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previous study had shown that Trafuril also elicits a
skin response in healthy individuals resulting in in-
creased PG concentrations (17). The skin reaction
caused by KI or Trafuril in DH therefore seems to
be unspecific although it may be mediated by PGs.
In DH a severe burning itch usually precedes the
rash (1). Under experimental conditions PGs can
potentiate itch by lowering the threshold tolerance
of human skin to histamine (8. 9). Although the PG
concentrations are high in blister fluid it seems un-
likely that PGs are of primary importance in produc-
ing itch and skin lesions in DH. Acetylsalicylic acid
and other anti-inflammatory agents inhibiting PG
synthetase are neither clinically effective nor do
they control experimental skin lesions in DH (1,
15). However. the demonstration of increased con-
centrations of PGE and PGF,, in suction blister
fluid from patients with DH is compatible with the
role PGs seem to play as chemical mediators in skin
inflammation and blister formation.

REFERENCES

1. Alexander, J. O'D.: Dermatitis Herpetiformis. Major
Problems in Dermatology. vol. 4. W. B. Saunders.
London, 1975.

2. Arturson. G., Hamberg, M. & Jonsson, C.-E.: Pros-
taglandins in human burn blister fluid. Acta Physiol
Scand 87: 270, 1973.

3. Black. A. K., Greaves, M. W.. Hensby, C. N. &
Plummer, N. A.: Increased prostaglandins E. and F,,
in human skin at 6 and 24 hours after ultraviolet B
irradiation (290-320 nm). Br J Clin Pharmacol 5. 431,
1978.

4. Forstrom. L., Haapalahti, J. & Suramo, M.-L.: Pros-
taglandin E in blistering skin diseases. Acta Der-
matovener (Stockholm) 56 495. 1976.

5. Goldyne, M. E.: Prostaglandins and cutaneous in-
flammation. J Invest Dermatol 64: 377, 1975.

6. Goldyne, M. E., Jordon. R. E. & Winkelmann, R. K.:
Production of F prostaglandins (PGF) by isolated hu-
man epidermal cells in vitro and recovery of PGF in
pemphigoid blister fluid. J Invest Dermatol 64: 284,
1975.

7. Greaves, M. W. & Black, A. K.: Human inflamma-
tory skin diseases: How can mediators be recovered
and identified? J Invest Dermatol 67: 656, 1976.

8. Greaves, M. W. & McDonald-Gissom. W.: ltch: rele
of prostaglandins. Br Med Jiii: 608, 1973.

9. Hagermark, O.. Strandberg, K. & Hamberg. M.:
Potentiation of itch and flare responses in human skin
by prostaglandins E, and H; and A prostaglandin en-
doperoxide analog. J Invest Dermatol 69: 527, 1977.

10. Juhlin, L. & Michaelsson, G.: Abnormal cutaneous
reactions to a nicotinic acid ester. Acta Dermatovener
(Stockholm) 51: 448, 1971.

11. Jorgensen, H. P. & Sondergaard, J.: Biosynthesis of

Acta Dermatovener ( Stockholni ) 59

prostaglandins in human allergic contact dermatitis.
Arch Dermatol Res 257: 143, 1976.

12. Katz. S. 1., Hertz. K. C.. Crawford, P. S., Gasse, L.
E.. Frank, M. M. & Lawley. T. J.: Effect of sulfones
on complement deposition in dermatitis herpetiformis
and on complement-mediated guinea-pig reactions. J
Invest Dermatol 67: 688, 1976.

13. Katz. S. 1. & Strober. W.: The pathogenesis of der-
matitis herpetiformis. J Invest Dermatol 70): 63, 1978.

14. Kiistala, U.: Suction blister device for separation of
viable epidermis from dermis. J Invest Dermatol
50: 129, 1968.

15. Michaelsson. G. & Svensson, L.: Abnormal cutane-
ous reactions in dermatitis herpetiformis. Acta Der-
matovener (Stockholm) 55: 351. 1975.

16. Pirila, V.: Chamber test versus paich test for
epicutaneous testing. Contact Dermatitis /: 48, 1975.

17. Plummer. N. A., Hensby. C. N.. Black. A. K. &
Greaves, M. W.: Prostaglandin activity in sustained
inflammation of human skin before and after aspirin.
Clin Sci Mol Med 52: 615, 1977.

18. Salo. O. P.. Laiho. K., Blomqvist, K. & Mustakallio.
K. K.: Papillary deposition of fibrin in iodide reac-
tions in dermatitis herpetiformis. Ann Clin Res 2: 19.
1970.

19. Seah, P. P. & Fry, L.: Immunoglobulins in the skin in
dermatitis herpetiformis and their relevance in diag-
nosis. Br J Dermatol 92: 157, 1975.

20. Seah, P. P.. Fry. L., Mazaheri, M. R., Mowbray. J.
F., Hoffbrand, A. V. & Holborow. E. J.: Alternative
pathway complement fixation by IgA in the skin in
dermatitis herpetiformis. Lancetii: 175, 1973.

21. Strandberg, K. & Hiagermark, O.: Prostaglandin E, in
blister fluid of bullous diseases and experimental suc-

tion blisters. Acta Dermatovener (Stockholm) 57: 487,
1977.

22. Sondergaard. J.. Greaves, M. W. & Jorgensen, H. P.:
Recovery of prostaglandins in human primary irritant
dermatitis. Arch Dermatol //0: 556. 1974.

Quantitation of Skin Bacteria:
Lethality of the Wash Solution Used
to Remove Bacteria

Ernest Bloom, Raza Aly and Howard I. Maibach

Department of Dermatology, University of California,
San Francisco. CA 94143, USA

Received March 7, 1979

Abstract. A widely used technique for the quantitative
removal of bacteria from the skin uses a detergent, Triton
X-100 (p, 7-octylphenoxynonaethoxyethanol). to remove
and suspend the bacteria. We determined the half-life for
the survival of five common skin bacteria suspended in the
solution. The shortest-lived was Streptococcus pyogenes
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Tabie 1. Average half-lives for survival of bacteria suspended in wash or control solution

P acnes and S. epidermidis were removed from the forchead and suspended with the indicated solutions. The other
species were grown from clones in broth solutions

Triton X-100
Wash-solution

Bufter-only
Control-solution

Half-life Halif-life

Species (hours) (hours) P

P. acnes 1.5(0.89-2.3y 1.0 (0.32-1.7) <0.65
n=3 n=2

S. epidermidis 4.5(3.8-5.3) 6.6 (2.7-12.5) <0.21
n=Ss n=4

S. aureus 2.2(1.8-2.6) 7.3(5.6-8.9) <0.09
n=2 n=2

S. pyogenes 0.9(0.8-1.0) 30 (25-35) <0.04
n=2 n=2

K. pneumoniae >30 >30 -
n=2 n=2

7 p=probability. Halt-life Triton =Half-life Control.
® Range.

with a half-life of 0.9 hours. All of the others (Fro-
pionibacterium acnes. Staphylococcus  epidermidis.
Staphylococcus aureus. and Klebsiellu pneumoniae) had
half-lives of 1.5 hours or longer. K. pneumaoniae, the onty
Gram-negative species tested, had a halt-life of more than
30 hours. Thus, aone hour delay in plating and incubation
of samples suspended in this detergent solution inhibits
quantitation of most species tested.

The widely used technique for quantitative sam-
pling of skin bacteria utilizes a detergent, Triton X-
100. in a phosphate buffer solution. to remove and
suspend the bacteria (8). If investigators using this
technique must delay plating, it is important to
know how many bacteria die as a function of time in
this solution. The present study determined the
half-life for survival of five common skin bacteria
suspended in the wash solution.

MATERIALS AND METHODS

Wash solution. Triton X-100 (0.1% in 075 M phosphate
buffer (pH 7.9)) was used as the wash solution (8). As a
control a buffer-only solution was used (see below).

Sources of Bucteria. Five species of bacteria were
tested: propionibacterium acnes. Staphylococcus epi-
dermidis (Biotype 1, Baird-Parker), Staphylococcus au-
reus. Streptococcus pyogenes and  Klebsiella  pnewu-
moniae.

P. acnes and S. epidermidis were removed from the
foreheads of two adult subjects using a detergent-scrub
technique (8). A sterile metal cylinder 2.4 cm in diameter
was placed firmly on the forehead of the subject. One ml

30-792805

of stcrile detergent wash-solution was placed inside the
cylinder. The skin exposed to the wash-solution was
rubbed with moderate pressure for one minute with a
sterile Teflon scraper. The wash-solution, containing the
two species of bacteria. was aspirated for culture. As a
control, an area of the skin was scrubbed using a buffer-
only solution.

The other species tested were not available on the skin
in sufficient numbers for our purposes. From clones, we
grew stock cultures of S. wwureus, S. pyvogenes, and K.
pneumoniae. The growth medium was brain-heart infu-
sion broth with 1% glucose added. Concentrations of
log-phase bacteria at harvest varied from 100000 to
10 000 000 organisms/ml.

Dilution procedures. The following steps were accom-
panied by 30-sec mixings on a Vortex Jr mixer.

P. acnes and S. epidermidis (mixed together) were left
in the solutions that they were aspirated in. At timed
intervals aliquots were taken. serially diluted in half-
strength wash-solution, and cultured on appropriate
medta.

For the other three species, stock broth solutions were
serially diluted 10% to 10° fold (depending on the organism)
in full strength wash-solution. These formed our test sol-
utions from which aliquots were taken at timed intervals.
diluted appropriately in half-strength wash-solution and
cultured.

A~ o control, the bacteria were diluted into 0.075 M
buffer-only solution. Otherwise the same procedure was
followed as with the full-strength wash-solution.

Length of exposure. The bacteria in the detergent sol-
ution (except for K. pneumoniae) were followed for 10-15
hours. (Although K. pneumoniae was followed for 20
hours, its population density fell by less than half in that
time.) Four to six points of data were taken for each
half-life determination. Each determination was repeated
two or more times.
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Table 1. Summary of data from the literature analogous to that presented in Tuble |

One study found that highly dilute tryptose phosphate broth protected the organisms for up to 2 weeks (6). The
detergent-free controls of P. canudarum were unaffected by the control solution: they had a half-life greater than 10 hours

3)
Amount
Triton X-100 Organism Buffer Half-life Ref.
None S. aureus Half-strength Ringer's 2h (1
solution (mainly
NaCl) _
None S. aureus *Physiological 0.33h (6)
saline”
None Bacterium lactis Phosphate buffer, 0.5h 4)
aerogenes pH 7.1 )
1.5 mM (our strength) Human red blood  Phosphate buffer. The Triton caused lysis (7
cells pH 7.0 of the red blood cells
0.067 M NaCl under these conditions
No Triton. 29 mM sodium Klebsiella **Synthetic growth The detergent pro- (3)
dodecylbenzene- strains medium™ moted growth of
sulphonate! the organisms
1.5 mM (our strength) Paramecium Salt solution + Tris Highly lethal in | min (3)
caundatum buffer pH 7.3 compared to control

® An anionic detergent considered to be more lethal than Triton X-100(1).

For the control solutions the same procedure was fol-
lowed except that both K. pneumoniae and S. pyogenes
were followed for 20 hours (during which their population
densities dropped by less than half).

Bacteriological methods, P. acnes-S. epidermidis
(mixed together) and K. pneumoniae, were grown on
plates containing BHI agar with 1% glucose added.

S. pvogenes and S. aureus were grown on TSA agar
plates.

The P. acnes—S. epidermidis plates were done in dupli-
cate; one was incubated anaerobically and one aerobical-
ly. (Primarily S. epidermidis grew on the aerobic plates
with relatively few micrococci and no P. acnes.) All other
plates were grown aerobically in a standard 37°C in-
cubator. Aerobic plates were incubated for 1-2 days and
anaerobic plates for 7 days. The organisms were identified
by the appropriate biochemical methods (2).

RESULTS

The data are summarized in Table 1. S. pyogenes
with a half-life of 0.9 hours in the wash-solution was
the shortest lived bacterium studied. S. aurens and
S. pyogenes had notably lower survival rates in the
detergent solution than in the control solution. 2.
acnes had a slightly lower survival rate in the con-
trol solution than in the detergent solution. 1.0 ver-
sus 1.5 hours.

When the buffer-only control solution was used
to wash the forehead it was visibly less cloudy than
the detergent wash-solution; possibly less debris
was removed from the skin with this solution.
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DISCUSSION

The present study provides data on the survival of
bacteria suspended in buffered solution of Triton
X-100. The solutions contained little or no nutrients
for growth, and, as expected, the organisms either
remained at about the same density or declined
during the periods studied.

Qur basic premisc is this: Bacteria require encrgy
and nutrients to maintain cellular integrity (e.g., the
correct internal ionic composition) and particularly
to maintain membrane integrity. The primary
reason for the decline in all cases was probably lack
of nutrients—"starvation™". Triton X -100 is known
to disrupt cell membranes at the strength used: this
imposes a stress on the bacteria in addition to
“'starvation’. Most bacteria showed a decline in
their detergent-free control solutions, which was in
most cases similar to the decline in the detergent
wash-solution.

In Table II, we have compiled analogous data
from the literature. Few of the data are from ex-
periments with conditions directly comparable to
ours. The better of the two studies in regard to
half-lives for survival on S. aureus (1) gives a half-
life comparable to our test value. Nikodemusz et al.
(5) used presumably Klebsiella strains which were
acclimatized to the detergent studied: their data
imply that their bacteria could break down the de-
tergent and use it as a nutrient source. The addition



of glucose (6) did not prolong the life of the bacteria:
however, the authors found that highly dilute
(0.003%) Tryptose Phosphate Broth. although un-
able to support growth, protected the bacteria from
death for about 2 weeks (6). It is conceivable that
many bacteria. given adequate nutrients, could sur-
vive the stress of being suspended in Triton X-100
at the strength used.

A word on the P. acnes and S. epidermidis data is
in order. No simple comparison between the ex-
perimental and the control data can be made. Fewer
bacteria and possibly less “debris™ were removed
from the skin with the detergent-free solution than
with the detergent solution. The difference in the
numbers of bacteria removed was probably not
such as to make any difference in the survival rate.
High densities of bacteria protect each other in
“starvation’ solutions, presumably because those
bacteria that die first lyse out nutrients to protect
the remaining bacteria (4). Of greater importance
perhaps is the “debris™ removed from the skin: it
may have protected the bacteria either by supplying
nutrients or, more likely, by adsorbing Triton X-100
and lowering its activity (effective concentration).
We were not primarily concerned with measuring
the theoretical contribution of Triton X-100 to the
death of the bacteria. Our main concern was the in
use situation in order to help investigators know
how many bacteria are lost in the wash-solution if
delay is introduced between sampling and plating.
The organisms died at the same rate whether ob-
served in the first 2 hours of incubation or observed
over a 10-12 hour incubation period.

In conclusion, except for S. pyogenes which
seems 1o be particularly sensitive to the detergent,
the species of bacteria tested can be left in the
wash-solution for one half-hour with only about a
20% loss of the P. acnes—less for other species.
Due to the variability of the data, our estimated
halt-lives cannot be used as correction factors when
longer delays occur between sampling and plating.
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Abstract. A case is reported of a patient with a bullous
eruption with in vivo linear deposition of IgA and com-
plement (C3) along the basement membrane zone of
perilesional skin (DIF method). Some data presented here
are in favour of the concept that cases of linear in vivo
deposition of IgA alone. or in combination with other IF
findings. might be classitied as bullous pemphigoid (BP).
Clearing of the lesions due to oral prednisone therapy was
accompanied by disappearance of complement deposi-
tion, while IgA deposition remained unchanged. Some
aspects of tissue injury in this case are briefly discussed.

From several reports in the literature it appears
that. even with the aid of immunofluorescence (1F)
techniques, in some so-called indeterminable cases
of bullous pemphigoid (BP) and dermatitis her-
petiformis (DH) a definite classification may be
difficult or impossible (1, 3. 6). In view of the
characteristic occurrence of IgA deposition in DH,
several authors stated that even cases of strictly
linear deposition of this class of immunoglobulin
along the basement membrane (BM) of the skin
and in the absence of circulating BM antibodies
should be included in the diagnostic category DH
(3.9).
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