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ABSTRACT

/ bacteriological survey of fresh flayed
goat skins, locally tanned and scientifically

tanned goat leather was conducted for Bacillus

anthracis.

Eleven isolates of Bacillus anthracis were
recovered from fresh-flayed skins, This represents
10.8 percent of the total number of raw goat skins
examined. Of the one=hundred and three samples of
locally-tanned leather samples examined, only 8
(7.8 percent) seemed contaminated by Bacillus
anthracis while in the cases of scientifically-
tanned leather samples examined, 7(6.8 percent)
were contaminated b Bacillus anthracis, Al1l
virulent B, anthracis isolates killed mice

within forty-eight hours post inoculation,

Bacillus anthracis survived tanning processes

only up to bating stage. ¢t the pickling stage, all
bacteria were eliminated with no recovery of any

organism at that peint or beyond,

It is concluded that the micro-organisms
including anthrax bacillus recovered from finished

products are due to post production contamination,

The public health aspect of these findings are

emphasized,
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Crapter One

INTRCDUCTION

Anthrax is a disease of warm blooded animals
particularly cattle, sheep, goats, buffaloes and also
man, In domestic herbivores, ineluding cattle, sheep
and goats, the disease is usually sn acute, febrile
one with sudden enset e~nd rapid death. In man, the
infectian may take the acute form but the cutaneous
form is more common (Gibsons, 1963). The cutaneous
form developsprimarily at the site of a scratch er
abrasion and the lesion is characterized by 2 small
red macule, often pruritic, leading tc an extensive
oedema and this may result in necrosis., The spores
of the organism are said to be carried on hides and
skins of nermal animals, especilally cattle, sheep,
goats and or seme leather preducts (Jarolimek, 1960;

Wilsens and'Miles, 1964),

The aetiolegical agent of anthrax is Bacillus
anthracis, It was discevered and isnlated first by
Rayer in the blecd of sheep (Rayer, 1850; Davaine,
1863-1864; Koch, 1874),

Anthrax is of great economic importance and the
incidence of this disesse in Nigerlan cattle, sheep

and goats is of great concern to lligerian loather-



scientists and technelogists. This is partly because
of its resultimg degrading effects en their precessed
or tammed hides #.d skins which pese a threat te the

economy of Nigeria as resgards the Leather Imdustry.

In additien, it peses great hazards te human
life and it is one af the most damgerous and very

important zoonotic diseases,

Beaton (1932) and Campbell ‘1955-1956) reported
cases of anthrax in cattle, sheep and goats in some
parts of Northern and Eastern MNigeria, They
speculated that the imcidence “efinitely higher -
but carcasses ef affected amimals are either eaten

unknewirgly ar buried im extremis,

Tanned leather are generally faumd to be
contaminated by many yeasts, moulds, fumgi, amd
bactaria, Of these, the mast eommenly prevaleat are
spore = ferming ergamisms of the genus Baeillus,
Some of them are harmful, highly resistast and
cemmonly encountered in many of the besm-hcuses ar
tanneries (Prevot, 195e, 1960; Venkatesan, 1979).
The hides and skins processor or tanner mugt there=-
fore become well acquainted with such valuable
information and scientific knowledge in order to
produce high quality leathers that are free ef
infectious pathogens. Thereby, he can increase his

exports by producing improved quality goods,



The public health hazard is highly consicered
for the tanner working a2t the risk of being
infected in the tannery, He must prevent this, as
much as possible and of course treat his tannery
waste effluent which might have been contaminated

by the viable Bzscillus anthracis or its speres to

minimize possible public health hazards,

Little or no work has been recorded on the

prevalence of Bacillus anthracis in Nigerian raw

hides and skins of cattle, sheem and goats,

Its survival through the lncal and modern
tanneries in Nigeria are unknown, There are also
reports from elsewheore in the world on its preva=-
lence on some livestock finished products and or

post=tanning contamination of their products

(Anonymous, 1969, - Daviés and Harvev, 1972), .

The objectives of this study therefeore, are:-

1. To determine the prevalence of Bacillus
anthracis in raw goat skin,

2. To compare the carriage rate of lecally
tanned leather with that of the modern
scientifically-tanned leather,

3. To determine the survival of Eacillus
anthracis through modern scientific tanning

process,



Chapter Twu

LITERATURE REVIEW

BACILLUS ANTHRACIS AND ITS PUBLIC
HEALTH SIGNIFICANCE IN LEATHER INDUSTRY

Historical Background to the Disease Casued by

Bacillus anthracis

The genus Bacillus consists of the largest
and well known of the genera of bacteria. There
are over forty eight known species. Most of these
species are not pathogenic for animals or humans,
although some, such as Bacillus gubtilis can cause
infection if given an oppertunity, and Bacillus
cereus can grow in food and may lead to food
prisoning in humans. The pathogenic species is

Bacillus anthracis, the causztive organism of

anthrax. Generally bacilli are commonly found as
laboratory contaminants, very abundant in soil, and
some are pathogens ¢f irsects, Thesc include

Bacillus firmus, Bacillus licheniformis, Bacillus

megaterium, Bacillus pumilus, Bacillus coagulans,

Bacillus pantothenticus. Bacillus alvei, Bacillus
brevis, Bacillus circulans, Bacillus latcrosporus,

Bacillus macerans. Dacillus sphaericus, Bacillus




steagrothermophilus znd other Bacillus species

(Wolf & Baker Group I & II) (Cowan and Steel, 1965),

The term "anthrax" is derived from the Greek
word "anthrakos" meaning coal, and refers to the
black eschar typical of cutaneous anthrax (Lamb,
1973)., It is known in Hausa as "chiwon saifa"

(Beaton, 1939).

Anthrax is a disease of all warm-blooded
animals including man. It is infact sne of the
oldest diseases recorded and available records
indicate that anthrax is an ancient disease that
has plagued man and his domestic animals for
thousands of years (The Holy Bible, Exodus
Chapters 7:1-7Klemm and Klein, 1959), It is one
of the interesting discases that is encountered in
domestic animals as described by Gibsons (1963).
Human anthrax has been assnci2ted with consumption
ef meat of animals dead of the discase »r when in
contact with contaminated animals that is, agricul-
tural anthrax, or their by-presducts like hair, wool,
hides, that is industrial anthrax (Merchant and Parker,
1971).

Histerically, Bacillus anthracis was discavered
in the tlood of sheep by Raver in 1850. Davaine

in 1863-1864 described transmission cf the disease



to normal aﬁimals by inoculation of infected blood,
the apncarence of the organism in the bloed of
recipient and its repid increase until death »f
host, Koch in 1877, reported the isolaticon and
cultivation of the organism, its formation of
spores, the production of —“he disease with pure
cultures, and the recovery of the organism from
the experimental infectinrn (Hubbert, McCulloch and

Schnurrenberger, 1975).

The igolation of attenuated strains and their
effectiveness as vaccines were demonstrated by
~Pasteur in 1781. The discase is enzortic over
- much of the cultivated area of the world and major
epizortics with assoclated human disease have occured

for centuries (Wolfgang, 196R).

In the United States of Amcrica, anthrax
appeared during early settlement, and ocutbreaks »f
@ disease consistent with anthrax was reported in
Kentucky in 1824 (Hanson. 1959). It has been quite
pfevalont in Southern Europe, Asis, Russia and in
Africa especinlly in Equitorial Africa (Gibsons,

1963 Wilson and Milcs, 1964),

Beaton (1939) and Campbell (1955-1956) reported
seme cases in Nigeria (Sckoto and Abakaliki) and

speculated that the incidence was definitely higher



but carcasscs of affected animals were either ezten

unknowingly or buried in extremis,

General Characteristics of the CGenus rfacillius

Members of the Genus Bacillus are large, aerobic,
Gram-positive (though o0ld cultures decolourise easily),
spere~forming rods. They are catalase positive many
are fermentative and most are motile except

B, anthracis,

Bacillus species occur widely in nature being
found in air, water and soil, They are among the
most common lsboratory contaminants and are usually
ignored when recovered from clinical materials of
non-anthrax infected animals, The various species of
Bacillus preduce a variety ~f colonies, With
experience, cne can frequently identify them by
their characteristic marphology and texture,

Some general features 6f colonies are the follewing:

B, cereus =~ Hemolytic, greenish-grey colour and
ground glass appearance

B, mycoides - Mold-like or lobular-like cnlonies

B. mesentericus and other species produce slimy

calories that are sticky and mucoid,



B, subtilis =~ Meny strains are beta-hemoclytic and
colonies are rough, opaque, ard
spreading; slimy colonies are
encountered and yellow, orange, or

brown pigmentation is seen,

Growth in b.oth is freouently characterised by
the production of & surfzce pellicle, another
feature of these organisms which may result in
confusion is the gram variability of a number of

species (Tableg 2:1, 2:2 and 2:3).

Distribution and prevalence of Bacillus anthracis

Typical of the Genus Eacillus, Bacillus

anthracis is found all over the world as it
contaminates air, water, seoil, animal feeds and
human foods (Davies and Harvey, 1972), Although,
anthrax is widespread, it is particularly prevalent
in countries where no crganised control of animal
diseases exists, 1India, China, Liberia, Russia,
Noerthern Africa, some parts of South America and
Mexice have anthrax as a major livestock problem
(Klemm and Klein, 1959), but the relative incidence

vary in different countries ((Fig. 1), Steme, 1967).
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Imnroved control of animal anthrax and a
resulting decrease in human agriculturally-related
anthrax have been noted in the United States for
several decades. During the neriod of 1927 to
1939, the incidence of recognized outbreaks of
animal anthrax increased in some countries, and
decreased in others (Minnet, 1952), No adequate
estimates of incidence are available from the areas
in which the disease appears to be most prevalent,
In many underdeveloped areas, available evidence
indicates that anthrax has not been controlled and

the incidence is increasing (Hubbert et al. 1975).

Outbreaks of animal anthrax cause serious
losses for individual livestock farmers, and mejor
epizootics with embargoes on shipment of animals
gnd milk can result in significant losses for many
farmers and reduction in foreign exchange earning
to the countries involved, However, in the United
States and in Northern Europe, the incidence of
anthrax is low, and the overall impact of the disease
on the nutritional status and economic cendition of

the populatien is minimal (Pienaar and De, 1967).

In undeveloped areas with higher incidence of
the disease, and in which population exists near the

starvation level, the loss of critical animal protein
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caused by anthrax must reduce significantly the
adequacy of the diet. Concern has been expressed
that epizootics in wild animels when added to the
pressures exerted by c¢nceroaching civilization, may
contribute to the extinction of spccies (Heyworth,

Veos, Fopp, Meinel and Darlow, 1975),

Beaton (1939) repertcd that epizoectics of
anthrax in gnats are stated by goat owners to occur
in certain swampy areas .f Sokoto Prevince of
Nigeria and individual cases have been recorded
where the cause of death was definitely established,
Also, Camnbell (1956-1957) reperted two outbreaks
in Abakaliki division and three ather outhreaks in
the former Eastern Region of Nigeria. There is no
Joubt the incidence of the “iscase is higher than
reported, since about 10 percent of Nigerian hides
exprrted to Britain are -presumed to possess anthfax

snores (Campbell, 1955).

The low incidence rate as reported is probably
due to the fact that such anthrax infected animals
are killed in subacute cr chronic caeses, and even
when they die in the per acutec cases, the carcasses
may be ceaten: cr buried without reporting to the
Veterinary authority. The enzaertic nature of the

disease with only few animals bcing involved and



15

the poor disease repurting system generally in the
country may also account for the apparently low
reported cases of anthrax irn livestock in general,
In human anthrax, infection takes the cutaneous or
pneumonic forms with nzn-characteristic lesions or
symptoms, The disease in humans could therefore

be mistaken for other infections,

Growth rcauirements and characteristics of Bacillus

anthracis

Bacillus anthracis grows readily on ordinary
bacterinlogical media such as blood agar, bicarbo-
nate agar and nutrient agar, under aerobic condi-
tions., It is isolated casily from the blood or

internal organs cf an infected animal.

The optimum temperature for growth is 37°C and
a slightly alkaline medium with pH 7,5-7.8 1s most

condusive for good growth,

On either blood agar or nutrient agar surface,
the colonics appear :ull, cpaque, greyish-white with
an irregular berder from which long strands of cells
are seen in parallel "medusa-hcad" or 'curled-hair'

or 'barriesters-wig' appearance,
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As the cclony ages, "vesicles" may appear on
the surface, giving it a centcured appearance,
Broth is turbid with flocular growth on the surface
which sinks to the becttem of the tube within 24

hours,

In a gelatin stab culture, filaments of growth
radiate from the line ~f puncture and give rise te

the appearance of an inverted fir tree (Lamb, 1973).

Aging and other treatment of stock laboratory

cultures produce varisnts of different types,

To produce spores -<n the laboratory media,
B. anthracis is incubated in  10-20% of carben
dioxide, Pasteur, was the first to note the lsss

~f spore-fermation by exposure to 42°c,

Chamberland snd Roux {19%9) observed that
asporogeneous strains could be produced by contact
with phenol, 1:800 and notasgium dichromate 1:2,000,
Bormans (1952) reported thet a permanent asporoge-
neous type can be produced by growing the organism
repeatedly in sheep, calf. harsc or deg sera, The
nrganism loses its capsule when grown on artificial
laboratory media unless the medium is incubated in
an atmesphere of 10-20 per cent carbon disexide,

This lass causes colony variation. Contrary to the
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usual type of variatior, the large rough strain or
capsulated with curled edges is the normal and
virulent wheress the sraller smooth strain is -
avirulent, typical of materials obtaired directly

from the +tissues.(Verchant and Parker, 1971),

Biochemical reactions of E. anthracis

B, anthracis preduces acid but no gas from
glucose, sucrose, maltosc fructose, trehalose, and
salicin. There is nc fermentation of lactose,
galactose, arabinnse rhamnose, mannose, raffinose,
inulin, mannitol. dulciteol, sorbitol, inositol, and
adoniterl. Indole and nvdrogen sulphide are not
produced; nitrates are reduced to nitrites; and
from nitrites. ammonie (NHB} is produced, Methylene
blue is reduced by s~me of the more virulent strains,

and some strains hemolyse sheep blcod (Burdon, 1956).

B. anthracis is methyl-red positive, and Voges-
Proske'iur variable. Litmus milk is ccagulated
dec~lourized and slowly peptonized, It is not
motile, rathogenic for laberatory animals, usually
sensitivc to about 10 units per ml penicillir. and
me st strains are sensitive to s specific bacterio-

phage especially the Gamma-phage (Burdon, 1956).
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Resistance and scnsitivity of Lacillus anthracis

The vegetative cells of E, anthracis are not
more resistant than similar cells of other bacteria,
This means that the veretztive cells can ke

destroyed by ordinary laboratory disinfectants,

However, the speres formed by the organism
are very resistant and the disinfection against
the spsre are not dependable (Solyts, 1963),
Spares will remain viable for years and will be as
virulent as the culture proved to be when originally

isolated (Wilson and Rusell, 1964).

Pasteur (1935) showed that spores remain
viable in buried carcass for twelve years, Gaiger
(1959) 2lso reported that spores could be germinated
after 15-24 years duration in the soil., Instances
have been reported where animals became infected
cn premises 25 years after the original cases of
the disease. Hair, woel, bone meals, animal feeds,
and hides not treated sufficiently te kill spores
may remain infective fer years, The viability of
B, anthracis in the tisszues of artificially infected
guinea pigs exposed to decomposition, temperature
and 4dessicatir~n, was recorded by Stein in 1947, The

erganism is rapidly Aestroyed by decompositién in
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unopened carcasses after the third day, except
under temveratures of 5°C - 10°C, when it survives

at least for 4 weeks (lMerchant and Parker (1971).

Repeated freezing at --72°C and thawing at
37.5°C may kill vegetative cells but probably n»t
spores. Anthrax spore suspensions were viable for
00-124 days when kept at -607C to 70°C and for nine
to 10 years at either -3"C to -A°C or at 5-10°C,
Blood swabs from field cases of anthrax kept in
the light at room temperature were still virulent
up to 9 years, Also ager slant cultures of
B. anthracis isolated from a field case in 1928,
kept sealed with paraffin and stored in the dark
at room temperature was f und to be virulent at the

end of 38 years (Merchant and Parker, 1971).

In testing the resistsnce of anthrax - spores
to heat, Stein & Rogers (1945), used 43 strains,
All of these strains were killed by vigorous boiling
within 3-15 minutes. Spores from 31 strains were
killed in 5-15 minutes at 100°C to 101°C in the
steam sterilizer, but at 90°C - 91°C only 6 out of
12 strains were destroyed in 60 minutes, In the
autoclave, at 120°C all of the 31 strains tested
were destroyed in 5-15 minutes. Insistence that

cultures of E. anthracis must not be sterilized in
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an open vessels or glass tube is supported by the
work of Stein and Rogers in 1346, who found that
viable spores escaped with steam from such

cul tures,

Solyts (1963) observed thzt spores of the
organism in film: on slides may withstand the
temperature of the bunsen flame for 5-6 seconds,
that none of the common staining methods destroy
all spores, that mercuric chloride 1:1000, killed
the spores on slides in % minutes and did not alter
the smear, whereas a saturated solution of potassium
permanganate ruined the smear for observation
purposes, In view of these results, it apnears
prudent to treat smears of H. anthracis with
mercuric chloride 1:100Q, for 5 minutes and then one

can proceed with desired staining technioue,

Ten per cent formalin at &OOC, will kill
anthrax spores in 15 minutes, but when this chemical
is used at lower temperatures, more time must be
allowed for disinfection. Freshly prepared NaOH in
a 5% solution is a2 satisfactory agent for disinfecting
objects containated by the spores of B, anthracis

(Minnet, 1952; Merchant =nd Parker, 1971).
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Antigenic structures:- Toxins and phage-lysis of

B. anthracis

There eppears to be two antigenic substances

in B, anthracis One protein like material is

found in the capsule and the other is a somatic
polysaccharide sntigen. Both antigens act

specifically with precipitating sera,

Lamanna and Eisler (1960) described the
antigens specific for the endospore phase of
B, anthracis and B. cereus but were uiable to
distinguish between the two organisms by agglutina-

tien tests,

B. anthracis produces two toxic substances when
grown in a casamino scid medium without serum or
other protein (Thorne et sl., 1960), One component
called protective antigen, was present in the
filtrate after passing through filtered glass
filters and the other called filter factor wes
ad sorbed to~the filter; When tested alone, esch
factor was non-toxic, but when used together skins
reactions were noted in guinea pigs and they were

lethal to mice,

Stenley wnd Smith (1961) hove found three factors
in anthrax toxin., Factor I, a proteinaceous material

with a strong chelating material- for metal ions was
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not toxic when given alone, but when mixed with
purified factor II which is the protective factor
for anthrax, oedema wrs produced in the skin of
rabbit, while mice were killed, Fac*or III which
is a rat lethal fact-r was different antigenically
from fectors I and II, It was present in anthrax
toxin produce in vive, It can also be produced
in 31352 onlv under special conditions, It was
non-lethal to mice when injected alone but lethal
when mixed with Factor II not Factor I, All these
three factors were frund to be more virulent when

mixed tongether than any other combinations,

Cromartie (1947), in a8 series of studies gave
significant information which has helped in
understending B. anthracis diseasc, Two substances
are present in crude extracts of lesions produced
by the organism, one an inflammatory factor capable
of damaging tissue and the other, a mrotective antigen

responsible for its immunizing property,

The tissue-damaging factor is capable of
interfering with the blood clotting mechanism and
intibits an anthracidal substance produced by leuco=-
cytes and other cells, The protective antigen
migrates in an invisible component intermediate

between the gamma and beta globulins, It is destroyed
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by heating at 57°C for 30 mirutes and also by
trypsin but nnt destroyed bv fermalin in a final
concentration of 1,0% and is stable in lyophilised
state. This antigen has not been purified, but
fractionstion with ethanol in the cold suggests a

method of concentration,

Host susceptibility of Eacillus anthracis

Egssentially, 211 mammals are susceptible to
infection by B, anthracis., Infections of varying
severity occur naturally or may be produced

experimentally in a wide variety of hosts,

From the standpoint of production of disease
in man, infection of demestic herbivorocus snimals
is most important and disease in these animals is
also responsible for the yreatest economic loss,
Cattle, sherep, horses and goats are infected most
frequently, the relative incidence varying in
different countries. Among wild herbivorous znimels,
the dicease occurs most freguently in deer, antelope
and buffalo (Pienaar ant De 1767), Carnivorous and
omnivorous animals, bhoth domestic and wild, are
infected b feeding on infected carcasses, Dogs,
swine, mink and & variety of 2nimels in Zoos have
teen infected in this way Stiles, 1944;.(Stein and

Vanness, 1955; Lyon, 1977).
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Among experimental snimals, mice, guinea pigs,
and rabbits are highly suscentible, while rats are
susceptible at birth, but acquire a high degree of
resistance early in 1life (Tavlor, Xennedy and Fludell,

1962).

Monkeys and chimpazees are readily infected
experimentally, Albrink, (1959) reported that
cattle are relatively resistant to subcutaneous
challenge but fatal infection can be produced by
feeding., Relative susceptibility by various routes
of infection varies in different animals, Thus,
fatal infection is readily produced in guinea pigs
and rabbits by the subcutaneous route, although the

animals are resistant to massive oral challenge,

Route of entry into host and pathogenicity of

Pacillus anthracis

In animals, infection is usually through
alimentary tract after ingestion of infected food,
but direct infection from animal to animal is rare,
hmong herbivores, the disease is usually fatal
appearing as septicemia in cattle, sheep, horses
and mules in an apopletic form, an acute form and
in a sub-acute form, and in thesec death occurs
rapidly, Just before death, the animals excrete

the bacilli in the urine, faeces, and saliva,
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contaminatine the surrounding with the spores of

B, anthracis (Calvin, 1969),

Cutaneous anthrax in animals is uncommon but
has been described (Lamb, 1973). It is usually
acquired from biting flies which carry the spores
passively. Infection by inhalation is not thought
to occur naturally in animals but it has been
shown experimentally (Knight, Wyne-Williams and
Willis, 1969),

The tyve of anthrax in man usually depéends on
the avenue of infection, Pulmonary anthrax, or
wool=sorter's disease is contracted by the inhalation
of anthrax spores, The disesse runs its course as
a typical pneumonia and is usually fatal, Cutaneous
anthrax or malignant carbuncles result from skin
infection through scratches or other breasks in the
skin, The pustules start as a small red pimple and
gradually spreads forming a large swelling with a
dark centre surrounded hy small vesicles (Taylor

and Carslaw, 1967; VMerchantand rarker, 1971).

If the organism (E. anthracis) enters the blood
stream, septicemia results, Most cascs of cutaneous

anthrax recover (Sen and Minett, 1956; Stein, 1963),

Nalin (1967) reported that intestinal anthrax
results from the eating of uncooked meats from an

anthrax carcass =nd it is extremely rare in civilized
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countries. Cascs of anihray meningitis in man
have alsc been reported (#1-Dul=imy asnd s#l-a laf,

1978).

Tt has been generally assumed that death of an
animal or man following a rapid septicemia course
of anthrax is due to the changes produced in vital
tissues such as spleen, liver, kidneys, end heart
muscle. Futhermore, it has been postulated that
there are so many anthrax bacilli in the blood
vascular system thal they, because of their aerobic
nature, utilize so much of thc oxygen that the

subject dies of asphyxia (Klein, 1963),

Clinical findings in anthrax

Ciinically, in cattle, sheep, horses, goats
and mules, massive hemorrhagic swellings may be
present in the subacute type but are not so common
in the apopletic and acute tynes, In swine, the
disease is manifested by an acute pharyngitis with
extensive oedema in the region, Anthrax in cats,
though rare, is similar to that in dogs with the

exception of a severe gastro-enteritis,

m post-mortem examination, anthrax is
characterised by oedematous infiltrations in the

sub--acute; hemorrhages in various parts of the body,
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especially in nervous membranes, marked swelling
of the spleen which is dark red and soft (respberpy

jam consistency) termed as splenic fever is observed.

Hemmorhages are often observed from the natural
body openings with blood oczing out and remsining

unclotted.

In man, the pulmonary anthrax runs its course
as an atypical pneumeonia, In cutaneous forms there
are pustules with dark centre surrounded by small
vesicles and regional lymph nodes are swollen and

painful,

Laboratory diagnosis of anthrax

The laboratory diagnosis of anthrax in man and
animals depends upon isolation and identification

of Bacillus anthracis.

Smith, 1973, regarded B. anthracis as a

pathogenic veriety of B, cereus but Leise et al,

(1959), and Burdon and Wende (1960) retained. B, anthraeis

as a separate species, Among ti.c features of
B. anthracis used by Leise et al, (1959) to distin-
guish it from B, cereus were

1. Lysis by specific (gamma) bacteriephage

2, It's failure to produce hemolysis on blood

agar. (B. cereus is hemolytic on sheep blood).
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3. The productior of mucoid colonies by
virulent strains growing on bicarbonate
ager in an etmosphere of carbon dioxide
{(avirulent strains and those of B, cereus

do not do so)

But for the is laticn and identification of
B. enthracis the folluwing steps of specimen
collection and laboratory procedures have to be

followed.

(A) Specimen collection

All snimals suspected of having anthrax should
be handled only by a veterinarian, and post-mortem
examination should be done with extreme caution to
prevent infecti:n of pecple and contamination of the

soil and environment

Specimens for the laboratorv should be cerllected
as soon after death ss possible. usually, specimens
crllected from decomposed carcass zre of little
value because B. anthracis may be destroyed -r over-
grown by putrefactive micro-~rganisms. If enimals
have teen treated with antibiotics pricr to examination,
anthrax bacteria may be imp~ssible to isolate from

specimens (Biegeleisen et 21., 1962). Specimens



for lsboratory examinations may include the
following:-

1. Smears from blnod or spleen made on clean
gless slides,

2. Sterile cotton swabs, gauze, or suture tape
impregnated with splenic pulp end then
placed in sterile sesled containers; and

3. 2 few milliliters of blood drawn especially
with a sterile syringe and placed in a

sterile gealed tube.

Rapid submissions of specimens to the labora-
tory is most importent since B, anthracis can be
readily isolated fr«m fresh materials that are not
grossly eontaminated with other micro-organisms,
In cases nf suspected anthrax in waich the signs
and pathology are not chsracteristic, samples are
Lest taken frem lncelised ocdematous areas or
from lymph nodes, particularly those in the

cervical region,

In typical cases of znthrax, 2 presumptive
diagnosis may sometimes be made by microscopic
examination of stained smears frem the blood or

spleen, particulsrly if the spenimen is fresh,
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However, it must be emphasized that this
diagnosis is presumptive, since many other bacilli
microscopically resemble B, anthracis, Ordinary
stains do not demonstrate the typical appearance
of virulent anthrax bacteria when they are present

in fresh specimens,

Giemsz or Wright's stains can be used, but
the simplest effective method is staining with
polychrome methylene blue, When this is used,
virulent encapsulated cells of B, anthracis
appear as short chains of blue rods with square-
ends, surraunded by pink amerphous material that
probably represents, remnants of the capsule

(McFadyean, 1903).

Methods in which fluorescent - antibedy are
used to identify B, znthracis are not specific
and cannot yet be used for diagnosis, Tissues
from spleen or lymph nodes for histologic ex2mina-
tions are not essential because the aetioleagic
diapnosis of anthrax depends »n isolation and

identificetion of B, anthracis.
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(B) Laboratory Procedures

(1) Cultural diagnosis

Fresh specimens collected from uncontaminated
source onto cotton sweabs, gauze or suture tape;
zre wetted with a few milliliters of sterile
nutrient broth and shaken for a few seconds and
then the broth 1s streaked with 2n inoculating
loop on plates of blocd agar and bicarbonate agar,
Samples of the blood can be streaked directly on

the same two media.

If specimens are heavily contaminated they may
be heated to 63°C for 5 minutes before stresking,
This is to eliminate many of the non-sporing
contaminants, but in order to avoid destruction
of vegetative »nthrax cells that have not speorulated,
the original sample should also be streaked before

heating.

Anthrax bacterie are difficult to isolate from
sources such as bone meal, animal feeds, hzir,
hides and wool that may be heavily contaminated
with other micro-organisms, An effective prncedure
is to cut about 10-20g of the snecimen into small
pieces, place the pieces in a sterile container,

cover them with two percent aqueaous phenol and
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il ,allow the mixture to stand with occasional shaking
"QLﬁof 30 minutes. The m: torierl is then re-suspended
before the suspension is streaked directly on
‘blood agar and hicarhonate ager. This method
?1énhances the likelih.~d of reccvering B. znthrax,
because anthrax smcres are guite resistent to
[ phencl, Samples can alss he heated as previously
!?[éesoribed, or they can be socaked in coustic agents
such as p-tassium hydroxide (KCH) for sbout twenty

| ., to thirty minutes bef-re streaking,

Selective media that permit growth of

A A
R

B, anthracis but inhibit growth of varinus other

micro-organisms heve not been widely used (Morris,

1955) . L
Cultures are incubated at tempermbures between

25°C and 37°C, Most imprrtant is incubation of

} bicarbonate agar plates both aersbically and in

esmdle gars.
EI. | o

o,
Lﬁ £y Colonies will appesr on agor plates within 24
hours of incubation at 35°C .. 37°C and char-zcteristic

colonies of rough anthrax could be seen,

%{rﬁ, An important colenv choracteristic of virulent

anthrax tacill: is the appearance on bicarbonate

agar when the plates are incuboted in the stmr~sphere

R
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of carbon dioxide provided by a candle jer or
anzerobic culturine jar. Under these conditions,
virulent B. anthracis may be readily distinguished
fror avirulent strains and from B. cereus and

B, megerterium., Colonies of virulent B. anthracis

are unique, being smuoth, grey, mucoid, and

glistering with a brightly reflecting surface,

In contrast, the colonies of avirulent anthrax
strzins or of B, cereus =are rough 2nd show a dull
surface, If bi.arbonate agar plates are incubated
in air, colonies of virulent and avirulent
B. anthracis, B. cereus and B. megaterium all appear
rough, with a dull, grey, ground-glass, surface

that feither glisters nor reflects lirht,

(ii) Differentisl reactions from other species

nf Beecillus

Differentiation of E. anthracis from B, cereus
or B. megaterium causes ithe most confusion, The
three species can be easily differentiated by

Aifferent tests os shown in Table 2:1.

Leise et al. (1959) described the presence or
absence of growth on agar containing penicillin as
an important differentiating criterion since virulent

strein of B. znthracis ~re sensitive to penicillin.
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This sensitivity is rrobably »espniusible for the
1String of Pearls’ phe.cmeneon. but no one charac-
teristic will differentiate strains of B. znthracis
from other members of the Genus. For instance,
although there liave been no ~eports of motile

strains of B. anthracis, now motile strains ~f

other species such a3 B. cereus or E, megaterium
were found, Similarly, some s<irains of B, cereus
are sensitive to penicillin, In particular, the
rough r:orains of B. anthracis mars resemble B, cereus.
Some rough streins Pre -~esistant to penicillin,
others produce hemolysis while others effeéect peptonization
of milk, The colony murphology on agar media,
including bicarbonete agar incub2ted under carbon

dioxide is similar to that of B, cereus.

However, a single rough strain wiil not exhibit
all the characteristics of E. cereus znd thus can

be identifie” as a strain of B. anthracis.

(iii) Animal inoculsation

Mice or guinea pigs are preferred fcr laboratory
inoculation. Mature hash mice of 15-20g are as useful

as purebred types.
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Typical colonies grown on e€ither blood agar or
bicarbonate agar zre erulsified in 2 few milliliters
Af saline. Mice 2re inoculated subcuteneously in
the thig' .1 a.’ormin:l region with 0,1ml or with
0.5m1 intraperitcneally. Injection of virulent
B. anthracis will cause derth within 16-48 hours,

If injected mice are n:-t dead at the end of 72 hours,
the suspected crganism is probably an avirulent

B. anthracis. Death before 15 hours is alsc not

usually due to anthrax  (George, 1978).

All dead animsls gre sutopsied. Smears are
made from the spleen and bicod and heart bloeod is
‘noculated wnto bicarbonate agar. Autopsies, are
carried out with caution, preferably in dissecting
trays, Liberal use of disinfectants both on the
carcass before 1t is opened and on the dissecting
tray itself is 2dvisable. A wise nrocedure is to
place the animz2l's carcass ~n paner towels soaked
with a disinfectent such as 1:1000 mercuric chloride

or 5 per cent phenol.

Animal in~culations are best carried out with
suspensicns of pure cultures, because contaminating
organisms can limit the in vivo growth »f B, anthracis,
or cause death of the injected animal earlier than

anthrax infeectien. However, if neced arises,
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contaminated material or impure cultures cen be
inoculated inte mice or guineca pigs by the scratch
method, in which a few drops of material are rubbed
into a previously scarified area of skin, Anthrax
bacteria can usually penetrate the skin and establish
an infection more readily than contaminating
organisms, When this procedure is employed, the
laboratory must be certain that virulent forms ef

B, anthracis are isolated »nd identified from

injected animals that die,

Animal pathogenicity must be demonstrated before
identifying a Bacillus as a virulent strain of
B, anthracis. An important sequence to animal
pathogenicity is recovery of tvpical virulent anthrax
bacilli from heart blocd 2nd demonstration of
capsules in vivo., This is done by using smears
from the cut surface of the spleen and stained with

polychrame methylene blue,

(iv) Immunoclogical and serological diagnosis

Although the species of Bacillus have 2 number
of antigens, serologic procedures are not of value
for differentiation, A complex group of toxic
materials are produced by B, gcnthracis but they are

not used for identification.
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The ascoli--thermc--precipitin test used for
presumptive post-mortem diagnosis of anthrax depends
upon detection of heat-stable antigens in tissues,
The tissue is ground in saline &nd heated at 100°¢C
and the filtered extiact is layered over appropriate
anthrax antiserum, A precipitate forms 2t the
interface, if reactive. The antigens responsible
for the reaction are shared with other bacilli,
which are essentially saproprytes and are not likely
to proliferate extensively in animal tissues and the
test may be of value when ~ultural methods of

diagnesis are unsuccessful,(Puchanam gt al., 1975).

Because of the acute course of the disease, no
specific antibody response ig useful for diagnosis
of present infection, 2nd until recently, sérologic
methnds were not sufficiently srecific or sensitive
to be ~f significant valuc in retrospective diagnosis
or epidemiologic studies, The major capsular and
somatic antigens of the orgsnism are shared with
some cther bacilli, and the chain formztion and
spentaneous umping of suspensions of the organisms
make agglutination titratinns impractical, Recent
studies, with protective antigen. the mazjor zntigens
in acquired immunity to infection have changed this
picture, Available evidence indicates thet prrtective

antigen is restricted to Bacillus santhracis.
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(Angelety and Wripght, 1371). e sitive and specific
methods have been developed for determination of
antibodies reactive with it., These include
inhibition of line-farmation of in double-diffusion
precipitating reactions (Ray and Kachell, 1964),
passive~haemagglutination reactions and antigen

combining power tests,

(v) Phage-typing of Eacillus anthracis

Sperific bacteriophapges are available for
B, anthracis but as Wright (1954) points out, no
one strain of bacteriophage will lyse only none
encapsulated strains, For identification, the
gamma or W phages ere used since these phages are

apparently most specific (Leise et al,, 1959).

However, none of the phages are as yet readily
available, and for this reason, susceptibility to
phage is not included in the procedure for identifying
virulent strains of E, snthracis, Lysis by bacterio=-
phage, is rather a2 confirmatory test that can be

carried out in special laboratories,
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A visualised problem its an anthrax disease
that arises from infections with vaccine strains
of B, anthracis. Uecause these strains are usually
rough, they do not frm smooth colonies on bicar-
bonate agar medium incubated in 2 candle Jar eor
anaerobic jar; nor are thcy pathogenic for mice
within 24-48 hours. However, these strains can
usually be differentiated from B. cereus by other
biochemical reactioris. The question of whether a
vaccine strain caused anthrax ir, an animal must
then be decided by the veterinerian once a culture

has been identified 2s a rough strzin of B. znthracis,

Immunity as regards Bacillus anthracis infection

Immunity is 2 lach of susceptibility on the
part of a host as regaerds diseases with B, anthracis,
Natural immunity cr resistsnce of certain animal
species is very high. This is a consequence, at
least in part of an anthracidal activity present in
tissues and associated with a histine-like protein

or polypeptide,

Anthrax wa: one of the first disease
a definite immunity was produced by the use of
bacteria, Recovery from infecticon in the susceptible

animel results in & solid immunity, 2nd the serum
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contains protective antibody to high titer,
Nevertheless, it has not been possible to produce
any appreciable immunity to challenge with killed
vaccines of anthrax bacilli, An effective

immunity has resulted only from infection with
attenusted strains, as used by Pasteur in his

early studies on immunity in anthrax in sheep which
has a relatively resistance to anthrax or by
inoculation with virulent strains in conjunction
with protective antiserum, With examination of the

immunological activity of the products in vivo

growth of anthrax bacilli, in connection with

the toxin, it was observed that, antigen eliciting
an effective immune response was produce in vivo,
but not ordinarily in culture in vitro (Cromartie,
§o47; Merchant, Parker, 1571), In 1946, Gladstone
found that the immunizing antigen could be produced
in vitro in the presence of bodv fluids containing
albumin and a dialyzable fraction replaceable by
sodium carbonate., The elaboration of this antigen
in culture and its n=ture have subsequently been

studied at length (Strange and Betton, 1954),
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The immunizing zntigen is present in cell-free
filtrates of in vivo or in vitro cultures, 2nd
apparently diffuses freely from the bacterial cells,
It is hestleble and somewhat wnstable but can be
preserved by ly~philizatien, and ds proteinaceous in
nature, It is formed in culture in chemically
defined but complex mediums contzining many 2mino
acids, purines, glutemine, thiamine, bicarbonate,
snd other salts (Wright et 21., 1954), Certain of
the amine acids, bicarbonate and calcium are
required for formation of the antigen but not for
growth., (Puziss and Wright, 19€3), It may be
precipitated by alum (Wright, 1954), or salted mut
and purified by adscrption and elution (Strange
and Thorne, 1958). The activity is present in
maximal amount in young cultures, and there is
reascn to believe that it tends to be destroyed by

bacteria pelypeptideses (Schlingman et al,, 1956).

This immunizing antigen is not related to the
glutamyl polypeptide carsular substance, although
both are required for virulence, and the antigen is
produced for avirulent non-encapsulated mutants,

It is intimately related to the toxin described above,
but the relationship has not yet been precisely

defined.
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E While an effective immunity is produced by
ﬁrbphylatic immunization with the immunizing antigen,
in man as well 235 monkeys and other experimental
animals, the nature of the immunity so produced 1S
not completely clear {(Wzrd,1965). It presumably
includes antibody to the agpresin-like antiphago-
cytic activity end is antitoxic in thet the skin
lesion produced by intradermal inoculation in the
rabbit is inhibited by immunizatinong this inhibitiasn
has been proposed as a measure &f immunity to the

infection (Relton and Hemderson, 1055).

*%.5_ Prophylactic or sctive immunization of man to

o
[T

Y

P —

enthrax is not guantitatively simnificant under
ordinary circumstances, but effective immunizatien
of cattle, sheep and other domestic animals can be

of very considerable importance, ﬁgﬁ'i’
(. _ e

P Immunization bv inoculation with attenuated,
partially avirulent bacilli, Fasteur's prophylactic,
has been widely ured for the immunization of
domestic animals, although infection, "vesccine

anthrex", may occur (fuerbsch and Wright, 1955),

An alternstive method and one which has beem
used in areas where snthrax is prevalent is

Sobernhim's method, It consists of the simultaneous

W
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inoculation of virulent spore suspension and immune
serum from recovered animals. Fither method tends
to peruetuate anthrax infection. The pmassibility
that an effective immunity may be eligited by
inoculatien with sterile, cell-free preparations of
hhe immunizing, or prectective antigen described
above is of considerable przctical importance,
While it is fully established that an effective
immunity is se produced {Auerbach and Wright, 1955)
the - efficacy of the antigen is difficult to
evaluate, The intradermzl reaction noted above

and correlation of protection with complement -
fixing antibody titer (McGann, Stearman and Wright,
1960) have been suggested but 2n immunity index

has been advised by De Ar~sn (1961), which appears
te be more informative anc¢ correlates with antibedy

titrated by gel-diffusion (Klein et al., 1962; Klein, 1963;

Ray and Kachell, 1964)

On the basis of the immunity index, Klein
et 21, (19f2) found that non-encapsulated aviru-
lent mutant used as vaccine gave a 10-15 -« fold
increase in immunity, the protective antigen a
1000-f+1d cincrease, but immunization with protective
antigen followed by inoculation with live vaccine

gave as much as 10~fold increase cver throt of



Lb

uninoculated animals. Such immunization procedures
have not yet been tested on a large scale under

natural conditions.

Prevention and control of Bacillus anthracis

infection

Elimination of 2nthrax in ~nimals represents
the ideal method of minimizing humen contact with
the disease. Control of human anthrax depends
primerily r~n minimizing human contact with anthrax-
infected snimals and with animal products contaminated
with B. anthracis and seconfarily on immunization
of persons whose duties neccesarily involve actual

or potential contact with the organism.

Methads of 2pprosching this objective vary
greatly in different arees, depending on the
magnitude ef the problem znd the source of infection,
In colder ercazs in which E. anthracis does not
become established, the disease is sporadic, and
the source of infection is usually imported feed or
feed supplements that originate in endemic areas,
Bone meal, the most impcrtant of these, may be
rendered safe by proper nutoclaving during prepara-
tion. Although mass immunization would not be

economically justified to prevent speradic eutbreaks
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.f this type, vaccinziion of all healthy enimels

in the herd may be indicated when outbreaks occur,
Vaccination will usu2lly stcp an outbreak in

cattle within a few days !Sterne, 1959). Prompt
diagnosis, isolation and treatment of sick animels
and proper dispcsal -f csrcasscs by complete
cremation or deep buri”l are universglly recommended,
Necropsies should not be performed c¢cn animals dead
of enthrax, tu avoid hazard t« personnel and further
contamination of tne environment, Carcasses of
animals dying under c-ni?itions compatible with the
disease must not be npened until anthrax has been
excluded by microscopic examiiiztion of blacd smears.
Farmers must remain alert for the possibility of
anthrax and understand the prrcedures for safe

dispcsal of contaminated carcasses (Calvin, 1969),

When anthrax appesrs, quanrantine of the
entire herd until two weeks after the last cese is
diagnnsed is ususlly considered advisable, In
dairy herd, the animals must be kept under clase
surveillance and any animal showing fever or other
evidence of 1llness must be iseclated and its milk

destroyed (WHO, 1967),

A different situation exists in permsnent
enzootic areas in which spores are distributed in

the environment. Under these conditions, widespread



immunization of susceptible animals represents the
anly effective approach. Noneencapsulated epore
vaccines consisting of stable mutants of B. anthracis
that have last the 2bility to produce the polypeptide
capsule, have largely replaced 2ttenuated spore
vaccines for immunization of 2nim=ls, The vaccines
are effective, well tolerated and readily procuced

in quentity (Sterne, 1959).

Experience in South Africa indicates that mass
immunization repeated yearly for several years can
virtually eliminate anthrax from enzootic areas,
despite continuance =f primitive agricultural metheds,
The extent tm which effective control ~f anthrax in
domestic animals will result in elimination of the
organisms from the environment presumably depends
upon such factors as the climate, the soil, and the

significance of wild animsls as reservoirs,

Control ef the disease in wild animals presents
a more difficult problem, since ordinary methods
immunization are impractical. Attempts to control
epizoetics by disposal of contaminated carcasses,
although probably helpful in the leng term, have
little immediate effect, In general, detailed study
has not been directed to control ¢f B, anthracis as

it exists in the environment. Addition of guaternary
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ammonium compounds toc contaminated water holes
apparently reduced the incidence of anthrax during
an epizootic in wild animals (Pienaar and De, 1967),
and further investigations of control methods of

this sought would be desirable,

Until anthrax is brought under control in
enzootic areas, there will te a significant incidence
of contamination of animal prodﬁcts originating in
such areas, and anthrax will continue to occur among
workers handling the contaminated materials, (Sulkin
et al., 1963). Economically, feasible methods of
disinfection to render such products safe for
handling and subsequent use is difficvlt because
of their relative perishable nature and the great
resistance of anthrax spores to chemical disinfece
tants and heat, However, a process for disinfection
of hair and wool involving washing and treatment
with warm formaldehyde solution has been in use in
Great Britain for many years (WHO, 1967), All hair
and wool entering that country from endemic ereas
is processed and industrial anthrax has been
effectively controlled, There is no effective and
economiczlly feasible method for disinfection of
hides and skins as recorded by VWolff and Heimann
(1951). Treatment with formaldehyde vapour is effective

for decontamination of enclosed area: such as textile
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mills and laboratories (Young et al., 1970).
Effective non-viable preparations, of protective
antigen have become available in recent years of
immunization of workers actual!y or potentially
exposed to B, anthracis (Puziss and Wright, 1963),
The preparations are well tolerated, and greatly
reduce the incidence of anthrax in occupationally

exposed textile workers (Frachman et al,, 1962).

Immunization has been recommended for industrial
workers, veterinarians and scientific personnel who
may be exposed to infection (Gold, 1967)., The
antigen has been made available by the Centre for
Disease Control of the United States Public Health
Service in Atlanta, Georgia, A similar product is
available in Great Eritain through the Ministry of
Health (Arion, 1965). In the USSR, non-encapsulated
spore vaccines administered by the respiratory as
well as by the cutaneous routes have been used
extensively for human imm nization; no significant

untoward reactions were renorted (Aleksazndrov et al.,

1961),

Despite the progress in contrel of anthrax in
advanced countries, it is evident that much remains
to be done to control the disease throughout the

world, The problem can be attacked at various levels,
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Perhaps the mosc¢ urgent task is to 2pply established
methods ~f immunization with non-encapsulated spore
veccine to control the disease in domestic animals
ir. underdevelrped zreas. Scerne (1959), has
suggested that non--vicble antigens can be developed
that would yield immunity of greater duration than
is now attainable with spcre vaccines, Progress in
this ares would greatly facilitate worldwide control
of anthrax by reducing the reaquired freguency of
immunization. Further understanding cf factors
determining survival and infestivity of the organism
in the environment alsc could be of the greatest
significance, because new concepts might evolve that
would be applicable to control the disease in wild
as well as in ‘omestic 2aninals. In the United
States, and other industrialised countries, much
remains to be done n applving established methads
~f industrial hygiene to prevent infection of
workere and the general public, In

substitition ~f rlastics and synthetic fibers for
natural meteriels has alr.alv altered the distribu-
tion ~f industrial anthrax and further reduction in
the dewand for potentially contaminated animal
products may bhe énticipated. There is reason for
concern, however, that ihc decline in the impertance

of the disease ir advanced countries will steadily
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reduce the impotus for attacking the problem on a

world-wide bnsis.

Epidemiology of Anthrax

Spnontancous disease occurs in herbiverous
animals that acquire the infection by ingestion of
spores that probably enter the body through micro-
scoric cuts, or 2brasions of the oral or intestinal
mucesa, When a pasture has been contaminated with
anthrax spores, it may remain & source of infection
for twenty to thirty years, Although it is impessible
to determine the precise time of infection in a
case of spontanecus anthrax, it is certain thet the
duration of the disease is enly a few days, The
infected animals remain asymptomatic until 2 few
hours before dcath, Mortality in herbivorous animals
is usuelly ebout eighty percent., Sporadic cases
occured in United States in 1988 where 165 cases of
snthrax occured in 35 farms in California. Many
species of animels acaquire the natural disease, and
epizootics continue to occur in wildlife sanctuaries

in Africa (Burrows, 1973).

The most common form of human anthrax is
industrial snthrax, which results from contact with
animal preducts, such 2s woel, hide, goat hair, skin

and bones imported from Africa, the Middle East, and
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Asia, Less commonrly, snthrax is acquired in an
agricultural setting from working with infected
animals, One of the most recent episodes of

anthrax in the United States resulted from importea
bongo drums covered with znimals hide containing the
spores (Burrows, 1973). Cutanenus anthrax alsc has
resulted from contact with finished aroducts, such
as sharing brushes made with animal bristles,

ivory keys cn a piano, and wool products (Burrews,

1973 )+

Treatment of B. anthracis infectinn

Prior to the development of the sulfonamides
end antibiotics; anthrax wss treated with only
partial success by 2 combinetion ~f antiserum and
arsenicals., While the number of cases is limited
by the low incidence ¢f the disease, it has bcen
found that sulfenamides, are effective chemothera-

peutic agents, and penicillin remarkably so,

B, anthracis is quite susceptible ta penicillin
and when used early in the course of the illness,
is curative. The major difficulty is the lack of
clinical suspicion »f anthrax because of its rarity.
Cutaneous anthrax may thcerefore be diagnosed as

another illness, with prescription of an antibistic
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apnropriate to that illniss. With pulmonary
anthrax, the diagnosis usu2lly is made postmortem,
as is the case with gastro-intestinsl anthrax, If
the disgnosis of pulmonary snthrax is made in
sufficient time, large intravenocus doses of
penicillin should be instituted =s quickly as

possible.

In pztients allergic to penicillin or in ceses
of penicillin-resistant strains, tetracycline may
be used. If 2 skin lesion is mistakenly identified
as a staphyloceccal infection, incision and drainage
may be attempted. However, this can lead to disas-
trous results because of widespread dissemination

of the organism,

MICRNBIOLOGY IN LEATHER MANUFACTURE

Processing of hides and cskins to leather

The manufacture of leather whether in smell
scale at local level or ty the industrial, commercisl
and modern techniques hag some microbiolegical
impcrtance which is cf great economic significance

to the leather industry,
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The chief processes used in leather manufacture
(72'Flaherty, Reddy and Lcllar, 1965), consist of the
follcwings:--

A, Before tannzge (in n:rmel sequence)

i. Flaying:~ removing the skin from the

animal

ii, Curing: to preserve skins during
transnert or starage,

iii. Weshing:- (wet-selted materiel) or seaking
back (dry material) -~ to restore
"cured" hides and skins to a
natural raw conditisn,

iv., Liming:- to loosen hair, fat, flesh, etc.,
and "plump" up the skin ready
for tanning.

v, Unhajripng:~ to remecve heir

vi. Fleshing:-- to cut away unwanted fat and

flesh,
vii. Deliming:~ t« neutralise the alkeli from
(iv).

viii. Bating:- drenching or szcouring- to bring
the skin to the right acidity
for tannage, If the skins are
1ickled, they may be preserved
at this stage and in some

cases degreased,
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B, Tannage

The hides and skins 2rc new tanned by which-
ever method is sppropriate, using vegetable tans

or mineral (chrome rr alum or oil) etc.

C After Tanrage

-

varies very considerably

-~
-

The corder of processc
for different leathers, the following is a general

guidec:~
i, Hesvy leathers:- e¢.Z. sole (or bottom)
leathers -
Washing or scouring - t» remove surplus
tans
Setting out - to makce the grein flexible
and of good colour
Stuffing - to impregnate with oil end
fat for waterprosf ar mechanical
leathers,
Drying
Rolling ~ to compress the leather and
moke it firm =and flat,
ii. Light leathers, ¢.g, shne upper leathers

Shaving or splitting - to =2chicve uniferm

thickness

Washing ~ to free from surplus chrome salts.
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Neutralising -~ to adjust acidity

Dyeing -~ get the reauired colour

Flatliquoring - methnd of applying oil
to nchieve softness or "handle”,

Se’ting out - to remove creases and
surplus moisture

Drying

Staking -~ to flex and soften the skin,

Finishing vr ccasoring - to improve

appearance

Clazing - high pressure polishing or

Plating - 1in a hydraulic press to give
a smroth, flat surfrce or

Embossing in n press to produce foncy
design.

Tthe hide processor or the tanner must become
well acquainted with such waluable information end
scientific kncswledge in order to produce 2 high
quality leather 2nd to incrense exports by

delivering imporved quality goods,

Biochemic=zlly, fresh hide or skin consists of
water protein, fatty mrterials »nd some mineral salts,
the protein beirg the most importont for lesther
making. This protein moy consist of meny types

vith the importent once being collagen which on
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tanning gives lenther snd keratir, which is the
chief constituent of hrir, wool, horn sand the
epidermal structurcvs, The sprroximnte composition

of a freshly=-flayed hide or skin is as follows.

Water Protein Fotg Miner-1 Other
Selts Subst=nccs
(Pigments, etc.)

Cattl: Goots shecp

60-70% 35% 2%  2=-10% 5=30% 0,5% 0.5%

Structursl or Non=structursl or

fibrous preotecins Globulsr protein
Elostin (0,3%) Collagen Keratin  Albumen (Mucins

(85=00¥) _ (&%) Globulins)1% 0,7%(Mucoids)

Yellow fibre This trns Protcin Soluble, Mucous
woven in to give of h:ir non-fibrous materials
collagen lenther & e¢pide- proteins, nssociated
fibres rmis often re- with fibres

cont2in moved in
sulphur liming etc.

Source:« O0'Flcherty, Roddy ~nd Lollor (1965),

All =nim2l skins nre¢ made up of the ebove
constituents but the figure for keratin will vary
widely, depending on thie nmount of hrir present,
and the figure for fat will also vary. The division
between 2lbumns nnd mucins is debatsblc (Thorstensen,

1969).
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The role of bacteria in leather industry

Bateri2 in row hides and skins:- The rew hide or
skin if not properly presirved is likely to undergo
deterioration duc to micro-organism, FPrevot (1959)
reported throt the flor» of tsnning liquers »nd of
vegeteble=tanned l1eother is numerous consisting of
yeasts of which hrrmful ones include Pe=tasospora

rhodanensis, P. straosburgensis, Fichir pseudopolymor-

pho, Candidn guillermondii ~nd C., humicola

hydrolyse the tonnis or by the formation of the
sediments which bring down the tannis, The study
cf molds shows thnt the most aggresive ones are

-

Aspergillus niger, Aspergillus fiavus, Penicillium

groupe, frequetzns, Percylomyccs voriati and

Dermtophilus congolensis, whilce the breteris

involved both pnthogenic snis such as Bacillus

anthrncis, Mycob~ctorium tuberculosis nd non-

pothogenic ones such a2s Breillus cereus, Bacillus

circulans, Brcillus mogd theaye Eorcillusg pontho-

thenticus, Becillus licheniformis, Micrococcus

luteus, Srcrein~ zitrer, Pscudomonns species

Proteus vulgsris, Achromobccter and Flovobacterium

species.,



Microbial defects associated with leather processing

(i) Putresaction.

The bacterial action on fresh hide or skin is
proteolytic and this is done by the enzymes they
socrete with favourable conditions of moisture,
temperature, hydrogen-ion-concentration (pH) and
other environmental fsctors. In sequence, protein
is hydrolysed by oroteases to peptones, peptides,
dipeptides. amino acids and finally to ammonia,
\naerobic organisms of the genus Clostridium are
found tc be zapable of hydrolysing collagen signi-
ficantly. Aerobi~ bacteria initiate the putrefactive
process and create a favourable medium in the
vissues which encourages further nutrefaction
and depenerative changes by anaerobes. bacteria
wight peneiracve from both the flesh and grain side
uf the hide or skin, but the majority of them
pensirate through thz flesh side (Venkatesan, 1979).
This action heips in the 'air or wool-loosening
2ffect of th~ hide or skin, notable species of

Dacteri: responsible are those of Fseudomonas,

Protius and Achromgbacter. The putrefactive damage
25" hide: and skins brought about by the action of
becteria is a detect of unzuitsble and inadequate

curing oi the hides and skins, The
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degradation is most m riked in tho epidermis
fibrotl~sts ~nd muscle cells, The bocterinl atteck
con first be noticed by £ rapid putrid smmoni=cal
smell oand also by the foact th~t if the h7ir is
pulled it com=s off the skin or hide very -asily,
this being duc to the detirioration of the hair pulp
and the epidermal ceclls linineg the hair pulp. This
is known ns "hair slip" (Koppenhocffer and Somer,

1939, Stusrt, 1940),.

Roddy (1964) ripgntly pointed sut thot the putre-
factior drm2ge of hide or skin ultim~tely brought
about pinprick marks, hoir or gr=in slips (rubbed-
off surfrace resulting inte blotchy finished lenther)
“rd holes in such leathor, The depgree of degradetion
of the skin by the micro-corganisms con be cstimated
by ossessing the amounts nf 2mmani~, frec omino ~nd

carbexyl groupg reless 4 durirpg putrefoction,

Ab~:t thirteen specice of bhocteris belonging
to different gencrs werce forund to be zssocisted with
fresh nnd dricd raw hiades 'nd skins of living
nim~ls (Nopitsch, 1954) bvt only some of these ore
found to be potentislly pnthogenic, These include

~erobic ones in the genurn Streptococcus, Staphylo-

cocnuas, Micracnccus, Mveobkacterium onoerabic ones

such ~s Clostridium perfringes, C. lontoputrescens
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and facultative anaserote; Proteus vulgaris,

Staphylococgus species were considered as the

normal skin inhabitants (Prey, 1925) and often
responsible for secondary infections of the skin,
Anon (1963) and Blark (1937), reported that

African goat skins examined for anthrax revealed

an incidence rate of 33%., The bacteria flora of a
flayed hide or skin may vary appreciably from one
alace to the other depending upon the contaminating
microflora from air, soil and water because Bacillus
anthracis was isolated from goat hair and aerosols

in goat hair mills (La-~force et al.,, 1970).

{ii) Red Heat

The main aim of the raw hide processor or the
tanner is to preserve the hide or skin collagen
against microbial degradation and restore it to a
fresh-hide form before processing into leather,

But, the curing of hides and skins satisfactorily
poses a1 important problem for the leather industry,
and meticulous care has toc be taken to produce good
quality leather, This is because the commonly used
curing arent is sodium chloride (NaCl)., It is either
uced alone or in combination with an antiseptice, or

& pacteriostat, or a bacteriocide whicn interfere with
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the metabolic activitv of the disastrous b@cteria,
fut, the baterial flora in comrmon salt (NaCl)
changes appreciably if the salt has been used

once for curing, particularly if such salt was
collected from a hide or skin which was initiajly
staled prior to curing, Micro-organisms isolated
from used salt were as expected found to be
highly salt resistant, ©5alt curing brings about
the death of bacterial cells and removes partially
the lobular proteins, Such proteins are
undesirable as they erncourage bacteria growth and
'red heat', 'Red heat' is discolouration of the
flesh side of the skin varying in intensity and
shade, It has been found to be due to the
pigment produced by halophilic chromogeric

bacteria such as Szarcinia and Mirccoccus species,

(Martin et 2l,, 1961; Javanovitis, 1927). The
bacteria involved in this "red heat" are those in

the genera Sarcinia and Microccecus. The source of

contaminaticn has been traced to the comrmon salt

used for curing and also observed that marine salts
obtained by solar evaporation were highly cortami-
nated, Kock salt has been observed to be practically
free from such contaminations bv these bacteria

(Martin et al., 1961),
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o
ﬁ:- Generally, bacteria associated vary in their
SR : T

salt tolerance. Sarcina, Microcgccus and @'
Staphylococcus are significently tolerant while
cthers such as Bacillus and Rhodocogcus ere

moderately tolerant. i

_}% But Bacillus has been found to be the only

member able to digest the hide substance and
probably responsible for the hair slip without

:&éing any damage.to the hide fibre (Anderson, 1945),

i Besides being responsihle for the spoilege

of fresh and salted hides and skins, bacteria
also cause some detrimental effects to hides and
. i
skins during tanning in the beam house, :
(iii) Fungsl stippen
A S

T

R W e BT

This is a defect of curing caused Ly a fungus,
otherwise known as 'salt stippen', It iz attributed
to the rupture of the grain tissue of the hide
during the initial curing process. The damaged

tigsue is subsequently invadad by secondary bacteria

i

i )
i
%

(O'#lah~rty Roddy and Lollar, 1965}, -

[}
. H
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(iv) Loose and pimpled grains

During soaking, some of the bacterial actions
cause loose and pimpled grains in heavy leathers,
In addition, they cause small pits in the grain and
loss of substance with a thin, flabby and loosely
woven empty fibre structure in the corium in both
heavy and light leathers, These bacterial actions
are influenced by the temperature and time of

soaking in soak liquors,

During liming, chemicals (sulphide-lime-zmines),
micro-organism or their enzymes with or without
added alkalines or buffer salt with a resultant
pH 12«13 are normally used, McLaughlin, Rockwell
and Blank (1927), cbserved that non-sporulating
bacteria were killed by the fresh lime while the
sporulating bacteria survived, But such sporulating
organisms could not multiply in the 1lime liquors,
Unhairing by liming was indepedent of @ny bacterial
action, The bacteria associated with liming are
those in the genera Micrococcus, Sarcina and Bacillus,
Bacillus subtilis, variant vzllens isolated from
lime liquor by lNandy, Sen and Das (1976), produced

an enzyme that possessed unhairing action,
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! Collett (1923-1926) fourd that gome spores of

E
i

certain bacilli survived passively in lime liquors,
Algo, proteolvtic and fat-splitfting enzymes played

no important reole in modern liming, because enzyme

unhairing favours the bacterial growth (Cordon,

Everett and Windus, 1961).

'In pickling (pH 1-2), it is generslly accepted

L
P
that pickled pelts can be stored and preserved for

a considerable period a2s the extreme acidic reaction

of the pickle liquor irhibits the growth of bacteria,

Cgttle hides infected with Bacillus anthracis were
réndered sterile by pickling in a solution containing
3 percent hydrochloric (HC1l) acid and 10 percent
sodium chloride (NaC1) (Procter, 1922}, i

i _
) N
: .

-E The environment during bating {(pH 7.5-3)
b%erations 1s very condusive to bacterial growth
because of the warm temperature, ideal hydrogens
ion~concentration (pH) snd the prezence of abundant

proteins mainly in solid form and partly in solutions,

The isolated, micro-organisms include species of the

genera Sarcina, Staphvlococcus, Pseudomonas,

Flavobacterjium, Serratia and Bacillus.

BT
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The pigment - producing -nes, Pseudomonas and

Flavobecterium were more predominant and there were

cocci, nun-pigmented boeilli ~f 211 types including

the ubiquitous Bncillus mescnterious =nd other soil,

water ond air-borne orgamisms (Line, 1948), -
(v) Wnite spots

Tanning of picklued pelts in a beam house or
tannery is either by vegetable tanning or mineral
tanning, The extrcmely acidic reaction of the
tanning liquors;

Chromc tanning pH 2-4

Vegetable tenning pH 3-5

0il tannage pH 5,5-10
mekes it unlikely that bacterin will survive with

the exceptions ~f Leucinustoc mescnteroides,

Leucrnnstoc dextranicum, Bacillus mosentericus

fuscus nnd Alcaligenes viscisus which are capable

of giving rise t» "white spots" due to the slimy
fermentation on the hides suspended for drying
(Jarolimek, 1950)., The urigin of these orgenisms
has bcen traced back t: their presence in the raw
stock itself s=nd they survived the beam housge or
tannery preocesses to show up the defect -n the

finished lecther as "white spots”,
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Generally, tanned leather are contaminated by
some groups of micro-organisms of which fungi and
bacteria are persistently inclusive, However, it
is clear that the prevalent spore=forming organisms
of the genus Bacillus, are highly harmful and
commonly encountered in the beam houses and
tanneries, As many investigators have directed
their attention to saltless curing, greater care
has to be taken to guard against these organisms
especially Bacillus anthracis because of its
public health importance and significance to
leather industry workers and users of leather

products (Venkatesan, 1979).
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Chepter Three

MLTERIALS AlD METHODS

A. Field Survey for bacillus anthracis

1. Survey of fresh flay=d voat skin for Bacillus

anthracis
Source and type of sample:
Tne 102 freshlv flavea goets skins used for

this investigatior wvere collccted from Samaru and
Sabon-Gari abatteirs, located at two different
peoints in Zaria. Thirty were collocted from Samaru

abattoir and the rest 72 from Saben-Gari abattoir.

For each samplc, as soon as the pgoat was
killed and flayed, the whol. picce of skin wes
taken in a clean plastic buckct and tightly covered
with its 1id, The samples were brought immediately

to the laboratory for bactericlogical examinations,

Sampling technique:

The sampling was con. in 2n ultra-violct rayed
room for sterility purposcs. The skin was spread
in a sterile tray and semple-cuttings were done for

the bacteriological'anminqtions of the skin,



68

A sterile piece of wood measuring five=
centimetre in length and four centrimetre in breadth
with an area of twentv souare centimetres
(5cm x 4cm = 20 sq. cm) was used to measure five
pieces from the skin, The cuttings were done at
random with sterile forceps 2nd scissors using a
pair of sterile hand gloves, A total area of a
hundred square centimetres (100 sq. cm) of skin was

removed for the bacteriological examination,

2, Survey of Locally-Tanned goat leather for

Bacillus anthracis

Source and type of samples

For each piece of locally-tanned goat leather,
a sterile sample bottle was used for collection,
The samples were collected from four different
shoe-makers at S5amaru =nd arother four at Sabon-Gari
markets in Zaria town., After collection, the
samples were brought immediately to the laboratory
for the bacteriological procedures., A total number

of 103 samples were collected,



69

.

3. Survey <f modern or scientificelly - tanned
leather for E=cillus znthracis

— = — —— e —

Source and type cf semples

Sterile sample bottl-s were used to collect the
scientifically finished pieces of leather used for
this investigatior, The only sourcc of colluction
was the Frotweer and Lezther Gcods Section of
Leaether Reseerch Institute »f Nigeria, Zeria,
One-hundred and three samplecs were collected and
brought t¢« the laboratory immsdiatelyvy for the

bacteriolcgical examinati.ns,

Isolation and leboratory pr.cecures

Laberatory procedures for fresn flavee g ats skins

The cutting from each picce ¢f freshly flzyed
poat skin were then s-oked ir. some volume (that is
20ml; velume/wcight) of sterile physiological
buffered saline (PB3) =nd r£llowed to stay for thirty
minutes with sh~king at intervals to ensure maximum
extraction of tre microflorazl from the pieces «f

skin intr the extracting fluid,
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After thirty minutes, each piece was 1lifted
and nllowed tc¢ drain freely inte the bottle., The
extrocting fluid frem the five sample bottles were
peoled into another twe-hundred millilitre sterile

bottle, It was then mixed theroughly but gently.

About twenty miililitrc (2Cmls) wns decanted
into sterile centrifuge tube and centrifuged at
2,500 revolutions per minutes (2,500 r,p.,m.) fer
ten minutes, The supernatant was decanted and the
sediment was shnken with the last fow drops of the
supernatant to redissolve, This was thon used for

the isolation and identification procedures,

Using sterile test tubes, the sediment wos
divided into two equ=l hzlves. To the fir-t hrlf,
an equal volume of two pcrcent phenel wos added te
get rid of the vegetative form of cther bacterie
other then spore forming bocteria., This was allowed
to stand nt room temperature fer thirty minutes
with slight shaking -t intervals, (Spores of
Baeillus anthracis sre resistant to 2% phencl
while other non-sporc forming micro-organisms are

sensitive (George, 1978).

The svecond helf was put in a water bath with
a temperature of 60°C for thirty minutos with slight

shaking 2t intervals to ensurc uniform temperature
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of 60°C with slisht shokirz ot intervals for

thirty minutes.

Laboratory procedurcs for scientifically-tanred

leather samples

Each piece of the scientifically tenned leather
collected was trimmed to an azrea of 20sq, cm and
soaked in 20ml of PBS, for thirty minutes with
slight shekings at intervals, The extracting fluid
for each set was pooled into a sterile centrifuge

tube and centrifuged for ten minutes at 2,5000 r.p.m.

The supernatant was decanted off leaving few
drops to dissolve the sediments on shaking =and
divided into two equal halves. An equal volume of
2% phenol was added to the first half, llowed to
stay for another thirty minutes with slight
shakings at interval, While the second half was
also put in a water bsth =t 60°C for thirty minutes

with shaking at intervals,
Bactericlegical exeminations of field isolates

(i) Isolates from raw goats skins

The trested sediments were then inoculated

separately on the follewing bacteri-lzgicel media
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for isolation purpose-.
(a) Blood agar (PA): - ¢ ntaining 7% deiibri-
nated sheep bil~ C.
(b) Plesiol-etharl acar (PEA) ~ containing 7%

defibrinoted sheep blood,

The inoculated =ge1" plates ware incubated at
37°C in candle Jors to crecate » condition of about
10-20 percent carbon dioxide ard 8C-90 percent

oxygen for about twenty-four hcurs

The BA 2nd PEA plates were examined sor Ltypical
colonies of Bacillus anthracis. The colonies
selected for further investipgations were the fairly-
large, dry, greyish, n:n-hemolytic. rough colonies
with serrated edpes ('medusa-herd’), typical f-or
B. enthracis. Suspected B. anthracis ~oloniee were
re-incnalated onto fresh BA a#nd PEA plates a2nd

incubated 2t 37'C in total aerobic conditions for

isolation into pur: cultures and maximum growth.

Staining

The isolates were stained by Gram and Anthony
(Modification of Hiss) s*ains for their gram and
capsular reactions respectively. The stained slides
were examined under = simple microsc po to (hHserve

the staining reacti 'ns and cell- morphology.
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Biochemical characteri~etion

The biochemical identification nrocedures were
carried out acc-rding to standard techniques

(Table 3:1 shows typical react:l-ns of B. anthracis).

The isolates bechaving typicelly like
B. anthracis were then inoculated onto stock-culture

agar slants and incubated =t 3/°C for 24 hours.

These were subsequently kept as stock
cultures in the refrigerator(hoC) until further

tested,

(ii) Isolates from locally-tanned leather samples

The treated scdiments in the two tubes were
then inoculated each on BA and PEA plazes for
cultural exesminations, The plates were incubated
2t 37°C in candle jors {(cresting an atmesphere of
about 10-20% CC, and 87-90% Coz) for twerty-four

heours.

After incubation, the BA and PEA plates were
examined for typicel B, znthracis colonics. The
suspected is-lates were *then roe-inoculated onte
BA and PEA pletcs for purc culturirg at 37°C for

24 hours, Isolates were tested biochemically as



glready stazted sbove =aad tr sc beheving typically
like E. snthracis were stored =t 4°C for further

testing.

(iii) 1Iscl=ztes from scientificzlly-tenned leather

serples

The two hrlves, aficr becen tri=ted as mentioned
sbeve, werc ¢ach inoculatid on both Ba and PEA
plates for cultural charact.rization, The pletes
were incubsted at 379 in cendle jars (10-20% co,

+ B0O-20% 02) for 24 hours,

After incubation, th¢ plates were c¢bserved for
typical growth of B, nnthracis. The suspected
iselates were roe=inoculstid ~» fresh BA end PEA
plates te give purc cultures for biochemical
characterizotion and then stered f~r farther

investigations.
(BY Animel Pathopgenicity Tust

Totnl number af isol-tes tosted

Twenty-six isolctis were found to be typically,
bchaving like Bacillus anthrocis. Eleven of thom

wcre frem the freshly flayed poots skins, eight
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Table 3:1 Typical Birchemical deaction of

Bucillus znthracis

ﬁinch;mical Tests chillgé-ﬁnthracis
Rercti~ns

Gram steining Graom peositive

Motility N~ -motile

Capsular staining Capsul~ted

Spores Oval, do nrt swell cell

Simmon's citrate P-sitive

Nitrate Reducticrn Positive

Gelntin Hydrolysis Weak

Urea=christensens Varisble (+ or =)

Vorzes - Proskauer Pasitive

Glucose Acid procuction

Gas from glucose Meger G V22

Mannitrl hydrolysis Nega cive

~rabincse Nopstive

Action on bl-od *n-hemolytic

Growth at 25°C Positive

Growth a2t 37°C Frsitive

Growth at 427C Voriable (Positive/Negative)

Source: 1. Cowsn, and Steel, 1970,

2. . King, 1972,
18 . Carter, 1973.
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from the lecally=tanned jrents leather »nd the rest
seven frem the modern or scientificrlly-tsnned

leather samples,

Source »f mice

One-hundred and fifty growing swiss white
mice were purchased for the animal inoculation tests,
Minety of them were meles snd sixty females, Five
mice containing at least two meles and two females

were used for each isolote,

The mice were obtained from two sources, The
bulk of them was frem the National Veterinary Research
Institute (NVRI) in Vem=Jos, Plateau State ef
Nigeria and the rest from the Denartment of
Veterinary Patholeogy and Vierobinlogy, Ahmadu Bello

University, Zaria,

They were kept in large mice cagzes for one
week, for their general observation in an isolated,
disinfected recom, They were fed on mice pellets

and drank freely from water bottles,

Preparation of cultures

Each isolsate from the stocke-culture was

inoculated on brain heart infusion (BHI) broth
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and incubated at 37°C for 24 L, This was to
reactivate the crganisns before ineculating them

into the mice.

Incculation ¢f mice

Using n sterile needle and & svringe, about
0,2ml of twenty~four hours fresh cul ture of the
isolate was injected intraperitoneally into the
five mice. The five incculated mice for each
isclate were kept topgether in a czie with feeds and
clean water, snd were observed foir 72 h past
inocul=tisan., Ususlly, injection nf virulent
B, anthracis will cause desth withir sixteen to
forty-eight hours., If injected mice wire not dead
at the end of seventy-two hours, tne suspected
organism wes prabably not 2 virulent E, snthracis

(Gevorye, 1978).

Innculated animals ‘het died within the
stipulated time were picked and put in sterilc wide
mouth and well-cirked somple battles for pust

mortem examinalions,

Examineticn of dead mice

The inoculated mice that died within 18-48

heurs were examined st necreopsy for pathologic
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lesions, The antopsices were done in a dissecting
tray liberally disinfected with 1:100C mercuric
chloride, The dissecting kits werec =lso sterilized
by autoclaving 2nd sometimes by cold sterilization
using acetone and alcohol., In addition, swebs of
the peritoneal exudate for cach dead mouse were made

for bacterielogical examination,

Bacterionlogical examination

Smears of the peritoneal exudate were made on
clean gless sides from a swab, The and capsular
staining of the smears were done for their respective

f and capsular reactions,

The other swab was then used to streak on BA
and PEA plates and incubated aerebically =t 37°C for

twenty-four hours.,

After incubation, colenies leoking typical ef
B. anthracis colenies were steined by the Gram and
Antheny staining techninues,
Contrel Experiments

Use of reference strains of Bacillus anthracis

Pathegenic and vaccine strains of E. anthracis

were ebtained from Naticnal Veterinery Research



Institute (NVRI), V‘m-Jﬁu, Plateau Stnte, Nigeria,

The vaccine strain was in the lyophilized ferm,
It was reconstituted with sterilc PBS and then ‘
inoculsted inte nutrient broth, incubated at 37°C
for twenty-four hours, after which they were abserved

for e¢rowth.

The cultures of vaccine and the pathogenic
strzins were then inoculated on to BA =2nd PEA plates.
Thewz were incubated at 37%°C for 24h, and typical

colonies of B, 2nthracis were obtained in both cases.,

These reference strains were used along-side
with isq}ﬁtes in the survey and in the mice
pathegenicity tests, The results sbtained here »
were cempared with the ones ebtained for the iselates

from the survey,

Use of other species »f Encillus

Five isel=ates of.ﬁnciglus species were used in
this study, Four iselatcs ebtained during the
survey be;avod typically 1ike B, cercus and ene
other Iselate behaved like B. subtilis, They were
used in mice pathogenicity tests mnd the results
ebtained were compared with those of the other

isolates th~t behaved typically 1like B, onthracis.



Survivzl of tenrirs praccss by Bocillus z2nthracis

This experiment was donc to determine the
survival of Brecillus anthracis through tanning
processes, For the experiment, six rondomly picked
isolates, two ezch from the raw go=ts skins, lecally
and scientifically-tanncd leathers were first uscd,
In addition, the reference str2in of pathog:nic

B. znthracis frem NVRI, Vom-Jos was used,

Two piecces of froshly flayed gorot skins were
collected from the slaughter house in Samaru-Zaria,
They were examined for the presence of B, anthracis
2s already described 2bove, From the bacteriolegical
examin~tions, they were certified to be free of
B, anthracis organism, The skins woere then used

for the tanning processing.

Two pieces of flayed goant skin of equal size
(10 % 10em) were cut =nd weighed, They were washed
thoroughly with seap =nd rinsed in cleon water
before further use. One of thep was used =28 the
experimental and the other, the contral. One
piece was seeded with two loopful pure cultures of
the isolate and the other piece with reference

pathogenic strain of E. znthracis.
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These secded pieces were incubrtod 2erobically at
37°C in sterile petridishes fer twonty-four hours.
After incubaticon, the seedid sxperimentel picce was
soazked in tap water, The contrel piece wes soaked
in 1:1000 mcrcuric chloride far five minutes (to

kill off the Z2acillus snthrocis (Solvts, 1948) then

washed thoroughly with tnp woter, Fluids »nd swabs
from the two picces were then takern ~nd strcsked on
blood agor pl-otes, incub~ted at 37°C for twenty-four

hours,

The pizces of skin were then t=2nned concurrently

in se¢perate covered jors.

The chromc-tannzpge w=es emplcyed for the tanning
and the steps involved were in ~ccordancc with the

stonderd techrigue (Appendix II),

Weighingi-= The picces of skin were weighed

A
-

to know the mount of the

chemicyl necded for liming.

b. Washing:- The skins were washed with

distilled weter

¢, Liming or prstimw:- The ch.omical uscd

were a mixture of



distilled woter per weight of
skin. The skins wcre left in
this solution for one and =a

half hour.

h, Washing:-~ The skins werc agnin washed in

distilled water

i. Bating:- The chemicnls uged here were:-
1% bate powder per weight of
skin, plus 150% distilled water
per weight of skin. The mixture
had a fin=1l pH «f 8 and the
skins were left in here for

nnly thirty minutes,

Je Pickling:~ The chemicnls used were 70%
distilled water per weight of
skin, plus 10% sodium chloride
per weight of skin plus 1%
concentrated sulphuric acid

per weipht of skin,

The mixture gave n final pH of 1.5 ond the

pleces of =kin werc sonked in here for thirty minutes,

k., Tanning:- OSeven percent chrome powder

dissolved in distilled water
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calculrted per weight of the
skin =nd » pH nf 2 was used, with
the skins soaked in there fer

three hours,

1. Retoanrning:- JAnather seven percent chrome
pewder per weight of skin dissolved
in distilled woter wes used,

The skins were seaked in here

avernight,

This was the line up of the taznning procedure
follawed, The other subscquent steps including hérse-
up, neutralisntion, fat-_iquering and finishing had
to be omitted Wecause the mochinceries were not

available in the l~karatory,

At the end af cash step in the tanning process,
some quontity of the fluid =2nd a sw2b of the skin
was taken, The fluids =nd the swrbs were used te
streak on the surfacesnf BA and PEA plotes, and

incubated at 37°C for 24 hours.

The incubatcd plates were then observed for

possible grewth of surviving sceded B, aznthracis,

The suspected isol=tes were then tested by

staining and biochcemicsl remctions,
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Chepter Four

RESULTS

(A) Prevalence »f Heceillus znthracis in freshly

—

flayed geot skins

Out «f the 102 samples of freshly flayed gont
skins surveyed fer B, anthracis, = tot2l of 51
isolates (50%#) yieldcd Bacillus species while the

rest 51 of them (50%) were nepntive,

Other bacteriz, mostly srom-pesitive coccl,
in short choins, =»nd ecr clustors ani few grone

variable cocco=tacilli werc abscrved from them,

The results of kiochemic=l tests done to
differentiate the Bacillus spccics showed that 11
of them were sugpcstive of boing E, snthrocis
while the rem~-inine fortv were 3f non-snthrax

brcilli, (Anpendix V),

Tzble . shows the biochemienl re=ctions of
the referconce strains of B, antkracis 2nd the 11

isolates from fresh fl-oycd skins.
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2. Prevalence zf B, rmthrzcis in locnlly trnned

Leother

Gut nf the 103 s2mpies cillceted for this

survey, 12(12%) yielded Beeillus species,

The other iseloti s were gra2m positive coccd,
cacco=bacilli =nd fiw 2ram varisble cocei ~nd
coccohscilli, Fight of the 12 suspectcd PBacillus
specics grve typicel bischimicnl re~ctions of
B, snthracis (Tabl:c 4:2), The othir four were non-

typicnl (Appendix VI),

3. Prevolence of B, anthracis in scientifically

tonned lLoather

Out of the 103 samplus ceollcoccted for this
survey, 10(9.7¢) ¢f thim cont~ir. d Brcillus species,
Seven c¢f them showcd reactions 1ike the typical
snthrax boeillus (Teble 4:3)., The remoining samples
contained both gsram positive =nd rram negative coccl

and cocco~bacilli (sppuendix V1),

(B) Results of #nim-1 pothorcnicity tests

(i) Fieid isolotes »f B, anthrocis

Out of the first 11 isolates from fresh flayed

gont skins, 9 (9%) of thum killed the mice within
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Table 4:2 Eiochemicel reactions of suspected Bac

cillus anthracis
isclated from leocally-tanned goat leather

b

k

Voges Gelatin
Somples  Gran Capsulzr Motia Citre- Upea Litre- Pros- Glue &Abre- NMerri- liqu-
Mumber — resction Reaction 1ity te T te acuer cose binose tol fzetion
L. 7 Gr tve CS - + - + + A - - S
long
rocs
L.L 17 " C5 - + - + + A - - 3
LL 25 " CS - + - + + A - - 3
1L 29 " CS - + - + + A - - 8
LL 48 " CSs - + - + + A - - S
LL S0 " 3 - + - + + A - - [
LL 107 n co - + - + + A - - 3
LL 103 " C3 - + - + + A - - S
FOOTHOTE: LL = Locelly-tonned lezther
Gm tve = Grsom positive
CS = Cepsulsnted with speres

6y
1l

Slow gelatin liguefoction
Positive reaction
Negrtive rezction

Acid Preduction

1 +
i

T
I
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Table 4:3 RBiochemicrl re=ctions of suspected Bocillus ~nthracis
iscleted from scientifically-tsnnz=d leather

Litra- Voges Geletin
. . te = - ; . . ique-
Szmples Grem Cepsulzr Moti- Citra- . o~ Pros— Glu— Arsbi- Mapri— Lidue
L . e ; Urea Reduc—~ i fac-
Number  Rezetion Rezction lity  te T3 kzour @05t nose N
tion tion

STL & Gm +ve Cs - + - + + A - -3

Lonz

rods
SFL 23 " Ccs - + - + + A - S
SFL 56 " CS ~ + - + + A - S
SPL 59 H CS - + - + + A - S
SFL &7 " CS - + - + + A - S
SEFL 161 " C5 - + - + + A - S
SFL 102 it C3 - + - + + A - S

FOOTHQTE: SFL Scientifically finished {(taznned) lesther

Gm +tve = Gram gositive
3 = Cepsuleted with spores
+ = Positive reaction
- = Negative resctinn
4 = Acid production

S = Slow gelatin liquefaction
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Table 4:4 PEiochemical reactior and animal pathogenicity tests of other
Isolated species of Bacillus other than Facillus anthrscds

m———— . ———— . -

. _J”\l—rh‘. -y s > < IeS ~a \ " ” Cel: -
Eacillus Gram lar Yoti- Citra- .., Nitre- Uanw vlue Arabji- iFanni- ﬂwWa Animal
species Reaction 5~ it te T te ... ©DISE nos tol uww_ Path o=
e 50 kaeur Ligue=__ % " . .
+imn £a6 genicity
o e e -
.W._. cn ’m-.'......ﬁ..
Bl Gm +ve C3 + * + + + A - = =1 jeat
lcng reds occured
B2 " £5 + - + - - A - £ =) " i
% n (& + + + - - ~ - - R Y
Bl " 3 - + + + A - = R n i
B5 L E3 - + - + + - A R 1 i
FOOT NOTE: B1 - B5 = Becillus species 1-5 (suspected)

Gram postive long rods
S Capsulated with spcres

<
=
+
<
m
]

+ e FPositive reacticrn

- = Negztive reaction

A = Acid production

R = Rapid in gelatin liquefaction (all at 72 hr.)
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(B) RESULTS OF ANTMAL PATHCGENICITY TESTS

i, Field isolates of P, anthracis

Out of the first 11 isolates from fresh
flayed goat skins, 5 (9%) of them killed the mice
within the recommended 1% and 48 hours, From the
locally-tarned all 8 (100%) isolates killec the
mice at the end »nf the 48 h>urs past incculstion
while for the scientifically tanned, 6 (85,7%)
isclates out ~f 7 killed the rice inoculated with
them within the 12th and 48th hour post inoculationn,

(Appendix v),
ii, Reference strains of B, anthracis

The refoerence strains of pathogeric and
vaccine strains obtained from NVRI, Vem-Jos
showes. the sam? birchemical reactions typical of

Ii, anthracis,

For the animal patkhcgenicity tests, all the
five mice inoculated with the pathogenic strain
died within the 18=48 hour post inoculation, Nane
of the mice inoculated with the vaccine strain
died within 18-48 hours pnst inoculation

(Appendix iv),
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iii, Other Bacillus specics

The results of biachemical raactions af five
non=-anthrax bacilli and their animal pathogemicity
tests are shewm helow in Table 4:4, None of the
five iselates killed any of the mice in seven days
pest ineculatien, The mice were killed after and
examined bacterielegically and pathelogically, Ne
bacillus was recovered from the peritemeum and

there were nm grouss lesions,

GROZS PATHOLOGICAL AND BACTERIOLOCGICAL FINDINGS

IN DEAD MICE

Gross pathological lesions

Gressly, the mice were generally bloated.
Some of them were in advanced stage of decempé@sitiem
especially those which died in the evening and
were net nnticed until the fellowing day, The
peritoneum of each meus~ contained bloed tingkd
exudate. The sergans of the peritoneal and thoracic

cavities were amsedematous and or haemorrhagic,

Bacteriolerical findings

Gram positive hocilli were demonstrated hy

direct micrescopic examinations of Gram stained



exudates from the mice. Capsules w-re also

demonstrated from some of them,

Culturally, the bacterium was also isolated
from the exudates when cultured on BA and PEA

rlates for 24h at 37°C under aerobic conditions,

Survival of B, anthracis during tanning process

1t was observed that U, anthracis survived
exposure to 1:1000 mercuric chloride for five
minutes., However, when the period of soaking was
extended to thirty minutes, bacteriolopgic examinae-
ticns showed that there was no viable organism on

the picce of sking

Ir general, nall the tenned pieccs of skin
seeded with the isolates from survey and the
pathogenic strain of B, zanthracis contained viable
anthrax organi:ms frem the first step of washing
to the bating stage. But, at the pickling stage,

no anthrax orranism or other bacteria were isolated,
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Cnapter Five

DISCHLS10N

The survey ~f ¥, anthracis in 1lwscally-tanned
leather showed tkat 7,7 percent of the samples
collected centained wvirulent strains of the
rrgarism, This is cuite high encugh to cause
detrimental effects for botr the tanners and
consumers or users ¢of their tanned leathers and

products,

kqually of public health simificance was the

finding that scientificallyv-tanned leathers may
also be contaminated tv B, anthracis. This is
because there was ne significan® difference in

the carriage rate of L., anthrac’'s Ir scientifically
and loecally-tanncd leathers, It has been found
that somc highly resistart spare-forming organisms
especially L, anthracis can survive through the
beam houscs of leatner, hairs and woel (Vekatesar,

1979),

Lata obtained from experikentally inoculated
raw slkin subsequently exposod to scientific method
of tarming ic the present study, however demonstrated

that the rrocess used did not allew survival of



b, anthracis (1 cal strains) =t or beyond the
pickling stage., All bacteria and twenty-two
other micraonrganism: were eliminated at the
picklirg stag« The finding that scientifically-
tanned leather warc contaminated by B. anthracis
in this onvironment is therefore indicative of
past-process contamination., The air-borne

spores of E. anthracis may readily contaminate
finishad an” stored products., T- date, it is
unkn2vin whether the 1l.ocal tamning nrocess allows

survival ~f B, anthracis.

The population -f geats in Uigeria is
aporoximately between 27-32 million (Bida, 19279).
Since mest nerdsmern scw thei™ anunars together,
it could be speculated that the cattle and sheep
herds are ecogually involved in earryinzg the snores
of B. anthrscis and exchanging skin microorgznism

by close contact 2nd herding

Although the perzentages ~f semnies contasining
viable virulent E. anthracis in both larally and
scientificallv tanned leathers in the present
survey are relatively low, these could be a
reflection of narrow scone of the study, Isolation

p

of virulent B, anthracis from tanned lcathers %o

which the genersl human population is exposed is



without doubt significant,

Before anv recrmnendation on immunization of
tannery workers and herdsmen a bhroad-=based study
covering many states in Nigerin will have to be
embarked uporn to definitely assess the degree of
the protlem pnsed to human health in Nigeria by

raw skin and tanmed leather,

Of laboratory safety significance was the
finding that some strains of virulent E, anthracis
survives a treatment of five minutes in 1:10%
mercuric chleride which is the standard procedure
for disinfection, The prescnt study has demons-
trated that a period of *thirtv mi-utes is needed
to ensure adeauate contact ard total destruction
of infectious organisrs. The exnosure potential
of Investigators working with B, snthracis using
the recommended five rminutes in 1:1000 =mercuric
chloride cannot be over-emphasized, Also,
tannery effluents frorr both local and medern
tanneries should be cisposea off safely to prevent
possible health hazard: from effluents contaminated
with spores of E. znthracis and or surviving

vegetative cells,
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CONCLULTION

Pecillus arnthreacis 1s » aeedly orgenism of

warm blooded anim=zls inclviing moan, It has bpeen
found to be one of th:= bighly resistant spore-
forming crgenisms pasing threats to our becam-

houses and tanneries,

Economiczly, good, sa’e¢ leather products can
boost the country's eccnomy as regards export
earning., So, enough and a’equate care must be
taken tc ensure s gnod control of anthrax in the

country,

Peonle dealirz with raw arnd drv unprocessed
hides and skins should aveid dusting cduring
transpertatior , packing, unpacking, sorting and
handling ¢ f thcse materials, animal hairs bricstles
md wool .‘ Tannerv workers should preotect the
slightest skin injury, wear protective clothings,
wzsh their bodies carefully and disinfect working

cloths after leavin~ the tarneries,

At this stage it is not known if L., santhracis
are rccoverable fromr tannery pits, where the
effluent flrwsinte until dispesed. It irs
recommended that = bacteriolsayical check should

be conducted in arder to assess the possible



environmental pollutior hazard nosed by the

present methods of disnesal of effluents from leather

More work need to bz done to determine the
prevalence of this deadly disease, snthrzx, in our
society, especially in the nerds 2nd beam-houses
including tanneries, This is most important in
relation to Nigerian ecanory 2s regaerds importation
of leather products andé exportation of raw, dried
and half-way tanned hides, skins and their lezther

products,
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APTLNDIX I

TYPICAL BIOCHEMICA] REACTION OF

Bacillus anthracis

Fiochemical Tests

I'acillus anthracis
Heaction

Gram staining
Fotility

Capsular staining
Spores

Simmon's citrate
Nitrate Reduction
Gelatin hydrolysis
Urea - Christensens
Voges - Proskauer
Glucese

Gas from glucose
Mannitol hydrolysis
Arabinose

Action on blood
Growth at 25°C
Growth at 37°C

Growth at 42°C

Gram positive

lon - motile
Capsulated

Oval, do not swell cell
Pasitive

Positive

Weakly positive
Variable (+ or =)
Fositive

Acid preduction
Negative

Negative

Negative
Non=hemolytic
Positive
Pasitive

Variable (Positive/Negative)

Source: 1, Cewar,
2., E. Kin
3. G. R,

S, T. and 5teel, K., J., 1970

1072

arter, 1773,
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AFPFENDIX IT

GENERAL PRINCIPLLEL OF TALNAGE
VARIQUS TANNING METHODS

There are various tanning methods, these
include:
1, PCLYAROI'ATIC TAI NACE (VEGETABLE/SYNTHETIC)
a. Pit tannage
b. Accelerated tannage

c. Rapid tannaro (EASE RAPITAN Pracess)

2. MINLRAL TANNAGE
a, Chrome tannage
b. Aluvminium tannage

c. Zirconium tannage

3. ALIPHATIC TANNAGL
a, Aldehyde tannage
b. HResin Tannage (Usually as pretannage or
retannage)
¢. 0il tannage (for Chamnis Leather)

d. Immergan A tannage
4, COMBINATION TANNING METHODS:

The above tanning methods are used in various

combinations with one another and in different
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intensities tc produce syecisl leather properties,
The dominating tanning methad generzlly determines
the final leather cheracter. The retanning methods
have gained significance, because they enable
processing on an industrial scale and improve the
use value of medern tvoes nf lcather, Fir example,
vegetabtle tans are often needed to chrome leather
to improve the fullness or - firmness in planks ar
grain, whilst the bulk of the svntans are used in
conjuction with other tannages to egive a w: iter
leather ar to speed up the tannage., "Semi-chrome"
refers to complete vegetai:le tannsge followed by
retannage with chreme while "Chrome-retan' is a
full chraeme tannage followed Lv & vemetable ar

synthetic tannage,

TRADITION VEGETABLE T.l'NAGE

With the traditi~nal method of tannage, which
is subject to numerous variatiens and is evolving
all the time, the skins of the animals slaughtered
at dawn, are sprinkled with salt immedisately and

transfered to the tannery before mid-day,

They are resalted and left usuzlly for shbowt
thre: days, after which they are soaked 5-R hours

in clean water, then soaked overnight in fresh water,
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and on the follawing day ;riven a third soaking in
fresh water for onc hour, all operatinns being
performed in a pit without agitation of the water

jtself.

They are then limed, using either a slaked,
poorly burnt lime cr ir other cases slaked shell
lime. The pits, containing zn approximate 2%
suspension of the slaked lime, are plunged, and the
skins are dr-pped in and pushed under the lime
licuor one by one, They are drawn out of the
liquor daily to drain, the licusr is 2gain plunged
and the skins returned :ne at a time to the liouor,
At the seventh or eighth dav, the hair is suffi-
ciently loosened to permit unhairing by hand over
a beam after which they are given a fresh lime
liquor in which they rcmain for 4-6 days with daily

hauling., They are fleshed by hand over the beam,

After washing with two changes of clean water,
the skins zre scudded by hand over a beam follewed
by severel changes of water, in which they are
trodaen by bare-faoted operatives, Usually an
additional scudding is given between each successive
soaking and treading cperztien, The ultimate result
is clean, flaccid skins, sometimes with a tendency
to roughening of the grain due to the hardness of

the water.
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Tanning is carricd out in tubs containing 100
skins and cld tan lioucr, te which is added fresh
'Mimosa' berk (as liquid, solid or powder form) er
'Bagaruwa' extracts to produce a barkemeter
strength of 7=, For thc first three days, the
skins 2re hauled out an¢ put back twice daily, and
wn the feurth day are worked on the flesh side ever
a beam witk a2 blunt unhairing knife to press the
grain and get a goyd, square pattern, Thereafter
they are replaced in the pits with the additien
ef more bark or extracts (toth referred to as
'tannis') and the process is repeated several times
to 2 total tanning time ~f B-10 days, They are
next transferred to a fresh liquor made up to a
strength of 8-10 barkemcter using "Marke" or
"Bagaruwa" extracts but mostly, Bagaruwa's are

used,

Fy the end of this time the pnhods are tanned
through but are of poor colour containing iron and
tannins' stains. They are then bleachcd by
placing them for one day in & liquor made up of
myrobalans and ar extrem:zly acid synthetic tan.
This treatment removes stmins and produces an
excellent, yellowish colour, The skins are then
hersed out, besmed an the flesh side to remove

water, set ~ut on a glass with 3 brass slicker,
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sprinkled with sesame (or gingelly) »oil on the

grain side and laid grair to grain,

Thereafter the cil is mzsssged into the grain
~f the skins by hand, 2nd the skins are hung to dry
povtislly in the shade. When in a suitable semi-dry
conditisn, they are again set out with brass
slickers on 2 glass tuble to produce flatness, and
finally are hung to drv. The last drying normally
tzkes 24 hours, but during the worst periods ef the
raining seascn, the time can increase t»> three days,
The skins are then staked ever a steel stake,
fluffed with slabs of wvery perous, s>verburnt brick,

trimmed, scrted 2nd baled,

'/ARGE SCALE TANNING PROCESSES

Generally, the pre-tannirg prrcesses are the

same in all the different tvpes of tannages,

In cases of raw hides »~r skins, they
are cured by any of these :»rocesses;
a, Drying - gredu2l air drying hy hanging er
stretching cut
b, Selting - Sprinkling with dry salt,
¢, PBrining - Suspension in brine and subsequent

sprinkling with dry salt,
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d. Dry-salting-combinzation of salting &nd drying
cr pre-drving first and then salting
and final Arying, cr they zre limed

immediately.

As f r dried hides ~r skins they are first
sozked with fresh clean water in pits, paddles ar
drums at 28”°C fr» thrie days and addition of
chemicals like alkalis, ace*ic sclt, sozking
auxillaries and wetting agents depending on the
types of hide <r skin. Then follswed by liming
vhich could be done in any of these three ways,

2. Lime paintirg - using 130-15" litres

lime paint mer 1000 kg nides or skins,

b. Liming pr-cess

c Enevmatic method

Deliming precess follows and this is to remove
chemically deposlited and chemically bound lime
during the liming prececzs by corversion into
readily soluble salts. Then bating which is
further Jcosening and peptizing of the fibre
texture »f the skin and elimination of alkali
swelling by the action of specific enzymes like
pancreas proteinasee (trypsin) meuld fungus
proteases and bacteria pr~teases, This is done at

temperature ranging from 30-37°C,
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Degreasing frllews and this can be done either
by wet degreasing of pelts and meist leathers at
temperaturc ranging from 35.70°C depending on fype
of leather or dry greasing ef leather pickling
process of acidifyirp the pelts to a certain pH
before chrome tennage. Thus, the astringency af
the chrome tanning agents is reduced, Pilckling
is also used for mreserving, This could also be
done in any ef these threoe wavs,

a, Salt - containing pickle systems normally

8-10 Be with 1-3% acid.

b, Salt noor pickle systems, with the use of
aromatic acids like Decaltal N powder and
Picaltal Cranules,

¢. Short - pickling methods.

The various lsrge scale tannage and retannage
processes following depending on the type of
tanning materials used. There are three different
ones:

1. Polyaromatic tanning materials vegetable tannis

and svnthetic tanning agents,

2, Mineral tanning materials Pelybases and Polyacids,

3. Atiphalic tarning meterisls /fildehyde tanning
agerts polyconfesation and polymerzation

compounds paraffin derivetives amd fats,
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The salts af m2ny metals have the capacity
to combine with skin pretein, but only 2 few make
a satisfactory leather, Ey far the commenest used

is Chromium Sulphate in the chrome tanning process.

TYPICAL CHROME TANNAGE OF GLACE KID LEATHER
(FOR SHOE UPPFRS)

1 Sogk in vats: 500% water at 20°C,
(% on raw skin weight) 3% sodium hypochlorite,
for 24 hours,
2, Paint on flesh with: 10% sodium sulphide
(¥ on volume ~f paint) 40% lime
50% water
Pile flat overnight
3. Unhair by hand er machine,
4, Lime in peddles with 500% water at 21°C
(# an weight of raw skins) 10% hydrated lime
1% sodium sulphide
3-5% salt and
paddle 5 minuted every & hours for 30 hours,
Neck - split not necessary

6. Flesn “+ maahine

7. Scud

8. Delime in paddles in runNime water nt 207
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(% on Scudded weight) for 30 minutes and then
5004 water at 207C
1% ammonium chloride for
60 minutes so0 that surfaces cnlourless To
pherolphthalein (about pH 8.0)
9. Date in paddles: 400% water at 38°C
(% on limed wéight) 50% old bate liguor
1% Panercatic bate
run for 5-6 hours.
1G6. Chreme tannage (by two-bath or modified two-hath
process).
Drum in =bout 100% cold water,
0% Sodium or Pntassium
dichraom=te,
4% hydr:chloric acid (conc.)
Frr 3-6 heurs, hersed up, covered te exclude light
and drayghts and left .vernight and then paddled in
abeut BO% cold water.
20% hypochloric acid
10% hydrochlsric acid,
After tanning uging any desired tannnge, the tanned
hides and skins are brought to finishing through
further procesgsing which include neutralisation or
de--acidificatirn to remove the free acid present
in mineral tenned lenther or formed in the leather

during starage by means ~f mild auxillrries without
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damaging the leather fibre or the grain, Then
apnlication of emulsifiers and wettineg sgents in
form ef aniecnic products, cetiesic products and
non-iomic preducts., The leather is them fatliquored,
dyed, dried and put to fimishing according to thc

fimishing material, technique and effect,

Local vegetable tannage:

With the traditienal method of tannage, which
is subject to numerous variations 2nd is evolving
all the time, the skins of the animals, slaughtered
at dawn, are sprinkled with salt immediastely and
transferred to the tannery before mid-day. They
are resalted and left usually about three deys,

after which they are sozked,

Hide and skin defects:

Certain of the defects marring an otherwise
beautiful leather have arisen in the life ef the
animal, others develeop in the preparation ef hides
and skins and, although still outside the tanneries
control, could with proper attention be avoided,
yet others can be caused during tannery processing,
It is important to be able to recognise the various

types of defect so that those that c2n be are
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avoided. The following list includes those

defects commonly scen.

Dameges caused during life:

1. Scars: When damages such 2s barbed wire and

tl an scrotches or horn rake are hecling, the

fibres grow densely packed together, and the scares
are often hard znd razised and without hair follicles.
Damage may also be cmused by brands, which sre used

to indicate ownership snd are applicd by hot iren,

2, Infestations: These are done mzinly hy warble

flies, flies, ticks, sorcoptic and demodetic mange
mites causing open or blind warbles, tick marks
looking like pineprick in the grain, ar scare,
roughened grain surface and shallow depression of

tanned grain surface,

3. Infections: If ringworm, a fungus infection
leaves no scar b=t if the animal is slaughtered
while infected, the grain appears ¢ 2rse at the

site of the infection,



4, Cockle: Wool bearing sheep skins suffer from 2
peculiar seasonal disorder prier to shearing known

as ceckle,. This resembles small boil like, herd
spots of varying size, which occur in rows at right
angles to the baskbnne from the shoulder to the

butt, It has been associnrted with mycotic dermatitis

and with infestation of the animz21 by keds,

Damages caused after denth:

5. Flaycuts and goughes: These affect the

important corium fibres, In leather, they show

through and thereby also speil the graing

6. Putrefaction: This is the result of bacterisl

growth which nromptly starts once the animal is dead,
especielly in the epidermis, fibrahlasts and muscle
cells of the cxposed flesh side of the flayed skin,
unless it is properly cured, Often the first sign
besides small of sprilage is hair slip, that is

when the hide or skin is handled parches of hair

and epidermis slip off the grain., #nd this is
accompanicd by a sensitive condition of the grain,

so thet the surface tends to rub away during normal
processing. Slight rubbing gives "dull gra2in" and

finishing is likely to be blotchy, Putrefactisn also
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causes the general structure of the skin to become rough
and flabby. Bacteria can grow at any time before
tanring when pH of the skin is about neutrel, for
instance when the skin is soaked, delimed or bated,

7. Veiness: Elood vesscls can be scen on the

flesh side as branching line. 1f owing to peor

cure or onld age, for example, the structure araund

them becom:s loose, the skin is said to be veiny,

and the branching - ~attern of th: veins usuaily shows

through on the grain side.

B8, Lozt damage: 'This is pessible on hices and
skins from tropical countries 2nd is 7 common-
trouble with ground - dricd go~2s, that is by simply
spreading them out on the ground, sometimes en a

bed of twigs or stones, This may bte danperous owing
to porr ventilation of the ground side and high
temperature of the exposed side, plus contamination
with dirts and soil bacteria. Anthrax bacteria, may
be present on dried skins, in a spore form, 'ides
and skins are also susceptible te insect attack

(beetles and maggots).
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9, Rcd heat: This is # form of defect encountered
in the process of curing., It gives deteriorated and
devalued skins 25 = result of discolouration of the
flesh sidc ~f the skin vrryins in intensity and
shade, This is due to the pigment produced by
chromogenic halephilic bacteris, (Martin, 1957 and

Jovanovitic, 1927),.

10. Salt stippen: This is alss a defect of curing
caused by funfus, otherwise known as "Fungus
Stippen", It is attributed to the rupture of the
grain tissue of the hide during the initial curing
process 2s confirmed by histilogical investigations
0'Flsherty, 1965)., Thc damaged tissuc is subse-

quently invadcd by sccondary bacteria,

11. Snalt stains: Spectrographic and chemical

analysis of staincd arcas in limed hides have

shawn that c2lcium phosphate is involved in
producing salt stzins, Calcium being derived from
curing salt and phosphzte from hide tissue break
down, Predipesing factirs in promoting sslt stain
formation have becn attributed to preolonged storage,
delaycd curing and autolysis, (Pericaud, 192% and

Tancous, 1962).
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12, ¥hite spots: Caus.d by micro-»rganisms like

Leuconostoc Mesonteroides, Leuccnostoc dextranicum

Bacillus mesentericus fuxus and Aksligens Viscosus

which survive the beam heause processes to show up
the defect on the leather due to their slimy fermen-

tatinn on the hides suspendcd for drying.

Economic importance of leather:

In looking for & covering material for himself,
his hut and food, th¢ primitive men turned either tq
large lcaves from plants or to the skins af the
animals he killed, The latter were us''ally chosen
for clnthing as they were higger, stranger and
warmer, but hed the defects ~f going damp, if left
in a wet and especially warm climate, putrified and
dried skins lost their flexibility and softness,
liable to crack on bending and were gquite unsuiteble

for clothing and other uses,

However, thc¢ mocdern man turned hides and skins
to leather by tanning which do not putrefy even
after drying #nd wettirg and on drying tanned skins
does nct becrme 2 hard, brittle material, but remains

flexible 2nd workatle,
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With development, hides and skins whether in
the raw form, as finished leather or as finished
leathar goods earn a majority percentage of foreaign

exchar.ge to boost l.igeria's ercnomy.

Ecnnomically, ns reported in 1363, it was
estémated that Nigeria experted 3,147 tons ef hides
worth approximately w&21,000,00 giving everage price
per kilagram of &£52.720 depending an the grade of the
hide (Lleyd, 1973). This represents #2.8" per hide an
everage hide rejected hides on the other hand would
sell ebout #1.00 or less lncally, representing a

loss of ¥1.80 per hide. (Ll:yd, 1973, Eide, 1975).
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APPENDIX III

DETAILED BIOCHEMICAL TESTS OF BACILLUS
ANTHRACIS ISOLATES

1. Motility Test

This involved a semi-solid medium, using the
craigie method, The medium in the inner tube was
inoculated with the isolates and incubated at 37®C
for 24 hours. Observations for growth through the

sloppy agar was mede after 24 hours,

2. Citrate utilization test

So0lid Simmon's Citrate medium were inoculated
with the isolates using a straight wire., The
inoculated tubes were incubsted at 37‘C for

24 hours,

The isolates were citrate - positive, typical

for Bacillus anthracis.

The colour of Simmon's Citrate medium is green

before utilization and blue after utilization,
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3., Urease Test

The solid medium was used, imoculated with
izolates and incubated at 37°C for 24 hours.
Obhservations showed that isolates ureasc negative,
that is they don't pesses urease which splits urea
to form ammenia and changcs the colour ef the
indicator in the medium frem ycllow to pink,

Urease negetive is typical ef Bacillus anthracis.

4, Nitratase Test

This involves the reduction ef nitrate to

nitrate by nitratase enzyme,

The already prepored nitrate broth was inocu-
lated with the isolates and incubsated a2t 37°C for
24 hours., After this, few drops ef 1l hydrochleric
acid and 0,5ml of 0.,2% solution ef sulphanilamide
and 0.9 ml of 0.170 N naphthylethlenedizmine were
added to the incubated broth, The soclutions turned
pink from light yellew, Signifying nitrate

reduction to nitrite,

All the isclates were nitratase positive,

typical of Bacillus anthracis.
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5. Voges - Prosk=uer Reactioqp (VP Test)

This te¢st for the formation of acetyl M methyl
carbinnl {acetroin) from glucose, This is oxidized
by the reagent to discetyl, which produces 2 red
colour with gusnidine residues in the media, For
testing Bacillus species, 1% of sodium chloride was

edded to the MRVP medium (~r Glucose phosphate broth).

The broth was inocul=ted with the isolates and
incubated for 72 hours at 37°C, Then, the Banitt's
method of using 3 ml of 5¥ #lceholic = naphthol
solution and 3 ml of 40 potsssium hydroxide were
added to the incubated broth contzining the growing
isclates., A bright ecsin red cclour 2ppeared in

5 minutes signifying o pesitive reaction,

A1l the isolstis wire rositive for VP test,

also typical «f Bacillus anthracis,

6. Carbohydrate (Glucosc) Utilization

This was a2 peptorne broth base containing
phenol-red s an indicster and an additian of 1Y% of
the fermentable substance (smmonium salt sugar).
/v Durham tube was includda to detect gns production,
The broth was inoculsted with the iseclotes 2nd

incubated =t 37°C for 24 hours,
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The Eacillus anthracis isolates gave an 2c¢cid
production from the glucose but no gas in all the

cases., This is alsy typical =f Bacillus anthracis.

7. #kralinose

This is 2nather fermertsble substence for

carbohydrate utilizatien,

The isoletos were inoculated into the broth

with Durhem tubcs, Incubstod 2t 37°C for 24 hours.

The isslates did not utilize the arsbinose,

typical for anthrax bscilli,

8. Alcohol (Mermit 1) utilization

This is #nother socurce of carbohyvdrate, ‘The
isolates were inoculated in : the broth with Durham
tubes, Incubated for 24 hours nt 37"0, after which
it was observed thot they did not utilize the

carhohydrate,

This is 2alsn typicel eof Bacillus anthracis.

9. Gelatin liquefactien

Facillus znthracis is kniwn to be a slsw or

ron-gelatin liquefier,
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The isolates were incculated by stabbing the
gelatin nutrient agar. They were incubated at 37°C
because Bacillusg snecies grow well in the liquid
medium, Unimoculated control was included after
seven days incubation, and both tubes were put in
the refridgerator over-nicht. The control tubes
olidified as well as the inoculated tubes, Most of
them liquefied the gelatin between seven and nine

days of inoculation that is slow liquefiers.

This is very typical of kacillus anthracis,

Names of some special media used

1. Phenol - Ethyl alcnhol Agar (PEA)
(Baltimore Fiological l.aboratory BEL):=-
A division of Fecton, Dickinson and Company, B=D;

Cockysville, Maryland, U, 3, £A.).

Phenyl - 2thyl a2lcohol azgar is a selective
medium designed by Erewer and Lilly for the isola-
tion af Gram-wositive organisms, It is useful
where specimens are contaminated with Gram-negative

vrganisms and in cases of mixed infections.

Formula in Grams per litre of distilled water
Tryplicase peptone - 15.0 grams
Phytone peptone - 5.0 B

Sodium chioride - 5.0 g
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2 - Phenyl ethyl alcohol - 2,5 g
Agar - 15,0 g

This was prepared with 7% ¢f defibrinated

sheep blood, The final pH = 7.3 #.

2, Ilood Agar Medium (BA)

This is nutrient agar or one of the commercial
dehydrated Blocd Agar Bases to which 7% of defibri-
nated sheep blood is added, It is used to detect
haemolytic organisms and to encourage the growth
of organisms that grow pooly or not all on nutrient
agar., Since Bacillus anthracis is non-hemolytic on
Blood Agar Medium, this helped in differentiating it
from other Baéillus species because they are
hemolylic on BA,

Formula in Grams/Litre of Distilled water

Lab - Lemco Powder (Oxoid L29) - 10.0 g
Peptone (Ox»id L37) ~ 10.0 g
Sodium Chloride - 5.0g
Agar - 15.0 g

Plus 7% defilarinated sheep blood, The final pH is

approximately 7.3.



133

3. Brain Heart Infusion (BHI) Eroth

Farmula in Grams per litre of distilled water

Calf brain (infusion solids) - 12.5 ¢
Beef heart (infusion solids) - 5.0¢
Protease peptone - 10,0 g
Sodium chlnride - 5.08
Dextrose - 2.0 g
Disodium phosphate anhydrous - 2.5 8

Finel pH - 7.4

4, Ph-.sphate buffered saline (PBS)
This is z useful general diluent at pH 7.3
Formula in Grams per litre cof distilled water
Sodium chloride - £,0 g
Potassium dihydregen phc~sphate - 0.34 g
Di-prtassium hydrogen phosphate - 1,21 g
Distilled water - 1000 ml.

5. Yeast Extract Agar
Formula in Grams per litre of distilled water
Yeast extract - 3.0 g
Peptone - 5.0¢g

hgar - 15.0 g
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APPENDIX IV

RECORDED HOURS OF DEATHS OF MICE INOCULATED
WITH FIELD AND REFERENCE STRAINS OF Eacillus

anthracis
Isolate mumber Hours of death
RS 2 Between 18th and 24th heur
RS 3 Eetween 18th and 24th hour
RS51 No death of mice occurred
RS58 Fetween 18th and 24th heur
RS66 EBetween 18th and 24th hour
RS71 No death of mice occurred
RS72 Between 18th and 20th hour
RS89 Retween 18th and 36th hour
RS$0 Eetween 18th and 20th hour
R5102 At the 19th hour
LL 7 BEetween 18th and 20th hour
LL17 Eetween 18th and 24th hour
LL28 Between 18th and 36th hour
LL2S At the 24th hour
LL48 At the 24th hour
LL90 Between 18th and 22nd hour
LL101 Between 18th and 20th hour
LL103 Between 18th and 20th hour
SFL &4 At the 20th hour
SFL 24 At the 20th hour
SFL 56 Between 20t and 22nd hour

SFL 59 Between 20th and 22nd hour
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SFL 87 At the 24th hour
SFL 101 between 20th and 22ad heur
SFL 102 No death of mice sccurred
Pathogenic reference
strain Between 18th and 24th hour
A virulent reference
strain No death of mice occurred
FOOTNOTE :
RS = Raw goat skin
LL = Lncally~tanned leather
SFL = Scientifically tanned leather
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APPENDIX V
BIOCHENICAL REACTICNS OF NON-ANTHRAX BACILLI ISOLATED
FROM FRESH FLAYED GOAT SKINS

Gram- Canpsular

Gelatin

Mamber heoc- Reo— LT TeeT Ures LT Pros- ol mese i Ligue
RS 4 Cm +ve € - + - + + A A . R

long

rods
RS 5 " ¢] + + + + + A A w R
hS 6 " r + + + + + A = - R
RS 7 " C + + - - + A - - R
RS 9 " c3 + . - + + A - - R
RS11 . C + . - + + A A - R
RS14 " C . + + + + A - - R
RS16 " €S + + + + - A - - R
RS24 " g5 + + + - + A = - R
RS27 " 4 + + + - + A = - R
RS28 " C - - - + + A - - R
RS37 " a3 + + + + & A = - R
RS44 " C + . B - + A - - R



137

APPENDIX V (Cent,)
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APPENDIX V (Cont.)

RS 77 Gm +ve C % + - % + A - & R
long
rod
RS 79 " C * + + - + A = - R
RS 80 " 3 + + - + & A - - P
RS 84 " C + + - + + A A - .
RS 86 " CS + + + - + A - - R
RS 87 " C + - - - + A - - R
RS §2 n 3 + & + + + A - - R
R: 63 " CS + + - + + A - - R
RS g7 " ¢ 4 + + + - A - - R
RS101 L c + + + + + A - - R
Foot Note: RS = Raw skin sample + = Positive reaction
Gm+ve = GCram positive long rods - = Negative reaction
d = Capsulated but no spores A = Acid production
05 = Capsulated with spores R = Rapid gelatin liquefaction

(between 3-4days)
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APFENDIX VI
BIOCHEMICAL REACTION OF NON-ANTHRAX BACILLI ISOLATED
FROM BOTH LOCALLY-TANNED AND SCIENTIFICALLY-TANNED
GOAT LEATHER

Gram Capsular i ' Veges .. N . Gelatin
Mmawww Reac-  Reac- wmﬁwt ﬁwwdm: Urea ?mwﬂml Pros- mwwm wmwww mmwzwi Ligue-
e tion tion Y kauer : faction
LL 23 Gm+ve
Long rods CS - e - + - A A A k.
LL 30 " CS - + - + + A A - A
LL 54 " CS - - - + < A - A 38
LL102 " s F + - + + A A A R
SFL 74 " cs + + - + + A A A R
SPFL B, " CcS - + - + + A - - k
SFL103 " S ‘ + - + - A A A R
Foot note: LL = Locally-tanned goat leathcr + = Pcsitive reaction
SFL = Scientifical'y tanned gcat leather - = Negative reaction
Gm+ve = GCram positive long rods A = Acid production
C8 = Capsulated with spores R = Rapid gelatin lique-

facticn (Between 1-4
'ays).



