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The relationship between caries activity and the number of 
lactobacilli in the saliva has for many years been ;I point of 
central interest in bacteriologic investigatioiis of the etiology of 
caries. l l i i s  is because the lactobacilli helong to the most active 
acid-forming bacteria in the oral flora, arid further hecause 
most research workers, though not all, have found a good 
correlation between the number of lactobacilli in the sn1iv:i and 
caries activity. (Readcrs interested in the survey of the literature 
on this problem are  referred t o  APPLETON 1944.) For these 
reasons i t  was thought worth while studying the occiirreiice of 
lactobacilli in caries-active and inactive dietary groups in the 
Studies of 1)ental Caries at Vipeholin IIospital, Lund. 

The method most widely used in investigations of this type 
is to :illow thc pntient to chew :I piece of paraffin wax arid to 
use the s:iliva thus stimulated for b:icterinl culture (HADLEY 
1933). This method which requires co-operntion of the subject, 
cannot, however, be used in investigations on young children, 
for example. Neither could it  ulways be used for the present 
material (mental defectives), because :I fair percentage (in sonic 
groups niore than 60 per cent) of the patients were not able to 
co-operate satisfactorily for the collection of such samples. It 
was therefore obvious that passive s:rmpling methods had to 
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be used. A search was therefore made for a pr:ictical passive 
s:inipling method. 

Another problem that presented itself was that a considerable 
number of the patients had s o  many Ctrntlidri in the niouth tliat 
i t  was difficult or impossible to count the number of lactobacillus 
colonies on the “selective” tom:ito-:tgar substrate. I3y the addi- 
tion of sodium azide to the substrate (I)IAMONI),  1950), the 
growth of Crrnelidrr was inhibited without any demonstrahlc 
effect on the growth of lactobacilli (see KRASSE & M U L L E R .  

19511. 

Material and Methods 
:\!ctliiini crnd Incuhdion 

Difco’s “tomato juice agar’’ was irsed throughout as a starting 
material. The agar content was increased to 2.5 per cent. I t  was 
found useful first to melt the agar by itself with a portion of 
the distilled water (DEWAR & PARFITT, 1951). The pII was 
adjusted to 5.0 with lactic acid. During the first part of the 
investig:ition (the xswahx niethod) use was made of a rnediuni 
without any addition of sodium wide, during an  interniediate 
period (the “tooth brush” niethod) use was made of some plates 
with 0.01 per cent sodium azide and some without any such 
addition. During the latter part (the “spoon” method), only 
medium containing sodium azide was employed. 

The reference strains of Iactobacilli, obtained from the 
American Type Culture Collection (I,. ricielopliilus, I,. crtsei, L .  
plcintmrim, I,. tircthinosiis, Id. brerks) and from the Nation;il 
Collection Type Cultures, England (L. odontolyticrrs I and 11, 
I,. trcidophilus, L .  crtsei) were found to grow on the niediuni 
used. 

The plates were incubated aerobically for 4 days at  35” C. 

Identi ficcrtion 

The Inctobacilli were identified by the appearance of the 
colonies and by the absence of catalase, :IS demonstrated by 
pouring 10 per cent H202 over the colonies and watching for 
any development of gas. Furlher, every type of colony on the 



SAMPLING METHODS FOR LACTOBACILLUS courvrs 1 Ii 

plates w a s  exaiiiiiietl for its niicroscopic niorphology. In  doubt- 
fu l  cases, colonies were subcultured in broth and on blood agar. 

Other ~nacroscopically visible colonies rarely appeared on 
this medium. They usually consisted of strains of streptococci, 
staphylococci, G .  tetragenn or Srtrcintr. No colonies of gram- 
negative rods were observed. 

S(iinp1ing times 

All samples were collected between 10 a.m. and 11.30 a.m. 
(the patients had their breakfzist a t  7.30 a.m., lunch :it 11.30 
a.m.). 

Sniiipling rind Tretrfnient of the Sriiiiples 

I. The “swab” method. 
1)eposits 011 the surface of the teeth and sal iw from the 

vestibule were collected by means of a sterile swab. The swab 
was then placed in a test-tube containing 2.5 nil. sterile saline. 
The tubc W:IS subsequently shaken hy hand. A second swab 
was theii dipped in the tube and streaked on the tomato agar 
plate. 

11. The “tooth brush” method. 
The patients’ teeth were brushed, after which the tooth brush 

was rinsed in 100 nil. normal saline. This was repeated 3-4 
times. The suspension was then shaken with glass beads for  
15 minutes, after whicli 0.2 nil. were spread on the tomato agar 
plate. After having been thoroughly washed, the tooth brushes 
were disinfected by placing thciii in an iodine-;ilcohol-water 
solution with an iodine concentration of about 1/10,000 for 
two days and subsequent storage in 0.5 per cent sodium thio- 
sulphate solution for a day (for removal of the iodine) and 
careful rinsing in distilled water. 

111. The “spoon” method. 
Deposits on the dental surfaces were collected hy means of 

a \Yard‘s carver. ‘Ihc carver was wiped against the edge of ;I 

According to HL‘RGER & K A L I E s  (1944) ,  this concentration kills spore.. 
- - - 

of R. subti1is. 
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cup-shnpcd impression in specially ninnufxtured rectangular 
stainless steel plates (3.5 X 1 cm.) . The impression, which W;IS 

5.5 nim. in diameter, was filled to the brim with plaque 
niateri;tl. ‘l’he :imount o f  debris in this impression weighed 
about 40 mg. (mean value of 10 different spoonfuIs=12 nig. 
Variation 3 - 4 6  nig.) A s  a rule, i t  w a s  necessary to scrape the 
buccal surfaces of sever:il teeth of the upper jaw before suf- 
ficient ni:iterial was obtained. Sonietimes i t  was necessnry to 
scrape all the (remniiiing) teeth. 1)ental c;ilculus was avoided. 

Once filled, the steel pl:ites were inimedi;itely deposited in 
cciitrifuge tulles cont:iining 1 nil. of 1 per cent glucose brolh 

As so011 :is possible :iftrr the snmple had heeii collected, the 
test tube was shaken in a shaking Innchine for 10 niiniites. 
Afterwards, tomato agar plates were imniediately inoculated 
with 0.1 ml. froin a 1 nil. pipette cont:iiiiing :it least 0.2 ml., 
after which the inoculum was spread by mems of a bent glass 
rod. all iii accordance with ‘I’. SNYIXH’S (1947) recommen- 
dations. 

:ind 10-1 5 gliiss l>e:ids. 

The c:irver :tiid the steel plates were sterilized at  180” C. 

I \’. liodley‘s method. 

The plate!, were inocu1:ited with 0.1 ml. 0 1  :I 1 : 10  dilution 
of pa r:i f f  in-s t iinulu led saliva. 

‘l‘he results obtaiiied hy the “swab” niethod were classed ;is 

positive: or neg;itive, according to the presence or :ibsence of 
lactohacilli. I n  the other methods, the number of 1actob:icillus 
colonies u p  to 400 per plate was counted. 

I n  view of the extensiveness of the investigations, i t  was 
practically inipossil)le to examine inore thnn one dilution of 
:I siimple from oiie and the same patient several times. In some 
of the plates in which the nuinher of colonies exceeded 400, 
growlh w a s  so dense that differentiation beyond this limit was 
no longer possible. 



SAMPLING METHODS FOR LACTOBACILLUS COUSTS 149 

In the classification of the results, use was made of a loga- 
rithmic scale with :I class interval of 1 .  The ninteri:il was thus 
divided into the following three classes: 

Class I== 0- 10 colonies per plnte 
I 1 =  11-100 colonies per plate 

IIl=niore than 100 colonies per plate. 

Classed by the number o f  lactolxicilli per niillilitre o f  saliva 
in investigations using the Hadley nictliod, Clnss I corresponds 
to 1-1,000, Class 11 to 1,t00-10.000 :ind Class I I I  to inore than 
10,000 lactobacilli. 

Results 

Sampliiig by the "swab" method presciited no practical dif'li- 
culties, but the "tooth briisli" nietliotl had cerl:iin technical 
disadvantages, such 21s Ihe disinfection o f  tooth brushes and 
the mechanicnl shaking of' a large number of' 150 nil. test tubes. 
By the "spoon" method about 30 samples could be collected 
in an  hour. Sterilisation of the instruments mid the shaking 
of the tubes were simple procedures. 

Coniptrrisori of the Kesii l ts  of Snniples Obttiincd by Active t r r i t l  

Ptissive Srinipling Methods 

The sw:il) nielhod w a s  only used for preliminary qua1it:itive 
studies. This method w;is therefore not compared with the 
quantitative IIadley method. B s  to the tooth brush method, 
which was also abniidoned, the results soon showed that about 
60 per cent of the patients were lactobacillus iiegative, a figiire 
suggesting lack of agreement between this method and the 
IIadley method. The results of parallel studies of s:iniples 
collected by IIadley's method using p~Iraffiri-stimulated snliva 
and of saniples collected by the spoon method were compared. 
h series of patients who were able to co-operate actively in the 
collection of the samples were studied on 3 different occasioiis 
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;it 10-14 days interval. On two o f  the occasions the samples 
wrrti rrmoved with the aid of :I \Yard‘s carver before the 
patients chewed paraffin w:ix and on one occasion the paraffin- 
stimu1:ited s:iniplr.s were collected hefore those collected by the 
carver. I t  was found that the order o f  collection o f  samples had 
no influence on the results. ‘The rcsults recorded on :ill 3 occa- 
sions arc therefore :iccouiited for together. ‘The results of the 
127 p:ir;illel iiivcsligations are given in Table 1. ‘The difference 
is expressed :IS class intervals with :I log:iritliiiiic w l u e  of  1.  

’T:iblc 1. Contpnri.son befrrwen t h e  resir/ ls  oblainetl by t h e  H a d l e y  niethotf 
rind hy tire spoon Inelhod ( s i z e  01 di/ /erence betrr~een lioo vnlues)  

No. of cnscs 
1)il’ferenrc 5 1 class i i i tcrval  . . . . . . . . . . . . . . . . . . . . . . . . . . .  I20 

> 1 5 2 class intervals . . . . . . . . . . . . . . . . . . . . . . . . . .  I 

> ’2 class intervals . . . . . . . . . . . . . . . . . . . . . . . . . .  0 

127 

I n  120 o f  the 127 pairs of investigations, the results of the t w o  
methods differed from one another by less than 1 class interval. 

The results werc :inalysed further (Table 2) by compuring the 
number of c:ises in which one method or the other gave the 
greater numher o f  1:rctolxicilliis colo~iies. 

l’able 2. Sirniher 01  cctses in which i f n d / e y ’ s  nicfhotl ( = i f )  gtrve fl higher 
vtrlue tlion t h e  spoon mefhot i  ( = S )  und vice verstr 

H = S  I 1  > s  i I  < s ’Total 
4 (i 40 4 1  127 

Xlost of those 4(i pairs o f  values that were identical belong 
to groups “0” and “more than 400” 1:ictobacillus colonies. 

No systematic difference was observed betweeii the Hadley 
method :ind the cup niethod, the higher valuci being found j u s t  
as ofteii by one method a s  by the other. 

In those 7 c:ises in which the difference between the values 
obtained by the Hadley method :ind the spoon method was 
niorc than 1 class interval, the value obtaincd by the IIadley 
method WIS higher in 3 of the cases. Ilere, again, no systematic 
dif‘ferenw was t’oiind 1)etween the two metliods. 
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Vnriability 

Purely methodologic inaccuracy of the methods such :is sliglil 
vari:ition in the amount of inoculum arid slight variation in 
the conditions of growth offered by different preparations o f  
media can cause a certain variation in the results. This varia- 
bility can be assessed by using plates prepared on different days 
and counting the number of colonies growing on inoculation 
of the plates with a volume of 0.1 nil. of a known dilution of 
a lactobacillus culture. The broth dilution, which was kept at 
-5 ~ C,  was calculated to contain about 2,500 Ixicteria per nil. 
(It might be mentioned that storage of the strains used at 
--20' C resulted ill rapid, severe decrease in  viability.) Hefore 
the inoculation the test tube was shaken for 10 minutes in a 
shaking machine. 'The numbers o f  colonies which grew up were 
as follows: 208, 132, 228, 254, 238, 280, 257, 278, 228, 261. The 
mean value was 237 and 0 of the 10 determinations fell within 
the range of k20 per cent of the mean value. The bacteria 
appeared to have retained their viability unchanged for a t  least 
1 month. 

A s  observed by  ADLE LEY in 1033, the number of lactobacilli 
in the mouth of one and the same person can vary widely from 
one occasion to another, even though the interval be short. 'This 
variability was demonstrated in the present inaterial because 
all of the patients were examined by the spoon method on three 
different occasions at  intervals of 10-14 days. Throughout the 
time of the investigation every patient was under the same 
experimentnl conditions. All the samples were taken between 
10 a.m. and 11.30  a.m. Table 3 shows the figures recorded for 
208 persons. The class interval which was equal to 1 on the 
logarithniic scale was used as a measure. 

l'able 3 .  Coinparison between the results of samples removed o n  different 
occasions f r o m  one anti the some person (3 examinations)  

Largest d i f ference  5 1 class interval = 137 65.9 
\\ > 1 5 2 class iiilervnls= 63 30.3 

> 2 class iiitcrvals= 8 3.8 
- .. 

208 100°io 
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This wiriaI>ility was found to be roughly equal in the five 
dietary groups cwiniiiied and they were therefore taken together. 
I I  is apparent from the table that in about two-thirds (137) 
of tlie cases the difference between the three occasions did not 
exceed 1 cl:iss interval. I n  a snialler iiunihcr af these 137 c:ises 
Ihe three values fell on both sides of a chss border, “.{J,  in the 
series 7, 8 :ind 12 colonies. h i i t  in most cases the values fell 
within oiie and the same class. In one third of the cases the 
number of 1:ictobncillus colonies recordcd :it two o f  the three 
esaiiiiiiations differed tenfold or iiiorc from oiie mother .  

I n  7 of‘ the 208 cases no lactobacillus colonies grew on any 
of the three occasions. 

Thc variability of the resrilts ohtaiiied hy the tooth brush 
method was studied on the basis of samples reiiioved on two 
occasions at :in interv:il of 1 1  days from 3 1  patients. The differ- 
ences between the first and second occasions were: less than 
1 class interval in 21 cases, 1-2 class intervals in 7 cases, a i d  
more than 2 class intervals in 3 cases. 

Ten patients were exaiiiined on 7 consecutive days by the 
swab method and six of them were regularly positive or 
negative, while 4 were positive on one occasion and iiejiativo 
on two or vice versa. 

Discussion 

Of the three methods studied, the spooii method proved best. 
An advantage of the swab method is its simplicity; :i dis- 
advantage, however, is the difficulty in stabilising the coil- 
ditions and the fact that samples collected by means of a swab 
are  liable to he less representative, for the simple reason that 
the swab usu:illy becomes saturated with material from that 
area with which i t  comes into contact first. In 1)ubos’ manu:il 
(1948, p. 5 0 7 )  i t  is to be read that sampling by means of swab 
is “to he avoided arid discouraged a s  much as  possible”. In view 
of these disadvantages, the method cannot be regarded as 
quantitative. Snnipling by means of the tooth brush method 
will probably give a more representative picture of the oral 
flora. The method is, however, troublesome. In addition, a 
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large volume of fluid iiiust be used for effective rinsing of the 
brush, with consequent considerable dilution of the sample. 
This probably explnins why :il)out 60 per cent of the persons 
did not show ally lactobacilli in samples collcctcd by this 
method. Aiiother factor partly responsible for the large pro- 
portion of lactobacillirs negative p;itients, a s  judged hy this 
method, was probably the fact tli;it the samples were diluted 
with normal saline. i t  having been observed that a few hours' 
storage in normnl saline was sufficient to decrease the viability 
o f  lactobxillus culture by half as cornpared with its original 
value aiid with a saniple in which the suspension medium con- 
sisted of broth. For these reasons the tooth brush method could 
not be regarded :IS satisfactory. 

Sampliiig and trcatment of the s:imples by the spoon method 
was thus the most satisfactory. In order to obtain a represen- 
tative picture of the oral flora, :IS niuch a s  40 nig. of deposits 
on carious teeth was removed. I n  view of the poor oral hygiene 
of these mentally underdeveloped pntieiits, collection 0 1  such 
a quantity otfered 110 difficulties. I t  iiiight be assuined that a 
lair part of the sample sometimes consisted of food rests. This 
was probably sometimes the case, hut oiic might also qiiestion 
whether chrtwing of paraffin does not dso reniovct ii certain 
amount of food rests. 

The number of lactobacilli per niilligrani of plaque niateri;il 
was assessed by STHAI~FOHS (1950) :IS tiboiit 35. In view of this 
value, i t  w a s  thought suitable to diliite the 40 mg. to 1 iiil., 

because this would result in about 150 1actoh:icilli per O.!  nil. 
solution. The selection of the dilution was fortunate, in that the 
results closely followed those obtained by the IIadley method 
(Table 1) .  

In the parallel investigations by the spoon method and the 
1I:idley method, nothing suggested that the methods differed 
from one another in principle, because the values obtained by 
the two methods were of the same order in 94 per cent of the 
cases. Table 1 ,  page 150) and as a greater number of colonies 
was found just as often by one method a s  by  the other. 

Attcmpts were niatle to ronipare the rrsults ohlained by the spooii 
method and the Haclley nietliod with the fermentation test according lo 
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SNYDER (1940) using both saliva and iiiatrrial obtained froni saniples 
collcctrtl Ly a \Yard's rervrr. I n  our investigation, howevcr, the Snyder 
niethotl g:rvc inconsistrnt results, possilily Iwcausr of tlir essentially 
siibji-ctivv i:v:iliiution of tlir rolour changeb. Examination of salivary 
s:iniplrs froin 41 patients o n  2 different occasions by tlie fermentation 
test s l iowc~l  that 23 o f  the 41 pairs of values did not agree (48 honrs 
reading) but were positive on one occasion and negative on the other. 

.is to the variability, tlie investigations perforiiied showed: 

1) that the vari:rlion in the weight of the s:iniple taken in the 
spoon was k 10 per cent; 

2) thnl tlic variation in the number of lactobacillus colonies 
that had grown out on different days froni a Inctobacillus 
culture dilulion of giveti dcnsity was *'LO per cent; 

3 )  that samples that had been taken on different days from 
one :ind the sanie patient under unchanged experimental 
conditions not infrequently differed considerably froiii one 
:inotlier, in one-third of the cases the extreme values o f  tlie 
three delerinin:ilioiis diff'ering from one another niore than 
tenfold (Table 3 ) .  

This latter consitierable variability, observed also by other 
investigators ( [ I A U L E Y  1933, SNYDER 1940, PERMAH et 01. 1946, 
and others), cannot be satisfnclorily explained as being due 
simply to purely niethodologic variations -- e.!y. variation in 
lhc  amount of the priiixiry sample, vari:itioii in the amount 
of inoculuni, v:iriation in the conipositioii of tlie niedia -- 

because the lotal effect of these factors was much less (see 
points 1 and 2 :ibove). Xeilher can i t  be explaiiied hy the 
assuniption that the majority of the lactobacilli were removed 
on the first occasion, because the intervals helweeii the exnmiiia- 
tions were 10-14 days and, secondly, the number of lacto- 
bacilli was often highest on the second or third occasion. 
Possible explanations o f  this variability are: 

that i t  was not possible :ilwuys lo remove :in equal number 
of lactobacilli froin the dental s11rl:lces (see HADLEY 1933, and 
others) ; 

that it is not possible froin saliva or dental deposits to obtain 
:I suspension in which the hctobacilli are  present in uniformly 
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ecpi l  aggregates (see American Publ. Ilenlth Ass. 1911, PERMAR 
i’t c d .  1916, and others) ; 

and that there is a true variation in one and the sanie patient 
from one dny to another. 

Although the range of variation can be wide, it should be 
underlined that, as  a rule, i t  is not difficult to determine the 
level of the number of lactobacilli in the moulh of ;in individual, 
because i t  was observed that two-thirds o f  the persons showed 
values lying within 1 class interval. I t  might also be nientioned 
that in two out o f  three of the 208 cases :it least 2 of the I% 
values fell within one and the sanie class interval. 

Summary 

I n  a comparison of different methods for collecting material 
for studying the number o f  Inctobacilli in the oral cavity, the 
following observations were made: 

Sampling I)y the use of a sterile swab and sampling by 
nieans of a tooth brush were found to be unsalisfactory. A 
method of collecting samples of dental deposits by me:ins 
of \Yard’s c:irver and measurement o f  about 40 ing. of the 
dental deposits in :i spoon, the “spoon” method, was 
devised and is described in  detail. 

Good agreement was found hetween the results of 
parallel examinations of 127 pairs of specimens collected 
by Hadley’s (1!)33) method and by the “spoon” method 
describcd. 

l h e  variability in the results obtained by the use of‘ the spoon 
method was studied and is described. 
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