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Abundance and distribution of microbial populations in sheep fleece

T. A. JACKSON INTRODUCTION

J. F. PEARSON The skin and surface covering of animals are usually
S. D. YOUNG host to a wide ranging microbial flora, and sheep
J. ARMSTRONG are no exception. The sheep fleece is a complex,

dynamic environment providing the microbial flora

M. O'CALLAGHAN with nutrients from the skin and secretory glands

AgResearch of the sheep (suint) as well as collecting exogenous
P.O. Box 60 nutrients from the environment. Mulcock (1961)
Lincoln recorded a total bacterial count 020 bacteria
Canterbury, New Zealand g! of wool but the species were not identified.

Lyness et al. (1994), in a study of Australian sheep,
reported lower numbers, around®tcteria gl
Abstract Bacteria were isolated and enumerate@elonging to a range of genera including
from fresh wool samples from sheep flocksAcinetobacter PseudomonasStaphylococcus
throughout New Zealand. Bacterial populationgryptococcusandBacillus. Some of these genera
averaged 18-1(° colony forming units (cfu) ¢  are specifically associated with mammals while
wool and varied little between flocks. Highestothers originate from the environment (soil, pasture,
numbers of bacteria were recovered from the backnd dung) and are capable of surviving and
neck, and rump of the sheep rather than theultiplying in the fleece. Other microbes may occur
underside of the animal. Within the fleece, mosis contaminants without significant multiplication
bacteria (>95% of total) were isolated from the outefithin the fleece.
portion of the staple. The fleece bacteria could be Microbes can cause fleece and skin problems
divided into three broad classes, Gram-positivgh sheep. Proliferation Gfseudomonas aeroginosa
cocciform bacteria, Gram-positive rods, and Gramgan lead to fleece rot and has also been implicated
negative rods. Most bacteria from the fleece formeigh the initiation of fly strike (Chin & Watts 1992).
pigmented colonies with colours ranging fromDermatophilosis is caused by multiplication of the
yellow to bright red. Gram-positive cocciformspacteriumDermatophilus congolensist the skin
were the most abundant group of bacteria with theurface (Merritt & Watts 1978) and interactions
most common species correspondingkmcuria  within the microflora of the sheep fleece have also
rosea Micrococcus luteusandM. lylae These been suggested as a possible cause of fleece
species form a dominant complex of salt toleradiscoloration (Mulcock 1965). More recently,
chromogenic bacteria which are characteristic ofvinder et al(1998) showed that naturally occurring
the healthy fleece. fleece bacteria were involved in the yellow
discoloration of wool in the presence of high
Keywords sheep fleece; microflora; cocciform humidity.
bacteriaMicrococcusspp.;Kocuria rosea Most sheep, however, harbour large numbers of
bacteria in the fleece without detrimental effects
on the wool, and fleece and skin problems are
unusual. Their sporadic occurrence suggests an
imbalance in the microbial population within the
fleece. There has been little progress in improving
understanding of the microbial ecology of the sheep
A01022 fleece in New Zealand since studies prior to 1970
Received 19 July 2001; accepted 3 January 2002  (Mulcock & Fraser 1958; Mulcock 1965), yet this
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is the arena within which detrimental interactions
are taking place. Furthermore, to understand th
microbial ecology of the fleece it is important to
examine fresh fleece samples rather than stor
samples that have been used in most fleece studi
In this paper we report on studies to define th
location and structure of the microbial community
within the sheep fleece using only freshly remove
samples of fleece from apparently normal animal
showing no signs of fleece abnormalities.

MATERIALS AND METHODS

Sampling of fleece and skin

Wool samples were taken from different body
positions from sheep in a number of flocks
throughout New Zealand. The fleece was gentl
parted and a staple cut with sharp scissors, as clo
to the skin as possible, from an area of about?. ¢
and placed in a clean plastic bag. Care was taken
handling and sampling to avoid contamination o
the samples and the scissors were disinfected
alcohol dip between each sheep. Samples were h
in a cooler and returned to the laboratory for
bacterial extraction as soon as possible. If necessal
the sample bags were held under refrigeration
5°C until extraction, which was no later than 48
hours after sampling.

Skin washings were carried out using method
described previously (Chin & Watts 1992). A 25
mm diameter cylinder with a silicone greased en
was placed directly and firmly onto the skin, after
trimming off a section of the fleece, and a 10 m[| )
sterile solution of 0.01% Tween 20 in 0J#NacCl Fig- 1 Wool staple showing three zones sampled.
was syringed onto the skin surface. The liquid was

used to wash any bacteria from the skin and wagaple and skin samples were plated onto Nutrient

retrieved into a sterile universal. Agar (Merck) (NA) plates. The plates were
. . S _ incubated at 30°C for 3—7 days and resulting
Extraction and identification of bacteria colonies counted in order to estimate the bacterial

Subsamples of approximately 0.1 g of fleece wengopulation which was expressed as colony forming
teased from the staples and accurately weigheahits (cfu) g wool.

before being added to a 250 ml flask containing To determine the composition of the bacterial
100 ml sterile 0.05% Tween 20 in water or dilutgpopulation, colonies were numerically assessed on
saline solution. For some experiments the fleedde basis of growth form and colour followed by
was divided into outer, mid, and inner zonesemoval and characterisation of the predominant
(Fig. 1). The outer zone was visibly discoloured andtrains. Alternatively, 25 randomly selected colonies
often matted, the mid zone was relatively cleaper sample were transferred to fresh NA plates and
unmatted wool, and the inner zone occupied 20esultured overnight before various biochemical tests
30% of the staple closest to the skin. The samplegere performed to identify the bacteria to genus
were agitated for 1 min and placed in an ultrasonievel. Tests included: Gram staining and micro-
bath for 3 min (Julabo, Allentown, PA, USA; Modelscopic determination of morphology; catalase and
USRS3; Frequency 35 kHz). Serial dilutions of theoxidase tests; motility; Ziehl-Neelsen’s method for
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Fig. 2 Diagram of a sheep
showing locations from which
fleece samples were collected.

acid fast stain; Hugh and Leifson’s method foenumerated as described above. Bacteria isolated
oxidation or fermentation of glucose under aerobifrom the Gore flock were characterised for
and anaerobic conditions; and spore stain (modifigsredominant colony types and the most common
version of Moeller’s spore stain). Tests werespecies identified.

conducted as described in Barrow & Feltham

(1993). Bacterial isolates were also pasteurise@osition of bacteria on the staple

(85°C for 10 min) and plated on NA for isolation,yq staples were taken from the sides of 10

Of. spore—forming_ bac'_ceria. For i.demiﬁcatior.'.OfCoopworth lambs in a Lincoln flock and divided
Micrococcusspecies, single colonies were purifie nto outer. mid. and inner zonedacteria on the
on nutrient agar and p“’f"?d using ID 32 STAP kin surf’ace 'Were enumerated as described
identification system (bioMerieux sa, Lyon

- "above.
rance). Five fleece staples were randomly sampled from

Enumeration of bacterial populations on the midside of each of eight randomly selected ewes
different areas of bod at Winchmore, Canterbury. The sheep were 2- to 5-

y year-old Coopworth ewes, that had never been
Wool staple samples were collected from five bodyrenched or dipped, with 9 months wool growth.
positions (neck, rump, belly, inside leg, and crutch$amples were cut into outer, mid, and inner sections
(Fig. 2) on each of three Coopworth lambs randomind the zone samples pooled for each sheep.
selected from a flock of 3-month-old lambs afAnalysis of microbial population and composition
Templeton, Canterbury, New Zealand. Samplegas carried out as a randomised block design with
were processed as described above. eight sheepx three wool zones.

Bacterial populations on flocks from different

geographical regions RESULTS
Staple samples were taken from the midside of 1- . : :
year-old Romney hoggets from four flocks in thre acterial populations on different parts of the
locations, Ruakura (Waikato) (two flocks), LincolnSh€ep

(Canterbury), and Gore (Southland), during earlfjotal bacterial numbers on the fleece samples
summer. Between 17 and 24 sheep were sampleghged from 18 to 1@ bacteria g'. Highest
from each flock. Bacteria were isolated andumbers occurred on the neck and rump of the
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animals, while numbers on the lower portions oPosition of bacteria on the staple

the fleece were generally fewer (Table 1). CocCim the Lincoln flock, the total number of bacteria/
form bacteria predominated, witttinetobactesp., staple was 2.& 10/ g1 (weighted average from
Bacillusspp., and yeasts also present. the three zones). Most bacteria (>95%) were found
) ) ) in the outer zone of the fleece (Table 3) which was
Bacterial populations on flocks from different  garkened and stained. Relatively few bacteria were
regions isolated from the inner zone or associated with the
Bacterial numbers on sheep from the Gore flockkin. Bacterial density at the skin surface was
were significantly higher than from flocks in thesimilar to that in the inner zone of the fleece.
other regionsK < 0.01) (Table 2). The predominant A similar pattern was found in fleece from the
bacteria from 17 of the 20 sheep sampled from thHzyear-old flock at Winchmore. The total microbial
Gore flock, comprising an average of 39% of th@opulation on the Winchmore fleeces wasX1%?
total bacterial flora, formed regular, circular, orange (a weighted average from the three zones). The
colonies on NA plates and were identified as Granmicrobial population showed a similar pattern in
positive cocciform bacteria belonging to the familyrelation to fleece structure to the previous sampling,
Micrococcaceae. Predominant species from theith 97% of bacteria found in the outer zone of the
remaining sheep were Gram-negative and formédteece (Table 4). As shown in earlier sampling,
orange or yellow colonies. most bacteria were pigmented with colours

Table 1 Bacterial colony forming units (cfu)§ Table 2 Average bacterial number (+ SEM)ifleece
according to fleece location (mean of three sheep). of sheep from four flocks from different regions of New
Zealand. cfu, colony forming units.

Meanx 108 cfu gt

Location Back transformed Square root No. sheep

Flock sampled cfud (= SEM) fleece
Neck 34.57 5.88
Rump 9.54 3.09 Gore 20 24.00 (+ 1.83) 1¢°
Belly 6.60 2.57 Lincoln 24 5.06 (+ 0.64X 10°
Leg 1.32 1.15 Ruakura 1 17 5.11 (+ 0.8%)10°
Crutch 1.04 1.02 Ruakura 2 17 3.41 (x 0.5%)10°
LSD (5%) 2.6

Table 3 Numbers of bacteria (+ SEMYin outer, mid, and inner zones of the fleece and on the
skin surface of Coopworth lambs. cfu, colony forming units.

% of total bacteria Length of Estimated bacterial
Zone Bacterial no. isolated (cfu) zone (mm) density nm
Outer 2.1 (¥0.49x 10’ gt 95.07 +2.11 40.0 + 2.06 2234
Mid 8.6 (£ 3.04)x 1P g? 3.84 £2.04 355+1.77 92
Inner 4.5 (+3.79x 10* g 1.09 + 1.00 18.5+0.93 4.8
Skin 0.37 +0.11 cr? - - 3.7

Table 4 Distribution of bacterial population through the fleece of eight Coopworth ewes.

Length of No bacteriag % Gram % Gram % Gram
Zone zone mm (+ SEM) (x SEM) % +ve cocci —verods +ve rods
Outer 51.5 (= 3.3) 5.52 (+ 1.6%)1CP 100 41 27 32
Mid 54.4 (+ 3.1) 1.03 (+ 7.68y 10/ 96 39 28 29
Inner 31.9(x1.6) 6.71 (+ 3.5% 1P 100 35 29 36

LSD - 8.1 10.7 3.5 12.3
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ranging fromyellow through orange to bright red. Biochemical tests and commercial kits did not
Gram staining and microscopic examinatioridentify isolates from these colonies to a satisfactory
indicated that the bacteria growing on NA could béevel, although they shared similarities with
divided into three main groupings: Gram-positiveCorynebacteriunspp. Endospore-formirigacillus
cocci, Gram-negative pseudomonad-like rods, ar&PP. were uncommon and could only be isolated
Gram-positive rods. Similar proportions of eacrffter pasteurisation of the samples.

grouping were found within each of the zones

(Table 4).
DISCUSSION

Identification of bacteria Enumeration of bacteria from different areas of the
In all samples cocciform bacteria predominated]eece showed that bacteria were distributed
with most bacteria forming distinctive pigmentedthroughout the sheep fleece, but appeared to be most
colonies on NA. More than 30% of the total bacteri@bundant on the upper part of the body. Numbers
from the Winchmore flock were pigmented (orangeaveraged 18-1(° bacterial cfu gt of fleece, and
red), Gram-positive cocci with biochemicalnumbers in this range were consistently recovered
characteristics correspondingdokuria roseaand  from different flocks and at different times of the
Micrococcus luteugTable 5). Similar proportions year during this study. Similar numbers were
of Kokuria roseaMicrococcus luteusor M. lylae  recorded by Mulcock (1961) but, in Australia,
were isolated from the Gore flock, and bacteria dfyness et al. (1994) estimated that total bacterial
the same colour and characteristics were found @opulations were lower by approximately two logs,
all fleeces sampled. averaging 10cfu g In another study, Merritt &
Gram-negative rods, where identified, werdVatts (1978) estimated approximately b@cteria
Pseudomonaspp. orFlavimonas oryzihabitans. g~*from Australian fleece. While the methods used
Several isolates morphologically similar towere different, these results suggest that differences
Pseudomonasould not be identified to speciesin environmental conditions between the two
level. The most commonly isolated Gram-negativeountries may influence the total bacterial numbers
rod, present in virtually every sample, formedn the fleece.
orange-pigmented, glossy colonies and was Bacteria were most abundant on the outer zone
identified asPseudomonas vesicularis. of the fleece, which accounted for >95% of the total
Colonies of Gram-positive rods were present ipopulation. Lower numbers were present in the mid
arange of colony forms and colours. They exhibitedone, with very low densities in the inner zone and
characteristics of diptheroid bacteria: nonon the skin of these healthy sheep. Similarly low
sporeforming, catalase positive, oxidase negativéensities (<18cfu cnt?) of Gram-positive cocci

Table 5 Physical and biochemical characteristics of the two predominant
species isolated from fleece. +, present; —, not present; D, depends on strain.

Characteristic Kocuria rosea  Micrococcus luteus
Colony form circular, smooth circular, smooth
Colour orange-red yellow

Cell size 1-1.5um 1-1.5um

Cell configuration pairs to clusters pairs to clusters
Endospore - -

Gram test +ve +ve
Oxidase test - +

Aerobic acid from glucose + -

Nitrate to nitrite + -

Growth at 37°C + +

Growth on nutrient agar with 7.5% NaCl + +
Urease - D
B-Galactosidase + +
Arginine arylamidase + +

Pyrrolidonyl - +
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were recovered from merino skin (Merritt & Wattsenvironment as the natural habitat for this
1978), but bacilliform bacteria were more abundarhacterium. _ . .
on the skin of the Australian sheep. Bacilliform These studies of the microbial population of the
bacteria were only a minor proportion of the totasheep fleece suggest that the fleece contains a
bacteria found in this study. specialised microflora with a carrying capacity in
The sheep fleece is highly absorbent and wifhe healthy fleece of #81¢° bacteria g'. Mulcock
readily accumulate soil and faecal matter from thEL965) suggested that the fleece is a niche for micro-
environment. This led to the suggestion that th@'9anisms that can be detrimental to wool. Our
bacteria associated with the sheep fleece agg_Jdles sugge_stthatthe fleece contamsaspema@hsed
exogenous contaminants arising from the envirofPicroflora which poses no threat to wool quality
ment (Michalska 1957). High numbers of bacteri@Ut that disturbance of the microflora may allow
on the outer portion of the fleece lend weight t@roliferation of detrimental bacteria leading to
this suggestion. The composition of the bacterid|€€Ce Problems. The apparent differences in
population throughout the different fleece zonesUSceptibility of sheep from a single blood line to
however, is remarkably consistent and suggests tflgece rot and fly strike (Chin & Watts 1992) may
alternative hypothesis; that fleece bacteria ar@Ve more to variation in the mu_:roblal composition
specifically associated with sheep. It is interestingf the healthy fleece than any inherent differences
that >80% of bacteria cultured from the fleecd? the sheep.. The role of.the endogenous microflora
formed pigmented colonies on NA with colours" Suppressing fleece disorders such as fleece rot
ranging from deep red to yellow. Only a smal@nd fly strike should be investigated. If significant,
proportion of bacteria recovered were creanf probiotic approach involving inoculation of sheep
white, or colourless, which are much moraVith beneficial microbes could be used.
common colours for soil and faecal bacteria.
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