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Manure and Microbes:
Public and Animal Health Prublam"

ABSTHACT

Most snvironmental concesns about waste manage-
ment either have focused on the effects of nutrients,
especially N and P, on water quality or have empha-
sized odor probiems and air quality. Microbes from
manure are often low on the pricrity list for contrel
and remediation, despite the fach that several out-
breaks of gastroenteritis have been traced to livestock
operations. The pathogens discussed in this paper
include protozoans ( Cryptosporidium  parvem,
Giardic spp.), bacteria { Lisieria monocytogenes, Es-
cherichia coli QI87TH7, Salmonella spp., and
Mycobacterium pamtubmuloau) and some enteric
viruses. Cliical symptome, prospects for zoonotie in-
faction, and control xuethods other than the use of
antimicrobiale are rongidered Recommendations to
avoid disease transmigsion include taking steps to
engure the provision of clean, unstressful environ-
ments to reduce disease susceptibility and the careful
kandling and spreading of manwe from animals at
high risk for infoection, especially young calves, Com-
posting and drying of manvre decrease the number of
viable pathogens. Environmental controls, such as
filter strips, also reduce the risk of water contamina-
tion,

( Key words: manure, pathogen, water quality, waste
management)

INTRODUCTION

Maintaining profitability in the dairy industry
while protecting waier qualify and the health of hu-
mans and animals iz one of the challenges that farm-
arg face in the 1950s. Eun-off of sedimant, peativides,
and nutrients auch as phosphorus and nitrogen have
been conmidered the greatest environmental threats to
water quality posed by animal agricultura.

Pathogen contamination of the water and foed sup-
plies racently has received natonal attention because
of the presence of Escherichiz coli O157:H7 in ham-
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burpars, Saimonella Spp} in jite cream and egga, and
Cryptosporidium parvem in the Milwapkee water
supply (32). In the icve {ream and hamburger cases,
livestock were not diredtly linked to the outhreaks,
but, az reservoirs of these pathogens, animals were
indirectly involved. In Milwaukee, & malfunctioning
water treatment plant was the divect cause of the
outbreal of diarrhea that made 403,000 people sick
(232), and there iz atil] debate about the original
gource of the oveysta. .
Protozoan pathogeng|{C. pwvum and Giardia
spp.); bacteria including Sabnonellu spp., E. coli

OQ157:H7, Listeria monocytogenes, and Mycobacterium
paratuberculosis; and vituses in tha food and water
Bupplfmmmthﬂﬂﬂ a0 r'.-‘_'_..'tuu‘_' unthrmh_
The gual of this paper if to identify which microbes
are of moat concern, {0 raview the potential sources of
these microbes, and to deseribe farm lovel approaches
b0 minimize b and snimal infection. The di

sion is limited to cattle,) especially dairy cows. Thia
distinction is important because many swine en-

terpviruses cen infect homans, and organiams sach as
Campylobacter spp., which are majer problerns fur the
swine and poultry industries, are of somewhnat less

concern to the dairy influstry. The microbes to be
discussed wers selected |based on the likelihood of

transmiseion from dairy|cattle t0 huomans, sand the .

potential theeat to bumang health In some cases, such
as Yersinic enlerocoliticn and Cempylobacter jejini,
thadadsionwaadiﬂimﬂ thess bactaria pose signifi-
¢ant rizks to human h th,nndt.huymfoundm
cattle fecps, but they arp more fmquant!y found in
poultry and swine manure.

When considering the [problem of pathegen trans-
miszon through manurs,| it is important to recognize
that manure, which consista of animal excreta (feces
and urine), bedding, and filution water, also containg
secretions from the nose, jthroat, blood, vagina, main-

mary gland, akin, and fiacentsa. Microbes in these

secretions, as well as thoge in the excreta, can poten-
tially accumulate on the barn floor. Unlegs the ma-
nure is handled appropriptely, these pathogens may
infect other animals or{ humans. Aside from the
problem of disease ission among anirmals,
more than 150 patho, tan cavse zoonotic imfec-

ooz

"




11720700  12:52

©781 575 8915 E&A - CANTON 003

2673 FELL

tions (from animals to humans) {52). Slarry, like
manure, containg excrota but does not contem gignifi-
cant amounts of bedding. This distinetion has impar-
tant implications for handling strategies bocause
alurry is more diffieult to compost than mamure is
(25). For materiala to reach 60°C in 3 d, a tarpet for
compoating, they should contain at least 30% DM.

Manure or slurry handling may cause organisms to
become airborne. A Dutch camposting facility signifi-
cantly exceeded the Dutch standards for total air-
borne bacteria (42) in an air quality study. However,
when air quality was menitored after land application
of anaerchically digested sewage sludge, the risk of
transmission of Salmonelie and pathogenic clostridia
was low (41),

. BACTERIA _

The Commission of the Furopecan Communities
identified reportable bacteria that are of partienlsr
concern for animal and human health [(27) as cited

in (52)], Included in their list are Salmonslla spp., B."

coli, Bacillus anthrocis, Mycobacterium spy., Brucelln
spp. (especially Brucells abortus), Leptospire spp.,
Chlamydic spp., and Rickettsia spp. In addition to
these organisms, other potential bacterial pathogens
in manure include L. monocytogenes, Y. enterocolitica,
Clostridium perfringens, and Klebsielln spp. (34). In
this review, the emphasis ir on L. monocytogenes,
Salmenella spp., M. , is, and E. coli
O157TH7 because gutbreaks cauvsed by these organ-
ixma have been hinked, tenuously in some cases, to
cattle All of these organisms can be tramsmittad from
animals to hamans directly or throogh the food apd
water supplies. Although anthrax is umally fatal,
salmoneflosis, listeriosis, and infection with E. coli
O157:H? are of greater public health concern cur-
rently because the bacteria that cange these infec-
tions have multiple hosts, and the prevalence of infee-

tion has incressed over tiw past 20 yr (61). -

Mycobacterium iz has been included in
this review because the issue of whether thers is a
link hetween M. pargtuberculosis and Crohn's disease
has bean raised. Mycobacterium paratuberculosis also

in an organism that can bave severe economic impacts

on infected herds.

To agsess the threat posed by different microorgen-
isms in manure, bacterial survival in manure as it is
uvsually bandled on farms must be evaluated. Sur-
vival iz affected by the source, pH, dry mattar con-
tant, age, and chemical composition of the manure as
well as by microbial characteristics. Manure that is
‘well mixed with bedding is more likely to undergo
‘aerobic farmentation with accompanying temperatiare
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boddmgBemusnuf nh:laytnmwtmdnrawida
range of ds, organisms such as L.
monocytogenes and M. parotuberculosis (2, 48) are
widely dispersed in 3 environment, making their
control difficalt, The ¢ of spare-forming bae-
taria such as Cl perfringens and B. anthracis often

withstand much harsher environmental! conditions
than the bacleria themselves can tolerate.
Sensitive 163 rRNJA or DNA probes, which now
exist for mosat of the bacteria mentioned in this paper,
have resulted in an improved ability to datect low

pgg organizms (13, 33). Huwevar,

msh]]dapaudmtunthe

thammthods.scien
; mﬁuhﬁ:rthmbnctana In

ig m difficult to grow. For
pl enltwre technigques for

Mycobacterium spp. may require more than 8 wk (46
48) and have a ivity of 40 to 50% (48).
Manure (excrata plus bedding) typically contains
10 cells/ml. Manure in England {ypically contains
leaa than 102 opclla cells/g of feces, but this
number may be as high nleTI:eﬂdg'hthefﬂmuf

ing stains of E. coli, such as strain
lerns betanse the symploms
andthnbactmnm

cytopenic purpura (symp-

onks have been traced to ground
beef and some to raw milk {7, 18) as well as to watez,
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apple cider (1), and vegetables (56). Dairy farms
have been identified as reservoirs of E. coli 0157:R7
(22, 57, 60). It was suggested, but not proven, that
the apples that were the source of the E. coli O157:H7
in the Masgachusetis cider outbreak had been con-
taminatad by manbure that had been deposited umder
the trees (1),

Research on E. coli 0157:H7 in dairy cattle from
Wasghington (22), Wisconsin and Washington (57)
and two national US studies (20, 60) indicate that
the prevalence of this bacterium is less than 5% and
usually lower than 1%. It is dificult to compurs these
studies becanse different detection methods of vary-
ing sensitivities, sample collection strategics, age
prouping, and pumber of aamples collected were used.
In the Washington study (22), E. coli O157:H7 was
isclated from 0.28% (10 of 3570) of the fecal grah
samples from dairy animals in 80 hends but not from
samples of slurry (faces and urine), bulk milk or
milk filters from these farma. In stadies that incleded
1266 pamples from 22 farms in Wiscongin and
Washington, 2 of which had been linked to 2n out-
break of gastroenteritis after cmsumption of aw
milk (57), only 1 mature cow of the 662 tested
(0.15%) was positive, The heifers and caives under
24 mo of age, however, were more likely to excrete E.
coli O157:H7 (2.8%). Recovery of E coli QO157:HY
was thres {imes more likely on ths case farms than on
the conirol farms. Samples wers collected from 64 and
50 control herds in 14 states in the national studies,
one of which was eonducted in 1991 to 1892 (20) end
the follow-up stody that took place in 1993 to 1994
{60). In addition, 3 case herds were sampled from the
firat stndy and 14 case herds were sampled from the
second study in which E. coli 0157:B7 had been
idantified,

The important conclesions from these studies were
that 1} the weaned ealves leas than 24 mo old were

more likely to shed E. cofi OL5T:H7 than ware. the.

milk-fed calves, 2) very few mature cown shed the
pathogen, and 3) neither detection methed consis-
tently isolated the pathogen, or shedding was inter-
mittent. Two animals wara positive for E. coli O157:
H7 for more than a year after the initiel isolakion, but
intermediate samples did oot always yield positive
results. Intermittent shedding does occur with many
organisma and must be considered as studies are
designed to evsluate provalence of these organizma.
The second study indicated that 22% of the contral
herds #nd 50% of the case farms wora positive for K.
coli O157:H7 (60) and that a relatively small number
of animaals excreted the organiems on each farm.
How cattle are managed affects whether E. coli
0167:HT is able to proliferate in the rumen (44). The
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of E. coli O187:H7 than the
of cattle that had haent

concentrations and .
Both the ryminat and hixn
affect excretion of E. eqli O157:H7. Thia finding has
mgacﬁml fmplications: 1) to reduce the likeli-
contamination the meat proceasing plant
by the pathogen, animals that are shipped boplt.ha
slanghterhouse should be deprived of feed, and 2)
surveys conducted with well-fed cattle may not reflect
the true prevalence of B, coli O157:H7 (44).

The fate of E. coli Ql57:H7 after excretion is im-
portant in determining |whether the organism is in-
troduced into the water jor food supply or is tranamit-
ted to humans and animals. That E. coli O1B6T:
H7 could survive at 8°Cland pH <4.0 for up to 31 d in
apple cider (59) or in salami with ita high levels
of nitrites, nitrates, .salt (4) chows that E. coli
OlE?H’Tman able to grow in adverse
environments. :

Sevaral trials have H

the viebility of E. coli O A
edding and l_mder a variely of

ouz amounts of b

223pacies of birda,

ad with consurnption of un-
tts and with ite cream that
g processing (23, 38, b65).

monocytogenes,
In a 2-yr epidemiological study with 3878 fecal
samples from 249 dairy Herds, mare cows excreted L.
Joumal of Dairy Scianca Vel BG, Mo, 10, 1957
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monqcytogenes during the winter than during the
summer; 16.1% of the cows tested positive in Decem-
ber. There was a strong positive correlation between
the presgnce of L, monacytogenes and whether silage
wag fed. The ability of thie bacterium to grow at a
wide range of temperature (3 to 42°C) and pH (<55
to 9.0) and in high (up to 12%) salt concentrations
makes its control difficalt (2),

Safmoneils spp,

The best known member of the Salmonella genus is
Salmonella typhi, the organism responsibls for
typhaid fever, but many of its near relatives, includ-
ing Selmonella typhimurium, Salmonella dublin, and
Salmonella enteriditis, are also gaining notoriety an
formidahle pathogens., Salmonells spp. have been
responaible for 45% of the foodborne disease cases in
which the causative agent has been identified (31).
My of these outlmeaks of gastroentaritis have been
traced to foods of animal origin, including eggs (54),
although numervus other sources, including fish,
coconut, salad dressing, peanut butter, and chocalats,
bave been implicated (18). The economic costs of
salmonellosis have been estimatad at close to $1
billion/yr (31). In addition to links to foodborne dis-
ease, guthreaks from Selmonella spp. contamimation
of water have been documented (6). Symptams of
salmonellogis include navees, vomiting, cramps, diar-
thea, and, in about 2% of the cases, arthritis (18).
Immunocompromised patients, especially those with
AIDS, are at high risk

Outbreaks linked to the dairy industry have oe-
curred from contamination of & finished product with
raw milk (18) and becanse a truck nsed to transport
ica ervam mix was not properly cleaned after contasni-
naied eggs had been carried in the vehicle (23).

The incidence of Salmonellz spp. infections has
increased substantially since reporting began in 1943,
especially sinca 1970 (54). The problem has bean
exacerbated by incressing antimicrobial resistance
among Salmaonella epp. serotypes. One of the canse-
quences of antimicrobisl resistance is that Selmonells
spp. become a larper propartion of the microbial popu-
lation becauss competing crganisms sre unable to
grow and the rigk of infeckion increases.

M. paratuberculosis
Parataberculoeis, or Johne's disemse, is caused by
M, paratuberculosis. The disease ig difficult to control
becsuse much of the infecton in « herd is invisible fir
an extended period before clinical symptoms are evi-
dent. The bacterium has ample epportunity to become

Joumal of Dairy Scienco Vel 80, No. 10, 18537

001645

E&A - CANTON

PELL ‘

entrenched in the hert before it is apparent that a

problem exists, My, 0ogeterium paratuberculosis may
be tranxmitied prenatslly or postnatally, when most
infection occurs thaﬁml—umlmteﬁﬂj.

The question of prenats transmission has been con-
trovernial, but documentation is abundant that the
arganism can migrate| from the intestinal tract to
other aygans, incl 'ﬂzeuta:m,thelymphaﬁcm
ter, the udder, and the sex organs of bulls. There ia
some evidence for sexual transmission of the organ.
iem. Young calves dre most wnloerable to A
porutuberculosis, but [the Immune remistance of
yearlings is comparable with that of mature cattla,
Removal of the calf frigm the dam at hirth before
ourging is ome sirategy that helps reduce the inci-
donce of Johne's discage (48).

Although M. paratuberculosis is a very costly
pathogen fo the producer whose herd is infected, it
probably would not have been included in. this review

had not a linkage between M. parmtuberculosis and
Crohn's disease heen reparted in 1984, Crobn’s dis-
l1u.'|".u ufﬂlﬂinWim_

mune system, which 3e3 an abnormal inflavarma-
tory response (8). Hents suffering from this
condition suffer from abdominal pain, weight loga,
diarrhea or constipati¢n, vomiting, and malaise.
Bhldiuoftwinathatthmhagmeﬁcﬁnb
age in Crohn's diseass [18). :
Chiodini and Roasiter{(3) recently wrote an excel-
lent review of the evidente that M, peratuberculosis ia
implicated in the etioldgy of Crohn's disease. The
scientific issues are complex. The available detection
methods are i by, producing variable resulta
because of the difficulty in growing the organism, and
the mmmunologic to M. poratuberculosis
have been inconsistent. |Results using antimycobac-
terial drugs have varisd] Furthermore, knowledge is
incomplete concerning the drug susceptibilities of the

= U 3

cell-wall deficient formd:of the organiam, and M.
parauberculosis is resistant to many antimicrobials.
Fipally, many needed epidemiclogical studies have

not been conducted Unfirtunately, we will not scan
bave a clear angwer to whether M. paratuberculosis
causes Crobn's disease. Racent advances using the
polymerase chain reactign have iraproved detection
methods significantly (14, 16), and progress in thia
ared is continning, Once the methodological problems

have been resolved, expediments are needed to deter-
mine whether the DNA| insertion element that is
specific for M, paratubercidosis is found in the tizsues

Accdmpanying immunologic ex-
periments would provide!additional insight into the
- relationship between M. paratuberculosis and Crohn’s
disaase. j

005
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TABLE 1. List of zoonctic viruses aad eovirmmentally stabls
virases that are likaly to ba isclatad from deiry cattle (12).

Zoon Environmontaily stahly
Vaccinia Adenoviras

Pasudarabieg! Parvovirus

Bovite papulsr stomatitisl A:nhmmpnm-y' and enteric
Bovina ratavirua® Bovine rotavirus

Boving pespiratory virps? Astroviru

Vaxirular stomatitia Bovine antarovirug

Rift Valley Fever vifus? Rift Vallur Fever virus
Rabion

iPogaible, but not common.
“Humians e likely reservoirs of infacton,
Primarily fuond in Afciea,

Given thin uncertain association between M.
purutubsreulosis and Crohn’s dissaze, how should the
dairy industry approach the problem? Decreasing the
level of M, paratuberculosis infection in dairy herds is
a logical poal even without the Crohn's disease
problem, becanse the disease ia costly in terms of lost
milk and shortened cow life. Rossiter and Burhans
{48) have suggested a practical strategy on how to
develop programs to control M. paratuberculosis on
the farm. Their program involves collection of infor-
mation and history, identification of risks specific to
the farm, examination of contrul options, planning the
scope and time frame for the control strategy, and
implementation and evaluation of the comtrol pro-

gram.

VIRUSES

Problems are algo posed by viruses, which are ob-
" lignte intracellular parasites (48) that often have a
lirnited host range. Bimilar to the protozoens
described in the next gaction, viruses are unable to

replicate outside of their host, and, therefore, their

pumbers never increase once they ure released into
the environment. Becanse of the hmited host range,
relatively few zoomotic viruses infect cattle and hn-
mans, Table 1 includes a list of these zoonoses (12)
and viruses isolated from cattle that are enviroormen-
tally stable. Table 2 is a Liat of virusea likely to be
found In manure (51).

In triale in which cattle manure woe inoeulated
with abmnemﬁmanﬂammm
inaclivation occurred within 80 min during ther-

mophilic anaercbic digestion at 56°C (36). The en-
terovirus survived for up to 13 d uwnder mescphilic

conditiens (35°C), Neither of these two environmen-
tally resistant virwses survived aerobic composting for

001646
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2B d when the tamperafure reathed 60°C on the 3rd d
mdwumnmtamadatthuttempemmrafnrthnm-
mainder of the fermeritation

Knowledge is incomplete about the viral attributes
and environmental fagtors thet conbribute to viral
inactivation (40). The '

etfperature, and the presence of
bnctena that can inactivate viruses (10). There js

pmmnnworkthatthatbothhapnhhaAand
polio type 1 viruses wers inactivated more rapidly in
mnnanddau-yslurnthmwhmthumphchnk
effluent coptaining intémtimally added virnses was
ineuhatad a.lnna {9, 13 52).

ated mare rapidly during sum-
merthandunngwmtor but the effect was likely due
to 8 more active microbinl fermentatiom than to direct
temparature effects, S aples kept in the laboratory
at 4°C without significant fermentation were most
likely to survive. The viruges tested remained
active for long periods. |

cern, perticularly with wastewatsr irrigation systems.
Aprehmaryahxdym -muahowadthntlnwlwela

the soil surface, althoug?
at 0.91 m (37), Tha tktan

Not eavaloped Enveloge)
rhinobracheitis®
Bovine sdencvirus Malipvunt cxtarrhal fever
Bovine parvoviros? Borine viroa diarrheat
Bovine rhinoviras Foot-and-mouth
Bovine papillomsvirs Bovina coronavirnas?
! Parsinfloenza type?
Raspiratory syneytial virua
Rabiss?
. Vewicular stomatitis?
Paravaccinis

IModified from s report by] Stranch wnd Ballerini {52}.
hMont likely to be found o] faces, :
iUnlikely to be found in au.

Joumal of Dmiry Scisnce Vol. 80, No. 10, 1997
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and ionic comesntration. Whether there is danger of
groundwater comtamination depends on these factors
as well a3 on the depth of the water table.

PROTOZOA

Giardia spp. and C, parvum are protozoans that ..

cause severe diarrhea in both animals and humans.
In 1993 to 1994, one-third of the cutbrerks asaociated
with drinking water for which the causative agent
was identifisd were due to these two pathogens (28).
In a large nationsl study, 3.8% of the more than
414,000 stoo]l samples tested were ypositive for
Giardia. Age and community affected infection rate
significantly; the range varied firorn 2 to 20% of the
population (6). Giardiasis is transmitted by the fecal-
oral route, by contact with infected individuals, or by
congumption of contaminated drinking water or food
(6). Deapite the fact that Giardia was one of the first
“wio animaleules” identified by van Laeuwenhoek in
the 17th century, the taxonomy of thizs genus is not
well undersiood, and more research iz needed to de-
{ermine which species cen infect humans.

Crptosporidium parvum, first identified in 1907,
was not comsidered pathogenic until 1975 (47). In
healthy, mature animals (including humang), the
infections cansed by both Giordic and C. parvum are
usually selflimiting and, although they canse sipnifi-
cani discomfort, do not pose serious long-term health
riske. In studies with heslthy human adult volun-
teers, the infectiom dose of C. parvum oocysts that
was aofficient to cause illneas in 50% of the popula-
tion was 132 (15). Eighty-eight percemt of the volun-
teers bacame sick when they received more than 300
oocystia. Iofected animsls may shed as many as 1 x
107 ovcysts daily for 1 to 12 d (45). These data,
combined with the information from the Milwsukee
outbreak in which 403,000 predominantly healthy
people became ill (32), show thet cryptoeporidiosis is
not restricted to the old, the infirm, and those with
poarly fanctioning immune systems. Farmers, animal
handlers, veterinarians, and others whe work with
animals are mare likely to be infected than the
general population (30). The impact of the disease is
far mors serious for people with AIDS and for those
who are receiving chemotherapy or who have had
organ trensplants than for those who are not im-
munocompromised. Although many drugs have been
tested for activity against C. partign, the only drug
that has proved effactive is paromomycin (17).
Although more drugs are effective against Giardia,
the treptment options are still limited.

The life cycles of Giardia and C. parvum are simi-
lar in many ways. Both have complicated life

Joumal of Dairy Science Vol, B0, No. 10, 1607
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cycles and change forme several times. In both organ-
isms, infection occurs in the gastrointestinal tract of

When an animal ingesis an oocyst
(C. pa.mum) or eyat ( 'mrdm), thmatmuh:mem

3th. or oocysts can resist many
ks, which enables them to re-
ironment for at least a year
. gens, C. parvam is the most
difficelt to conirol beeanse it is not affected by chiori-
netion at levels that ; 2 considared safe for water

w:ﬂ\l]lﬂfﬂm:pmm:fxthadhmmaﬂahm
nmﬂrmthasomnf:yatnmanmthmak.

threg sourcas. If the major
water, appropriate contrel
to minimize risk from all

stermine prevalence of these two

pathogens have been tonducted in many domestic
i i ttle, swine, sheep, horses, dogs,
; Health Survey {19) ia

22.4% of the tested heyfers. Comparabl: data wers
obtained for beef calves. The percentage of dairy

calves that were positive for cryptosporidia .peaksd
ot 1l and 3 wk of age

they are 3 mo old Quigley ot al. (43) studied how
colostrum feeding and housing affected prevalence of
C. parvum acd Giardiy spp. in Jersey calves. The

ences between nursing and
were not evidant.
In addition to determin

tween management anmfachon {19). The manage-
ment factor that had the most influence on the infec-

tpr et
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Figurs 1. Docomented transmisgion of Cryptospaoridium parmem
among sslacied ciummals. Direction of wrrew indicws yate of

wnidirectional because the relovant studies have not bmae em-
ducted. Adapted frav ODvnoghus (39).

tion rate in calves was whether cows were pemned
individually or in groups at calving. Calves bomn in
group pens wern more likely to become infected than
those that wera born in individusl pens. Surprisingly,
no relationship was found between maternity pen
- cleaning and incidence of infection, However, sanita-
tion of the housing of the unweaned calves was an
indieator of whether the calves were likely to have
cryptosporidiosis. Those calves housed in pens that
were washed were hatf ag likely to hecomne infected as
those that were in facilities in which only the bedding
was removed during cleaning.

Calves in hards with more thac 100 cows wars
more likely ts have C. paroum than calves in smaller
herds. When rezults were adjusted for herd size, thers
were no differences in prevalence by region across the
US. More calves were likely to shed oocysts during
summer then during the rest of the year, Herds with
a history of scours were 50% more likely to have
infected calves than those in which health problems

ware not

reportad.
- Qenerally, calves that tested positive for Giordia

lppwereolderthmthmmthc.pmum although
calvea over 6 mon old rarely excreted Giardia spp.
Careful treatment of the manure from calves that
were less than 6 mo old should reduce the risk of
infection and water contamination by these patho-
gens.

INPLICATIONS

Pathogenic microbes in manure must be considered
to mprove dairy management. Fortunately, many of
the practices that reduce the prevalence of thesa or-
ganisms make economic semse as well: a herd in much
better off without Johne's disease. Much of the advice

001648
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is not new: the Extension Servica has been recom-
mﬁngthat-caltﬂbakaptdennﬁ:rmmﬂlm?ﬁ
yr. Now, there ark new reasons to make and follow
thuuhma—tmtad,hutoﬂenduregmded,mm.
datipns abhout calf.

Other recommeridations are common senge:
¢alves are the t likely animals in the herd to be
mfectadw:thmos ‘of the pathogens included in this
discussion; therefore, spreading their manure pext to
a water courze 'fonhsh. BRumoff experiments with
filter stripas of g widths and soil types have
ghown that a fl ratnpmnamwaaﬂﬁlmm
significantly red thamkofatmam contammation

transport through sml (35). Idenhﬁcntmn af h;rdro-
lnglm]ly active arpasg

buthintumsoftimngmdmthamumuf&m
forn mature cows can be spread on
when the ground is not frozen and

research iz needed AlthoughsumaSaImomﬂamny
survive for 286 d iq slury (52), this statistic is less
important than the rate at which the population

Ay cases, 80% reduction of Sal-
survival ig difficult because
temperature, aomber and

:tmdstmgemugy all
pd. (52). Spare-forming organiams

must be conside

suth as Cl, perfringens and C. parvum oocysta are
likaly to be g the lopg.term movivors. Few
pathogens can withstand the heat generated during
composting, but enguring that all parta of a compast
pile reach and majntain a temaperature of 80°C in
important. Drying is an appropriate strategy in parts

afry operations without damage to
in 1o involve farmers throughout the

atulberculosis can easily be amendad
to deal with any of|the pathogens found in manure.

Ag strategies are developed to minimire the threst
posed by pathogena, fit iz impartant to rememnber some
basic microbiclogy: mnicrobial survival is Lmited by

Jourgul of Dairy Science Vol 80, Mo, 10, 1967

sgiter and Burhans (48) for the
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the following (50): sunlight, drying, freezing and
thawing.cyclas, high temperatures, high or low pH,
and, for some organisms, exposure to oxygen. Evalua-
tion of.ths relative riaks posed by different pathogens
is difficult: farma with poorly fermented silage face a
higher likelihood of L. monocytogenes infection than
farma with well-preserved forages but not if animals
are stressed because of inadequate housing. Assum-
ing that 2 farm is free of one or all of the arganisms
considered in this paper is risky. A safer approach is
tn ensure 1) that cattle, particalarly young stock, are
kept clean and are well nourished; 2) that manure is

stored arnd spread to minimizs the risk of disesse .

transmission: and 3) that appropriate environmental
safeguards, such as filter strips, are used.
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