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I. Introduction

The subject of dental caries has been studied
in great detail since 1867 when Leber and Rottunstein (1)
wrote a most interesting bookx on the subject. They
presented a theory of dental caries which does not
vary in great detail from the conceptions of the in-
vestigators of the present da;, vho recognize the role
of bacterim . in relation to dentsl decay. However,
liiller (2) not only confirmed the earlier investigations
as to the action of orzanic acids upon the inorzeniec
constituents of the teeth, but showed by experiment
the action of these scids upon their structure. For
the following half century, wark on cause of dental
decay was carriéd on under the stimulus of Miller's (2)
theory.

Recent research on dental caries has, in the
greater part, been confined to the part played by diet
and nutri tion. Tke present dgy investigators, while
recozgnizing liller's theory, find it inadequate in
some respects and would place the most emphasis upon
the dietary; deficiencies, rather than acknowledgze the
role of scidogenic bacteria.

Hoppert et., al. (3) showed that dental caries
could be produced in rats fed on an adequate diet by
retention of coarse food. Using this work as a

foundation, this study demonstrates the bacteriological
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role of acidogenic organisms, by using such bacterisa
to produce dental caries in rats, a procedure which

heretofore has met wiith little or no success.



II. Review of Literature.

Although a review of the etiological factors of
dental caries has been presented by Hanke (4),

Bunting (5), and Liarshall (6), it appears necessary
that investigation pertaining to the bacteriology of
this diseasebbe reviewed again as it is of primary
importance to the work presented by the writer.

In 1883 Miller (7) first recognized the relation-
ship between bacteria and dental caries. He was of
the opinion that although bacteria were not the sole
cause of dental caries, there was no cese of dertal
caries in which they did not play an important pert.
Due to & lack of suitable culture media he was unable
to give complete discriptions of the bacteria he
studied.

Hartzell and Henrici (8) in 1917 reported that
mouth streptococcl are the only true parasitic organisms
of the normal, characteristic mouth flora. They state
definitely that these bacteria were the cause of dental
caries as well as & number of other dental diseases.,

In 1920 Kehnert (9) made a study of dental caries
in the horse. He concluded that as in human beings,
dental caries is not caused bty eny one specific
organism, He stressed the importance of acid-forming
and proteolytic organisms.

Rodriguez (10) in 1922 classified & high acid=-

producing type of bacteria as types I and II, on the



basis of morphology, and found them constantly in
the deep portions of the foci of active dental caries.
MeIntosh, Lazarus-Barlow and James (11) in 1923
produced artificiel caries by placing teeth in broth
inoculated with acidogenic orgeanisms., After a pro-
longed period the teeth showed erosion of the enamel,
penetration of the dentinal tubules, almost identical
to natural caries. They were, however, unable to
produce dental caries in vivo by feeding acidogenic
bacteria., In their study of fifty carious teeth, two

types of organisms similar to Lactobacillus acidophilus

were found, One organism occurred in 88 per cent of
the teeth examined, and the other in 42 per cent,

They proposed the name Bacillus acidophilus odontolyticus,

I and II.

Howe (12) in 1924 was able to produce dental
diseases in monkeys by feeding diets solely deficient
in vitamin "gc", but he reports thet earlier work on
production of dental caries in animals by ascid-forming
organisms was unsuccessful,

Sierakowski and Zsjdel (13) in l925vconfirmed
the work of licIntosh et. al. regarding the role of

L. acidophilusg in dental caries. They isolated this

organism from 80 per cent of the dental caries
examined. Two types were found, long slender rods,
and short thick rods. Both grew feebly in liquid media.

They noted that the best growth occurred in glucose
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broth., Pure cultures of these organisms caused
typical caries in a tooth in & test tube in three
months,

Bunting and Palmerlee (14) further confirmed
these findings when in 1925 they found an acidogenic
and aciduric type drganism which appeared to be

L. acidophilus in practically every lesion of active

dental caries.

Schlirf (15) who mede & bacteriological investi-
gation of dental caries in Germany in 1926, stated
that the decalcification of the teeth was due to the
production of acid produced by bacterial metabolism.,
He noted large numbers of acid-forming rods in carious
dentine. These conclusions as to decalcification were
discussed most clearly by Miller (2) in 1883.

Rosheny, Linton and Euchbinder (16) in 1929

studied the aciduric organisms and L. acidophilus in

dental decay. They could see no differentiation
between these two types of organisms, Out of 21
strains of aciduric organisms isolated from teeth no
differences could be detected between the two groups
in the morphology and bio-chemical study. There was
no clear distinction in the serological reactions, as
there was marked cross agglutination,
In contradiction to the investigators that report

finding L. acidophilusg in practically every lesion,

Morishita (17) reported that from 105 strains of
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aciduric organisms isolated from dental caries only

7 bore a close resemblance to L. acidophilus (Moro).

'In 1929 Bodecker (18) proposed a theory as to
the cause of dental caries. He maintained that
fermentation of carbohydrates formed lactic acid,
which attacked mineral constituents, while the organic
substance is destroyed by another type of bacteria.
Thus a cavity is formed. This tﬁeory was propounded
almost identically by Miller (2) in 1883 and by others
later.

Morishita (19) in 1929 found that high acid
tolerating organisms were found in constant occurrenée
in tooth enamel in the process of decay. Relatively
few were noted in non-carious teeth. He could produce
decalcification in vitro but not in vivo.

Marshall (6) in review of the etiology of dental
caries states "An historical rebumé of the etiology
of dental carles presents at least one interesting
fact; namely, more has been written and less known

of this disease than any other dental lesion".
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III. Experimental.
A. Bacterial study of rat foods
Procedure

One gram each of rice, powdered milk, and corn
was taken from stock and after making proper dilutions
was plated on yeast extract agar®. The typicel
colonies from each food were noted as to morphology,
and then picked into litmus milk to find the acid re-
action,

Results

The types of organisms naturally occurring on the
grains studied, that were used for food for rats, had
8 close relationship to the types isolated from the:
teeth. The production of acid by the organisms from
the food would probably be sufficient if once establish-
ed in the food-impacted teeth to give rise to cavities.

It must be noted that while a total of 15 acid=-
forming organisms were isolated from the foods studied,
there were also 16 proteolytic organisms noted. This
fact may have a direct bearing on the more advanced
stages of dental caries, where the decomposition has

reached the bone tissue. Miller recognized the

*rormula for yeast agar:

Peptone ---------------- 5‘0 grams
Peptonized milkew--w--= . 10,0 "
DeXtroSf-—-ecmcacccacaaa 5,0 "
Yeast extracte-ccacae=- 5.0 "
Agar-eececcccnncccacaa- 15.0 "
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proteolytic enzymes, as his theory of decay was divided
into two parts, first, fermentation of carbohydrates
to form organic acids and secondly, action of proteo-
lytic enzymes on the protein constituent of the teeth.
0f the 12 orgenisms isolated from the rice, six
were acid producers, which formed a typical smooth
curd in 48 hours while one produced acid indicated by
litmus change in 48 hours, and formed curd after several
days.
In the case of the powdered milk, being a labora-
tory product, the acid formers were not as numerous.
0f the 11 orgenisms isolated, two formed smooth curds,
and one formed acid in 48 hours incubation at Z7°C,
in litmus milk,
From the 11 orgaﬂisms isolated from ground corn,

five were found to produce smooth curd in litmus milk.
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B. Bacterial study of carious teeth.
Procedure

Organismsg associated with dental lesions were
isolated from rats (o0ld animsals with pronounced caries)
by etherizing them, removing the jaw bone, and with a
sterile, straight needle digging into the foci of in-
fection and smearing direct on yeast extract agar plates,
These plates were incubated for 48 hours at Z7°C., The
typical organisms usually appeared in pure culture and
were then studied as to morphology and acidogenic
properties.

Results

From the total of 12 rats, (old females) with
caries well developed, 48 organisms were isolated. Of
this number 30 were producers of acid curd in litmus
milk,

Orgenisms from rats,Nos. 5 to 12, were obtained
by smearing direct from the carious area with straight
platinum needle. The preceeding organisms, those
from rats Nos. 1 to 5, were isolated by dilution
method made from material taken from the tooth. The
former method proved supsrior, as the needle reached
the focus of the carious lesion, and hence limited the
orgenisms obtained to those havirng direct association
with decay.

From the plates that were streaked directly on

yeast extract azar, the typical colonies found were
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repestedly noted. They were (1) streasks of small
white, glistening colonies, grem positive cocci,
and (2) streaks of veily, grey filaumentous colonies
of large, plump gram positive rods, resembling

L. acidophilus. These two organisms always pre-

dominated on the smeared plates and many times
occurred in pure culture. They were vigorous acid
formers and it was interesting to note that the'same
organisms were observed on ten of the direct smears
made from human caries.

The coccus forms always appeared as small, round,

%}

white, glistening colonies which would be lifted off
with a needle. They readily fermented the seven

diagnostic sugars for L. acidophilus and in 48 hours

incubaticn produced a pH of 4.6 in broth.

The L. acidophilus colonies occurred in three,

more or less typical forms, (1) regular, rough, fuzzy,
filamentous type (2) more compact, rough, irregular
edge type (3) round, irregular colony with projecting,

fuzzy filaments,
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The last four human streins (Chart II) obtained
from extracted carious teeth, remained in the R.S.
state when transferred daily in broth, however, when
cultured on two per cent dextrose chicken infusion
agar and allowed to grow at room temperature fof three

weeks, typical smooth L. acidophilus colonies appeared,

and upon staining revealed short bi-polar rods. If

the smooth colony was transferred into broth,it would
revert to the original R.S. stage. Time did not permit
a thorough study of this behavior, though it was repeat-

ed three successive times,
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C. Production of dental caries with acidogenic orzanisms
Procedure
Source of cultures.

l. R20 - R. L. acidophilus, oral strain, isolated

from old rat (female) with extensive caries.™

2. E-RS - R.S. or rough variant L. acidophilus,

isolated from a student having typical dental cearies.

3. X-1 - Cocco-bacillus, isolated from a student,
having typicel dental caries.,

4, M-l - Coccus form of fowl origin, Isolated
from a fowl having an izpacted beak with extensive
fermentation so that the bill had been partially dis-
integrated. This organism appeared in pure culture,
upon streaking on yeast extract agar from the infected
area.

These organisms were chosen because of their wide-
ly separated sources, and inasmuch as they were kmown
to be directly related to dental decay.

The experinent was based on the fact that rats
although fed upon an adequate diet, when food impactions
can be made by use of coarse rice or corn, will contract
dental caries.

*These organisms were first smeared directly upon yeast
extract agar with a straight needle. They were then
picked into yeast extract broth, and after 24 hours
incubation at 37°C. were streaked with a loop needle on
yeast extract agzar slate and incubated at 37°C. for 24
hours. After picking into yeast extract broth for the

second tine and incubating they were considered ready
to be used.
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Hence by use of acidogeric cultures isolated from

dental caries, when placed in such an environment will

reproduce a typical case of dental caries as observed

so often in nature.

Cage
Cage
Cage
Cage
Cage
Cage
Cage

for such
inasmuch

of eight

Experimental set-up

No.
No.
FNo.
No.
No.
No.
No.

The

1
2

3
4
5
6
7

control - sterile diet - no organism

culture Réo + s8terile coarse ration

culture K-RS + sterile coarse ration

culture K-1 + sterile coarse ration

culture F-1 + sterile coarse ration

impaction control - unsterilized coarse (corn or rice)

impaction control - unsterilized fine (corn or rice)

selection of a proper diet thet was suitable

an experiment involved much time and difficulty.

as each experimental procedure took a period

weeks. The diet finally chosen was one that

was adequate for growth, retained its characteristics

upon sterilization and was palatable to the rat. The

formula for the ration in percentages by weight was as

follows: Alfalfa 10, corn 63, oilmeal 15, yeast 5,

casein b, sodium chloride 1, &nd calcium carbonate 1.

The ration, after being thoroughly mixed, was

placed in suitable containers, plugged with cotton

and autoclaved for 20 minutes at 15 pounds pressure.

A control can was plated for bacterial growth to insure

sterility.

After being sterilized the food was broken

up with a sterile gzlass rod.



-16=

The orzenisms were added to the rations daily,
one c.c. of a 24 hour broth culture added by means
of a sterile pipette and mixed. Each day a complete
set of rations were made., This was done to insure
an excess of the culture, and to control the micro-
flora of the mouth,

The animals on the experiment were isolated and
daily the animals and cages were exposed to ultra-violet
1i>ht treatment to avoid outside contamination.

After a period of eight to ten weeks the animals
were etherized, the jaws removed and streak plates
made from carious areas of the teeth upon yeast
extract agar (pH 7.0)*. After incubation the plates
were ready for identification of organisms.

The stock cultures were identified according to
the following:

1. characteristics of colonies
2. staining mar phology
2. sugar reactions

4, litmus milk reactions

*Mhe teeth specimens, after culturing were washed and
dried and reserved for further study.
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Results.

This experiment was performed to produce dental
caries by controlling the micro-flora of the mouth,
by use of acidogenic bacterja., These organisms were
inoculated into sterile rations containing coarse corn
or rice to cause retention of food. This impaction
of food resulted in carbohydrate fermentation by the
acidogzenic organisms, which in turn disintegrated the
dental structure.

The experimental work was retarded considerably
at the beginning until a ration containing coarsely
ground grain could be selected that would upon auto-
claving remain palatable to the rats and also retain
its physical characteristics and be adequate for growth..

After two preliminary runs of eight weeks each,
coarse corn was found to be the ideal grain for im-
vraction. This also withstood autoclaving without
change of hardness. These investigations on corn

revealed that L., acidophilus, which is a delicate

organism to grow and requires an enriched medium,

would grow most readily on finely ground corn emulsion.
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The sugar reactions obtained in the identifi-
cation of cultures isolated from the caries produced
in the rats, were relatively inconsistant, and it
must be pointed out that sugar reactions can not be
used as diagnostic agents for delicate organisms such

as L. acidophilus. Duplicate sugar determina$ions

made on this and similar strains gave varied results.
The isolation and identification of stock
cultures was based on morphology, cultural character-
istics, pH changes and litmus milk reactions. A4s to
the use of serological reactions authors differ in
their opinions. Hadley, Bunting and Delves (20) report
cross-agglutination of "S" antigen by "R" serum
through a dilution of 1 to 1,280 and the "R" antigen
was completely agglutinated by the "S" serum through
& dilution of 1 to 5,120, In contradiction to these
results Upton and Kopeloff (21) state that pure line
"R" and "S" strains appear to be antigenically
distinct, They demonstrated also that "R" forms of

L. acidophilus and L. bulgaricus could not be_

distinguished.

Thus, with the serological question unsettled
it can not be taken too strongly as an index of
identification. Reliance should be placed on
cultural and morphological characteristics, which
were adhered to in the identification of the cultures

used in this experiment,
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From the chart it appesrs that R20, K-1 and F-1
were identified as the cause of the carious lesions
in their respective animals, leaving K-RS as the only
questionable orsanism, Although the cultural and
morphological characteristics of the organism isolated
from the carious teeth, and assumed to be K-RS coincided
to a fair degree of accufacy to the characteristics
of the stock culture the organism did not appear a8
numerous on the plate of the direct smear from the
cavity as R20, K-1 and F-1.

L. acidophilusg was not observed on the direct

smears from the carious areas of the teeth of the
animals receiving the cultures. There was an exception
to this in the case of R20 which was a rough L.

acidophilus used on animals in cage No, 2., The

absence of rough L. acidophilus on the other plates

demonstrated that the microflora, of the mouths of
the experimental enimals, were adequately controlled.
In cage No. 6 receiving coarse corm,(not sterile)

the organism isolated from the caries of both

experimental rats was identified as L. acidophilus.

In cage No. 7 L. acidophilus was also observed, but

due to the fine corn no impaction resulted, consequent-

ly no fermentation or caries developed.
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D. Fermentation studies on organisms occurring
naturally in rat food, and those isolated

from carious teeth,

Procedure

One gram samples were taken from stock supply of
corn, rice and powdered milk. Ten c.c. amounts of
sterile water were added to each one of the tubes,
and after incubation for 48 hours at 37°C. 5 c.c. of
the fermented material was titrated with N/20 NaOH.

For fermentation of corn by organisms isolated
from dental caries, one gram samples of each were
taken and autoclaved for 30 minutes at 15 pounds
pressure. Ten c.c. amounts of sterile water were
added and after 48 hours incubation at 27°C. 5 c.c.
portions of the fermented material were titrated with
N/20 NaOH.

For fermentation of sugars by organisms isolated
from dental caries the following procedure was
observed. The diagnostic sugars were inoculated with
a loop fram 24 hour broth cultures them incubated

for 48 hours at 37°C., and recorded.
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Chart V. Unautoclaved stock foods with naturally
occurring orgenisms,

1 l 1
Corn 'c.c. of N/20'c.c. of material' Per cent normal

samples'NaOH used ! titrated ' acid present
] 1 )
LB AE |

No. 1 ' 1.2 ! 1 ! 6.0

T L T

No., 2 ' 1.15 ' 1 ! 5.75
T 1 \j

No., 3 ' 3.35 ! 3 ! 5,58
1 1 LI

No. 4 ' 1.5 ! 5 ! 1.5
1 T T

No. 5 ' 0.60 ' 1 ! 3.0
L | L

No. 6 ' 0.90 ! 1 ! 4.5
T

} R 1

Rice ' ' !

gamples' ! !
] \] []

No. 2 ' 2.0 4; 5] *;* 2.5
T

No, 3 ' 2.2 ! 5 ! 2.2
1 1 v

No. 4 ' 1.9 ! 5 ! 1.9
1 ] 1

Powdered ' '

milk ' ' 1

samples! ! '
1 1 1

Na. 1 ' 2. .78 ! 5 ! 2075
1 1 1

Eo. 2 ' 3.50 ' 5] 1 3.50
1 1

Ko, 3 ! 2,2 ' b ' 2.20
1 ] 1

No., 4 ' 2.8 ' 5 1 2,80
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Chart VI. Autoclaved cormn meal + sterile salt solution
+ orgenisms isolated from dental caries.

Organism used' c.c. of N/20' c.e. of ' Per cent normal

1
1
' NaOH used ' material ' acid present
! . ' titrated '
1 1 1
1 T ]
Rzo - Rc Ilo ' 1025 ' 1 ! 6025
acidophilus ' ! !
| T \ 4
R12 - R.L. ! 0.95 ' 1 ! 4,75
acidophilus ' ! !
1 1]
K-l - human ' 0.55 ! 1 ! 2.50
coccOo- ' ' '
bacillus ' ! !
1 1 § \ B
K-RS - human ' 0.60 ! 1 ! 3.00
R.S.L.acid- ' ! !
ophilus ! ! !
L 1 ]
F-1] - coccus ' 0.65 ! 1 ! 3.25
| ] ]

from fowl




Chart VII. Sugar reactions of organisms isolated from
carious teeth.

1 1
Orgenism ' Source ' Sugars®
'—-T-T——T“—T—gr——r——-———-
LD ) | 1l 2' 3' 4r 1 6' 7
1-R12 ! rat I R R Y S S oL
— Y T ) T ' L ' 1
1-R2 ! rat LIS RO e S s e
L L v 1 1 1 1B 1
l-RZJ_. ! rat T 27 ¢! @' ot gt o o
| L L [ ] 1] 1 1
H-B '  human R M M A S
T | | T L 1 [ 1
H-A '  human LI B B S e e
oS LR AL l B 1 1
H"D ! hum&n ! +' +' -' -' -' -' -
L 1 8 \ T LB v 1 1
H-C '  human '"+' ¢ ¢! @' ' 4 e
— T T T T 1 T 1 1
L.A, S 'stock culture " #' 4! ' ' o' o' o
— T T T T T
L.A. R 'stock culture ' R T S L R
\j 7 | \ LB Y l 1
Rzo ! I‘at ! {-' +' -! ! -.-' ! -
\ | \ | \ L 1 1)
R19 ! 'rat L S T . :' ! -
1 \ ] LR L 1 T 1
F-1 ! fowl S R S S 4

*1. dextrose

2. levulose

3. d-galactose
4, mannose

5. maltose

6. lactose

7. raffinose



The acid production of those organisms, naturally
occurring in corn and those isolated from caries was
very high. Artificial caries in vitro have been
produced by investigators by use of one per cent lactic
acid. Hence, with acidogenic organisms producing
acid from 2 to 5 per cent in corn emulsion, it would
not be unreasonable to believe that carious lesions
could be readily produced with the retention of the
corn particles. Thus the two important factors in
dental decay are: (1) The presence of the acidogeniec
bacteria as demonstrated by this experiment, and (2)
the retention of the corn particles as demonstrated
by control cagze No., 6 in which the natural occurring

organisms in the unautoclaved diet were used.
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E. An sttempt to demonstrate agglutinins in rats
on experiment, '
Procedurs

It was assumed that in the case of an extensive-
ly decayed tooth, in which the cavity proceeded to
the bone tissue (which is often the case) that the
orgenisms might be introduced into the blood streamn,
and give rise to agglutinins, This being the
supposition the following technique was observed,

The rats,at the tiie they were examined for
dental caries, were etherized and three c.c. of blood
was drawn from the heart with a sterile syringe.

The blood was allowed to clot, and after standing
over night in the refrigerator it was centfifuged
and the serum drawn off,

Antizens were prepared by growing the test
organisms in yeast extract broth for 18 hours at 37°C,
They were then centrifuged and washed with phenolizéd
salt solution, resuspended and adjusted to the proper
turbidity standard. The agglutination tests were

conducted in the usual macroscopic manner,
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Results®
Chart VII. Agglutination reactions of stock culture

antigens and serum from rats on
experiment. (Second run).

,Serum' 1 \ 8 1 T LI} 1 1 Ll J
Antigen' of '1-1'1-2'1-4'1-8"'"1-16"'1-32"'1-64"1-128"1-256"'control

lcage 1 A | ] ] 1 ! 1 ) v 1
J L 1 ] ' | v \j 1 ' 1

RZO lNo.l 1 - 1 - 1 - 1 - 1 - 1 - 1 - ) - ) - ] -
\ | 1 T v 1 1 ' | 1 L] 1

R20 'No.2 ' 4+ "+ "+ "4 ' ' V4 g, M -
T | 1 v R 1 L L ] LI 1

K-RS 'No,3 '+ '+ 'P' D' @ ' ' ' ' - ! -
|| Ll \J \l L 1 \J L L T 4

K-l INO.4 1 + | P ) T LI T o L v o LI 1 - ! -
Y T | I | T T L T nE T T

F-l INO.5 1 P 1 P \J T ] - ] - 1 - ] - 1 - 1 - 1 -
T | I B | 1 T T T T T T

R20  'No.6 ' + '+ '+ ' 4+ '+ ' 4+ ' 4 ' o4 '+ ' -
| J LB T L LA T L ¥ | ] A 1

R20 "No 7 ' = ' - v v vy ' - ' -

Note: + = agzlutination

P = partial agglutination
T = trace of agzlutination
- = no agglutination

*Results on the first run of rats (on production
of dental caries) showed positive agglutination
through the first three dilutions of K-1 antigen,
by the serum of the animal being fed sterile diet
+ K-1 orgenism. This enimal had well developed
caries,
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IV, Discussion

It is regretted that the bacteriological studies
on dental caries were limited since tize did not
permit a more thorough 1nves§igation. While one
successful run on production of dental caries by the
use of acidogenic organisms, did not constitute
definite proof, however, it did give a satisfactory
technic which was imperative in such a study.

According to these studies, it was evident that
acidogenic bacteria were present in great numbers on
the normal food of the rats, and that with these
organisms and food retention, decay is inevitable,
If this is proven to take place (in enimals fed
adequate diet) as shown by control animals in cage
No. 6, then it is highly improbable that dental
caries can be attributed solely to dietary deficiencies.

Thus these data presented uphold and strengthen
the bacteriological theory (Miller) of decay. The
use of acidogenic bactéria to control the micro-£flora
of the oral cavity and to isolate those cultures
from the resulting cavities (after an eight week period)
certainly favors the bacteriological theory and leaves
little or no ground for those investizators who are
prone to disregard the role of bacteria in dental
decay., It is not the writer's wish to engage in
controversy over the theories existing as to the

cause of dental caries, but it is hoped that these
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data will show the role of bacteria in dental decay.

The bacteriology of dental caries has been worked on

for the last fifty years, and is not to be wholly
supplanted by new studies, those of dietary deficiencies
which attempt to explain more conclusively the

mechenism of dental caries,

ATl el et reaeee e Lt
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Ve Summary
Acidogenic organisms were found in rat food.

L. acidophilus was isolated from approximately

60 per cent of the dental caries of rats examined.
Proteolytic organisms were isolated from caries
of rats.

Dental caries in rats was produced by use of
acidogenic organisms.

Fermentation of rat food by naturally occurring
organisms, and those isolated from carious teeth
of rats, resulted in high &scid production.
Production of szglutinins in rats fed acidogenic

organisms was inconsistent,
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