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Abstract

A cutaneous wolate of Staphvlococcus epidermidis, Staphylococens aurens and Propic-
nibacteriien: Jenes was grown in centinuous culture at varving pH-values ranging from
30w 8.5, In rerms of the specific growth rate as well as the bacrerial densiry during the

“ptateau phase there were remarkable differences. In particular, Propionibacterium acncs

grew much berter in the pH 6.0 to 7.0 range than in a more acidic or alkaline milicu.
Staphyvlococcus epidermidis resembled Staphylococcus anreus showing no major difference
at pH 5.5 and 7.0. These findings substantiate the hvpothesis that minor changes of the pH
in the pH 5.5 to pH 6.0 range as to be induced by chemically neutral or alkaline skin
cleansers on the human skin surface can increase the number of propionibacteria but not
staphylococcd remarkably due to the relative alkalinity by iself,

Zusammenfassung

fe ein Hautisolat von Staphylococens epidermidis, Staphyiococens aurens und Pro-
pronibacteriunt acnes wurde in kontinuierlicher Kuitur bei unterschiedlichen pH-Werten
geziichter, die von 5,0 bis 8.3 reichren. Gemessen an der spezifischen Wachstumsrate sowie
der Bakteriendichte wihrend der Plateau-Phase erpaben sich beachiliche Unterschiede. Ins-
besondere wuchs Propionibacterivens acnes wesentlich besser im Bereich von pH 6,0 bis 7.0
als v einem saureren oder alkalischeren Milieu. Staphvlococers epidermidis und Staphvio-
coccies anirews verhielten sich im wesenthichen ahnlich bei pH 3.5 und 7.0. Diese Ergebnisse
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uprermauern die Hypothese, daf§ kleinere pH-Veridnderungen im Bereich von pH 5.5 bis
4.0, wie sie durch den Gebrauch chemisch neutrai oder alkalisch eingesteliter Hautrein:-
qungsmittel auf der menschlichen Hautoberflache bedingt werden. direke die Zahl der Pro-
pionibakterien nicht aber der Staphyvlokokken zu beeinflussen vermogen.

Introduction

Aerobic Gram-positive cocci in particular Staphyiococcis epidermidis and anzerobic
gram-positive rods constitute major components of the regular bacterial flora of the
human skin surface {15}, Coagulase-negative staphylococci thatis in particular Staphy-
lococeus epidermidis in fact forms the major component of one of the most important
Rrotopes of human skin. 1. e. the so-called arid biotope as to be found on the volar side
of the forearm. The same applies to Propronibacternon species primarily consisting of
Propinubacterion acites with respect to the sebum-rich biotope represented by the
forehead (35 According to early experimental studies the human skin surface is acidic
7L ke vanes. however, according ro the particular site of the body {133, This s said to
R e ot influence on the local bacterial flora (14} Facing these findings Marchionin has

comed the teem acid-mantie as earlv as in 1928 (17} This concept, however. has been
subject 1o controversial debate ever since within the scientific community (9%,
Mose recentiyv the concepr has been re-evaluated experimentally under the aspect of

AR the development of optimum skin cleansers. The major findings can be summarized as
TOHOWS:

Upon prolonged repeated use of a slightly acidic synder (pH 3.5} the skin surface pH
remains in the 3.5 range while it increases by about 0.3 units upon the corresponding
application of an alkaline soap of about pH 2.0. Higher pH-values are linked to higher
counts of Propionibacteriunt species at the skin surface (12). To find our if these effects
of the cleansing preparations on skin pH and microflora are due ro the pH of the
preparation itself or ro other factors chemically identical syndert preparations of pH 5.5
and 8.5 were also evaluated following the same trial design and the results were
essentially the same {11

Although these data suggest that the pH-value of the milieu exterieur directly in-
fluences the quantity of bacreria on the human skin surface the role of the pH-value on
bacterial growth needs further investigation by in vitro studies. Preliminary data based
on batch culture expeciments already available in fact suggest thae there is a marked
difference with respect to rthe specific growth rate of propionibacteria at pH 3.5 and
pi .00 while this t5 not the case with staphylococei {100 Coagulase-negative staphy-
. : tococel correspondingly showed no clear-cut dependence on the varving skin surface
Tl pH-values in the human volunteers {121

From 4 microbiological standpoint continuous culture experiments using a chemos-
2t seem o be particularly apt to get deeper insight into the relationship benween pH
and bacterial zrowth (20 45 [ the following, corresponding experiments will be de-

wed considermg the growth of both Staplvlococers epidernudis and Propronibac-
con acnes at varous pH-values, Stighviccoccus airens 1s also included as it is a
compoenent af the <kin flors i sanents suffering from atopic desmatitis 163, 2

weczema which n 1acn s a skin disease related 1o clevared sk suriace pH-values
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Materials and Methods
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Cultirre wedha

Staphyviococei. Before cuituring staphylcocei in broth they were subcuitured on blood
agar. This medium contains

Blood agar base 40.0¢
iDifeo, Detroir, MI, USA}
defibrinated sheep blood 30.0 ml

destilled water ad 1000.0 ml

In continvous culture, staphvlococei were grown in Trypticase sov broth (Difco.
Propiombacteria. Before culturing propionibacteria in broth, thev were subcultured on
“TSY™ agar. This medium contains

Trypricase sov broth (Difco) 300
Yeast excract {Difco) 10.0ml
Tween® 80 (E. Merck. Darmstad, I} 5.0ml
Bacto agar ‘Difeo! 200¢

destilied warer ad 1000.0 ;'ni

o connnnous culture, Propionibacrerims aenes was grown in Closmridial reinforced
medium - Oxoid Lid., Basingstoke, Hampshire, England; (8).

Crdture conditions

All bacteria were grovwn m a Biostar M chemostar {Braun Melsungen AG, Aelsungen, D;.
in order w maintain 3 continous flow, a pump FE 411 (Braun Melsungen; was used.
Growth condinons ttemperature, romtion speed, pH-value, pQs-value; were reqistered
auremarweaily by o muln-channel plotter Jumao Comp PD {(Braun Melsungen'.

Wil thus svsten the toliowing paramerers can be addressed separately: Gas supply and
fiow of droth through the vessel can be pre-tixed as well as rotation speed while tempera-
twres valume of broth in the vessel, addinon of antfoam agent as well as the pH-value
praper can be controlied.

Culening staphvlococer, the following parameters were chosen:

ar flow: 0.2 Vmin

remperature: 37°C (/< 0.1 °Cs
rotaton speed: 800 rpm

flow: 90 ml/h

volume of the culture vessel: 900 ml
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Samples were taken every 60 min during the first twelve hours. Afrerwards samples were
taken every nwelve hours. In general, each experiment lasted 8 davs. Culturing Staphylococ-
cus epidermidis, each experiment was performed in duplicate.

Culturing Propionibacteriunt acnes, the following parameters were chosen:

nitrogen flow: 0.1 ¥min
temperature: 37°C (+/~90.1°C)
rotation speed: 800 rpm

flow: 18 mbh

volume of the culture vessel: 900 ml.

Compared to the parameters for culruring staphylococei the flow rate of culture medium
through the vessel was reduced. The flow rate must correspond to the specific growth rate of
the cultured microorganism. Because of the low specific growth rate of propionibacreria
compared to staphvlococei the number of propionibacteria using a tlow rate of 90 mbh
would be reduced by the flow rate itself {10},

To induce the pre-logarithmic growth phase of propionibacteria the experiments were
started on 3 batch culture basis. This period lasted for 13 h after inoculation. During this
period samples were taken ar 0 and {5 h. Later on, samples were in general taken at 18, 21,
240270390420 31 hoand then every 24 he Each expenimentan general lasting § davs was
perfurmed i duphicate.

Ay ant-foam substance “$ihcon-Antschaum-Emutsion M-30 rainst” (Serva, Heidelberg,
. ditured werh desolled warer 10100 was used.

The pH-vaiue was kept constant by the addition of 15 NaOH or M HCL

To determme the bactersat densitv, nes the number of colony-forming umies :CFUY per mi
detmed samples of hquid medium were diluted repeatedly by the factor 11100 and mocu-
fated on blood agar and “TSY™ agar, respectivels.

The speaitic growth rawe was derermined by drawing @ compenxation line dunng the
period of maximum growth jcomprising the first 12 h with staphvlococai, the penod be-
rween 18 and 42 b after the start of the experiment with the slower growing propronibac-
teria which also exhibired o higher lagtimel As the growth kinetics of propronibacteria
differed the period stated above had o ditfer. too. With the controlled pH-value of 7.3 the
compensation lines were drawn between 42 and 66 h. The specific growth rate was obtained
as the reciprocal value of the ume required for doubling bacrerial densiey,

Results

Staphylococcus epidermidis

<

With Staphviococcis epidermidis bacrerial densite lay berween 10°7 and 107 ar the
beginning of the experiments (Fig. 1 and Fig. 2}, Bacterial groweh began without delay
ar pH-values of 3.5 and 7.0 (Fig. 1}, Bacterial density was slightly reduced in both
experiments at pH 8.5 during the first 12 h. The specific gfowth rates are given in
Table L. In so far as the experiments at pH 8.3 are concerned not onlv the inital phase
of growth was taken inte consideration to determine a specific growth rate but aiso the
reriod between 48 and 69 h, This 1s based on additonal 2-hourly measurcments within
this particular period during the performance of the experiment showmg greacer initial
reduction of bactenal density. The data on bacteral density dunme the plateau phase as
tr be enpressed by {g CFUml are @iven in Table 2.

Proprentibacterann aches

With Propusridaciern acies bacteriad density ranged from 0077

cexperients (P 3 and Froo A the loganthmie oty pnase never
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Fig. 1 Density of Sraphyviococeus epidermidis in continuous culure at differing pH-values in
the short term,

Abb. 1. Dichte von Stapiniococens epidermidis in kontinuierlicher Kultur bei unterschiedli-
chen pH-Werten i der kurzen Frist,

began during the first 18 b of the experiment the specific growth rare was caleulated on
the basis of the data obrtained during the consecurive 24 h {(Fig. 3}. As the growth curves
with pH 7.3 were not parailel earbier than at 42 b the compensation line i this case
links datz obtained between 42 and 67 b, The specific growth rares are given in Table
Lo With the pH-vatues of 6.0, 6.3, 7.0 2 clear-cut plateau was seen (Table 21 With pH
5.0 and pH 7.3 no definite plateau could be detected. By and farge the same applies to
pH 5.5 .

Staphylococcus arerous

With Staphvilococcus anreus bacrerial density ranged from 1077 to 1077 ar the
beginning of the experiments {Fig. 6 and Fig. 7). Bacteria grew nearly without delay at
pH-values of 5.5 and 7.0 (Fig. 6). During the first 6 h, bacterial density was reduced by
the factor 100C at a pH of 8.3 (Fig. 6). Nevertheless, bacrerial growth was as high as at
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-2 Densiey of Staphylococens epidermidis in continuous culture at differing pH-values m
the long term.

Abb 2 Dichee von Staphviococens epidermidis in kontinuerlicher Kultur ber unterschiedli-
chen pH-Werten in der langen Frisc.

Table 1. Specific groweh rates (h™'y of Staphviocaccis cprdermidis, Profitonbicternin acies
and Staphyvlococcus anreas i costimuous colture. Dara wm brackers represent the terminal
spechic growth rate while the other represent the minal specific grovwrh rate: mav.: minssing
value:

sbelie L Spezttisehe Wachstumieate son Staplvioeoccus epidermdis. Proproandacternion

denes und Scaphylococons dioens w kononuerhicher Kuitur

pH

Soeprdermudis - 171 - - 1.08 - ~.41 Da8

- 166 - - 1.21 - -3 13

P oienes -0.28 =0.25 0.30 0.27 0.33 013 -
m.y. -0.23 0.30 0,29 0.28 -0.12 -
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Tabk 2. Cile CFUimt of Staphviocaccus epidermidis, Propionibactersion
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Tabelle 2. Bakeeriendichte Jp KbEfiml von Staphvlococeus epiderniidis, Propronibacterion
deies and Sapivioconsns arrens w kontinwerhcher Nultor wibrend der Plateau-Phase
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a7 Densitv of Stapiviococens anrens m continuous culture atdifferig pHovalues i the
long terns.

Abb. T Dichie von Staphvlococens anreis 1n kontmuicrhicher Kulter bei unterschicdlichen
pH-Werten i der lapgen Frist,

pH-values of 5.5 and 7.0 berween 6 and 12 h as can be derived from the ascent of the
growth curves. Resulting specific growth rates are shown in Table 1.

Growth curves show a plareau with all pH-values (Fig. 7). The number of CFU/ml
during the plateau phase is stated in Table 2.

Discussion

Both the growth of Staphviococeus epidermidis and Staphyiococcus aureus is linked
to the pH of the milieu exterieur as to be judged from the present experiments in
‘continuaus culture. This confirms sarlier findings in batch culture with Staphylococens
atirens (10} Yet there is no major difference berween these rwo species in terms of the
specific growth rate and the density during the plateau phase, in particular not with pH
5.0 and pH 7.0. This is in clear contrast to the findings with Propionibacterium acnes.
With Propionibacterion acnes there is a major difference with respect to the specific
growth rate this parameter being negative ar pH 5.5 and positive at 6.0. Correspond-
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nglv. a clear-cut plateau phase is not even reached at pH 3.5 while this 1w the case with
pH 6.0. This again corresponds well to the findings with the pru'ious batch culture
experiments {103 Hence, chemostat experiments allowing the derermination of the
growsh of these bacterial spectes in continuous culture ar varving defined pH-values
substantiate the hvpothesis based on long-term experniments addressing the influence of
skin cleansing preparanons of differing pH on the pH-value of the human skin >urhu_
as well as its bacrerial flora 1121, '

in more derail, i is obvious that changes in the pH-value of the human skin surface
as to be induced in pracuce by skin cleansers of varving pH values cannot alrer the
colonization by staphylococci to any major extent. This by principle applies both o
Staphvlococcus epiderniidis and Staphviococcus anrens which implies that it cannot
primarily be due to the slightly altered pH-value that Staphyiococcus aierens can very
often be found in high numbers on lesional (1) and non-lesional skin (18" of patients
suffering from eczematous states. The fact that Staphylococeus anreus as well as
Staphylococens epidermidis do not grow well at pH 8.5 should not be of relevance with
respect to the composition of the skin flora as pH-values that high are probably only

rarelyv obrained if at all.

In terms of the specific growth rate both Smp;’n'!ococcus arrens and Staphylococens
epidermidis differ markedly from Propionibacteriion acnes in so far as staphyvlococcd
arow well ar 2 wide range of pH-values while with propienibacteria optimum growth
anly is to be found at pH 6.0 to pH 7.0, An in-depth interpreration of the dirferences in
the specific growth rate at 3.5 and 6.¢ has also 1o rake into account that propio-
nibacteria are primarily found within the mmndlbuhlm of the hair follicle which ts said
te be slighthy more alkalinge than glabrous skin (7%

With Propionilactermin acies the present findings to a certain exeent substantiate
previous observations by Holland eval. (8} finding a pH optimum for the growrh of the
organism at pH 6.0, These experiments, however, have been performed under condi-
rions not defined in detatl i the corresponding publication,

From 4 more general standpoint the results of our experiments demonstrate that
continuous culture as made possible by using 1 chemostar provide us with the oppor-
tunity to analvze the complex mechanisms governing the compasition of che human
skin microflora. This by prinaple is moaccordance with previous fnvestigations addres-
sing the role of the pi oa colume bacteria abso based on continuous colrure i vitro 137
To get more wsght o the pathogeness of acne valgans as an Proprombacterion

aenes-assactated sisorder it mizht be of mrerest abo to look into b .uurw metabohsm
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