which ere identical ,Ath Types 

6 end 15. 	 hen tping was done directly from the plates, 

ten or more colonies from each culture :;ore nixed 

top:ethers Thin mixture was first eamined for capsule 

swelling in the group "pools" AI, and then tested -ith. 

all type sera A.thin the group ::ivin; the reaction. Tis 

method insured recognition of all types contained A.thin 

the random sample taken. 
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Before beginning the otudir, it :ac thought that 

swabs made of calcium alint2te wool would facilitnte 

the recovery of small numbers of pneumococci, as v'ell 

as other or,,7anisms. The savantage of calcium alginate 

wool swabs is that they can e completely dissolved in 

r!, sodium hexametaphosphnte, thus freeing them of all 

orgarlisms entrapped within the fibres. (Higgins, 1950). 

Preliminary tests, however, indicatel, that sodium 

hexametaphoshate is somewhat bactercidal. or bacterio. 

static for pncomecocci, so the metho.1 could riot be used 

(see Appendix). 

PINDINO3 

Incidence of pneumococci among tho.nev,born btlblee: 

Pneumococci --were not found, using Methods A and B, 

among Z42 newborn babie during their stay in the 

Paddington Hospital nursery. This first scJrien of 

plates was examined with particular scrutiny: to avoid 

overlooking any pneumococci, one or more smootheklpha 

haemolytic colonies of over 0.5 mm diameter were picked 
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from each culture and teted for bilo solubility. 

To confirm the absence of pneumococci among the 

newborns, the mouse inoculation tc-t an apliod, in 

conjunction with Method C, to an adlitional crop of 

babies, 24 of whom .ere born in FaddinETton Irspital, and 

eight of whom were born in :It. Mary's Ti spital. 	3ince 

two or three consecutive swaUs we a obtained from osch of 

the babies during their stay, a total of 154 nose and 

throat swabs were examined by this method. Illness or 

death occurred in 	of the ice, but usually appeared 

Juc to coliform infection because coliforms were obtained 

in pure culture from both the b.,,art blood and peritoneal 

fluid (lection B.). 	A mouse.-virulent vlridons 

streptococcus, not Lancefield iTuped, ti 7L.s obtained from 

the swoba of one baby on to occasions. 	It was bile 

insoluble, and optochin resistant 	WOPO 

not altered by mouse passage. ro f,noumococci 'ore 

obtained fom any b:Av of tliis 	L. 

During the search for N. influenzae ~.(- calif rms, 

a small grrup of 13 bbies born in St. Mares. HosIltal 

was also examined for pecumococci using Method C alone. 
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A poeumoftecus, Type 19., was obtained from the nasal swab 

Of ofle baby on its si%th day of life. 	Its nose and 

throat eniturea on the third day had been negative. 

Unfortunately, this baby was discharged from hospital on 

the seventh day, Lefore additional s be could be 

obtninoi.. 

Ineiiental to the invetigation on ritrentocoecus 

soliv%rius, 22 neborn b7Alea were examined simultaneously 

for pneumococei using Methods A and D. No pneumecocci 

were recovered. 

After so nany newborn babi00 had been found not to 

harbour pneumococci using the various methoda, all e..cot 

DVILhod D. (blood agar plates) were discontinued. 	No 

pneumecocci were fond among the 51 newborn b9bies 

investioatel by method alone, 

Pneumococci therefore ape , red to be absent among 

a total of 159 of the 160 neborn bbles obrved between 

the months of December 1952 and 4uuet 1953. 
Incidence of oneumococci nmong_the plder bjbiee: 

Forty-five babiec, reporting to the Centres were 

observed until they ‘ere from f:lye to 49 weeks of are. 

Thirty-eight of thee rabies were observed from he time 
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of their birth; observations on 	rernining seven bean 

between their fourth nnd fifteenth weeks of age. 

Unfortunately, the !-taby from whom pneumococci had been 

obtained he 	in hospital was not among those 

seen at the nc ..ros. 

The incidonco of pneumococei, according to 'aeeks 

of age, is shown in 1?gure 6. 	It was found that the 

incidence rose sharply in the first month, and had 

reached its maximum by the end of the second month. 

During the remaining ten months there was considerable 

fluctuation, but 	average incidence was about 1.40. 

The pneumococcal types encountered may be seen in 

Table 22. There were foortcen different types, in 

addition to the untypnble strains. Types 6, 21, 23 and 

the untypable strains ere most frequent. 

Carrier characteristics of the older bsbiee: 

The term "carrier" has been a lied to every baby 

yielding pneumococci of :Ahe same type on at least two, 

and usually more, occasions. Tenty.five of the forty—

five babies (56) were carriers at some time during the 

period they 'iere observed; the others never became 

carriers. The age at which twenty.two of the twenty•five 
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Table 2'2. 1ncilence of fleumococcal Types 

Carried: (Isolated at least twice per baby). 

Type 	. 0. of AaoiPs. 

.1 

6 	3 

71 

1 

10-39* 	2 (twins) 

12 	1 

13 	1 

14 

20 

21 

00 
	

1 

3 

kat carried: (Isolated from only one cltre ber ba)y). 

Type 	c:). of aabies 

4 	1 

19 

Isolated only from the last oniture obtained: 

Type 	No. of babies 

6 

atrain giving cross-reactions between 
Tyues 10 and 39 

UT untypable strains. 
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became carriers is known A.thin one tc ;our weeka accuracy. 

Two were observed to become carriers ithin their first 

four weeks, over half had becrle cnrriern by the end of 

their eighth week, and nearly all had become carriers by 

the twentieth week (Figure 7.). 

Moot babies who 'afore carrier° harbored pneumecocc4 

in the nasal passages only. A few babies acme 

yielded them in their throat cultures as well, and one 

baby (No. 9) had them In its throat almont entirely 

during its carrier period. The nasal cultures usually 

contained mo ,f)•() to large numbers of colonies; the 

throat cultures never contained more than moderate numbers, 

and frequently only a few. 

Most babies were constant until carriers, althou 

a few were "intermittent' in that en occasional negative 

culture appeared in a series cyf :2onitive cultures. 	As 

these negative cultures were iv:ver obtained consecutively, 

it in likely that the pneumococci had accidentally been 

"missed" in the negwAve swabs. Thee tables, therefore, 

probably were also catant carrierS. 

The pneumococci were unually carried for long 

periods of time, in none instances :'er :'ore than six 

months (Table 23).  Some of the 1)bios eventually lost 



FIG.7. 	DEVELOPMENT OF PNEUMOCOCCAL CAZEZIAGE 
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Table 23. 	Duration Of loneumoeoocal Carritte 

Baby 
No. 

Carriers: 

Type 

Non-carrier; 

Known Carrier 
period (Weeks) 

W*eks of 
Observation 

Baby 
No. 

Weeks of 
Observation 

75 35 43 21 76 43 
40 31 38 9, 6 12 41 
81 31 34 10-!39' 
89 30 38 20 50 -7 

6 30 33 6, UT 83 00 

38 29 32 21 125 28 
29 24 42 7, 6 93 27 
80 ..- ;In4. 34 10.39* 55 26 
9 21 44 UT 23 26 
76 20 28 22 109 25 

72 25 
84 18 24 23 132 20 
30 16 16 14 
67 16 27 23 37 17 
118 13 26 13 19 14 

25 12 31 UT 130 13 
66 12 12 23 8 11 
101 12 12 UT 
13 11 16 21 14 10 

103 9 
5 10 49 12 32  

127 6 9 UT 95 7 
82 4 10 2 11 6 
10 0 5 20 
16 2 44 UT 
87 .1 ,,. 30 UT 
92 2 ,, 33 14 

10-39 7: Cross reactions between Types 10 and 39 

UT = Untypable strain 
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their pneumococci, but the majority continued to carry 

them throughout the period they wore available for 

observation. There was insufficient Ante to determine 

whether any one type tended to persist longer than 

others. Ho,ever, it in interesting to note that Type 6, 

which frequently causes pneumonia in b.;bles, was among 

those carried longest. 

The types carried remained remarkably constant 

or each individual bby, as may be seen in Tatle 24 

(cover 'oelret). 	Only two babies changed types -uring 

their period of eb:lervation. 	One of  these (Paby 70. 21 

changed from Type 7 to Type 6 between its 25th and 2r-)th 

week. Type 6 was then recovered consistently up to the 

42nd we0c, except when an untypable strain was obtained in 

a sin7le elture on the 35th week. The other baby 

(No. 40) changed from Type 9 to Tepe 6 between its 14th 

and 19th week of ae. No more swabs were obtained until 

its 36th we L, but this swab also contained a TIpe 6. 

In no instance was more than one type found in a 

single culture. 	One baby (No. 6), however, yielded an 

untypable strain from its throat aev ral times while 

carrying Type 6 in its nose. 	From another 'aby (No. 9) 
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who had interrittently yielded un untypnble ntrain r, its 

„ihrost, a TYPe  L vane obtained in one naval culture. 	In 

all other bnbien the throat cultures, Alen positive, - iore 

of the same type an the nnTlal ellturcs. 

Pneurnococcal cariage was interesting to observe 

in the two pairs of twins included in the study. 	An 

would he e7pected, ono pair of twins (No's. 80 and 81) 

shared n ntrnin of the name type hroughout their carrier 

period. 	The other pair of twins (Nols.75 and 76) were 

not iliwAntical in their pneumococcal carriae. 	One of 

them (no. 75) yielded Type 21 pneui7ccocci in its nasal 

cultures with the onset of an inflamed throat and cough 

during its 9th week of age. These 7neumococci peraiated 

throughout the net five wees. The other twin (No. 76) 

had no pneumococci during thin ti-c, although ito clinic 

reordn noted "snuffles" at the 11th week of age. Further 

culturns were not obtained from thin pair of twins until 

they acre 43 weeks old. As this tine, both were found to 

have Type 21 in their natal cultures. 

Relation betcen 7711eumococcal carriage and mild upper  

respiratorZ in  ‘ction: 

For inicationn of upper respimt.ory infection. 



220. 

reliance as made upon the meAxal pecords of the bnbies, 

and upon the notes ef the health viottore who tool: the 

sveAe. Mild infections occurred among 17 (38) of the 

babies at some time durine the period that they were 

observed; there e re no severe infections. 	In only 

three of the 17 beLies was the onset of symptoms pos-ibly 

associated with the appearance of pneumococci. In the 

ethers pneumococci either 1) were already being carried, 

usually for some week, 2) apeelnred eore eeeke later, or 

3) eere never preeent• The reletion beween the presence 

of pneumococci durine the time of mild upeer respiratory 

infections is seen in Table 25. 	Proeertionally, 

pneumococci were somewhat more frequent among babies with 

infection than those without infection. 	However, 

application of the chi square test (with Yates' correction) 

indicates that the difference may have been due to chance. 

Table 25. Relation Betecen Upper Respiratory Infection 
And Presence of Pneumococci In 45 Panes 

ileumococci 
resent 	Absent 

Total 

Infection 
Present 

Absent 

11 6 

12 12 

17 

. 	2e 

7-1  .0354 	= 
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DISCUTIION 

The infrequent finding of pne'.;mococci in the uper 

respir-tory tract of the newborn b-bies is in agreement 

A.th several previous observationa on 7:ioapital-born 

infants (Kneeland, V30; Torrey and Reese. 1944, 1945). 
That the newborn's resistnnce to pneumococci is sometimes 

d 
of short durntion in evidence, by the observation that 

over half of the b7Aies who became carriers had acquired 

their pneumococei by their eighth week of life. 

Interestingly, thin age period corresponds to that during 

which certain pneumococcal antibodleappresent at birth, 

are reported to be lost. 	However, it - in also the time 

I.Jhen the babies have passed from relative isolation in 

the hospital nuracry to greater comAinal life. 

The fact that quite n few of the older babies did 

not become carriers at any time nuvests that they may 

have possesed a resintence somewhat greater than is 

common in adults. 	Alflost all adults can be demonstrted 

to be pneumococcal capriern at some time when cultures 

are taken repeatedly (Finlan,,i4  1112'. 	Pnelnococcal 

colonisation of the infant Lipner respiotory tract cannot 

be dependent upon contact with the 'ganion entirely, for 
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in the twins (7.- nerved the cultures of one realned 

negative for five iieorl while the other's c,,ltures aere 

positive. 

Except that the pneumococci wer.,  carried more 

frequently in the sons than in the thront to babies' 

carrier characteristics seemed similar to those generally 

decrited for adltn. 	Maintenance of sin;:71e rneumococcal 

t pen by adult ca-nriers has been reported, although 

recurrence of several types more often has been de •erlbed 

(Chapter 3.). 

SUMMARY 

Using several methods 

were recovered from only one 

first two weeks of age. In 

babies, over half ;ere fond 

their first year of lice 

for isolation, prAtumecoeci 

of 160 babies during their 

further observations on 45 

to beet-)7C carriers during 

Taelve are !,mown to have 

become carriers b- their 	week, and 21 were observed 

to be carriers by their 4tentieth weelt. 	The pneumococci 

generally were recovered only from the nasal cultures, 

althos7h sonetlmen they were also present in the throat 
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cultures. The en nor state, once entablished, persisted 

for long periods, often for six months or more. Usually 

each carrier mai:.tnined a single type thro;:Ighot its 

carrier period. Fourteen dir:Itrent types were 

encountered in addition to untypable trnins. The 

typable pneumococ,A. included Types 6 and 14r which 

frequently cause r;neumonis in botAsn. No rlationship 

wns ascertained between the oresence of pneumeocci and 

the occurrence of up • r respirntory infection. 
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PART II 

3COt TI 

BETA !IASI '014Y'2.1C ".:;TRIZTOCOCCI 
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'Iome investigotors Z-Ive reported that beta - 

haemolytic etreptococci may become established in the 

newborn up or respiratory tract, although others 11.1.ve 

denied this. Recent work, employing serological 

classification'  suggests that haemolytic streptococci 

other than Group A may be acquired from the matenal 

vagina during delivery. Members of Group A heve not yet 

been reported present in the upper respiratory tract of 

the newborn infant. According to the feu obeervetions 

reported, babies may become car tore of beta haemolytic 

ntreptococei, including Group A, within the first six 

months of life (Chapter 3.). 

In the prenent invetigntion, a completely 

adequate study of the bets haemolytic streptococci was 

not poseible 	Practical considerations precluded the 

use of the special cultivation methods rhich would hive 

given maximum recovery (Pike and Fashena, 1940. Also, 

serologicaleleasification could not alays be performed 

bccause of the volume of other :ork. 	Nevertheless, the 

observations which could. be  made are of intere-t, nod 

therefore are presented here. 
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IISTNOD3 

Only the rotiue blood agar rintes, with or ithout 

the a:idition of gentian violet, .erc used for isoltion. 

They had been incubated aerobically overnights The 

relative number of beta haemolytic colonies wore noted, 

as well as the degree of hneolysis. These were 

distingished from Haemol)hilus hnenolyticua by their 

colonial appearance, or in cases of doubt, by Gram stained 

films. 	3trains obtained in the early part of he survey 

were store for subsequent serological clasA.floniAon, 

but unfortunately few of these survived. 	Later, 03 the 

volume of work A.th the neborn infants diminished, it 

was possible to lerform the rylsolozical wor' soon after 

isolation. Antigen extracts were prepared by the Fuller 

formamide method. These were teted 	antisera 

(Burroughs ()]Leone) for Groups A, B, C, D and G, or in 

some instances, for Grup A only. 

Occurrence of beta Ilemoytic - -,7onr)tococci among_ the 

newborn babies: 

The number of newborn L les whose cAltures were 

examined for beta haemo'ytic streptococci during their 



227. 

eriod of 	.1 olim,Lion totalled 115. 	Beta haemolytic 

streptococci ;re noted in the cultures of 13 (9T). 

The culture reenr:f.s of these babies are shown in Table 

26. 	Strains obtained fr7m five 	clasnified 

seroloically. 

Thre babies were foun,1 to have members of Group 

A. 	One of t!lee (No. 117) had mode:.ate numbensof 

colonies in the nose an throat cultures on two occasions. 

The second (No. 153) had. profuse ni;irbero in its last nasal 

culture alone, an the third (M7. (.1.) had only a feii 

colonies in just one - f the three nwts obtained. 	An 

additional b- by (No, )2), whose hos17ital cultures were 

not classified seroloc:ically, conti tied to harbou' beta 

haemolytic at eptococci ahen it wan seen at the Centre 

frotr in fourth week onwards. 	An these proved to be 

Circ: A, it is probable that the hospital strains vire 

also of thin Group. 	It had been in the same hoarital 

4iard at the same tie as Baby No. 91. 
Two babies had members of Gro:ip C. In one of 

thee (no. 144) they were present in small numbers on 

two occasions, and in the other (No. 1!:15) only a few 

were present in the lnst culture (1)ained. 	Both IyATiets 
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were hospitalised in the same ward at the name time. 

The strains of the other seven baties were nc,t 

Classified nerololically. nowever, nose -ipteined from 

three of them are only weakly haemolytic, and are 

believed not to have been members of Group A. 

Nene -f the 13 babies harbouring beta haemolytic 

streptococci, exhibited nine of upper repirotory 

infection, or other illness. 

Occurrence of beta heemoVtAc 1=LILs=ei . 1.meng the older 

babies: 

Forty-five babies reportin to the Centres dere 

observed for beta haemolytic ,tec.pto °eel. This group 

wan the W1MC ns that observed for pneumococci, and has 

previously been Jecribed (3cction C.).. Beta haemolytic 

strcptococci we 0 obtained frrn 15 (38) of the babies, 

the records of whom are shown in Fl:ure C. Ten babies 

(22) were carriers in that they yie1de therle 

streptocoeci on more than one ocenste. 	Members of 

Group A were recovered from for bnbies (NOS 5, 66, 92, 

132) and were carr:ied for several celaor more. One baby 

(No. 5) who w o n group A carrier, became a carrier of a 

strain ether 	Group I at a later date. The other 
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carriers did not have Group A strains; those of five 

are 'K.,lown not to have belonged. to Gr 	0 B, C o  D or G 

either. 

The Group A carriers lied oderate to profuse 

numbers in their thronts, and sometimes in their nose 

an well. The ethe Lanes harboured few to profuse 

numbers in their throats, moat frequently, but :,,ositive 

naval cultures were com-:on. 

The presence of beta haemolytie streptococci in 

the 17 babies did not seem related to upper respiratory 

infection, as judged by their medical records. 31x of 

them suVered mild up er respiratory infections during 

the prioj that they ,acre observed, but the streptococci 

occurred either several weeks preceding or succeeding the 

infection. One baby (No. 55) who carried a sernlogically 

non-classifiable train for 19 weeks had a 4intory of 

recurrent colds during thin period. 	It was interesting 

to note that four babies (No's 5, 25, 66, 92) carried 

haemolytic streptococci simultaneously with pneumococci. 

In two of these (No. 5, 66) the pncumococci and haemolytic 

atr ptococci first a' cured at the aame time. 
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DI30111310U 

The findlu of Group A stratus In the neborn 

uper respiratory tract is an obeervtion not previously 

reported. However, studien employing aerolop:ical 

clan7lificat1on have been few (Chapter 2.). The 

occurrence r)f haemolytic streptococci in five , babies on 

more than one occasion sug:ents that the newborn uprer 

repiratory tract is not resistant to their colonisatin, 

as was thought by Torrey and Reese (1914, 1945) and 

Kneeland (193C). 	No attempt ;.'co made to determine the 

oricjn of five of thole strains. However, thee was no 

indientiOn that they were Ll.quired froc the maternal 

vagina notesrily, because the: were not always present 

in the first cultures obtained. 	Also, the few which 

were nerologically classified Id not belong to Grops 

B or D, normally most common to the birth ('Ilnol 

(,oncefieid, 	Tice, babies in the some , nrd at 

the same tie harboured identical aerological groups, 

suventing that they may have acquired them by hospital 

crons.infection. 

The incidence of beta haemolytic streptococci 
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observed amona the older babiee in somewhat higher than 

that observed by Kneeland who found them arosent in 11:1, 

of 2 babies aged four to eight months. Also, it is 

higher Len that commonly observed among adults. This 

may have been due, in part, to e7,t1mating the carrier 

rate from consecutive sets collected over a pariad of 

time. 

That babies may becaac cnraicrs of beta haemolytic 

ataeptococci, including Group A, in the early months of 

life is in confirmation of other reporte. There was no 

evidence that the areacace of beta haemolytic streptococci 

was directly related to uaTer respiratory infection. 

STRVARY 

Pete haemolytic otreptococci acac found in the 

upper respiratory tract of 13 (9  of 115 newborn bnalea. 

The trains of five babien w re clraalified aereloaically, 

Three ware Group A and two were Group C. 3traine 

including Groop A occurred in five babies on more than 

one occasion, indicating that they had become established. 

Feta haemolytic streptococci crc obtained from 
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38 of the 45 intie.1 leen at the Centres, and 22: 

appeared to ca ry ...on. 	Group A strains, as well as 

others, were cal,  .ied cr evrul ecks or more. 
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Information on the occurrence of Haemonhilup  

influenza(' in the infant upper respiratory tract is 

meagre and unsatiefactory (Chapter 3.). Although it 

has been reported to oecur in newborn infants, not all 

invetintors hnve enfirmcd this. Torrey and Reese 

(1944, 1)45) believed the newborn infant to be resiatant 

to colonlintion by 7ost members of the Genus Haemophilue. 

They were unable to find IN influenza() in newborn 

infants, and 11. haemolyticuq was rare. This had also 

been the experience of Kneeland (1930). The for; 

reports available on older infants nu eat that non-

encapsulated strains of U. knfluenzae arc fairly common, 

but potentially virlent encapsulated strains, including 

Type b, seem rare in the healthy infant. 

Further observtions on the preaence of 

innnenum  in healthy infants, particularly the 

encapmllted strains, might contribute to better under-

standing of the epidemiology of Type b intluenzal 

meningitis. 	It wn desirable, therefore, that such 

observations be included in the present study. 

Unfortunate174 they had to be somewhat subordirwted to 
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attain the other Qbjectiven chosen for primary consido. 

ration. 	llowever, the -bnervYtic) s .hich could be made, 

are reported here. 

WITH033 

For the molt ;art, only the routine blood aver 

platen with and ithont gentian violet were used. 

During the special attempt to recover pneumococel from 

the newborns (3ection CO an adA.tional method for 

cultivating H. influenzae wan also employed. The primry 

cultures, in broth containing blond and 7entian violet, 

were subeltured on cooked—blood agar also containing 

i3entian violet (13500,000. 	It was intended that the 

primary broth would increase the recovery of both 

pneumococci and H. influenzae if present in small numbers, 

and that the cooked.blood agar would facilitate 

recognition of IL, influenzae in particulay. 

Between Hay and. August, 13, a more intensive 

effort wan rlaJe to recover H. influenza() from the 1..Lies 

being neen ut the elfare CenUres. 	An it 'ets 
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undesirable to mate a major chan;;c in the routine 

procedure, it was decide to incorporate a third medium 

in one of the two routine pintoes Accordingly, the 

blood-gentian-violet pLAte was converted into a "wedge 

late" containing Pildebl agar,with gentian vie7et, es 

well (see kliagram). The swabs were inoculated, at the 

junction of the two media, and the streaking pattern 

used gave cqunl jintribution between them. The 

theoretical aJvantne c., f the "wedLrc pinto" was that it 

encouraged better rnth of haemophili while permitting 

recognition r pneumococel and beta haemolytic streptococci 

at the same time. 	1;tperience later demonstrated that 

coliform colonies, corn n n in the 'Airoat culturen, nften 

were so semi-translucent on the Pildest agar that they 

ccmld ensily be mistnen for non-encapsulated 

The Fildes' agar 	then replaced ith cooked-blood ac:ar, 

e(ntaining gentian viA.et, upon which the coliform 

colonies were more typical, and distinct from haemophili. 

Colonies suspected of being 	i,Xluennae or 

H. vireinfluenzae  were eamincd in Gram stained films. 

These of typical cell morphology .;ere sunpended in normal 

saline to determine their "smooth" chnracter (Pittman, 
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"Wedge Plate" Used for Cultivation of H. influenzae, 
Pneumococci, and Beta Haemolytic Streptococci 

1 a 
	

b 

a=blood agar with gentian violet 1:50q000. 

b=Fildes1  agar, or cooked-bibod agar, with 
gentian violet. 

N=site of inoculating nasal swab. 
0 
	

li 
	

throat " 
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19311. 	Anti era (FrAman a and b) wcre available for 

trying the smooth colonies, by a courteous zift from 

Lederle Laboratorien, pearl Rivor, New York.. 

Haemolytic colonies of haeohili were distin.. 

gushed from haemolytic streptococci by their colony 

morphology, and a7:earance in Gram stained films. They 

were recorded separately as "H. haemolitieue. Thin in 

the term suggested for most hscrolytic strains by 13ergey's 

Manual, although probably many worers would rfer to 

call them "haemolytic strains of H. parainfluenzae", as 

sug:csted by Toploy and 711son (1946). 

OBSERWTI(.7-1  

H. influcnzae  and non..haemolytic strains of 

parainfluenzae r sere never fourth in any of the 160 

newborn Imlbies examined betcreen DecnItcr 1952, and August 

1953. 	The distribution of the c•ltral methods hfid 

been: 
No. of Babies 

Blood agar and blood agar with gentian 	42 
violet 

Blood agar only 	 51 

Blood agar, plus 5% sucrose and gentian 	22 
violet 

Blood broth, subcultured an cooked-blood 	45 
agar containing gentian violet 
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H. influenza°  and nonl-haomoltic strains of 

H. narainfluenzae  were extremely rare among the 45 older 

babies seen at the Centres. A nompenospeulated strain 

vas found only once, in a baby nineteen weeks of age. 

Nereus minute colonies were present in the nasal swab 

Which had been plated on blood agar; there were none in 

the throat swab. 	The strain proved haemophilic, but its 

X and V revirecrents were not determined eeparately. It 

agglutinated when saspeneted in normal online. 	This was 

the only time that it occurred in this baby. 	Seven of 

the swabs previously obtained had been among those 

inoculated onto "wedge plates". 

An encapsulated strain of 1.12_111111moma was found. in 

5- rHt one baby. 	It was first obtnined when this baby was 

twenty-two weeks old. There were profuse numbers of 

colonies in both the nose and throat swabs which had been 

plated on blood agar. They were afetypical appearamoe 

in that they ware pearly, very dome-shaped, and nearly 

2 mri. in slam. 4hen subcultured on cooked blood agar 

they sere more typical, and Old not agglutinate in either 

normal saline or Type a antimrum. Rapid elide 

agglutination occurred in Type b antiserum. When the 

next swabs were obtained, in the baby's 25th week, a few 

similar colonies were present in the throat, but not in 
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the nasal culture. 	The baby therefore seemed to carry 

this strain for at least three weeks, although no illness 

was noted. Unfortunately, this baby was one of the few 

who reported to the Centre very irregularly, and no further 

swabs could be obtained from it. 	The only recent previous 

swab had been obtained in ito iPth 

"H. haemolyticus" was noted only once among the 

newborn babies. 	A few colonies yore present in the throat 

of one baby on its second day, but were absent in later 

swabs. 	Among the older babies it was common actor the 

fourth week of age, and was noted in 22 of the 45 babies 

et some time during the period they sere observed. Usually 

it was 7resent only intermittently'  but six babies 

consistently yielded it for a period of seven or eight 

weeks. 	Most frequently it was prt-ment in the throat in 

varying numbers, and less frequently in tho nose. 

DISOUSSION 

The abgvime of H. influenzae  amen the newborn babies 

La in agreomnt 4th the observations of Kneeland, and of 

Torrey and Reese. However, its almost complete absence 

among the older babies as currrising, as vas the absence 

of non-haemolytic H. parpinfIruen;ap. 	(although blood agar, 



with or without gentian violet, is not ideal for their 

recognition, it is difficult to believe that they would 

have been overlooked constnntly had they been erenent in 

moderate numbers. Moreover, they should have been 

recognised quite easily in the "wedge plates" containing 

Aides' or cooked blood Neer. Over half the babies were 

six to eight months old during the time the "wedge plates" 

were being used, and it was expected to find those 

haemophili among them, Zneeland (1930) claimed to have 

found T- influenzae in the throats of 5  of 28 healthy 

boblee a sau.r. to eight months of age, using blood agar 

plates. 	)1U course the incidence of H. influenza()  may 

vary with different population groups and different seasons. 

The tentative conclusion drawn from the present 

observations is that f, influenzae and non-haemolytic 

ftt  iarainfluenzee occur infrequently in young babies, 

particularly during the first six or eight months of ego. 

Confirmetion with a more suitable and selective medium, 

such as :Tildes' agar containing an appropriate antibiotic, 

would he 1esirnble. 

The absence of "H. haemolyticus" in the newborns, 

and its frecleent presence among the oleer babies, lonas 

further support to the belief of Torrey and iccse that 



the newborn upper respiratory tract resists colonisation 

by meet members of the genus :'w,A 11- 1_''Luts, 

SUMMARY 

iqfluenzae  and non.haemolytic As _paralpfluenzaq  

were never found in the upper respiratory tract of the 

160 newborn babies examined*  They were uncommon among 

the 45 older babies upon whom swabs were repeatedly obtainea. 

A nonp.encapsulated strain was found just once, and one 

baby carried an encapsulated Type b strain for tree weeks. 

It in tentatively concluded thet the non-haomoltic 

baemophili are rare in the infant upper respiratory tract, 

but further confirmation with more suitable media would 

be desirable. 

Haemolytic heemophili ("H. haemolyticus") were nlmost 

never 'resent in the newborns. 	They were common among 

the older babies and became. established sometimes for 

considerable periods of time. 
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IN TRODUCTII*1 

I n the preceding observations it was found that 

the upper respirntorritrdet of the newborn is colonised, 
in part, by beeterie derived from the hospital environment. 
Milbern babies quickly acquire th(-; hos7ital's penicillin 
resistant strsins of Aggkylooscaljampaa, and 
conceivebly their umer respiratory coliforms also may 

be of hospital  origia. A study of babies delivered at 

h 	promised to provide ansuers to sevral interesting 

questions: 
1. 	Are homes4elivered babies less likely to becces 

upper respiratory earrirra et etpphYlocoecur purons, 
a) wit is the frequency et psntoillin resistant 

strains among them? 

b) Ars the penicillin sensitive strains of the 
home environment perhaps less adapted to the 
upper respiratory mucosa, and therefore retained 
for shorter rorinls' 

2. It the homo-deliverw7 babies do nOtacquire 

- twohylococcus aura 	soon after birth, do they 

do so ultimately or, having passed the age of 

highost susceptibility, do they remain non•carriera? 

3. fie coliforme colonise the upper respiratory tract 

or home-born babies as frequently as babies born in 
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44 Do home-delivered newborne acquire pneumococoi 

earlier, because of their perhaps greater exposure 

to respiratory infection, se suggested by the 

recent report of Landsman? 

The upeor respiratory flora of babiee delivered at 

home has never been atudied by the sequential culture 

method, for the difficulties of collecting such eeaterial 

are obvious. The potential informetion to be gained from 

Such n stuly, however, seemed to Netify expending 

considerable effort towerde its occompliehment. 

Prepliminarer o)Rarve: ions  

It was first arranged to have the textile on the 

nembornn collected by the London e:ounty Council and 

Qmeen's Midwives. The "follow-up" owabo, as the babies 

became older, were taken by the medical etaff of the 

narrow Road Child Welfare Centre. They were inoculnted 

directly onto blood agar, and theplates Caere returned 

to the laboratory within a few hours. 

After a two-month trial, thie orrangatJlent proved 

administratively unwieldy, on seemed unlikely to provide 

tho desired data, only five babies had become 

available for obeervation, and only two were reporting 

segulapIr to the Centre. Although it had to be 

41110entinuod in favour of a more suitable plan, a small 

ownt of interesting information had been obtained. 



Results of the 	misery observations 

The dbcarvations on ,StarhyloccesaLsatEgg are shown 
in Table 27. 	Only two of the five babiee became carriers 

soon after birth Nos. 162 and 164). 	One acquired a 

penicillin sensitive stralnio  and thc other had a penicillin 

resistant strain. 	A third baby (No. 1C0) had a few 

colonies in both its nose and throat cultures in the 

second meko  and again in the eighth week. These were 

pimisillin sensitive, and proved to be of the same phase 
pattern (29/71/75). However, as all ether cultures 

Obtained up to its fifteenth week of age were negative, 

it is probable that this strain was a transient which did 

not become established. The other two babies were nors 

carriers (Hon, 161 end 163). 	One Teas swabbed only during 

its first two weeks of life, but the other was swabbed 

quite regularly until its sixth week, and again in its 

fifteenth and twenty-fifth weeks. 

Pneumococci were present among four of the five 

babies observed (Table 2a). Two of them are known to 

have bean carriers of Type 23 for at leant six weeks. 

Of 

 

the 	one had acquired them by its tenth day, and 

the ether, by JAC sixteenth day. A third baby had a 

Type 14 pneumococcus on its eighth day of life, but as 

further swabs were not obtained it in not known for how 

long thi strain as carried. 	The fourth baby had a 
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pneumococcus, not serologically typed, in the last culture 

obtained in its twenty-fifth week of age. None of the 

babies are known to have had any upper respiratory illness. 

Coliforms were rarely found in the upper respiratory 

tract of these babies. When present, they never occurred 

in large numoers and did not appear to persist. 

Beta haemolytic streptococci and H. influenzae were 

not observed. 

Discussion of preliminary observations  

The number of babies available for this preliminary 

study obviously had been too small to permit conclusions 

to be drawn. However, the failure of Staphylococcus  

aureus to colonise the upper respiratory tract of three 

of the babies suggested that unless it becomes established 

soon after birth, it is unlikely to do so later. This 

observation in particular, was the stimulus for a second 

attempt to collect further information. 



254. 

OBIURVATIONS OilBABIES BORN 1N H03 OF TH 
sraai 

The failure ef Staal2ylococ -ua aure!ls to become 

established in• the u)per ril)iratory tract of three of 

five hOme,-.4011Vered babies neen in the preliminary study, 

suggested that a longer series of observation on a larger 

irouo of domiciliary deliveries would be worth while. 

Fatisfactory arrangements for such a study finally were 

obtained through splendid co-operation from the aling 

Area Public Health Department, London, W.5., and the 

laboratory of King Edward VII let 	Hospital, Ealing. 

PROCEDURL  

Thirty-six home-delivered babie,3 were r)laced under 

onservation ,letween January 4 and June 23, 1:-54. 	Of 

these, eight were observed only 	their first week 

or two of life, but the eth r *c.:G were oolerved until they 

were betweful i and 25 weeks of a6:e. 

All awabe were colleated by the widwives of the 

:Aling Area iublio Health Department. 	Each baby was 

swabbed by the same midwife throughout it entire period 

of observation except when a long 11Aless in one midwife 

necessitated another completin her task. 	Generally, 

swabs were coJleCted thri times btwerl the third and 

twelfth day after birth, and then every two to fo9r weeAs 

thereafter. 	As in the study on the 	Jern in 

Paddington Hospital, both per-nasal and throat swais were 



2b5. 

obtainel. 	They were. inoculated directly onto blood afar 

plates, with and without gentian violet, which were 

delivered to the Ealing laoratory by late afternoon. 

After overnight incubatirn they were returned to the 

Wright-Fleming Institute for baoteriological examinatiGn. 

All of the baoteriologimal tohnique wns td ntse :I 

with that used for the study on the hos-Jital-born babies, 

and described in ieirt 11. Approximatelf 290 coagulase-

positive staphylococci were colleted of whilh 254 were 

phai,Ke ty'ead. 	The typing phages unel were the same as 

before, except that phage 71 was now included in the 

primary routine test dilution set, and phage t4 replaced 

it in i'o -1 B. 
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The staphylococcal phage patterns obtained were 

assigned the following code numbers:- 

Group I: 

IA - 52k/79 or 52/52A/79 
IB - 29/62/52A/73/79 plus other weak reactions 
IC - 29/52/52A/79 
ID - 29/52 

- 29/53/79 
IF - 29/52/52A/79, "B" pool, .Dlus other weak reactions. 

GroupIl: 

IIA - 3B/3C/J5 or 30/55 
IIB - 3B/55/71 or 05/71 
110 - 55 

Group III: 

42E 
53, plus other weak reactions (47/77) 
70 (weak) 
6/54/70, A.us other weak reactiAls ( 7/47/73/75) 
6/7/47/53/54/75 
47/75 

Non-classifiable: 

NC - 52/53+ 

Untyps;31e: UT 
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To avoid an unnecessarily complicated code, the 
system adopted here is very similar to that used previously. 

It should be noted that these code numbers do not 

correspond entirely to thq... 12Eki3tt itaiseu to 

.2....AL2mAWLbaathan_jedalbeneeoteredam ; to make this 
distinction more apparent, upper case letters have been 
assigned to the sub—groups in this second code s °tom. 

Many of the strains obtained from the home delivered 

babies had phage patterns quite different from those 

present among the hospital-born group, but even in instances 

of similarity, no identity of strains can be assumed. 



'1o8. 

01:35HVATiAli 

	

001.01111. 	 ....MOMS 

	

Section A. 	StaAlylococ,ms aurele 

Incidence of Stvhylos aureus amom the newborn babies: 

Of the 36 newborn Iacies observed, 26 (72,i) acquired 

5taphylococcus aursus In thl nose, and fraluently In the 

throat, within the first two weeks of life. 	Among the 

2f3 bnbles who were later followed 18 (6A) ware nnrrtri 

:1111-1 	thlr firs two w,:lWiks. 	The inoidence of 

;:3thrloc,oco;ls ,luroua duri!v; their neonatal ported is 

shown in Tabie 29 'in l in Figure 9. 	The nasal carrier 

rate remained soLLewhat hi-her than the throat carrier rate 

until near the end of the mont'n at whio 	me ti 	they we re 

approximatelj tPw sae. 

Incidence of naDhyloeoccus aureus amon4 the ollr babies: 

The incidence among the obi as they became older 

is shown in Table 29 and in Fire 10. 	The nasal carrier 

rate 	clined steadily, reaching a leisi of about 10% by 

the twentieth week. 	However, tht,,' throat carnier rate 

otAltinued to incrase until about the eightn week, after 

wIlich it A4-creased al htly, but did not fall below 40,g. 
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FIG.9. STAPI-I. AUZEUS INCIDENCE IN NOME-BORN 
BABIES DURING 'TUE FIRST MONTH OF LIFE. 
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Carrier characteristics of the older babies: 

Examining the records of the individual babies, 

wae found that the 28 who had aeen followed could 

claified into three groups: 

it 

be 

Number 
a) °early carriers° who acquired Staph. aureus 18 4. 

within two weeks after birth, and continued 
to car4 It. 

0) late carriere° who did nt acquire it 
immediately, but became car-ters within 
their first six weeks of life 

5 18 

o) 4non-earrlers° who never had staph. aureus 5 18 
in their caltures, or only occasionally 
had a few colonies. 

The records of theiie three groups of baaiea are s'-own in 

Taule 5O (cover pocket). 	aost of the cultures collected 

from the 23 carriera were phage typed. Se were all those 

occasiona.ily recovered from the non-carriers. 

The learly oarioat  tendea to follow the same 

carrier pattern as had the hosital-born babies. 

5taphylocccaus aureue usually was first acquired both in 

the m:Ais and throat, and some baolea later ceased to carry 

It in the node while continuing to car.4 it 13 the throat. 

-ie baby (rio. 201) appeared to be a nasal carrier entirely, 

uut -,:.obably this was due to the fact that Its throat 

cultuaes usuaA.y were overgrown with eoliforals. 	Fourteen 

of the 13 °early carriere" carried a single straln, as 

Judd ky phage typing, throughout the aerial. they were 

observed. 	The other four (Nos. 1d:3,176,133 and 190) 

appeared to carry two strains, 1.)ot:1 of ..vich ere present 
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in the early weeks of life. It is probable that the two 

strains were carried simultaneously, althcee;h this was 

not detected becauee only one colony per culture WRS 

StaiplEd. 

The five "late carriers" were somewhat different 

from the early carriers in that two of thew (No. 167, 182) 

Y;b.d. 4 tP1112.COCCUS  RUTell$  is 

their meal culture remained 

"late carrier" (so. 16O) had 

positive culteres, and these 

Lecept for the feet that the  

their throat alone while 

entirely netiative. 	One 

just three intermittently 

containeci only a few colonies. 

aame phage tyde was present 

in all three, it veil ht be argued 'that 'Vets baey should 

have been olassed us a 'incn..osrrierw. 

A few positive cultures 000aelonally 000urred among 

four of the five oaeles olaesified fee; "nee.-carriers". 

when several were obtaned from the same baby, they 

usually.  proved of dirferent phage type, anti therefore 

seew to have been transients, or cantaminente. 	One baby 

(No. 101) had the same phsEe type in two coneecutive swabs, 

but as only a few colonies weee preAent in each, it is 

deeatab]e whether the 'strain was carried for a short time, 

or was t chance contaminant occurring twice. 	The flora 

of the "non-cap=rierate did not seee. to differ from that of 

the root of the bebles in respect to organisms other than 

staphylococcue aureun. 
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Possible sources of Otorhlloeoceus oureus 

The study was not designed to determino tho source 

of the babies' staphylococci, but the data permit some 

consideration of this subject. 

TO determine whether the positive cultures might be 

associated with breast feeding, the babies' carrier and 

feeding records were compared (Table 31). 	Thirteen of 

the carriers were partially or wholly breast fed throughout, 

so their staphylococci might hove been derived continuously 

from the maternal breast. 	Tiowever, several facts indicated. 

that the carrier state probably is independent of breast 

feeding: 

a) pour babies continued to be carriers for Tony weeks 

after they were fully weaned (i.e. no longer breast fed). 

b) Two of the carrirs were artificially fed. from birth. 

e) All of the noni-carriers had been breast fed for nearly 

half ho period they were observed, are one was breast 

fed the entire time. 

d) Four babies ceased. to be carriers while still being 

breast fed. 

It was possible, of course, that the carriers could 

have acquired thcir staphylococci fro the midwives as 

snggested by Ludlam (1953). 	Although. the midwives 

themselves were never swabbed, babies eared for by the 

same midwife might be expected to carr , tho  same phage 

type had the:„' obtained them from her. 
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The data (Table 32) contained no indication that the 

midwives were entirely responsible for the babies' staphy. 

learnt:mit  for in no case did all of the babies swabbed by 

the same midwife have the saci,  type. Ueually when babies 

delivered by the same midwife had staphylococci tith 

similar phage patterns these were also present among babies 

eared for by ether midwives (e.g., IA, 'IA, 	rhage 

types IB, TIC and untypable straino (UT) were found only 

among some bEiblea delivered by midwives lau, Wee., and Mir., 

reenectively. 	hi.l. these strain therefore may have been 

.r Dwitted by these midwifes, the association could hove 

been the to chance because 1B and II0 are fairly common 

phage patterns. 

9tralps of SprohYlo 000 serene preeent among the  
Apme-horn babies 

The incidence of staphylococcal phage types found 

among the babies is shown in Table 33. As judged by the  

differences in phage pattern and penicillin vensitivity, 

there were at least seventeen different strains in addition 

to those untypable. Four appeared only as trenoients. 

Strains having phage patterns of Groups I and II were moot 

common, and IIA was the subgroup of moat frequent occurrence. 

The majority of strains were sensitive to 0.25 P/ma. 

penicillin. These were obtained from 24 of 28 babies (871, 

21 of whom carried them. Two of the babies9  and perhaps 
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Table 33. Inc 1clance of te.;hi1xcx3ca1 i'vr, na long 

2,0ico.).-wbot'm Lin LAO 

Strains cz,rried: 
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a third (Nee 184, atomised below) carried penicillin 

resistant strains in addition to the penicillin nenoitive 

ones. Penicillin sensitive nnd penicillin resistant 

strains were also isolated from one non-carrier. 

Penicillin resistant etrains were obtained from 7 

of the 28 babies (25%), only 5 of whom carried them (18'). 

Those isolated from two babies appeared to be transients 

One baby (No. 184) had a penicillin resistant strain of 

phase pattern IA in its first cultures, but its later 

cultures of the same phags pattern were penicillin 

sensitive. These may, have been different strainsp but it 

110111112 
	

s 
	that the original strain i i have lost its 

resistance to penicillin. 	Interestinglye  the penicillin 

resistant cultures from this baby retained their resistance 

during several months or storage (without subculture). 

All or the penicillin resistant strains belonged to four 

subgroups within Groups or III; no penicillin resistant 

strains of Group II were ncountered. 

2 	riaae be' babies born at 

The incidence or staphylococci among the home-born 

babies, as compared with that of the hospital-born babies 

is shown in Table 34. During the first month of life  

the number of positive nasal and throat swaba was much 

lower among the home-born babies, the difference being 
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highly significant (I =< .001), 	Between the fourth and 

fifth month there still woe n considerable difference in 

the number of positive nasal swabs, slew significant 	<4,01) 

The difference between the number of positive throat swabs, 

however, was v.111 end not significant. 

10.11. Comparison of Incidence of :i1e02y2,2914 
in Dabies Born at Home and in Hospita • 

A.12 Pq of  9.  of Positive  
Yhroot swabs 

 

In relation to age, the nasal and throat carrir rates 

of the home-born babies seemed to follow the same goy 

trend as those o the hospital-born group. This was 

particularly true of the nasal carrier rates which declined 

in nearly even proportion to one another between the fourth 

aad twenty—fourth weeks (Figure W. The throat carrier 

rate of to home-born babies reached its maximum more slowly 

than that of the hospital-born babies, but both tended to 

become relatively stable with only a slight decline after 

bot7t the eighth week (Figure W. 

The incidence or penicillin resistant strains w e 
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markedly loner among the home-born babies than among those 

born in hospital. 	Whereas 977-( of the hospital babies were 

discharged carrying penicillin resistant strains, only four 

(14%) of the home-born group were carriers of penicillin 

resistant strains within their first fortnight, and just 

five (VIA acquired them ultimately. 

There were fewer carriers of multiple strains among 

the home-born babies than among those hospital-born 

(Table 35). 	Two different strains were obtained from 

only a few of the home group, and none carried more than 

two strains. 	Of the hospital group, the majority (70A 

carried two or more strains although, as discussed 

-areviously, it was not always clear that each baby had 

acquired all its strains from the hospital. 

Table 35. 	incidence of Multiple-strain Carriers Among 
the Home and Hospital Groups. 

Home Hospital 

Number of 
carriers 

% of Total 
(23) Carriers 

/Amber of 
carriers 

% of Total 
(37)Carriers 

Two strains 4,perhaps 
5 

17-224 14 38% 

More than 
two strains 

0 0 12 32% 
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Although no absolute comparison can be made between the 

strains of. staphylococci encountered in the two studies, 

their distribution in the broad phage pattern eateEories 

were quite different (Table 56). 	The Erent majority of 

the hospital strains had phago patterns of Group at  III or 

were untypcble and Oroup II were rare. 	Among the home- 

born 'w:Ibies, Group II were more numerous and Groups I end 

III were less freuents 

Table 36.  Corrrnrlson of 3taphylococcal Ringo Groups 
Carrid by 7ospital and Ifome Born Babies. 

he Croup 
(Alliams 	Rippon) 

1952 

Incidence 

of 34 	1, of 23 
hosri.tal-born 	home-born 

babies 	babies 

74 

II 6 44 

ITI 50 

Nencloscifiable 12 

17 
14 

Untypable 47 

Not typed 4 
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DISCUSSION 

The relatively lower incidence of Starhylococcus  

eurelke  among home-delivered babis during their first 

few weeks corroborates the findings of other workers. 

Ludlam (1953) found the nasal carrier rate IT.ong 57 (59.391) 
two—week old babies born at home to be very similar to that 

Obtained In thin study during the neonatal age. 	Cunliffe 

(i949) Obtained a figure Tal).ic was very low (12.5-) but it 

was based on a small groun of just r babies. 	7e1t.hr of 

these reports, however, demonstrated clearly that the 

nasal carrier rate of home-delivered babies continues to 

be lo v during the later months of age. 	Although Ludlam 

found a significant difference between home and hospital.-

born groups aged five months, the difference in such 

groups aged two months, and 12-24 months was not sillnificant. 

such inconsistencies may be expected when small sloe 

drawn from non—identical populations are compared. In 

the present study the nasal carrier rate of the home-born 

babies reTnined significantly lower than that of the 

hos7/ital-born babies throughout the period of observation. 

This did not apply to the throat carrier rate which was 

not significontly lower than that of the hospital-born 

group after the first month of age. 	It was first thought 

that the predominance ofthroat carriers among the home- 



born babies late to acquire thoir otaphylococci might have 

explained. the relatively high throat carrier rate after the 

first month. 	Axamination of the data, hewever, showed that 

they had not affected it appreciably. 	The throat carrier 

rate curve of the home-delivered babies resembled that of 

the hospital-born grow) in that it tended to level off at 

the second month, with only a slight decline. 

The babies who acouired their etaehylococci early had 

essentially the same carrier characteristics es those born 

in hoseitel, at again demonstrated that after the first 

few months staphylococci tend to be bet from the nose, but 

retained in the throat. 	Although the number of "late 

criers" and'hone.carriers" was small, they seem to inaleate 

certeth imeortent generalisations: 

i. 	nIbies who ao not acquire their otnehylococci until 

about the end of their first month are likely to 

acquire them in the throat plane. 

2. 	Bebles failing to become carriers within the first 
two months ore likely te remain nen—carriers during 

their first six menthe, and perhaps longer. 

These tendencies are in harmony with those exhibited by the 

"early carriers" eho have demonstrated that 
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1. the nasal mucosa often eeems to become refractory 

to stwlocecci, beEinning about the first month, 

2. staphylococci acquired during the first month nre 

more likely to pereiet in the throat than in the 

nose, 

3. the throat does not seem to acquire new strains, 

in addition to those neonntally established, during 

later months. 

it mey be speculated that if hnbics could be protected 

from staphylocoeen1 contact during their first six weeks 

they would not become carriers until meoh later in life. 

Cualliffe (i949) has presented data indienting that the 

nesal carrier rete of children increases only slowly with 

edvancing years. 	It would be extremely intereotinr to 

know what proportion of the child population who ore 

carriers are those who have retained them frue eaely 

infancy. 

Their:weer incidence of penicillin resistant stephylocooci 

among the home-born babies was as to be expected. Ludlam 

alno found relatively few penicillin resistant strains aTong 

home-delivered babies, although his figures wore somewhet 

higher than that Obtained here. Penicillin sensitive 

strains seemed to be carried Net as long as the penicillin 

resistant ones)indicnting that penicillin resistant strains 



are not particularly adapted 	 establishment on the mucosa. 

The staphylococcal phoge patterns of the home- 

delivered babiesg  contrasted with those of the hospital 

grovm„ correlates well with what is known, generally, 

of strains present in comparable environments in Dritain. 

Alliams and co-workers have found Croup III strains to 

bo associated particularly with hospital cross-infections, 

and Groups T. and 111 most numerous in neonatal infections. 

It is thought that strains of Croup I and III 

prevalent in in hospitals because a high proportion of them 

are penicillin resistant. 	Group III strains, in particular, 

seem unstable, and most likely to give rise to antibiotic. 

resistant mutants. 	Group IT strains are least likely to 

be antibiotic resistant, and are commonly carried in the 

nose of hcaltby nitn (A.111ams, Pippon and Dowsett, 1953; 

Parber any 	1949; narbour and7.dwards, 1953). 

eor these reasons it was not surprising that strains of 

Phege Groups I and IIT were most common among; the hospital- 

born babies, and that Group IT strains were numerous 

among those delivered at home. 

SUNYATff 

The incidence of nasal staillylococci among the 

born lobies was Lignificantly lower than that o.t. Vie 
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hospital group throughout the first four to five months 

of age. During this period the decline in the nasal 

carrier rate paralleled that which had occurred wrong 

the hosrltal bF4bles. 	The throat carrier rate of the 

home-born babies, although initially lower than that of 

the hospital group, did not re?nain significantly lower. 

The throat carrier rate curve of the home-born babiPs 

reseTbled that of the hospital group in. declining silly 

y during the 2-5 month nue period. 

- xamination of the individual babies' records disclosed 

that vhile the majority beemn carriers 7A:thin their first 

fortnight, the others either tenAed to acquire them in 

the throat alone, or remained non-carriers. 	It is 

suggested that If babies had no staphylococcal contact 

during their period of highest susceptibility (approximately 

the first six weeks) they might remain non-carriers until  
much later in life. 

Ac in the hospital-born babies staphylococcal 

carriage did not seem related to breast feeding, nor was 

there any clear indication that the staphylococci were 

acquired fraTI the midwives. 	The phage patterns of 

strains troT, babies under care of the same midwife were 

generally dissiTilar. 
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The incidence of penicillin resistant etaph71000001 

was much lower among the home-born babies (18) than 

among those hospital-born (97 ). 	The home-delivered 

babies/ strains also differed from the hospital strains 

in that those having croup I/ phage pattorne were much 

mere numerous, e& Croup III, I* ane untypable strains 

were less frequent. 	There vas no evidence that the 

strains from the some environment were carried for 

shorter Trioi3s than those ac(luireel from the hospital. 



Colifolm Types 
Material 

Sputum Throat,nose & 
antral 	swabs. 

Bact. coli type I 16 (25.8) 3 (25.0) 

II ft 	 ft 	II 2 (3.2) 1 (8.3) 

Intermediate type I 15 (24.3) 1 (8.3) 

i► 	" 	II 4 (6.4) 0 (0) 

Bact. aerogenes type I 5 (8.1) 0 (0) 

ti tt 	" 	II 0 (0) 3 (25.0) 

Irregular types 20 (32.2) 4 (33.3) 

Totals 	62 12 

• 

  

 

COLIFORM ORGANISMS OF THE RESPIRATORY TRACT  

Number of sputa producing coliform organisms: 62. 
Number of throat, nose and antral swabs 

producing coliform organisms: 12. 

 

These coliform strains were distributed as follows: 

 

(Percentages in brackets) 
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Section B. Conforms 

Conforms were rreoent in the throat cultures of 

throe of the 36 (V) newborns examined during their .  

first fortnight of life. This was in contrast to 

107 newborns in the Paddington Respite/ NUrsery, 

of whom had coliform in their upper respiratory tract 

by the time they wore discherged. 	Such an apperentlj 

lower incidence of conforms in the home-delivered 

babies sly7Torts Loll:rants view that upper reopirntory 

conforms represent, primarily, a hos71to1 cross—infection. 

Two of the three newborns harbouring conforms 

retained them consintenti, throrttout the entire period 

of observation (15 and 23 weeks respectively)* One 

had been brenot fed rntil aboUt it BeVOnth weeks  ond 

the other vas bronst fed entirely. 	Vomiting yes not 

noted earlier in either. 	The third. baby wes among 

those not observ&. after the first two weeks. 

All of the eoliforms isolated from. these three 

babies gave "IUViC" reactions of true 	con. 	They 

were "rough" in that they agglutinated when suspended. 

in acriflavin. 
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Section C. Pneumococci 

Pneumoeocci were present in the nasal swebe of 5 (14 ) 

of the 36 newborns within their first fortnight of life. 

These inelnleta TYpes 23 (one briby), 34 (two babies), and 

untypnble strains (two babies). 	Althoupt present in 

conoiAernble nuMbers, they never occurred in more than one 

sub. 	Therefore they did not appear to 7ersist, although 

in two babies the same type later res1Teared after a lapse 

of about a month. 	It was noted that family members of 

four of five newborns yielaing pneumococci were suffering 

from "colds" and one of the babies had a "cold" itaulfe 

On the other hend, no pneutrococci were obtained from four 

other newborns whose fetidly members had "colds", nor from 

three babies who themselves had "colds". 

The 2'a babies observed as they became- older became 

pneumocoecal eorriero at very much the same rate as had 

those born in hmeitel Zigure 12). 	Although a higher 

proportion had acquired pneumococci toward the end of their 

Observation porioa, the difference probably was not 

significant (Table 37). 
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Table 37, 	',,ro7ortion of Mn7Aes 	ho Had Decome rneumococcal 
Carriers by 16-24 	E:aka of Age. 

Place of birth Carriers Aonf-Carriers 'otal 

'42.332 
ir'=eipprox. 
0.15 

Home 19 9 ,;I 
,:- 

74ospitel 21 24 45 

in the hospital-born group, the older babies 

usually carried pneumococci for. lone periods, most commonly 

in the nose alone. 	The distribution of types encountered 

is shown in Table 38 and the carrier records (ray be seen 

in figure 13. 

Tab:L.1_111. 	Pneumococcal eypes Carried by the Fome-born 
nnbies 

LaT No. of 2.1ala
,..  
, os 	of 

4 
6 
10 
11 
15 
.., 1,J 

,PAbies 

17 
19 
22 
23 
34 
le 

-nbies 

1 
3 
1 
1 
1 
1 

4 
,1 
e 

1 
2 
1 
1 

gluntypable  
7xcert for types 6, 22 and 23, they were rather different 

from those obtained from the hos7ital-born grour, as Tight 

be expected in auoi1 samples from different coTTuntAbs at 

different times. 	Information on the upper res-rirntory 

infections of those babies was framentary, unfortunately, 

but gave no indication of any portic:ular association with 
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their pneumococcal carrinize, 

DISCUOTTON 

The presence of pneumococci among 14' of these 

newborns ogrees closely with the 15.2  inofolence obtalnoC 

by T,ondsman (1953) in her observations on home—delivered 

infants. 	70wever, she found pneumococci to become 

established in the newborns (personal com,Junication), 

whereas in this study those obtained. within the first 

week or two of life appeared to be transient. 	This 

may have been, because 1) she had a larger group of 

newborns (99 babies) under observntion, 2) the homes 

included in her survey were more crowded and unsatisfactory 

than those in this study. 	The present study contained 

Some evidence that the presence of pneumococci among the 

newborns were associated with upper respiratory infections 

in the family. 	It seems likely that the newborn's 

acquisition of pneumococci depends, in port, upon 

exrosure risk, 	his would explain the almost cooTlete 

absence of pneuTececci among hospital newborns, for as 

r7rosse and Mackintosh (1953) have pointed out, home-

delivered babies have more exposure to respiratory 

infection, through contact with unmasked visitors and 

small children, than do those in the hosits/ nursery. 
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'Ilcumococci were obtfAned from 14 of the 36 

home-delivered newborns, although they did not seem 

to become established until inter infancy. 	There 

was some in9ication that the newborn's pneumococci 

were associated with respiratory infections among 

family members. 	As the babies became older, they 

acquired pneumococci at a rate very similar to that 

of the babies born in hospital. 
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Section D. Beta Haemolytic ,3treptococci and Haemopliili 

Beta haemolytic streptococci occurred in only 2 

of the 36 newborns examined, and in n (29 ) of the 28 

babies followed. longer. 	The records of the babies in 

whom they were found are shown in Table 39. Croup A 

,)ccurred In just two, both of whom carried it for many 

weeks; one had acquired it during its first week of age. 

Strains not met3., bero of Croups A-0 were carried for short 

periods. 

Table 3.9. 17eta 

''nom Carrier 

8treptococci Occurring in the 
ome-Dorn (7;Toup. 

erological 	:74 to Baby No. 
Period reqtgl 	Croup 

167 10-12 	Not A-C Throat 

172 7-9 A Thrflat 
22-* ' Throat 

174 1-6 Not A-C Throat 
10th only 0 Nose 

176 21-23 Not 	....0 :Tose & Throat 
185 21st only Not 	-C Throat 

187 21-m Not A-C Throat 

188 1-9 A Nose & Throat 

191 18-20 :Tot A-C Throat 

i No further cultures obtained. 
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Non—haemol:itic haomophili were never Observed among 

the newborns, and were found In only three of the babies 

as they beoarre older Table 40). . Only one baby appeared 

to onrry them for a short time. 	Usemolytio haemophili 

were not found in any of the newborns. They seemed fairly 
kge 

comron in the olderAperiod, but their ineidenee was not 

r cerded. 

Table 	O. T,Ton.bnemoltic 
the 

Babyss nre 

haemophill occurring 
home-born group. 

Cracterietice 

among 

No. when lOolated 

166 8th week only smooth 	not '.;.'yyv; a ,b !:o se 

172 8th & 9th week; rough .7lose 
20th week rough Throat 

187 5th week only smooth, not 7y7e a. :ose 
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PART IV 

MISCELLANEOUS OBSERVATIONS 



GT101.,  A. FL131F0-e, 

It is often stated that fusiforms are 

absent in the infant mouth, but the literature (Chapter 

2) is not convincing. Therefore, in the period that 

arrangements were being made for the study described 

in 4Art MC, nearly 70 bablee' mouthe were exazined for 

fusiforms. 

i'rocedure: 

babies of different a4.es were randomly 

sameled. They included newborns at St. ilary's Hosital 

nureery, foundlins of the crem Nureery, and babies 

attending 4elfare Centres in the Chelsea and i,addington 

districts of London. Swabs from the gums, torw;ue and 

buccal mucosa were either 

1) rinsed in sterile broth which was inoculated into 

Roberteon's ohoeped meat medium within a few hours, 

or 

2) inoculated directly into the chopped meat. At 

intervals between two to seven days of incubation, 

Gram stained films of the meat aiedlqm were examined. 

Ven oiremstances permitted, eutieulture of the 

fusiforma seen in the films WAS attem ted. For this 

'alruose, blood agar plates ooutaining either gentian 

violet 1:20,0G0 or methyl violet 1:20,000 plus 0.1A 

cysteine hydroohloride, were incubated anaerobically 

for four to seven days. 



At first, Gram and Giemsa stained films 

were prepared directly from the swabs, but they almost 

IiNariably proved negative even though anotherswab from 

the same bay yielled fusiforns in the chopped meat. 

fusifos were never recovered from swabs which 

were inoculated directly on platen Incubated anaerobically. 

The general impression wh8 that fusifoms usually are 

not numerous in babies' oouts, and that a primary 

enrichment redium i8 required for their sucnessful 

cultivation. Cultivatiun of fusiforms from the adult 

iouth also is more subbessful if the mixed oral flora 

is first cultured in a liquid medium; strict anaerobiasis 

does not seem necessary when this procedure is used. 

('ratt, 1927; Cruickshank. and CriAolcshank, 1931) 

lesuits;  

The result!i obtained are shown in Table 

41. isiforms were onitivated from three newborn babies 

vT;ed five, six, and nine days respectively. From one 

newborn, they were successfully isolated on an anaerobic 

plate. These were Gr 	nogative rods, 10 to 15)u in, 

leni4;th, with shal-ply poitee4 ends, and appeared quite 

typibal. 31*ilar organisms were cultiv&tel frequently from 

16 babies under two months, and tier nearly always were 

present among the babies over two months old. In some cases 

very long 	11,-Ltive filamentcus forms were obtained in 



the chopped meat medium. Subculture of either form 

was nct always succeesfl on the anaerobic plates, and 

the colonies were not always well isolated. The colonies 

varieq in appearance, but in general corresponled to 

those which have been described in the literature. The 

celis varied from sharply pointed rods, to long slender 

filaments. 

Table 41. Incidence of Fusiforms in 1,ielation to Age and 

Dentition 

Dentition 

Cultivated in 
Chopped teat broth 

Subcultured on 
Anaerobic Plates 

Number 	A 
examined 	positive 

Number 	Number 
examined positive 

none 

1-10 days 

2 wka.4*2 mo. 

2 ILo..5 mo. 

42 	9A 

16 	32 

15 	90 

	

2 	1 

	

5 	2 

	

12 	8 

b8A 

1 to 3 
incisors 6 mo.-8 mo. 6 	100% 3 	3 

Discussion: 

.1sewhere in this study (Aart 	B) it was 

found that conforms are oommoH in the infant moth. Some 

coliform strains, when grown under semi-anaerobio conditions 



In liquid media, tend to produce long filamentous forms. 

The author ;Icy( believes that Gram neative filaments, 

cultivated with the mixed oral flora in liquid media, 

should not be considered fusiforma unless 1) they are 

isolated and proved anaerobes, or 2) coliforms are 

demonstrated absent. Unfortunately, at the time this 

Investi6ation on fusiforms wag bet:1g made, the urevalenoe 

of collforws in the infant mouth was not realised. 

Therefore, it is conceivable that some of the °fosiforms* 

found in the chopped meat, but not subcultured, may have 

been coliforme. That mistaken Identity occurred frequently 

seems improbable. However, had it been a constant error, 

there can be little doubt abut those isolated anaerobically 

from b8A of the babies in whom dentition was ablent, nor 

from those with teeth. 

ummary: 

Gram negative rods and filaments, believed 

to be fusiforms, were cultivated almost invariably from 

the mouths of babies two to five months old, and sometimes 

from younger o::es including newborns. Ty:dcal anaerobic 

r),siforms were isolated froth the mouths of 53;6 of 18 

babies without dentitioa, as well as from several having 

teeth. 

294. 
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1i0'1014 B. pIPHTHEROID6  AND NEISSERIA 

Kneeland (1930) observed ,1,1htherolds and 

nerobic Gram negative *occi pent In mmall mimbers in 

the nose and mouth of newborn babies, and in greater mmbers 

among thoee aged four to eight likonths. the eneral experience 

of the present study agrees with his observation. Large 

nAmbers of these organtsLs were not often noted until 

after the firet month or two of age. Diphtheroids then 

tended to be most numerous in the noee, and Neisserla in 

the throAt, but fi.bundtric;k, of either in the al ernate site 

WA9 not unueual. The naaal diphtheroids often a2peared 

to become most numerous after the nasal sty 	had 

disappeared. It is poasible, however, that they may have 

been numerous earlter, bot were not Observed, because of 

the profuse growth of stm4Ayl000co1. 
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U. NON4COAOULAS4 eRODUCING TAIAY-,OGOCCI 

ellen the culturee Of Pert Ti reelort TTT 

vere examinee for eteetraocapagiC4:41.,  White pielented 

colonier concidered "rtephylococcue abut" ver also routinely 

recorded end tected for coagulnee production, 	fee sere 

found to produce coegulaee, biat the eitejority wore nogetivc• 

The non-coogulooc producing ctreine tended to oceer 

inconeintently, and in veriable numberr, in both the 

nom eed throat of the individual bablerer in general, 

thee tended to be fore numerous among the bebiee during 

their firrt fey weekc of life. 

The !level incidence among the bablee born in 

hospital was about 5( during the firstfoer reeks of life, 

and thereefter declined ateadily to about 30 during the 
20-2hth vecen of their nee. ',none the babier born at orne 

it Imo initielly comerhat higher (7“,14) but thereafter sine 

nlvoyo lover nod reached out 10 by their 2o-24th met, 

.t fireto  it at thoucht that the eemeehat higher Incidence 

amone the home-delivered eceborne nicht be eccoeinted with 

their lever ',:e-slahelese)ceec eurelal carrier rate, but no 
evidence of thin could be found in the data. Babies! eAo 

Veiled to ac utre AIJAAgaoqpcmeqqreue, or rho were late in 
aeuirinc then, did not seem to differ iron the rept In the 

number or frequency of non-eoegulere prodectne; colonies*, 

t in, of course, not poorilble to cey that thee() ctreine 

were ectually"carried" in the uruel cence. eerticularly 
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in view of the heterogenity of the i''.oup• The dtitn 

definitely eugr_est, however, that the verzi young baby 

to !lore likely to harbour then th!..In the infant t:prone .lint; 

eix rtonthe of nee Other worlere have rain° otee non-

coogult)ec fruing etapikylc.ieocei to be nuraerotte in the 

upper reeDiratory tract of newborn babiec (Chnitter 2')• 

Kneeland (1930), who defined "ta.:1-4;lococeue nurcue" rind 

"Vtaphylocoeous albue" on the banic of oirnentntion only, 

VC.: sorted the' rhi to pignented strninn to be prevent more 

frouently among babiers under two weeke than among thooe 

Li to 8 not he of ace 
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SGTION D. gONILIAZ  

nurinc the week of 77areh -1.14 19,„3 nn outbre:t: 

of thrush began arlonE. iilfante. in the prtmetur -  nexcery 

adjacent to 7laternity V;ardIC 	.tIinton 

arch 19• thrush wee first noted in erd 109e mein nurrery 

amonf twins who had been treneferred from the prtinnture 

nureery en !larch O. Later in the one weL k two other 

babies developed thruch. Al]. folds babies' throt.t erabe, 

plated on enbouraud to aver, A.eided Cry 	albleaps which 

produced chlarnydorporer in corn meal !ledium• It was eloo 

recovered fran one baby's naval "'web* A 'fifth baby, jut 

traneferred :rom the premature nurrery• yielded 

in /to throat c.-lture three &aye .before clinicz.1 eymptome 

developed• 

Upon re:coalition of their t:;ympterle• ell of thece 

babies rere re77oved from the z.sureery .121(1 treated with 

gentian violet. co.ica  wee fo,;,Arel in t!"cir Cieboureud 

plated main' throuci-sout the period of tree -t7cnt. leither 

the infectiAn nor the rention violet ppenred to (Alter 

the rect of their orel flora, no judged by the growth on 

blood agar platee• 	Aibietine Mew on the blood near 

plate'', but t41.0 coloulee vere ulail and few• 

?twee of the bee 	were dieeteArged from 

hoepital when their infection" had clearest end before 

furtAcr owabe could be obtained. The twine • however • 

were obeerved to otill herbour c o,XbIcans. three dave 
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after thelr infeetion had eubeitled oithiazi11. leven 

dayc IL:tera when they re?orted, to the 1;':,'03.fttre Centre., 

no PA. unicorn:1ç 	rccovered from theme but Cleir erro:Or 

were slut 	on blood cigtir only. 

These obeervntionc though limited* :rce 

with thore of Ludibmnud amderson (1942) tIY:t 

may 	before the development of clinical t7:iruz7h. and 

rnaj ciorniet after it he eubeided. 
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SECTION E. STREPTOCOCCUS SAL,IVARIUS  

Torrey and Rcoee (1944. 190)) found at=4,Upoce4v 

ivU  present infrequently in the neWborn upper resplra-
tor tr ct, f.nd ctated that it did not persist after the 

fire Vow days. They believed that it vr47 not "biologicallv 

adapted" for growth on ti infnntsc imaturt mucous membranes. 

(Chapter 2.) 1 c 

moutho of most adultry it 

re-eamine the reort of Tor 

le prcvent In the 

idered of interort to 

and recce,rxd to determine': 

its incidence among Infantc somewhat older. 

77ErlaCT, 

The none and vIront mtbe were plated on 

blood agar containing gentian-violet (1:500,000 and p$ 

sucrose. Largo'  perlys, mueoid colonies were recorded. 

ve,  Z.UslatosulAswp twit4voxlusi. 

Twenty-two newborn babies were examined for 

Lialg • during their stoy in the . addinft 

Nos-pital nurrery. rifteenperabbed tvo or more ttlect  had 

no gArcApcoeelx pliyurilco The other seven (32%) had 

moderte or large nutk)err in their throats* usually on 

both ocent.2.no they were swabbed. 1, rev colonies were 

obtained from one ixJ,byls nocn1 culture on one occasion. 

he recoreic of the seven babies 	jjiggatococcuS  

galiyprlaw  are norm in Tnble 4L'o 
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Twenty.folr older . baoles were examined for 

tre 	 cOoeus an, 	between teir 15th and 49th week 

of life. It wi pr sent in t 	throats of 	of them. 

u )811y in moderate or larg numbs, and occesinally 

a. few wore also rent in the naeal oulture. lt,ose 

babt 	on wh atat several or more swabe sc-ro obtained usually 

had them in every swab, athtAigh they were obtained 

intermittently from 	few biibies. 

Three obs rvationn 13.nour with those of 

Torrey and Reese that 3treptocoocus saliva:ribs is not 

always present in the newborn throat. dowever, it was 

fowid more fre Jetitly than they reported, and did not 

seem to disappear.  after the first few days an they 

claimed. Uost of the babies in whom it wan present 

yielded it at the end ?)f their first wee.A of life, as 

well a in the earlier swab. 

Tie presence of  tredtococcus salivorius In 

11 of the 24 older blOies examined, lAdicates that it 

1ways becomes establifthed early in life, if not Ismael-

lately after birth. 



StihJI,Fa 

!tret000ccus sa1ivarius was fo!ind in the 

throats of 7 of 22 (34) of newborn baOies, and in all of 

24 older babies between lb and 49 wc!eks of age. 

Sometimes it also was present in the nasal cultures, 

although in smal numbers. Streptococus sailvarius  

therefore appears to b,come establighed very early in 

infancy, If not Imniediately afttr birth. 
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These stndiea indicate that the upper respiratory 

flora first established in infanta tends to remain 

relatively constant for a considerable period of time. 

stability of the upper respiratory flora is not a new 
early 

concept. 	Bloomfield, in numerous,„atudies, pointed out 

that although various bacteria constantly are being 

introduced into it, the majority are eliminated rapidly 

and only the normal residents remain. He strenaed the 

necesaity for distinguishing betaeon "pernanent residents" 

and "transients", defining "transients" as those recovered 

in small numbers, inconstantly. 

Experience in these studies has shown that 

Bloomfield's definition of "transients° must be revised. 

Organisms permanently established are not necessarily . 

recovered in large numbers,. nor regularly as evidenced 

by the few colonies of staphylococci often obtained 

intermittently from the infant throat carriers. These 

might easily have been considered as transients, or 

chance contaminants, had not pbage typing showed them to 

be the identical strain in sequential cultures. 



qUent JAI OUVAZ*0 On th0 tiOr13 14ndividutal rivov9d 

invaluable aid inthe pz.ve sent 	 3 I (7) • l't(r oxerTie 

oil.fmns In t throat cultures mitt have beon dismissed 

con ,ariblents had tl14y not been seen to occur so 

frcquentlj th clir tel.° babies. MO oquutat n 1 cultures, 

did not sly° 78 re fl,z1nr), denonstreto VI) commensals 

aaantily present *  but this L nosurprilsing. 	iabbing 

to but a crude vamplinG plioasilarup th whieb ovganloma 

not nu)() rOtt. may easily 17e misio3. gore ow:. • hooter Sal 

o7kcos 7yresent to small numbers may te ovevGrown,In 

(3ultupr3ui those predoninant, eloeti nod, undoubto 

would old In their mom consistent recovord. ..ioviovor, such 

tids have not Won devised far many ccettensals • and nay 

prove dIfficult tvetautle they.  t3( 1U 	6Woopa boikf:.700j3neous 

in that ("math requ 	,rita.wn if mere 00 lei t Ivo 

owns Wire ov1Thb16 	tr use in the pro son t s tud ice 

would have boon Milted by •cfraotical Considerations: 

cones A.on of t&, swabs at nloces distant from the 

la,;)oro tory neer,: seta. 	the ir isred la te 111°00a b ion , 

12) tbo volume of swat* botn& handled demanded a minimum 
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of manipulations with them, 3) the cumi)er of media on 

which a single swab may be ineculated airectly Is 

limited. 

From experience here, it seems advisable to 

consider all organisms cultured from the upper respiratory 

tract as poasible residents, for the chance of recovering, 

with a swat, a few temporary contaminants is small. As 

Topley and Aleen (1946) point out., no region of the body 

provides virgin soil in which any new-comer may rburish. 

"It is just as impow,ible to ensure proliferation of a 

particulnr bncterial species 1D:y introducing it into the 

mouth, as it is to enure a crop of a particular plant 

by scW,tering seeds in a field alre(Id;/ occupied by a 

pre.exieting plant-association." 

The 'lora firnt eltablished in the infant uprer 

respiratory tract probably determines, to a great extent, 

the organisms which may reeiJe there subsequent Y• Thus, 

chance enceanter after birth may mould the future 

individuality of a baby's flol.a. 	Possible evidence of 

this was found here in tIlat 1) different staphylococcal 



strains were 7aintained by different babies, 2) the 

infant pneumococcal carriers rarely changed their 

serelogicaltypes, 3) tins did not share e sane orzylnismn 

entirely, and L) so!-Ie babies persistently hLrbored coli 
forms or pneumococci while others remained etirely free 

of them. 	Of course, local :tissue lectors and passively 

conferred immunAy also may be determinante of such 

The newborn's sterile upper respiatory tract 

obviously in highly susceptible to any organisms adapted 

to multi)lication there. 	ith the present prevalence of 

antibiotic resistant strAals in hosA.tals, thin now beccon 

a fact of epidemiologiciimportance. The dots obtained 

here ':73 	Vv7:t penicillin- resistant staphylococci which 

babies cc 	re from the ';ns.:Atal nursery nay be carried, 

and perhaps disseminated by them, for as 1ow2; as a yea. 

If the spread of antibiotic resistant staphylococci is to 

be controlled, it in imperative that measures be Aland to 

prevent the newborn's infection 'aith them. Antibiotics 

used in maternity hosiAtals ay, by altering the flora 

to which the nebnrn is exposed, Llve rise to mal4 other 
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problems in the future. A possible illustration of this 

was fo rid in the high incidence cr coliforme present 

amen77 the hoapital.bern trAies, in contrast to their 

infrequency among the home-bc%rn reup. 

Fortunately, pc •sitence of staphylococci on the 

inThot nasal muccea is of limited duration. This was 

clerly evident from Ilene studien, and also has been 

reported by other workers. However, 'MI() infant throat 

was observed here to be a site csvoring very persistent 

staphylococcal colonistion. 3uch a 4igh frequency of 

infant throat carriers may be an 1.3portant consideration 

in staphylococcal spread. 3imlar occurrence of 

staphylococcal throat carAors among older children and 

adults has not been reported, tut the literature contains 

some evidence that they are not uncommon. The Ax3er-

vatiens on the home-born babies suqpret that a baby nr)t 

infected by staphylococci early is unlikely to aCT,ire 

them in later infancy. 	This, if cW-irmcd, may have 

practical value in controllin the infant vector of 

sta7hylocc)cal 
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Neviboru infanta have been calmed to differ from 

adults in ving grenter resictance to some upper 

resimitor:r beteria, such an beta haemolytic etreptococci, 

13treptococcus nalivrlue, pracumococci, H. influenzae, and 

"H. haeMolytieue". 	It was found in theoc studies, ',ar),,xver, 

that beta haemolytic streptococci, including Group A, may 

become established in the newborn, and occur fairly 

frequently among nomewhat alder tnbiee. )71troptecoceue  

saliw3rius also, were found in the moons of many newtorne, 

and in all, older 1?abies. 

Evidence of newborn resistance to .7neumococci 

remained smewht equivocal. In the intennive eeareh 

amo: the '_'ospitn1 neborns, pneumecoccl were almost never 

found. Among the ho rn group they were encountered 

more frequently, but did not appcar to .. ersint. 	Howovel,, 

the fact that they nometime became eTtblished during 

the neonatal age period in both groups, euggents that some 

babies must lose any existent "Immunity" very early. 

perhaps had the home—born group included a larger number 

of b5)bies, pneumococeal entabliehment in the newborn might 
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haw on observed, /l000nt: data of landsman suo.eat 

tha t this is probable) 0 n the other hanti, ti e failure 

of oertala babies U aecioire pticuriococet over a long 

r lod of t trio , raiz? r.si an that they re tt.i Wed ccm sort 

of tuns) ity. 

These studteo failed to reveal IL 	ionc: 

the newhelone, as have tt'vee of other workers.w:Jr. 

selaot two trodia have ne 	wen employed. ra!orcii, 

failure to t thc 	 wane, the older bflbtos 

oven wtyln Fllelest cfpr arkt 000liod-blood agar sore used, 

IllagOated trint it to uaoc Lr tamer. s obserwd 

by Other 19040ko re haemolytio haemephil I, we ro ex trenv 'Ay 

rare in ti newbcon Ixtbiest  wiale =cog the older babies 

y ve nomnoc. 

The ooseiblo effect of, tooth eruption on t infant 

flora Wilts further :Mee t t tem • It bee bee no3.iod 

that fue Myrna , aptroohaetea4  /le ptothr 	and other 

obltgate anaerotre are oteont until the tootLi 	ear. 

%ttt during these $tud2e, ;01,1;1,  Iforria were tY) arly *Ways 

found to the mouths of bob/vs over tw oathe ojd, ami 

wore semwtSmis IN*m* he the monatel Geo par tod . It 

to probable that the IIt.:k:rature contains other fel leo les 

this enshjeOto  mevvr tborouchly investigated. 



312. 

ACKNOWLOGLCMTS 

i wish to express my deep gratitude to the many 
ersons who have .,ade this study possible: 

erofessor :-Ar Alexander Fit-ming who generously 
extended the laboratory facilities of the wright-Fleming 
Institute of Iicrobiology. 

Professor Robert Cruickshank who gave patient 
guidance and many valuable suggestions. 

Dr. W. Howard Hughes who initiated the arrange-
',Lents for the study on the aling babies, and gave constant 
assistanoe to. it. 

Dr. h.i. (74orrIll who contributed suggestions. 

Dr. .H.6. Ailliams who provided nil materials 
and laboratory space for the phage tY2ing, and Cr. Joan 
Ripon who instructed me in the phage tying technique. 

Dr. Agneg H. 7. Smythe who arranged the co-
operation of the ;tarylebone and Lisson (4rove Child 't'elfar,. 
Centres; 	FAstham and Uis acGilley who took the swans 
there. 

Dr. 4- .U. Booth, and Dr. &. Hart who approve4 the 
co-operation of the Ealing Public Health Department. Also, 
the seven Ealing AAwives who collected the swas as an 
wilitional and completely voluntary duty. 

Drs. Aalkrd C. Fleming, Aax S. 4arshall, and 
tarry 	firisOle of the University of California who have 
expressed continually their interest and encouragement. 

ilembers of the technical staff of the Wright-
Fleming Institute, particularly hiss Jill mith and Miss 
Sheila Bardill, who have contributed much technical assist-
ance. 

Miss Romana Cabion who helped with the illustrations. 

Finally, I am indebted to the following organiaations 



for grants while conducting the Rtudy: 

The United :Mates Educational ComAielion in the 
United Kingdom for a Fuibright Awar, 

The University ofCaifGrnir. C:ollege of Dentiqtry, 

Sigma Delta .Jsilon, the American Yomen's -ionorary 
:cif ntifin ocloty. 



314. 



315. 

Compuricon of the Aytochin rensitivity Tert rith the 

„lie 	T, et ror Identification of neumoeLce1 

: . 'ptochin (ethylkydroeuprein) lc mnrkedly inhilAtory 

for the growth of pnemoeocel. 'loom (1)15) mgested 

that it c lahabitory action roc cufficiently cpecifie 

to dirtinguleh pneumococei from bile inroluble streptoeocel 

prevent in the normal mouth. It then -fore recmea 

that optochin seneitivity might provide n convenient 

method for recocnition of pne,Am000cei in Vic present 

sturlw. lovever, or veorele Obeervations vere confined 

to a few,  amine onl,4 it wnr felt that n eerier; of 

OOmparative tectc should be done before the optoehin 

sensitivity method war substitxted for the conventional 

blle rolbU1t test. 

ethod: 

cfltciLJJ4tivity - A email area of blood near dote 

vine henvily inoculated rith the culture to be tooted. 

rterlle filter paper disk of stondrard elm (diameter 

5 Ir. moictened with a etnndnrd elzed loop (dlanotoP 

3 mn46 of 1:vitz Piltercd. aptochin 1: CC vac plored. 

In the center of tr.' inoculrled nrrn. !Itcr overniLht 

incubation, the zone of inhibition ran measured. 

JAPAPIOMILL ow 0.9 m quantities of an overnight 

Todd-evitt bro culture were placed into cseh of 
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to tubes, To tube 1 0,1 ml, of fttertle sodium 

t;:itirocholnte (10r. in normal caliae vitx ndded; to 

tube 2 C4.1 r1. of sterile normal saline wart ridded. 

The tert wt rend after incabtion for 1/2 hour in n 

341water bath, 

ecultr: 
k-Vtochin 

Bile 	.one of ro. of 
LajalLta :n111140,011 Ctatarcp; filirep  

Viridano 	0 	0 to 3 mm, fG; 22 babies 
streptococci 

neunoceeeit 

we° rrif  11 #  21 	t 	e to 10 nt.. 	; 4 babies 

Type 36 	 11 1 mother 

Tee 2# 3 	 Type collection 

Untypable 	4 	4 to 6rr. 	2; 1 baby 

Uutypnble 0 	8; 4 babies 4  

ViridLne etreptococeip (bile lnrolubloi  we 	t 

inhioited by otoyAn4, Typable 'incumoyuccit rand one 

ukipoble etminf  vero 	lot ever P cultures 

of untypnble 1)/10.110-cocci (bile roluble)patniaed from 

four bobier, were not inhibited by optechin. 

Conclusion: 

athough typeable pneumococci arc in!albited i)y 

optochin, some untypable str,:no ore not inhibited. 7n 

o 'Auty or the normal up,'er rerpirotory 	recoolition 



of untypr\ble pneunotocei lc of potentini inivrton00. 

The ot,mhin eencitivity tort wir therefore not 

adooted for routine %re. 
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'14‘fect of Calcium Alginate Wool Solvents on the Recovery 

of Pneumococci  

Soluble calcium alginate wool swabs have been 

reported to give higher recovery rte of staphylococci 

than the usual insoluble cotton wool swabs (iiigins, 

l0). 	It was therefore thought that the method might 

be used to obtain higher recoveries of the upper 

rospiratory flora. 	ineumococci were used to determine 

the po3ible effect of calcium alginate wool solvents 

on some of the lesI hardy memoersof the u,))er respiratory 

flora. 

.,ethod: 

An overnightblood broth culture of a recently 

isolated Type 11 pneumococcus was used for the tests. 

Ten-fold dilutions of the supernatant were male in 

nutrient broth. 	From those, final dilutions were made 

in broth containing the reqJired concentration of 

the solvent. 	?late counts were done according to the 

method of Miles and Misr* (1933) 



319. 

Trial 
No. 

oati.ol 
:irnth 

1;17 lodium 
Hexam5Aaphosphate 

0.5;4 
9odium 

Citrate 
,H 5.5-6.0 pti 7.0-7.3 pn 7.0-7.5 

1 23 20 

: 0,3 31 40;S 

0 t;)0 &.) 2 i'.ii a- 
'Si, 

3 	
7  

4 49 Lb  

5 22 18 la,,; 14 	36, ,  

Average V,:' 3i"), 45:.; 

ilkores given in the table are %ha aver.li.w count of six 
0.02 ml. aliquots. 

Parcentaes are the :41, reduction: 
Uontrol  count-test couwt;  x  100 

lontroi count 

eon usioni 

(;aleium alginate wool :solvents, such as 

sodium hexametaphoaphate and 0.0,4 sodium citrate, 

pear to rave a slightly baoterlostatic r bactericidal 

effoct on :,naumococci. 	Whilo a bactIrlostatic effect. 

might be overcome by dilution of the solvent aft elf' the 

swab had ;)en dissolved in it, VIls allitionll manipulation 

would make the method tmpractica If a large number 

of swabs were belng handled. 	The method was not 

considered further, therefore, for the present purdcse. 



!tithed, used for bath, the 8locenical Reactive of 	Coinage 

1st Cultsre Nadir Bard he& Referees 

lades Preduetioo Peptone astir Ehrtichos rosiest, !Wit sad Iteartany 0950 
Teo* and Viten (19(6) 

tasthyl-red tat 
8lac000-thaschate 

.04f; ethyl-red Cottons locobatodat 300C. and 
to 	it 5 duo 

Vageo-Prookauer broth c(-ropthel end TaPtty a':3 i Ise (1949) 
(Barritt 
wafts:Oise) 

Citrate Siam& citrate . Plates stanied after 48 bra. Simon (1926) 
sti Motion *Pr at 57.C. 

ktatiesse 8 ti,S F erso-da Lori de • Chaervid for 60 days (rees reaffewn (1951) 
Priaacties gelatine tsoperabare) 

128 prediction tevintoi into 	 Coed to re-check &OW. motion 	at al., (195?) 
agar 	 obtained with FeCt gelatine; 

inetoted at 

Oren production 	9re troth 	• 	 4111, 	 IN 
	 %off", 	19510 

Incubated at 37°C., and observed 
Sager ferosetatiene 	O.% Lactose, innitot or glycerol is 	 daily for on oak 

peptone ester with Andrade's indicator 



as. 
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