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NOTIC E: The project that i s  the subject o f  this report was 
a pproved by the Governing Board o f  t he Nat ional Research 
C ounci l ,  whose members are drawn from the Counci l s  o f  the 
Nati ona l Academy of SCiences, the Nat ional Academy of 
Enqineering ,  and the Znstitute of Medicine . The members o f  
the C ommittee re sponsib le f o r  the report were chosen for 
thei r  spec ia l competence& and with re qard for appropri at e  
balance. 

Thi s report ha s been revie wed by a qroup other than the 
authors accord ing to procedures approved by a Report Rev iew 
C ommi ttee consis tinq of members of the Nat ional A cademy of 
Sciences, the Nationa l Academy of Engineerinq, and the 
Institute of Medicine.  

This study wa s s upported by the Animal and Pl ant Health 
I nspection servi ce of the u. s .  Department of Agricu lture . 
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PREFA�� 

The alarming and costly inc rease of psoroptic cattle 
scabies during the 1970s moti vated the United States Animal 
Health Association in OCtober 1978 to adopt a resolution 
(No. 17) containing 11 points. Point number 9 read as 

follows: "Request the National Academy of Sciences-­
National Resea rch Council to review p resent scabies research 
proq rams and make_ recommendations fo r needed research." T he 
Association presented the resolution, Scabies Eradication, 
to the Secretary of the u.s. Department o f  Ag riculture 

(USDA) who, through Animal and Plant Health Inspection 
Service (APHIS), made the request to the National Academy o f  
Sciences (NAS). The Subcommittee on Psoroptic Cattle 
scabies of the Committee on Animal Health (CAB), Board on 
Agricultu re and Renewable Resources ( BARR) was appointed and 
charged: (1) to re view the status of research, (2) to 
review the adequacy o f  research, and (3)  to recommend needed 
new research. 

The Subco�ttee con vened on December 14 to 15, 1978, in 
Denver, Colorado; Febr ua ry 26 to 28, 1979, in Amarillo, 
Texa s and at the u.s. Livestock Insects Labo ratory of 
USDA/Science and Education Adndnistration/Agricultu ral 
Research (SEA/AR), Kerrville, Texas; and May 30 through June 
1, 1979, in Airlie, Virginia. The Subcommittee heard 
p resentations from affected state and fede ral regulatory 
vete rina rians, livestock association rep resentati ves, USDA 
representatives ( from APHIS and SEA/AR), and f rom research 
scientists engaged in acti ve projects. On one occasion it 
studied commercial t reatment facilities and obse rved 
naturally infested cattle. During it s tenure the 
Subcommittee reviewed much of the wo rld's relevant 
lite rature and collectively prepared this report. 

The Subc ommittee wishes to acknowledge the help it 
received from fede ral and state scientists and cattlemen and 
their association rep resentati ves. 

X 
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The Subcommittee wi shes to thank Philip Ross, Executive 
secretary of BARR, and Selma P. Baron, Staff Associate, 
BARR, for their he lp and guidance during the preparation of 
the report . 

Rue Jensen, Chairman 
Subcommittee on Psoroptic cattle scabies 
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SUMMARY 

In the 1 970s in the western, midwestern, and 
southwestern Uni ted State s ,  outbreaks of psoroptic cattle 
scabies, a dermatitis that causes harmful itching, crusting, 
scurfing, and de pilitation , reached epidemic proportions.  
Nearly eradicated among cattle in the United States only 20  
years ago, the d isease is now spreading rapidly because new 
marketing procedures have brought unprecedented numbers of 
cattle into contact with each other in large feedlots. 
Efforts to diagnose and treat psoroptic scabies are thwarted 
by the difficulty of detecting scabies in the latent stage 
and by the transportation, merger, and redivi sion of cattle 
herds. A major reason for the inadequacy of formerly 
successful eradication programs to meet the new situation in 
the cattle industry is that not enough is known about 
psoroptic scabies in cattle to permit the development of 
improved methods of diagnosi s and more ef fective acari cides 
and equipment for administering them. 

f§QXoptes QXi§ (Hering 1 8 38) mites are the speci fic 
cause of common scabies in cattle. They also cause 
psoroptic scabies in domestic sheep and, probably,  in the 
Rocky Mountain b ighorn �i§ ��D��nii§ and the water buffalo 
and, possibly , i n  domestic equines. These mites rarely 
transfer between cattle and sheep under natural conditions . 
However, transfers have been successfully completed in 
experiments, and the transferability of aggressive strains 
merits investigation. The life history of the mite on sheep 
has been thoroughly studied, but its life on cattle has been 
examined only in a very preliminary manner. There are five 
distinct stages: ( 1 )  egg, (2)  larva, (3) protonymph , (4) 
deutonyrnph male and pubescent female , and (5) adult male and 
ovigerous female . The complete life cycle requires 
approximately 1 0  to 1 2  days on sheep , but it may take longer 
on cattle. Usually, populations of these mites increase 
durinq autumn and winter, then recede in the spring and 
summer. A minimal over-summering population occurs in a 
condition known as "latency. " There is  disagreement among 
research workers as to the cause of latency and the 
distribution of mites on sheep during the summer ; no 
research has been done on latency on cattle . Lesions of 
psoroptic scabies on both sheep and cattle usually become 

1 
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enhanced in the fall and winter and abate during spring and 
summer. Mites separated from the host have been found to 
survive for as long as 6 0  days, but most data indicate that 
they survive for a few days to, at most, 1 month. Once 
separated from the host, mites are usually not able to · 
reinfest sheep after 1 to 2 1/2 weeks. Very little research 
has been done on cattle on this very important practical 
consideration. f§OroPtel gyl§ may not be able to reinfest 
cattle 3 days after separation from the host, but these data 
refer to only one particular set of conditions. 

Following transmission of virulent mites to susceptible 
cattle, the clinical disease begins. The mites, 
proliferating, sustain themselves by feeding on the host, 
especially on the skin of the withers, rump, and back. 
Usinq their piercing chelicerae, the mite s puncture the 
epidermis and, pre sumably, the corium. Puncture points 
become red and later turn into vesicles and pustules. The 
excess fluids mix with necrotic epidermis, hair, soil, and 
manure and coaqulate to form gross lesions of dermatitis 
that may be moist and greasy or dry, scurfy, denuded, and 
wrinkled. The skin at feeding loci rapidly becomes 
unsuitable for further feeding, and the mites continually 
move to the lesion ' s  periphery and feed on new skin. Thus 
lesions become large and, by coalescence of adjacent 
affected areas, infe stations become general. The 
parasitized skin becomes severely irritated from mite 
movements, mite secretions, and immunopathologic reactions. 
Consequently, the frenetic cattle bite, kick, scratch, and 
eventually excoriate the itching parts. The injured skin 
may become infec ted with bacterial organisms and invaded by 
dipterous larvae. Parasitized cattle develop precipitating 
antibodies again st mite antigens, but they do not become 
immune. Heavily infe sted cattle lose weight and some may 
die. What happens to specific organs in host s is not known 
in detail and should be studied by light microscopy, 
electron microscopy, immune reactions, and biochemical 
changes. Information from such studies may assist in 
understandinq the di sease. 

The diaqnosis of psoroptic scabies currently depends on 
(1) finding typical clinical signs, (2) observing . 

characteristic lesions, and (J) isolating and identifying 
causative mite s. These procedures qenerally are efficient 
and accurate for diagnosing the active disease. Clinical 
siqns attract attention to suspiciou s herds and skin lesions 
quide investigators to the locations of mite populations. 
The procedure for diagnosing latent infestations is 
inefficient and often inaccurate because both signs and 
lesion s are usually minimal or ab sent. If diagnosticians 
knew the common hiding sites of latent mites, they could 
concentrate their searches there. A serologic test or a 
skin test that would identify infested herds is acutely 

2 
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needed . Such tests would obviate the trea tment o f  clean 
herds. 

The management of cat tle and the epidemiology of s cabies 
are closely assoc iated . From the mid- 1 96 0 s  to the m id -
1 9 70s ,  two profound changes occurred in the cattle industry: 
( 1 )  an increase in the concentrat ion of breedi ng cattle in 
the southeastern states relative to the wester n states , and 
(2)  an increase in the n umbers of cattle fed in l arge 
southwestern feedlots relative to those fed in small 
midweste rn feedl ots .  During that same per iod, the incidence 
of scabies surqed from a f ew  annual outbreaks to 3 1 3  in . 
1 9 7 8 .  mo stly in the large feedlots o f  the sout hwest states. 
Major sources of feeder cattle are s mall breed ing herds 
tbrouqhout the southeast, midwest, and west. Those an imals 
are assembled in crowded sales yards , trans ported in crowded 
trucks, and f inished in crowded f eed lots . These pract ices 
e nhance the probabil ity that latently infested cattle from 
enzootic areas will transm it the mites to clean cattle by 
direct body contact. 

During all of the current century, acaric ide& have been 
used aqa inst psoropt ic cattle scabies .  Among the numerous 
acarici des developed and tested , four --l ime-sulfur at 2-
percent conc entrat ion. phosmet at 0. 1 5-0. 2 5  perc ent ,  
coumaphos a t  0. 3 percent , and toxaphene at o. 5 percent-- are 
currently req istered and approved for off ic ial use. Phosmet 
and coumaphos are organophosphorus compounds and toxaphene 
is a chlorinated hydrocarb on. Toxaphene is highly effect ive 
and usually is reco DUDended over the other com pounds . Al l  
four acarac ides are appl ied to infested and exposed cattle 
in dipp ing vats, hydraul ic cage vats , and spray-dip 
mach ines. In both types of vats, the an imals are completely 
submerged in the co �uonds. In the spray-dip machines , each 
animal is pla ced in a closed box and sprayed continuously 
for 1 mi nute with prescribed noz zles at a standardiz ed 
pre ssure . The swim vats are the preferred equipment because 
they can treat 6 00 or more cattle per day and are h ighly 
effect ive. 

In the United States . several agencies currently conduct 
formal research on psoroptic cattle scabies. The u.s. 
Livestock Insects Laboratory of the USDA at Kerrville, 
Texas, conducts investigations under a pro ject having 1 8  
basic ob ject ives and the equivalent of four full-time 
sc ient ists. The Aqricultural Experiment Station at New 
Me xico State Univers ity. Las Cruces,  recently initiated a 
research program on the disease. Pest consultants, Inc. --a 
c ommercial agency at Amarillo , Texas--conducts 
invest igat ions under a project having seven applied 
ob ject ives and the equivalent of one full-time sc ient ist . 
Despite these ef forts, more research is requ is ite for 
erad icating psoroptic cattle scab ies . 

3 
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Tbe economic repercussions of scabies reach breeders , 
feeders, packers , and consumers. Dipping alone costs $1 . 0 0 
per animal, and exposed herds are dipped at least once and 
infe sted herds twice. In 1 9 7 5  the estimated cost of 
dippinq, quarantine , and market discrimination against 
exposed and infe sted cattle was $6 5 million. The disease 
causes additiona l unmeasured losses to packers from damaged 
hides and trimmed carcasses and to consumers from diminished 
quantity and qua lity of meat . 

The subcommittee recognizes the value of the current 
federal-state program directed against psoroptic scabies in 
the United State s and endorses its continuation . Based on 
its review of the literature and interviews with scientists ,  
administrators, regulatory officials , cattle industry 
repre sentatives, and others , the Subcommittee considers that 
a successful program to eradicate this disease would 
compri se :  

1 .  early detection o f  the di sease or its causative 
aqent on cattle ; 

2 .  success ful quarantine and treatment of infested 
cattle ; and 

3. tracinq the origins of the identi fied cases , 
institutinq proqrams to eliminate the source , and tracing 
forwa rd to facilitate earl y detection of new infestations. 

Major Recommendations 

The Subcommittee makes the fol lowing major research 
recommendations, in general order of importance, to 
facilitate a more practi cal and ef fective proqram for the 
eradication of psoroptic cattle scabies from ti1e cattle 
population of the United States: 

• Research_§bQylQ���-Q!LiJ!!J21:Q��Dt-2i 
��ic methQds, 

• A!Li.n�D§i ve eftQn.-§bQglg_Q�_m�gLtQ_Q§BJ&l2_n� 
Y:�Slt�n� terilis and nml2lfi£..m2•@_gtt@g:i ve, _gn�L.§9lY 
metb�QLglmlYJ.Dg tb§n t�t w;i.il_�@ggi"_l�§L.iY12-"YiJii2na. 

• The�§tion of bidden_§2�£�§_QI-i£_QYiL. 
inclyging_QQn§iQ�2tign Qt_tb�_§QYtQ��§t�(n_Yni£�2-Sta�§£ 
shQuld b�vestigated. 

• YDQ�gnging 2Ltne bi2J.2S1Y£-12�bQg_eni£nY£ 
�QiQ�mi2l�£-gnd host-D2.2§�in��2£tiQD§_Qi_i£-2Yi.i-�§ 
developeQ_tb�b_resear£b-2D��l2�-�§i£_•����b-§bQYlg 
��g�n usJ..ng_�§-�-2Lfi:Qm_£ntl@£ 

4 
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• agQiti���l epg��g�ing_��9�£b_§h2Yl2L2�QY(§Y� 
tQ_iiDQXQVe tbg_g(t�ciency_gn��Q{mgn&g_Qi_��9tm� 
@9YiQ�nt&_g�i9llv the_���2-ms£bin� 

• ��t_xesearch_Qn_te§t_�t§_fQ�_ygt-sj,de_gnglY§i§ 
§bQyJ:Q_��_£QmeJ& ted as SQQIL2�LRQ§§i�l�12L9ll_Q�IDll� Q 
2£nicides, 

• §te�d methQQLSbQulg �g@ygJ:QQgQ_iQ�-Y§ing 
�gyli£_��yat§ and QQ.tglli vat_gj.Q§.s. 

• n2D§mi.§.§ion Of_Q§Q�Q12j;i£_£9ttle_§£2!2ie§_yig 
kQDt9m!nated_�yixonmentL§bQulg��§tudi�g_yling_lgDQX9tQ� 
and_.il&lQ_yJ.als� 

• Ibg_gQQ DQmic co§ts of £sttlg_§£9��§_gng� 
�9Qi£9tion QXQg�am shqylQ_ee CQmQ�@g_!Q_��_Q�nefit§_Qt 
the �g�tQ_£attlemen&_tbg_liyg§tQ£k-ingy§t*YL�g_tb� 
£Qn§��£ 

• �h�§ of tra£in�9ttlg_mQygmgnt§_shQy�-�� 
§tugi�4L-�-tb���m@tbQ9_ghoglQ_gg_imQl�m�nt�� 

• §t2ng�d methQdg_gng_mg��2l§_Qthe� th9n._lim�= 
§ylfYL§bQ.W.Q_be_Qevel�ed_{QL£��9ting_Q2j,,y_gttJ.� 

• §tAnda�Q_methodi-§bQuld_�g��lQ�g_fo�_t��stm�$ 
QUD��Q�mi.§eg. §t�Y£t�iL-Y�£g£_2nQ_<}th� 
�illl.s. 

• �-R2tbQ�§i§_Qt_bovJ.n�Q�2eti�_§£9��-§bQYlQ 
�-inyg§tige�g-�th emQhs§i§_QD __ the_bi§t229thQlQ�_Qt_mQi§! 
gng_Qu_tsmg§_Qt_Qermatitih 

• �2l29i£9l cont�Ql_gg�t§L-Qll�QIDQDg§L_gng_bQ�IDQD�§ 
.§bQy�g_§Qygbt.s. 

• Resgg�£Q_on lindang&-�b�he�_t.Qm_QQID@§t�-Q� 
iQ�ign_§Ourgg§L-1ih2Yl9_�_£Qndycted_t2-Lin9_tQ�mul9ti2n§ 
tb�-��gygnt_�§§i��etiQn_Qt_ling9ng_�QID_Y2t.2£ 

• �il9=nQst�se_.yQi[§_§bQYl9_� __ §tudi�4£_gmQbs§i�ing 
£�22§=�9n§mi§§iQD�we�n�ttlg_gng_QigbQ�D-§b���--b 
§Y*Y�v_§houlQ_Qg_made tQ_Q�t�in�-�b�tbg�_9nv_f�Q•2Qt�§ 
�i��Q.�:esent on bi§Qn� 

To accomplish the tasks outlined in these research 
recommendations, substantial fundinq will be required. 
Allocation of this funding should be desiqned to stimulate 
the best efforts of competent scientists at state, federal, 
and commercial institutions. 

Meanwhile. a strenqthened educational campaiqn should be 
conducted to inform producers, transporters, marketers. and 
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regulatory personnel about the signs, treatments, and costs 
of psoroptic cattle scabies. 
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�Hai'l:UL.l 

STATEHE�Ql-tHLiBQmtg 

BAC KGROUND OF THE CURRENT EPIDEMIC 

Despite an extensive .  longstanding eradication campa ign, 
since 1 9 70  outbreaks of psoroptic cattle scabies in the 
western, midwestern, and southwestern United states have 
reached epidemic proportions. Psoroptic cattle scabies-­
caused by i§��§ ovis (Hering 1 838) , an obligate 
para sitic mite--is an acute , subacute , or chronic contagious 
dermatitis characterized by itching. crusting , s curfing, and 
depilation. Unchecked. it spreads rapidly , reducing the 
rate of growth in cattle , lowering the quality o f  their 
hide s. and eventually causing their death . The resulting 
economic losses to the cattle industry,  the federal and 
state government agencies attempting to control the disease, 
and the consumer are significant. 

Why is there an epidemic? Psoroptic cattle scabies is 
not a newly discovered disea se. Cato the Censor wrote o f  
the malady a s  lonq ago as 1 8 0  B. C. , and in 1 8 09 Walz 
demonstrated that mites are the cause of generic scabies .• 

Methods to control infestation were sought , and around 1 89 5  
sheeprnen in several parts of the United states started a 
proqram in which infested sheep and exposed flocks were 
dipped repeatedly in such compounds as lime-sulfur. su�fur ,  
nicotine , arsenic. petroleum. cresol , and chloronaptholeum. 
Cooperative state and federa l programs have been organized 
since 1 9 05. and new and better insecticides ,  such as lindane 
and toxaphene. have been developed and used success fully on 
sheep and cattle mites. By 1 97 0 ,  psoroptic s cabies in sheep 
in the United states bad disappeared. There had been 87 2 
outbreaks in 1 9 6 1 .  For a time similar success was had in 
controlling psoroptic scabies in cattle. No cases were 
reported in the United States from 1 9 50 through 1 9 52. and 
only 49 herds were infested during the decade of the 1 960s.  
Then , in the 1 9 7 0s ,  outbreaks of  the malady escalated (see 
Fiqure 1 ) . In 1 97 8 .  the number of outbreaks reported 
reached 3 13 in 1 5  states. affecting uncounted thousands of 
cattle ( see Figure 2) . During the f irst 9 months of Fis cal 
Year 1 9 7 9 , 2 2 4  outbreaks occurred in 1 6  states ( see Figure 
3 ) . New outbreaks crossed Germany and France. too . 
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FIGURE 1 Reported outbreaks of psoroptic cattle scabies. 
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SOURCE: Courtesy of APHIS. 
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FIGURE 2 Reported outbreaks of psoroptic cattle scabies, FY 1978. 
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FIGURE 3 Reported outbreaks of psoroptic cattle scabies FY 1979 . 
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Three factors are largely responsible for the fail ure of 
t he ·proqrams to eradicate psoroptic cattle s ca bies : ( 1) the 
current pract ice s  of mixing cattle from many sources , (2) 
crowd ing larqe numbers of cattle into small areas , as 
ha ppens in the f eedlot industry, and (3) ine f fect ive 
acar ic ide& and application methods . The trend s ince the 
mid- 1 960s has been away from small herds in the Corn Belt 
and toward large herds in the Texas Pa nhandle and the 
surround ing High Pla ins area , and away from small feedlots 
toward large feedl ots .  In New Mexico in 1 97 7 ,  the average 
number of cattle in each f eedlot was 7 , 35 0 .  The average 
number of calves sold by farms in Georgia in 1 97 4  was only 
2 2  head of cattle. For the large feedlots to f ill,  cattle 
from many small operations must be brought together. The 
cattle are shipped in crowded trucks , enter crowded feedlots 
and then some are reshipped to crowded sales yards or 
dispersed to other crowded feedlots. This complex 
interstate and intrastate traffic facilitates the spread of 
psoroptic cattle sca bies by bringing cattle infested w ith 
l ive m ites into bodily contact with uninfested cattle. 
Federal and state regulations control the movements of 
cattle and usual ly require prior treatment of in fested and 
exposed animals with a pproved acaric ides , but some escape. 
Also. the permitted use of acaric ide& and appl ication 
methods may not be completely effect ive under the varied 
cond it ions of practical use. 

Dur ing the December 1 978 meet ing in Denver, the 
Subco mmittee was presented with l ists of research pr ior it ies 
by state and federal veterinarians and cattlemen ' s  
associat ions representatives. Emphas is was placed on: 

1 .  Providing better diagnostic and inspect ion methods ,  
more rap id co nfirmation o f  outbreaks , modern ized methods for 
�:ecord ing cattle movements and fac il itat ion of trac e-backs , 
and determining hidden sources of mites such as inapparent 
presence in the southeaste rn united States or on wild hosts. 

2. Develop ing better acaric ide& (particul arly those 
incorporating ov ic idal act ion and lengthy res idual act ion) 
and treatment methods .  including improving or abandon ing the 
spray-d ip machine (Colorado veter inar ians re ported 9 
fa ilures out of less than 8 2  cases) : cre at ing treatments 
having real effectiveness with a s ingle appl icat ion; 
developinq reliable , fast acaric ide analys is methods for dip 
vats : reassessing toxic ity to cattle with emphas is on baby 
calve s :  investiqat inq dr inking of dip, immed iate truck ing of 
wet cattle, and cold weather d ipping : treating dairy c attle; 
and studyinq specif ic acar ic ide proble ms such as 
suspen s ibility of coumaphos , a replacement for toxaphene .if 
reqistratio." 1.s removed by the u. s .  Environmental Protection 
Agency, and correctness of d ipping interval (1 0 to 1 Q  days) 
for toxaphene. 
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3. Gaining informati on on the biology of the psoroptic 
scabi es mite of cattle on and of f the bost, including �i fe 
cycle, host spec ifici ty, e ffect of climate and weather, 
latency (or inapparent infestations) , and factors of 
susceptibi lity o f  cattle. 

4. Meeting the need to thorouqhl y survey the 
literature and present an up-to-date summary. 

s. Increa sing funds for education, trainin g, 
surveil lance and portable dip vats. 

6. Establishing a National Scabies T echni cal 
commis s ion to evaluate the eradication program and suggest 
improvements on a regular, continuing basis. 

ECONOMIC LOSSE S RESULTING FROM PSOROPl'IC CAT'l'LE SCAIUES 

The costs of scabies are high and are borne di rectly by 
the cattle industry and indirectly by consumers and 
taxpayers. Psoroptic scabies causes economic loss for 
producers by red ucing rates of animal growth and requiring 
expensive treatments: for packers by diminishing quality of 
hide s: and for the pub�i c by necessitating ta x-funded 
research, eradication, and surveillance programs. and by 
increa sing the price of meat. 

A comprehens ive economic analysi s of the l osses caused 
by scabies is needed but has not been done. Neverthe�es s ,  
what data have been collected and analyzed show c �early that 
those losses are serious and need to be reduced. 

Ana�yzi ng an experiment in a Colorado feedlot , Tobin 
(1962) evaluated the effects of scabies on feed consumption 

and wei gbt ga i ns  in infe sted cattle. Daily feed consumption 
declined 21. 5 percent and gain declined 0.53 lbs per day. 
Tobin also noted les s obvious co sts, such as los ses from 
secondary infect ions, brui se s,  sale of "di stressed 
merchandi se," and restriction of market outlets. 

Meleney and Roberts (1969) stated that the cost of 
maintaining quarantines against catt le scabies is estimated 
to be $4 mil lion per year. Costs for dipping averaged S1 
per head; howeve r, some di ps would contro� ot her diseases 
besides scabies. 

Duri ng the s cabies outbreaks in 1972 and 1973, which 
involved 53 ranche s and feed�ots in the southwest, nearly 40 
million cattle were individually inspected and approximately 
2.7 million cattle were di pped (Roberts 1975) .  Economists 
from the USDA estimated the cumulative costs of this 
outbreak to be $40 mil�on, including cattle los ses, 
treatment costs, and regulatory expenses. Costs of dipping 
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and quarantine coupled with a decl ine of S1 per $10 0 in the 
sa le va lue of cattle infested with or exposed to scabies in 
197S were e stimated to have been S6S mil lion. 

At current re tail prices for che micals approved for 
scab ies treatment, a single treatment for a 60�lb steer 
cost s  $0. 39 for coumaphos, $0.23 for phosmet, and $0 .16 for 
toxaphene. Estimated vat depletion and.carry-out losses 
from spray-dips increase materia l costs SO and 100 percent, 
respecti ve ly. Labor and facility charge s must be added to 
these mate rial c osts. A major addit ional co st is salary and 
per diem for supervisory staff from state and federal 
regu latory agencie s. For the 1976 epidemic of cattle 
scabies that occ urred in Cal i fornia, Herron (1976) reported 
a total state retrievable cost of $498.211 (inspection , 
treatment, surveillance, epidemiology, administr ation. and 
enfo rcement). In addition, there were federal expenses o f  
$37,000 for equipment and S9.711 for staf f provided by the 
Anima l  a nd Plant Health Inspection Service (APHIS) and USDA 
state services. The epidemic involved 11 infested herds , 
131 exposed herds, 9S herds possibly exposed, and SO herds 
i nspected after traceback to originating herds. The total 
cost covered 678,118 cattle associated directly with the 
outbreak and S,0 89,588 cattle inspected because of increased 
surveillance activities. 

At a May 3, 1978 meet i ng in Denver, Colorado, APHIS 
presen ted to the livestock industry propo sed change s in the 
National Eradica tion Proqram. The new Progr am incorporated 
an "eradication area" concept. The portions of the Un ited 
states to be included in the plan are: south eastern 
Wyoming, a l l  of Nebraska, ea stern colorado. western Kans as, 
the Oklahoma and Texas Panhandle s, and approximately one­
half o f  New Mexico. Texas Agricultural Extension Service 
specia li sts (Cope et al. 1978) estimated that for the cattle 
industry to comply it would have to spend $118,117,0 73 
annually and that each year 21,698.S40 hea d of cattle would 
have to be dipped under either federal or st ate supervis ion. 
According to their analysis. based on May 1978 market 
values , it would cost $4. 90 to dip each beef cow. SS. 36 fo r 
each replacement he ifer, $6. 45 for each stocker heifer and 
bull over SOO lbs, $6.00 for each stocker steer and heifer 
under SOO lbs, and $4.94 for each head of cattle placed in 
feedyards. 

Federa l funds allocated to APHIS to support s cabies­
related regulatory activities have increased from $1.78 
mi llion in 1977 to SS. 37 million in 1979. The anticipated 
allocation for Fi scal Year 1980 is SS.28 mil l ion . 

Obviously , to let the epidemic of psoroptic cattle 
scabies continue is to pay a heavy f inancial penalty. 
Prevention. early d iagnosis and treatment, and-- if 
possib le--eradic ation are economical ly de sirable. 
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Early eradication would immediately benefit the cattle 
industry economically and eliminate the need to spend 
millions of tax dollars on regulatory activities. 
Investment in research that will facilitate early 
eradication of cattle scabies should, therefore, be give n 
high priority. 

CONSTRAINTS TO ERADICATING PSOROPTIC C�TLE SCABIES 

The two majo r causes of the new psoroptic cattle scabies 
epidemic--mixing cattle from many sources and crowding larg� 
numbers of cattle into small areas--exacerbate problems that 
have always been present i n  the e radication program but that 
until the new conditions arose seemed negligible. Those 
problems are: conflicting federal and sta te regulations, 
inadequate educa tion about cattle scabies and its effects, 
unclear priorities within the eradication program, and-­
probably most significant--too little knowledge about the 
disease itself a nd the best methods for eradicating it. 
This last problem is discussed in Chapters 2 through 5. 

conflicts in Regulations 

Regulations for the National Scabies Eradication Program 
emphasize diagnosing infested and exposed cattle, 
quarantining the premises. treating the animals, and tracing 
infested or exposed herds to locate all foci of the disease. 

With few exceptions, the states have adopted the federal 
guidelines as their state regulations. The most frequently 
reported exceptions are: (1) Some states officially 
recognize only d ipping in toxaphene instead of in all four 
federally permitted pesticides. (2) some states requi re 
treatment of all cattle received from another state whether 
or not the cattle are being shipped from a quarantined area. 

A summary of the federal regulations for the existing 
National Scabies Eradication Program is contained in 
Table 1. The complete regulations for the National S cabies 
Eradication Program (APHIS 1979) are presented in 
Appendix A. In addition to the regulations. the United 
States Animal Health Association has formulated.Recommended 
Procedures for cattle Scabies Eradicat ion, and these are 
given in Appendix B. The acaricides and treatment methods 
permitted by APHIS (1972 to 1976, 1977), are presented i n  
Appendix F .  

The current eradication program is founded o n  the 
pr incipl e  that infested and exposed cattle ar e to be treated 
prior to shi pment except for shipment to immediate 
slaughter. Uninfested and unexposed cattl e from 
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TABLE 1 Guide to Federal Requirements for the Interstate Movement 
of Cattle with Respect to Scabies 

Tllia Guide Ia NOT a Rlfulation aDd ia NOT to be uaed u aueh. Fer detailed 
information relative to each type of lnteratate Movement refer to the regulations 

which appean in Part 73 lu amended I of Title 9. Code of Federal Regulation a. 
Each State or portion of a State Ia dauified In the regulation u· a particular area or areu. namely.l11 Free Area. and 121 Quarantined Area 

AREA OR PLACE DESTINATION AND 
REQUIREMENTS OR RESTRICTIONS 

ST A TUB OF CATTLE OF ORIGIN PURPOSE OF MOVEMENT 

A. Uninfen.d and 1. Free Area. An7 deatination cr for any purpoae. Are not reatricted under Part 73, except that they loae 
Unexpoeed eattle their stJtWI u cattle of t he free area: U I When they move 

to an eradicati011 or quarantined area or 121 are expoaed to 
infected cattle or facilities. 

2. Quarantined Cattle moving interatate for any purpose, Inspected, treated once within 10 days prior to moving, 10 
Area. ucept immediate slaughter. into any area. certified.• • 

Cattle moving interstate for IMMEDIATE Treatment not required but must be inspected within 10 
SLAUGHTER directly to a recognized days prior to moving. found free from the disease and 
alaughtering center in any area. exposure thereto, and so certified. One treatment 

required if cattle not slaughtered within 14 days of 
arrival at destination.• • • 

B. Expoaed Cattle 1. Any Area. Cattle moving interstate to any area for Inapecled and treated once within 10 days of movement 
any purpose, except immediate slaughter. interstate and so certifil'd. • • • 

Cattle moving interstate for IMMEDIATE Inspected within 10 days of movement. fo und scabies free. 
SLAUGHTER to a recognized and 10certified, if not slaughtered within 14 days of 
slaughtering center. ahipment. one treatment is required. Vehidl's must be 

placarded.• • • • 
AREA OR PLACE OESTINATION AND REQUIREMENTS OR RESTRICTIONS 

STATUS OF CATTLE OF ORIGIN PURPOSE OF MOVEMENT 

C. Infected Cattle I. Any Area. Cattle moving interstate to any area for Treated twice prior to moving interatate 10 to 14 daya 
any purpose, except immediate alaughter. apart, aDd 10 eertified. • • 

Cattle moving interstate for IMMEDIATE Treated once within 10 da7s of movement and 10 certified. 
SLAUGHTER to a recognized If not slaughtered within 14 da7s. a-d treatment ia 
slaughtering center. required. Vehida must be placarded."• 

I 0 0 I. Inapect1011, superv1•on of treatment, aDd cert1612ti011 must be made by a VS State Inapector or A�1ted Veter1nar1an. 
2. The cattle for immediate slaughter shall not be diverted enroute and upon arrival ahall use facilities reserved for such cattle. 
3. Inspection. supervision of treatment and certification must be made b7 a VS or State Inspector. 
4. All treatments must be done in a permitted peatieide at a State and VS approved treatment facility. Cattle ma7 be treated on farm in a faeilit7 

approved by the VS or State lnapector involved. 
5. If other than permitted lime·sulphur or toxaphene dipa are uaed. two treatments rather than one treatment of upoaed cattle are required. 

SOURCE: United States Animal Health Association ( 1978) . 
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nonquarantined and scabies-free areas may be shipped without 
restrictions. 

Because of the increased incidence of scabies in 
Colorado during 1977. the COlorado Agricultural commission 
adopted intrastate shipping regulations (Appendix C) that 
require dipping of all cattl e  to be shipped. Special 
emphasis was given to cattle moving fr� eastern to western 
Colorado because the majority of confirmed cases were 
reported in the eastern half of the state. 

In an attempt to fully use available regulatory 
personnel, some states concentrate their resources into the 
areas where movement of cattle is greatest. For example, 
the Arizona Livestock sanitary Board has formulated 
regulations (see Appendix D) for "certified feed yards." 

The lack of uniformity among state regulations is a 
problem for members of the livestock industry and regulatory 
officials. so, too, is the complexity of both state and 
federal regulations, which c reates confusion for producers 
trying to meet state-of-destination regulations for their 
interstate shipments. The establishment of uniform, 
simplified. federal regulations should be encouraged. and, 
in general, states should adopt the federal regulations. 

Inadequate Education 

Controlling and eradicating disease in livestock require 
that the public, the owners, veterinarians, scientists, and 
cont rol officials understand the principles and benefits 
involved and collaborate. This requirement was discovered 
and applied during the campaign from 1887 to 1892 against 
contagious bovine pleuropneumonia--the first eradication 
program in the Oni ted statea.-and has been an essential 
aspect of all subsequent eradication and control programs. 

Educational information about and evaluation of 
psoroptic cattle scabies have been provided to the general 
public and special groups by many agencies. The latter 
includes the USDA, state Agricultural Extension Services, 
Agricultural Experiment Stations, colleges of veterinary 
medicine, colleges of agriculture. departments of veterinary 
science, and professional associations. Diverse but related 
commun ications have been published in newspapers. magazines, 
special bulletins. scientific journals, and technical books, 
and spread by personal conversat ions . Through these media, 
thousands of bits of free information on the subject were 
provided to individuals. 

Publications prepared by the USDA had primal 
siqnificance in educating the public about psoroptic cat tle 
scabies. Farmers• Bulletin No. 1 017. "Cattle Scab and 
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Methods of Control and Eradication , "  by Imes was first 
printed in 1 9 1 8  and revised in 1 953 by :Kemper and Peterson. 
Its illustrated contents were semitechnical and consequently 
comprehensible and utilitar

"
ian to cattlemen, veterinarians ,  

and entomologists. Tens of thousands of copies were 
distributed on request to citizens o f  the United States as 
well as to individuals of other countries. Yearbooks of 
Aqriculture--JSeeginq Liy�ltbx, 1 9 42 ; iniiDAl 
�&§§§, 1 956--also written by scientists o f  the USDA, were 
widely distributed and extensively used. 

During the quarter century since Bulletin 1 0 1 7  was last 
published, host metabolism and toxicities of acaracides have 
been extensively investigated and numerous new compounds 
have been synthe sized, tested , and marketed. In addit ion, 
the incidence of infestation bas dramatically fallen and 
risen, partially because of changes in management practi ces 
within the cattle industry. Consequently , Farmers• Bulletin 
1 0 1 7 should be revised to include al l relevant old and n ew  
information, especially on psoroptic scabies, an d  should be 
publ ished in two for.ms--one technical and the other 
nontechnical--for educational use by the general public and 
cattlemen as well as by entomologists, toxicologists , 
specialized veterinarians, ectoparasitologists, 
pharmacologi sts, biochemists, and pathologists. 

An educational campaign should be conducted to inform 
ranchers, feedlot operators, and the general publ ic about 
the disease .  Films, slide sets, pamphlets , radio , 
television, and other media should be used by county agents, 
veterinarians, and USDA staff to inform the people they 
serve. 

unc lear Priorities within the Eradication Proqram 

For either requlations or education to be changed in 
ways that increa se  to the utmost the potential for 
eradicating psoroptic cattle scabies , it is necessary that 
the principles of disease eradication programs be understood 
and implemented . Without clearly defined principles and 
qoals to direct the efforts of those people regulating the 
disease , indirection can severely limit the success of the 
regulatory activities. 

� review of the adequacy of research on psoroptic cattle 
scabies should a lso contain a review of the principles 
involved in animal disease eradication programs, because a 
successful program cannot be based solely on research 
findinqs. These finding s must be blended into a workable 
eradic�tion proqram. 

In 1 973, a National Academy of Sciences workshop on 
Animal Disease Eradication : Evaluating Programs was 
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conducted at the University of Wisconsin. The purpose of 
the workshop was to examine eradicat ion programs and 
identify the principles that result in successfu l programs 
for control or e rad ication of animal diseases. 

At the worksho p, Cla rkson (1973) stated that the 
following are essential elements of long-range planning for 
control or e radication of any animal disease: existence of 
a definable disease entity: epidemiological intelligence; 
empirical knowledge of the disease derived from practical 
experience; more precise knowledge of the disease derived 
f rom scientific inquiry; knowledge of the economic impact of 
the disease; public health consi derations: workable 
procedu res for control or eradication of the disease; 
resources to accomplish the task; and knowledge of public 
attitudes. In reviewing these elements, he stressed that it 
is necessary to keep in mind their inter relationships. 

Riemann and Ban kowski (1973) summarized as follows the 
important k nowledge gained from disease eradication efforts: 

1. It is impossible to legislate a disease out of 
existence. 

2. Eradication should not be publicly stated as a goal 
unless its theoretical possibility has been established. 

3 .  Police measures are seldom completely effective .• 

4. People must recognize the problem as their own and 
share in the eff orts to correct it. Education is es sential. 

s. A proqram must take full advantage of supportiv e  
trends in the community and environment. 

6. A proqram must enlist the support of the private 
segment of the veterinary profession, farm advisors, the 
Extension service, and similar groups. 

In addition to these elements, Riemann and Bankowski 
added that "the last phase, stamping out, is sanetimes 
difficult to accomplish and some of the reasons are: (at 
previously unknown facts about disease epidemiology show up; 
(b) flaws in the existing testinq methods show up after the 

bulk of the reservoir has been removed; (c) the tracing of 
the last carriers is technically difficult and the cost is 
hiqh ; and (d) decrease in funds and interest." 

Hourriqan (1978), who is senior staff veterinarian with 
the USDA and responsible f or coordinating the National 
Scabies Eradication Plan, said about eliminating cattle 
scabies: 
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There is no easy way to eradi cate cattle scabies , 
no simple gimmick, no magic ritual. The dis ease 
can be e limi nated and this has been proven many 
time s. There is only one way to eradi cate cattle 
scabies and that is to kill the scabies mites . And 
there is only one practi cal way to do thi s-- f ind 
and dip the cattle harboring the mite s .  Other 
activities a re merely supporting directly or 
indirectly. satisfactori ly or unsati sfactori ly, the 
direct attack on the scabies mite . There is no way 
to stay even with the di sease. Either the program 
gains and the scabies mi tea lose , or the scabies 
mi te s  win and the proqram lose s. There is no 
negotiated peace , no negotiated settlement, no 
truce with scabies mi tes. If we think we are 
stay inq even. the scabies mites must be very happy 
because they are secretly winning. 

In a pre sentation to the u. s .  Animal Health Associat ion , 
Tobin (1978) listed the following as keys to a s uccess ful 
scabies eradication proqram: (1) acceptance of the program 
and cooperation with it by the livestock industry ; ( 2) 
surveillance and control of cattle movement-- both interstate 
and intrastate ; (3) vat management to ensure the quality o f  
dippinq ; (4)  proper management of outbreaks to prevent 
spread and rebreaks ; (5) adequate epidemiological 
inve stigations to locate sources of scabies and notify other 
i nte rested parti es of possible spread from outbreaks. 

c ompari sons of the cattle scabies eradication program 
with other eradication programs may not be val id. For 
example, the sheep scabies program differed because there 
was a decrease in total sheep population and sheep are not 
commingled into concentrated herds as are cattle. Also, 
other animal disease eradication programs rely on fair ly 
accurate, object ive diagnostic technique s ,  such as the card 
test for brucellosis. 

some of the di f ficulties encountered by regulatory 
agencies in Great Britain in their e f forts to er adicate 
psoropti c scabie s from sheep are nic ely summariz ed by Spence 
(19 51) : 

Inefficient , incomplete gathering [ of animal s to be 
treated or examined ] • • •  , ineff icient dipp ing 
methods. ine fficient dips, insuf f icient 
supervision, difficultie s  of diagnos i s  and 
detection. s pecial phases of the disease res istant 
to treatment, and non-co-operation or even 
concealment of di sease by • • • owners and 
inadequate propaganda constitute the main problems 
which faced those responsible for the control of 
the di sease. 
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Other ob servations made by Spence are : 

No matter how good an in sectic ide might be, it 
cannot be ma gi cal . and few wil l ki ll para sites 
without contact with them . [ Lay inspectors ] • • •  
were of very great val ue  and the discovery o f  many 
outbreaks wa s made by them. The training and 
a ppointment of large numbers of lay o f f icers of 
this c la ss i s  a very i mportant point in any disease 
erad ication campaign and wil l  certainly prove 
nece ssary be fore we can bring such di seases • • • 
under contro l .  

The Veterina ry Laboratory. Ministry o f  Agriculture and 
F i sherie s. weybr idge . England , wrote : 

No d ip s  are pa ssed for approval unle s s  they give 
1 0 0 1 c ure of active. enc rusted s cab when used at 
ha lf the normal bath concentrati on pre scribed in 
the manufacturer ' s  instructions. Most • • • 

[ stockmen ] can ea sil y recognize [ scabies ] and its 
presence leaves many of them q ui te undisturbed. 
[ In some situations 1 • .. • the d i sease spreads very 
s lowly , and the grudgi ng dipping e fforts impo sed 
care lessly a nd ineff ic iently carried out . serves to 
keep the di sea se in a quiet . smoldering state which 
ca uses them no alarm. Even in infected [ flocks ] 
the inc idence may be onl y  a f raction o f  1 1  so that 
i t  seems a very unimportant dise ase. Many • • • 

were much le ss intere sted in clearing the [ flocks ] 
of [ scabies ] than they were in f indinq some cure 
for footrot . 

The current outbreaks of cattle s cabie s  in the United 
States can be linked to many of the de fi c i encies enumerated 
by Spence ( 1 9 5 1 ) . The a ttitudes of many members of the 
cattle i ndustry ,  unfortunately , c losely parallel the 
attitude s me ntioned by him a s  be ing common among hi l l­
country stoc kmen where sheep scabies was endemi-c . That is . 
the members believe that the regulat ions and prevention are 
more costly to the entire cattle industry than the disease 
itse l f .  

Cooperation from the cattle industry and additional 
f inancia l support for regulatory agencies are es sential i f  
psoropti c scabie s o f  cattle i s  to be e radi cated from the 
United State s .  However, the Eradi cat i on Program shoul d  
improve beca use federal fund ing increased from $ 1 . 7 8 mil l ion 
in F i scal Yea r  1 9 7 7  to $ 5. 3 7  mil lion in Fi sc al Year 1 9 7 9 . 

I t  i s  evident that acc urate and practi cal di agnostic 
techn i ques are e ssential . Completely effective eradicat ion 
procedures must be made avai lable and must gain the support 
of industry to reach the g oa l  of e radi cation . 
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�BiitEE� 
BIYlliiLQl_nm CQRREN'l'_IBQ�GI UQ�_f§QiQEl:J§_Mlli§ 

Surprisingly little research has been done in recent 
years on the bas ic bioloqy of the parasite causing scab in 
cattle , or any fAQroPtcs species . Sc ient ists are dependent 
ma inly on early work reported by Gillette ( 1 8 9 7) , Salmon and 
St iles ( 1 89 8 ) , H ickman ( 1 9 02) , Neumann ( 1 9 06) , Stockman 
( 1 9 1 2 ) , Stockman and Berry ( 1 9 1 3) , Bedford ( 1 9 15 ) , Sh ilston 
( 1 9 1 5) , Imes ( 1 9 1 8 ,  1 927) , Hirst ( 19 22) , du To it ( J 9 23) , 

cameron ( 1 92 5) , Babcock and Black ( 1 9 33) Down ing ( 1 936) , 
Neveu-Lema ir ( 1 938) , Lucas ( 1 942) , Snyder ( 1 9 42) , Fortushny i 
( 1 942) , Palimpestov ( 1 944 , 1 947) , Bauman ( 1 9 4 6) , Tro itzkii 
( 1 9 4 7) , Spence ( 1 94 9) , Naj era and Mayer ( 1 9 50) , Pal impestov 

et al. ( 1 9 50) , Rocha et al . ( 1 9 52) , Kemper and Peterson 
( 1 9 53) , Priselkova ( 1 9 54) , Dubin in ( 1 9 54) , and Roberts and 

Cobbett ( 1 95 6) • Nineteenth century rese arch, ma inly 
taxonomic, was reported by Bourguignon, Delafond, 
Cane str ini, Gerlach, Her ing, Megnin, and Rail l iet. 

Much of th is literature was reviewed by Sweatman ( 19 58) 
in h is work on the taxonomy and biology o f  f§�g� m ites . 
However, his was not a complete review, part icul arly o f  
b ionomic s  po inted towazd practical quest ions related to 
control or eradicat ion. Results of b iological research 
s ince 1 9 58 are scattered in many small papers in some 
Amer ican journal s and many fore ign journal s for which, 
unfortunately, there are no Engl ish trans l at ions . The 
hiatus in Russian translat ion is part icularly ser ious. No 
recent reviews exist. The most valuable recent research is 
that o f  W. P. Meleney and I . H .  Roberts and the ir· co-workers .  
Sign if icant contributions have been made by Russ ian 
paras itologists. Only minor work has been done elsewhere on 
the b iology of psoroptic scabies mites. 

Most research on i§Qro� 2Y11 has been done on sheep. 
The Subcommittee cons iders this research pert inent to cattle 
because the et io logical agents are probably the same 
spec ies. However, such extrapol at ion must be done 
caut iously because of parasite strain differences,  host 
phys iolog ical d ifferences, and great d ifferences within the 
microenv ironment of cattle ha ircoat and sheep fleece. The 
few reports on the biology o f  the bovine form of f· QYU 
include H ickman ( 1 902) , Imes ( 1 9 1 8) , Synder ( 1 9 4 2 ) , Baker 
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( 1 9 q 6 ) . Kemper and Peterson ( 1 9 53) • Roberts and Cobbett 
( 1 956) . Labie et al. ( 1 9 7 5 ) . Liebisch and Petrich ( 1 97 7) . 

and Liebisch et al . ( 1 978) . Most are reviews. Further 
bioloqical research with g§Q�� QXi§ on or from cattle is 
needed urgently . 

TAXONOMY AND HOST S PECIFICITY 

In thi s report. the i§�Q� that causes cattle scabies 
is called ��� QVis (Hering 1 83 8) . following the 
definitive re search of Sweatman ( 1 958) . Sweatman 
synonymized f· Q� and i· bovis because he could find no 
morphological differences and there was evidence of 
transferability between sheep and cattle (Kemper and 
Peterson 1 9 53.  1 9 56) . Sweatman al so noted epidemiological 
coincidence in Australia . canada . and New zealand. where 
decline in bovine scabies incidence followed successful 
ovine scabie s eradication. 

The synonymy becomes :  

Collections from sheep--P§�'Qptes QYi§ (Hering 1 838) ; 
�opte§ QYU (Gervais 1 8q 1 ) ; i· l2n9!1:2§Yi§ var. QX� 
(Meqnin 1 877) : g. communi§ var . QYi§ (Railliet 1 8 9 3) : i· 
�gyi var . QYi§ (Neveu-Lemaire 1 9 38) . 

Collections from cattle--i§e�te_§ Q�l§ (Hering 1 838) : 
�.:m9tQ�C�§ bovi§ (Gerlach 1 857)  ; i· 1QD9i,�i§ var. 
�n§ (Megnin 1 877) ; i·· �Qll!mYDU var . wxu (Railliet 
1 893 ) ; g. Q2Yi§ (Canestrini and Kramer 1 8 99) ; i· �gyi 
var. 12Qyi§ (Neveu-U!maire 1 938) . 

The Subco�ttee follows Sweatman in considering 
p soroptic scabie s of cattle and sheep to be etiologically 
identical. More recently. Roberts and Meleney ( l 97 1 )  have 
confirmed the transfer of psoroptic scabies mites between 
sheep and cattle. Meleney ( 1 967) initiated infestation by 
f• Q�i§ in a rabbit b y  transfering mites from a steer. The 
mite s prospered . causing severe scabies. The rabbit died. 
Mite s from the rabbit were trans ferred to sheep and cattle . 
resulting in typical sheep scabies .  but only transitory 
infestation in cattle . Because the results of this 
experiment were most unusual . they should be con firmed by 
further research . The mites originated from cattle but 
would not reinfe st cattle. although they did infest sheep 
subsequent to th e rabbit passage . Also. the mites were 
tran sferred into the rabbit' s ears. where infestation 
occurred ; only later did the infestation spread to nearby 
parts of the body .  g. QY1§ is not ord inarily an ear mite 
(Sweatman 1 9 58) . Shilston ( 1 9 1 5) failed to infest ears of 

rabbits with i· QYU from sheep . Delafond and Bourguignon 
( 1 856)  could not infest a cow with i· �i§ from sheep . 
sweatman discounts this very old research . citing 
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epidemiological evidence to support his conclusion that the 
agents causing psoroptic scabies in cattle and sheep are 
monospecific . He notes that in Australia, canada, and New 
Zealand, bovine psoroptic scabies declined great ly following 
ovine scabies eradication campaigns. 

Nykolsky and Tchablin ( 1 973) , however, consider 
��� mites to be host specific. They review 
Palimpestov ( 1 95 6) and Nykol sky and Orlov ( 1 958) , noting 
that no disease occurred in animals during the invasion of 
�QPteQ from nonspecific hosts . They were unsuccess ful in 
repeating the Me leney ( 1 967) experiment on four rabbits. 
The cattle mite s lived in rabbit ears for more than 28 days 
but did not cause scabies and were not propagated by serial 
transfer. Mites that were transferred from sheep to rabbits 
died in 7 to 1 0  days. Nykol sky and Tchablin ( 19 73) 
concluded from serological experiments that allergic 
response s in hosts are related to specific f§�R� 
species. They state that morphologi cal and biological 
characteristics of PSQropt� mite s ,  as well as the allergic 
response s of animals, indicate that cattle, sheep , and 
rabbit PSQrQpteg are distinct species .  

Palimpestov ( 1 96 1 )  greatly compl icates ,the taxonomy .• 

Using the old Me qnin trinomial s  b�Slpte§ lsmgixg.§Yi§ gxi§ , 
QQ!i� , and �gyi, it was concluded from experimental results 
that one or another of tbese mites can infest horse, cattle, 
sheep, qoat, piq, rabbit , dog , and chicken. 

SWeatman, as noted above ,  used Australian 
epidemiological experience s to support the theory that 
scabies mites are monospecific. However , more recent 
epidemiological evidence supports the theory that they are 
polyspecific. Sheep scabies was introduced into Austral ia 
in 1 7 8 8 ,  control efforts commenced in 1 83 1 ,  eradication was 
successful in 1 8 9 6 ,  and scabies has not recurred (Roberts 
1 9 52 ;  Endre jat 1 9 57 ; Seddon 1 964 ; FAo-WHo-OIE 1 9 7 1 ,  1 977) . 
Roberts, writing in 1 9 52 , noted that cattle scabies was 
unknown in Australia. However, in more recent years it is 
reported as having a "low sporadic occurrence , treatment not 
required" (FAo-wHo-OIE 1 97 1 , 1 97 7) . More dramatically , the 
bovine form in the United States has increased 
catastrophically since 1 97 0 ,  despite completely successful 
ovine eradication after January 1 9 7 0 ,  with no recurrence 
(Meleney and Christy 1 978) . Meleney and Christy ( 1 978)  

argue against polyspecificity because the cattle scabies 
outbreak that beqan in 1 97 0  has been in the western United 
States only, where sheep seldom mingle with cattle. 
However, in the 1 940s and 1 9 50s in New York State and . the 
northeast in qeneral , sheep scabies was common while 
psoroptic cattle scabies was practically absent, even though 
cattle and sheep mingled in some pastures during summer and 
even in some buildings during winter (Matthysse, personal 
observation) . The comparative worldwide distribution of the 
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two di sea se s  ( see Table 8) doe s not support mono speci f ic 
status . f· 2!1§ i s  re ported to affect sheep but not catt le 
in 1 2  countrie s ,  cattle but not sheep in 1 6  countries . A 
grea t di ffere nce in incide nce of psoroptic s cabi es between 
the two hosts i s  reported by 23 countrie s .  

C are ful morphological studie s ma y  reve al new characters 
of taxonomic val ue .  For example , Kr i shna Rao et al . (19 7 4 )  
add the bursa copulatrix o f  the ovigerous female as a 
character valid at the spe c ies level . They used it to 
d i fferentiate �. natalen§i§ and f· �YDiQYli · Further work 
i s  needed to determine the va lid ity of the bursa copul atrix 
for the rema ining specie s  of fsoroet� and possibly for new 
s pec ie s  among them. 

Unde rstanding the nature of the differences between 
Psoropte§ �11 on shee p an d cattle is incomplete . 
D i f ferences in a ggres siveness and virulence among parasite 
stra ins (Roberts and Meleney 1 9 7 1 )  and indiv i dual host 
susceptibility ( Bweatman 1 958 ) and i mmunocompetence, as 
d i scus sed for §ircopteg �i§i by Hancock an d  ward ( 1 97 4) , 
C layton and Farrow ( 1 975) , and Fain ( 1 97 8 ) , are undoubtedly 
involved. succe s s f ul trans fer of a paras i te to an exoti c 
host s pecies can require a parti cular strain , as has been 
demonstrated by adapting the human body lous e ,  f�9i&YlYI 
�DY§, to feed ing on rabbits (Culpepper 1 9 4 6) . 
Culpeppe r ' s re search f urther demon strates that cros s 
trans fer of para site s  among host s is not an adeq uate s pe c ies 
criter ion. Conve rsely, initiation o f  infestation on the 
norma l host can be difficult at time s ,  as shown by Cameron 
( 1 9 2 5) f or bovine pso ropti c scabie s .  

The most rea sonable conc lusion i s  that trans fer of f · 
QXi§ f rom one host specie s to another does not occur r ea d i ly 
unde r natura l farm conditions. Stra in di f ferences , probably 
host- i nd uced , exist in the parasite population ( Robert s and 
Melenev 1 9 7 1 , Me le ney 1 9 7 8 ) , even if varietal or speci f i c  
d i ff erence s do not. Further work is nee ded to determine the 
taxon for thi s  parasi te ,  i ncluding re sear ch invo lving 
scanning e lectron microscopy , internal anatomy , genet i cs , 
ph ysiolo gy, biology , eco logy , and immunology . Po ss ibly, 
s ibling specie s  are involved . Cross-host transmiss ion 
studies should be undertaken using s ingle v irgin forms o f  
the two sexe s ma ted i n  con finement o n  as suredly mite- free 
anima l s. Ma le s  of strai n ovine cros se d with females o f  
stra in b ovine , and vice versa , should be tes ted with 
b iological data taken during a complete generation, and 
l onge r if pos s ib le . Aggr essive-viru le nt  and non aggres s ive , 
low-virule nt s tra ins ( Robe rt s  and Me leney 1 9 7 1 ) should be 
teste d .  Obvious ly, such res earch is dif f i cult, l aboriou s ,  
and expensive . 

Horse s ,  donkeys , and mules are the only Nort h Amer ican 
dome stic anima ls , other than sheep a nd cattl e ,  t hat have 
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been reported from other parts o f  the world as hosts for i· 
Qxi§ . However , equines are questionable hosts for f· QXi§ . 
After stating that f· �i§ infests cattle , Sweatman ( 1 958)  
writes that "data on psoroptic mites from horses is less 
convincing. " He concludes that horses are hosts for f · 
�. f· �i&Yli , .f. �gj&D§i§, and possibly f· Ql!U •  
General experience i s  that work horses used among psoroptic 
scabby cattle or sheep do not become infested . Further 
research i s  needed on f§oro�t� from horses , including world 
distribution of f· � and its differentiation from f· QXU 
and f• �Yili&W· 

The most recent and most authoritative general manual of 
acarology (Krantz 1 9 7 8) cites f• � (Hering) as the 
psoroptic scabie s mite of sheep and cattle. Evans et al . 
( 1 96 1 )  named fSQroptes forms according to host ,  using f· 

nYi, (Raspail) QD,§, 1223!1§• � .  �i�lL ,  and �212�H· The 
subcommittee sees no necessity for these ambiguous 
reversals. Hering described both species in 1 83 8 ,  naming 
them according to host , as no morphological criteria were 
known then. Undoubtedly the mite he named QXU• from sheep, 
was that which we know now as 2¥1§. It is very unlikely 
that the mite from horses wa s  that Ql!U• but rather w!li or 
£Yni�Yli (Delafond � 859) . Evans et al. ( 1 96 1 )  appear to 
have di scounted the morphological di fferences among §gyj. , 
QD.§ , and �uni&Yli . 

The only Ame rican wild-animal host for f· 2Xi§ is the 
b iqhorn, � 9anadeng1§ , as wil l be discussed subsequently. 

The specie s  of fSOroJ2t�, ba sed on Sweatman ( 1 958) and 
subsequent workers , are: 

Body Mites 

f· QYi§ (Herinq 1 83 8 ,  Gervais 1 8 4 1 ) --sheep, cattle, 
bighorn (QXL§ 9§n�deQ§i§) . possitly horse, 
donkey, and mule , probably water buffalo 
(BubslY§ 2�1§) . cosmopolitan. -

i ·  � (Hering 1 83 8 ,  Gervais 1 84 1 ) --horse, 
possibly donkey, and mule. Eng land, south 
Africa according to Zumpt ( 1 96 1 ) . 

f· �lensis (Hirst 1 9 1 9 ) --cattle (� ��Y§ and 
Bo§ indicus) , Indian water buffalo (�Ub91Y§ 
bubalig) , horse , African cape buffalo 
(§yncerug �fiU) . Asia, Africa, south 

America , New Zealand, possibly France. 

f· pien�xi (Fain 1 970) --African Cape buffalo .  
Africa. 
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Ear Mites 

f· c9Waculi (Delafond 1 8 5 9 ,  Canestrini and Kramer 
1 8 9 9) --rabbit,  qoat , sheep , horse, donkey, 
mule , Indian water buf falo, pos sibly ��1!· 
Al so a temporary body mite o f  horse. 
Co smopolitan. 

f. �D!inu (ward 1 9 1 5) --bighorn (�i§ �im�D§U) . 
wapiti or el k (�� ��neQen§i§) ( in  the 
ears) • mule deer (Qg��Y§ �mismY§) • and 
probably white-tai led deer (QgQQQil� 
Yi'ginianys) . North America. 

Roberts et a l. ( 1 970)  determined that mule deer 
(QQQkQ.il§Y§ �miQDY§) were infested with f§Q��§.i �Yn�Yli· 

Strickland et al . ( 1 97 0) f ound f§Q{Qet� on white-tailed 
deer (QQQcoileus �irginisnY.i) • They declined to apply a 
species name but suggested that these mites were f· 
�ynicyli . Roe ( 1 9 5 1 )  mentions mange on American bison 
(Di§Qn bi§2n txei&Y!l) • but not even the genus was 
determined. Seton ( 1 9 29 )  al so noted mange on bison. 
Hepworth and Thomas ( 1 962)  were unable to transmit �· 
��DY! from elk to cattle or sheep. 

Further recent references for f§Q,Qe!�§ on wi ld hosts in 
the United State s are : f· �run!.!§ on elk--Colwell and 
Dunlap ( 1 975) , worley et al. ( 1 9 69 ) , Honness and Winter 
( 1 956) i f· � on bighorn--Lange et al. ( 1 9 7 9) , Becklund 

and Senger ( 1 9 67) • Cowan ( 1 9 5 1 ) . Sweatman ( 1 958) and Lange 
et al.  ( 1 9 7 9 )  ci te other references supporting these 
determinations of Psg,opte§ species on wild hosts in North 
America. 

In conclusion , several fsoropt� species infest American 
wild mammals, but the only probable wild host for f· QXi.i is 
the bighorn (Q!i§ canadensi§) and its several subspecies . 
Lanqe et al� ( 1 9 79 )  note that serious epizootics occur among 
biqhorn. It is probable that bighorn initially acquired f ·  
ovis from domestic sheep or cattle many years ago .  Bighorn 
are potential re servoirs for psoroptic scabies o f  livestock. 
Althouqh the habitat of bighorn is mainly remote mountainous 
areas, it overlaps that o f  range cattle and sheep . 

As stated above , bighorn remain only a probable host for 
the f�op�e§ QYi§ of sheep and cattle. As Lange et al . -
( 1 97 9 )  point out , proof awaits transmi ssion studies . 
Current knowledge of speciation in f§Q�Qt" is inadequate 
for re liance on morpholoqical characters only.  

Further data concerning bison are needed . 

outside North America , the domestic water buf falo, 
BubiiY§ �li§. and the wild African Cape buffalo, ��D�§XY§ 
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gUn. are host:s for ��H nafial�nli� and possibly 
�OPte§ �1§ ( sen and Flet:cher 1 96 2 ,  Mohan 1 9 6 8 ,  Mohan and 
Gott s 1 97 0 ,  Zumpt 1 96 1 ,  Krishna Rao et al. 1 9 74,  Fain 1 9 7 0 ,  
Basson et: al. 1 9 70) . Shastri and Ghafoor ( 1 9 74) add �A.lll§ 
bQb41i! as a host for ear infestations by f§Q�Qe�� 
cuniculi· 

The ��§ on alpacas in South America has been 
stated to be f§gropte§ �QI!YILuni§ var. A��ni�� (Chave% and 
Guerrero 1 96 5 ,  Ast:rom and Al varado 1 9 6 6) . Fain ( 1 970)  
described i§gxgp� �SA� taken from African Cape buf falo 
§�nseru§ caffer from Oqanda and south Africa. There is no 
evidence that either species affects cattle or sheep. 

The position of �OPt§§ � within higher categories 
of Acarina ,  according to t:he most modern classification 
(Krantz 1 978) , i s :  

Phylum 
Class 
Subclass 
Order 
Suborder 
Supercohort: 
Superfamily 
Family 
Genus 

· Species 

Arthropoda 
Arachnida 
Acari 
Acari formes 
Acaridida 
Psoroptides 
Psoropt.oidea 
Psoropt:idae 
P§Oroptu. 
2ill 

Most scabies and mange mites of cattle and sheep are 
found in the supercohort Psoroptides . Two exceptions are 
�g�x and i§�ugat:es. members of t:he suborder Actinedida, 
families Demodicidae and Psorerqatidae, respectively. These 
mit:es are readily distinguished from il2���� by the 
anteriorly placed legs and annulat:e elongate form o f  DimQg� 
and by the stronq claws on all legs of f§g���g�§§• 

�§X9A� 2!1§ and i· QQ§ are very small mites with 
radially placed legs. They have been found at odd times in 
several states ( Robert:s and Meleney 1 9 65,  Roberts et al. 
1 965) . Within Psoroptides ,  the superfamily Sarcoptoidea 
contains the cattle and sheep scabies mite §9���§ 
�1�. which i s  distinguished from f§Q�QQt�� by its short 
leqs I II and IV, long unsegmented pedicles , and spined 
dorsum. 

Within Psoroptidae , the genus �QW12tH contains the · 
chorioptic scabies mite, �· �Yi§, o f  sheep and cattle . 
Although closely allied to f§Q,Qptes , �. �Y1§ is far less 
pathogenic because it feeds on skin products (scurf) rather 
than directly damaging the skin ( Sweatman 1 9 57,  McEnerney 
1 9 53 ,  Matthysse and Marshall 1 963) . �- bQyl§ is common and 
widespread on cattle and sheep in the United States and is 
by far the most frequent cause of scabies, albeit usual�y 
mild (Matthysse and Marshall 1 9 63 , Roberts et al . 1 964) . 
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Cbo�opte§ can be distinguished from fS0�2Pt�§ by the short 
unsegmented pedicles I and II , short leg III of the female,  
and shape of the gnathosoma. 

Fain ( 1 975)  gives a key to the genera of the subfamily 
Psoroptinae, inc luding the domestic- animal mite genera 
Psorop�§, ��iQptes , and Qtodect�. Georgi ( 1 9 74) gives 
differentiating characters and excellent illustrations for 
these genera as we ll as for Sg{CQP�t and �t2�•� ·  

Dubinin ( 1 954)  presents for families and genera of mange 
and scab mites a key in which the superfamily Sarooptoidea 
contains the fami lies Acaridae and Psoroptidae. Although 
these taxons are at variance with Krantz ( 1 9 7 8) , the key 
characterizes genera very well. 

Sweatman ( 1 9 58) includes a key to the species of 
�2�§ based on adult males. Only two characters are 
used : length of the outer opisthosomal seta and the 
location of the infestation on the host. 

LI FE HISTORY 

According to Sweatman ( 1 9 5 8) and all recent workers , 
psoroptic scabies mites deve lop through five stages : egg, 
larva , protonymph, deutonymph or pubescent female,  and adult 
or ovigerous female (Figure 4) . The ambivalence in terms 
for the last two stages results from the unusual 
circumstance that fifth stage males (adults) attach to 
fourth stage females (deutonymphs) that molt to become 
ovipositing fifth stage females. The Subcommittee follows 
Sweatman in using the terms "deutonymph11 for fourth stage 
males, " pubescent" for fourth stage females, 11ovigerous11 for 
fifth stage female s, and " adult" for the f ifth stage males . 
Sweatman ( 1 9 58) reviews the usage of these terms by various 
authors and the discrepancie s in the number o f  male stages 
reported. 

Evans et al.  ( 1 96 1 )  use 11 tritonymph" for pubescent 
fema les. Fain ( 1 9 63)  agrees , noting that the deutonymphal 
stage is absent in five ectoparasitic fami lies of Acaridiae, 
including Psoroptidae . Among Acarina in general , 
tritonymphs are advanced stages that molt into adult males 
and fema les. Se xual distinctions may be present . Thus , the 
third motile stage of R§�p� should be named 
"tritonymph. " Fain ( 1 963)  describes the nymphal stages of 
Psoroptidae and discusses their deve lopment, noting that 
only in ��@§ and ��!2Pt� is there sexual 
differentiation among protonymphs as well as tritonymphs . 
His scheme is simple: ( 1 )  egg, larva, protonymph female , 
tritonymph female, ad ult female ; ( 2) egg , larva, protonymph 
male , tritonymph male , adult male . He does not use 
"ovigerous" or " pubescent. " Fain • s terminology is 
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SOURCE: Courteey of APHIS. 

FIGURE 4 Psoroptrn ovis (female). 
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authoritative , but, to be consistent with current usage, the 
Subcommittee wil l  continue to use the SWeatman ( 1 9 58) 
terrninology--deutonymph, pubescent , and ovigerous--in this 
report. 

Sweatman ( 1 958)  describes and illustrates each stage of 
f· £Yni&Uli in great detail.  Except for body size and 
lenqth o f  the outer opisthosomal setae, these des criptions 
are correct for f· ovis, which is described and illustrated 
by Downing ( 1 936 ) and by taxonomists (cited in the Taxonomy 
and Host Specifi city section of this report) . The � is 
elli ptical, opaq ue initially , and shiny white with two 
bosses on the same side towards one end. The ll�Y.i is 
elongate, oval,  soft-bodied, grayish brown, with three pairs 
of moderately short legs . No sexual dimorphism has been 
noted. The �QD� i s  similar except that it is l arger , 
has additional setae , and possesses four pairs of legs . The 
only sexual difference noted was the presence of a pair of 
posterodorsal suckers on the female protonymph. The 

�QUmliD ma_l� and pube§£�� femi!J& are similar to their 
respective protonymphs except for larger size and additional 
setae. The pube§S� �mal& is differentiated from the 
deutonymph male by her possession of posterodorsal suckers .• 
The adult �� differs strongly from earlier stages in that 
it ha s setae of the idiosoma , large opisthosomal lobes , 
setation and caruncles on leqs III and IV, possession of 
copulatory suckers, and visible reproductive apparatus . The 
Q!ig�§ ��� is more similar to the immature stage than 
is the adult male. However, in contrast to earlier stages , 
a vulva is present between coxae I I  and posterodorsal 
suckers are absent. insemination occurs upon 1001 ting from 
pubescent to ovigerous female. A quiescent period occurs at 
the end of each immature stage, prior to molting . 

It i s  unfortunate that little research has been done on 
the life history of i· QVis on or from cattle . The 
f ollowing information on f. QYi§ is derived from research on 
sheep .  

Table 2 summarizes data on the length o f  egg incubation 
and one complete generation of �{QPt� QVis on sheep , 
reported by Babcock and Black ( 1 933) , Downing ( 1 936) , 
Gerlach ( 1 857) , Gillette ( 1 8 97) , Imes ( 1 927) , Kemper and 
Roberts ( 1 9 50) , Kemper ( 1 9 52) , Lucas ( 1 9 ij 2) , Pal impestov and 
Goncharov ( 1 960) , Priselkova ( 1 9 5q) , Roberts ( 1 9 7 5) , 
Shilston ( 1 9 1 5) ,  Stockman ( 1 9 10 ) , and Stockman and Berry 
( 1 9 13) .. Table 3 presents more detailed results, including 

duration of all stages ,  from the experiments of Downing 
( 1 93 6 ) , Lucas ( 1 9 ij 2) , and Shilston ( 1 9 1 5) .  These workers 
used similar techniques in which aluminum, glass , bolting­
cloth, or muslin cells containing i§Q•QQt�§ Qxi§ were 
cemented to the skin of sheep. 
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TABLE 2 Days Required for Incubation of Eggs , and for One Complete 
Generation , Psoroptes � (Ovine ) 

Egg Incubation 

1-34 
2- 34 
2- 34 
3 . 2-3 . �  
3-44 
3-44 
3 . 5-6 . 4  

4-5d 

4-5d 

4-7e 
4-7 

-9f 
< 7  
6-8g h 
to 10 
10-17 

Aon the skin . 

Cycle (Egg to Egg ) 

10-12 
10 
11-13 
17-18 ,b 30-90c 
14-15 
10-12 

14-19 

<17-19 

10-12 

bxn vi tro at 36-37°c , > 85\ R . H .  
czn vi tro at low temperature an d  low R . H .  
dseparated from skin by scab or debris .  
ern vi tro; temperature not stated . 
fcarried in vial in a pocket . 
gTwo inches from the skin . 

Source 

Downing ( 1936) 
Lucas ( 1942) 
Shilston ( 1915) 
Priselkova ( 1954) 
Gerlach ( 1857) 
Stockman and Berry (�913) 
Palimpestov and 

Goncharov ( 1960) 
Downing ( 1936) 
Shilston ( 1915) 
Stockman and Berry ( 1913) 
Kemper and Roberts ( 1950) i 
Gillette ( 18971  
Roberts ( 1952 ) � 
Shilston ( 1915) 
Downing ( 1936) 
Palimpestov and 

Goncharov (1960) 
Imes ( 1916 ) �  

hup to 10 days in tags of wool attached 2 inches from the skin . 
iNot original research. 
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TABLE 3 Life Hi story of Psoroptes ovis (Ovine ) Confined Near the Skin o f  
Sheep 

Deve lopmental 
Stage ( in days ) Shil ston (1915)  

Eggs 
Number 
Minimum 
Maximum 
Mean 

Larvae 
Number 
Minimum 
Maximum 
Mean 

Nymphsa 
Numbe r 
Minimum 
Maximum 
Mean 

Deutonymphs ( d ) b 
Number 
Minimum 
Maximum 
Mean 

Pubescent ( 9 ) 
Number 
Minimum 
Maximum 

2 
3 

2 
3 

3 
4 

'Vl 

Mean 'V3 

Preoviposition 
Number 
Minimum 
Maximum 
Mean 

Cycle ( 9 ) C  
Number 
Minimum 
Maximum 
Mean 

32 

Downing (1936) 

1 26 
2 
3 

2 . 7  

66 
2 
3 
2 . 2  

34 
2 
3 
2 . 3  

4 
5 
5 
5 

25 
2 
4 
2 . 2  

10 
1 
2 
1 . 3  

9 
15 
1 0 . 7  

Lucas (1942)  

16 
2 
3 

2 . 7  

12 
2 
3 
2 . 2  

11 
2 
3 
2 . 1 

8 
1 
1 
1 

8 
2 
3 
2 . 5  

1 
1 
1 

9 
1 3  
1 0 . 5 

Copyright © National Academy of Sciences. All rights reserved.

Psoroptic Cattle Scabies Research:  An Evaluation
http://www.nap.edu/catalog.php?record_id=18793

http://www.nap.edu/catalog.php?record_id=18793


TABLE 3 (Continued) 

Developmental 
Stage ( in days ) 

Cycle ( � )  
Number 
Minimum 
Maximum 
Mean 

d 

Shilston ( 1915)  

11 
1 3  

Downing ( 19 3 6 )  

4 
10 
12 
11 . 0  

Lucas ( 1942 )  

1 
10 
10 
10 

aoowning data include female protonymphs only , Lucas data include both 
sexes . 

boowning data include male protonymphs plus male deutonymphs ; Lucas data 
include male deutonmyphs . 

ccycle derived from periods for each stage . 
dcycle observed for individual mites through one generation . 
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According to most workers , the complete life cycle , egg 
to egq, for mite s close to the skin of normally fleeced 
sheep usually requires 1 0  to 1 2  days . Incubation of eggs 
usually requires 2 to 3 days. Sweatman ( 1 958)  suggests that 
these may be minimum periods because the eggs used in the 
experiments were not nece ssarily newly oviposited. However , 
Downing ,  Lucas,  and Shilston all described experimental 
methods which ensured that the eggs were less than 1 2  to 2 4  
hours old. Downing and Luca s used a large number of eggs 
from which they derived an average incubation period o f  2. 7 
days. 

Eggs further from the skin and therefore at lower 
temperatures in the qradient from skin temperature to 
ambient air temperature require more time to hatch, even up 
to 1 0  days (Table 2--Downing , Stockman and Berry) . Thus , 
the complete life cycle could extend through 3 weeks. 
Kemper and Roberts give the life cycle as 1 4  to 1 9  days,  
which is probably longer than normal . Their statements are 
derived from the data of other workers and are made without 
reference to the ir source. 

lD vi�XQ experiments ( Priselkova , stockman and Berry , 
Gillette) yielded longer i ncubation and li fe cycle periods , 
but conditions probably were not optimal . 

Extremes of weather could cause variations in the life 
cycle because skin temperature and humidity are affected by 
the temperature and humidity of ambient air and by sunlight 
(see the section on Bionomics) . 

In Palimpestov and Goncharov • s  experiments on mites from 
sheep at temperatures between 25 and 33oc and relative 
humidity between 20  and 25 percent , eggs took a long time to 
hatch : 3. 5 to 6 . 4  days. At lower relative humidity, 1 0  to 
1 2. 5  percent, the development time increased to 1 0  to 1 7  
days . However, Downinq ( 1 93 6) concluded that "there i s  no 
evidence to show that the li fe cycle varies in the dif ferent 
season s of the year. " He obtained a cycle of 1 0  to 1 2  days 
on sheep in February, April and May, July, October, and 
December in England. This conclusion may not be true in 
countrie s with more rigorous climates. 

The temperatures inside the cells used by Downing, 
Luca s ,  and Shilston were never recorded. It is possible 
that reduced venti lation caused bigher-than-nor.mal 
temperatures and thus shortened deve lopment periods . Future 
research should include measurements in this 
microenvironment. 

Table 3 presents the duration of each stage in the 
deve lopment of �.§2X212.t� QYi..§ near the skin o f  sheep, as 
determined by Downing , Lucas , and Shilston. Shilston added 
that pubescent females appeared 5 1/2 days after hatch, 
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male s 6 days or more , "copulation " ( attachmen t) occurred 
withi n 1 day s  of hatch , duration o f  attachment was 1 to 2 
d ays , and oviposi tion began 9 days a fter hatch. 

Hickman ( 1 9 0 2 ) , Imes ( 19 18) , cameron ( 1 9 2 5) , and Snyder 
( 19 4 2 )  report on the time required f or development of f· 

QXi§ on cattle . According to Imes ,  the eggs require 3 to 4 
days to hatch and the mi tes take 1 0  to 1 2  days be fore 
ovipositinq. The egg-to- egg cycle is thus 1 3  to 1 6  days . 
These data indicate a longer cycle on cattle than on sheep , 
caused mainly by slower development a fter eclosion. 
However, the reports are not ori ginal re search , but reviews 
of data . To confirm the se reports , f urther research is 
needed in which simi lar technique s are u sed on both hosts 
and microenvironment tempe rature and humidity are recorded . 

ln xit� data should be obtained . 

SWeatman ' s ( 1 958)  report of re sults with ia21:W2� 
�UQi�Yli held at 3 5°C and 80 percent relative humidity was 
vaque : the incubation period for eggs l asted up to 4 days , 
quie scent mi te s  took up to 3 0  ho urs to molt , motile periods 
were longer than quie scent periods , and additional t ime was 
needed for the pre oviposition period. Altogether , a 
complete cyc le could take up to 3 weeks. The 3- week cyc le 
for f· ��Yli is considerably longer than that for f ·  
QYi§ ,  re f lecting the arti f ic ial condi tions o f  SWeatman ' s  
experiments with i · £Yni£Yli and pos sibly a species 
difference . 

The two most important biological factors af fecting 
timi ng strategy for acaricidal treatments are in cubation and 
s ing le-generation period s .  Shi l s ton sugge sted an interva l  
o f  1 0 days between dippings o n  the basis that minimum 
gene ration time i s  9 days , that shee p remain wet for some 
time a fter d i ppi ng ,  and that egg i ncubation requires les s 
than 9 days even when the eggs are 2 inche s f rom the s kin. 
Downinq ( 1 93 6 ) c oncurs in sugges t ing a 1 0- day interval . 
Current United S ta tes Regulations accept a 1 0  to 1 4  day 
inte rval a s  di sc ussed in detail in the Treatment and 
Preventi on secti on. Fourteen days appears to be a lon g 
interva l con sidering that new eqgs may be l a id w ithin 9 to 
1 0 days of hatch. 

There i s  little biological data from research with f ·  
Q!i§ on cattle related to timing acarici dal treatments . 
Li fe history re s earch is needed urqent ly.. It should inc lude 
expe rimen ts in various sea sons and cl imates on cattle hav ing 
d i fferent type s  of haircoats . Skin temperat ure and humi d ity 
readings should be taken both within the cell s or other 
devices used to confi ne the mi te s  and , f or comparison , 
nearby in the normal tempe ra ture qradient of tbe haircoat . 

The behavior of each sta ge o f  f· QXl§ on sheep i s  
described b y  Downinq ( 1 93 6 ) . The larva be gin s to feed 
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immediately a fter  hatching , causing a typi cal vesicle to 
f orm on the host .  During the last 1 2  to 2 4  hours of thi s 
phase the larva ceases to feed and becomes quies cent , 
assuming a characteri stic position. The female protonymph 
feed s , then ente rs a quiescent period lasting 24 to 36 
hour s .  Downing ' s male " nymphal" quiescent period of 7 2 
hours is in erro r because he did not distinguish between the 
protonymph and deutonymph stages of males . The pubescent 
f ema le feeds for a short time before a mal e  attaches to it , 
and may feed during attachment. MOltinq occurs during the 
last 2 4  hours of attachment and is fol lowed by in seminat ion. 
F i na l ly ,  the female i s  freed to prepare for ovipo sit ion. 
Pube scent females will neither mo lt nor lay eggs unles s 
male s are present. :In the absence o f  mal es , pubescent 
fema le s will live as long as 4 9  days on a sheep without 
reproduc ing ( Shi l ston 1 9 1 5 ) . Shi l ston reported that mal es 
survive for 22 to 34 days .  Palimpestov and Goncharov ( 1 9 6 0 )  
determined that at unfavorable temperatures eggs seldom 
survived for more than 2 2  days , either on sheep or in the 
laboratory . 

Downinq ob se rved 1 male fertiliz e  5 femal es within 4 8  
hours , and Shilston observed 1 male ferti l i z e  6 females. 
The ovigerous female feeds soon a fter emergence and 
oviposits soon a fter engorgement. 

P soroptic scabies usually is spread by direct contact 
( Babcock and Black 1 93 3 ,  Imes 1 9 27 ,  Kemper and Peterson 
1 9 56 ) . Animals can contract the dis ease from contaminated 
quarters , fences , etc . , as di scussed in the Bionomics 
sect ion. Ki rkwood ( 1 9 77 )  di scus ses the poss ibil ity that the 
disease is spread by birds such as starlings that carry tags 
of wool some distance . Salmon and Sti les ( 1 8 9 8) mention 
distr ibution by crows. 

The rabbit ear mite ,  boroptg £YDJ&Yli, has been 
transmitted experimentally by the housefly IYi� dom�§Si� 
( Holz 1 9 55) . Therefore , it i s  conceivable that flies could 

transmit bovine psoroptic scabies. The face fly �§�9 
4utumnali§ is a likely candi date for thi s resear ch s in ce it 
i s  attracted to wounds , blood , and watery secret ions on the 
bodie s  of cattle and i s  ve ry mobile within and among her ds 
(Ode and Matthys se 1 96 7) . 

B lake et al. ( 1 97 8 )  de scribed the mouthparts of g. QXi! 
and how they function in feed ing . The ski n o f  sheep i s  
abraded by the shearing action o f  th e  toothed ,  chelate 
chel icerae . serous exudates are siphoned through a 
s uctoria l  cup formed from the subcap itulum , into a preoral 
cavi ty ,  thence i nto the pharynx. The pharynx act s as a 
pump. Sal ivary qlands were not observed. The absence o f  
salivary secreti ons may bear on the lack o f  deve lopment of 
antibodies in the host. 
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Maydell ( 1 9 6 1 )  and Priselkova ( 1 9 54) described the 
general morphology of i§�� , and Buxton ( 1 92 0) presented 
deta il s of the capitull.D. Mayer ( 1 9 60)  worke d on the 
morpholoqy of i· �. Naiera and Mayer ( 1 9 50) described 
the morphology of i· ��i· Jones ( 1 9 57) reported on the 
size of f§Ql;Q12�§ eggs .  Fain ( 1 9 63) described and 
illustrated morphological features of value in taxonomy of 
Psoroptidae, inc luding for i§2I2Qt� the chaetotaxy, legs , 
epigynium, and attachment organs. Krishna Rao et al . ( 1 974) 
described the bursa copulatrix and other copulatory organs 
of f· £Yni.£vil and f· I)Atalen§U and discussed the methods 
of attachment and insemination. 

BIONOMICS 

Four types of environmental factors affect permanent , 
obligatory ectoparasite& such as i§2�Ql2t�§ �u: ( 1 ) 
phys ical factors (particularly temperature and humidity) ; 
( 2 )  host factors (particularly nutrient supply , reactions 

and modi fication of physical factors) ; (3) biotic factors 
(pathogens, predators, parasites , and competitors) ; and (4)  

human factors (animal husbandry practices operating through 
the f i.rst three factors) • These f actors alter the 
microenvironment of the haircoat of cattle , within which i ·  
gvis lives close to the skin. Exceptionally , for very brief 
periods when the mites transfer from one host to another , 
these factors directly a ffect the mites. The physical 
factors of climate and weather affect i· �� secondarily by 
altering the temperature and humidity in the hairooat and ty 
causing host reactions that change this microenvironment . 
For example, direct summer sunlight can raise skin 
temperature to letha l  levels for cattle, sheep , and horse 
lice (Matthysse 1 9 46 ; Murray 1 95 7b, 1 963) . Shilston ( 19 1 5) ,  
Cameron ( 1 92 5) , and Spence ( 1 9 49 )  have shown that f ·  2Xi§ is 
rapidly killed upon exposure to sunlight or dryness. summer 
beat can cause cattle to sweat, raising skin surface 
humidity to high levels that affect mite and lice 
reproduction and movement (Butler 1 9 6 8a, . Mock 1 9 74) . 

Cattle ectoparasites exist in a desiccating environment 
during cold weather (Matthysse 1 94 6 , Mock 1 97 4 ,  Butler 
1 968a) . A tempe rature and humidity gradient exists in the 
haircoat from beyond the hair ti ps down to the s kin. 
Ambient air is warmed in this gradient , but there is only 
minor change in absolute humidity since little moisture 
passes through the skin of cattle in cold weather. The 
result i s  a steep gradient in saturation deficiency because 
saturation humid ity is high for warm air. Murray ( 1 9 7 5a) 
plotted the temperature gradient accurately for sheep 
fleece. Scurf feeders such as ���Q� probably produce 
metabolic water (Butler 1 9 68a) ; f· Q�l§ may require watery 
exudates to survive. 
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Scabies mite s  themselves are respons i ble for changes in 
their microenvironment that result from the reaction of the 
host to the feed ing activi ties of the mites and to antigens 
produced by the mite s .  Changes in microc limate humidity and 
tempe rature are to be expected as a result of impairment of 
skin f unction, serum exudation, and erythema . 

Almost no re search that has been done on the bionomi cs 
of f ·  gy� on cattle includes the aforementioned 
microenvironmental factors o f  the haircoat . Down ing ( 1 9 3 6)  
bas provided val uable data for ovine psoropt i c  scabies , but 
the microc limate within fleece is obviously different fr om 
that of the bovine baircoat. Nelson et al . ( 1 97 5 ,  1 9 7 7) 
thoroughly reviewed the general subject of host- ectoparasite 
rela tion ships,  i ncluding distribution on the host , feeding 
mechani sms , the e f fects that the nutrition and en docr ine 
state of the hos t have on the ectoparasi te , toxins produced 
or secreted by the ectoparasite , pathogene si s ,  immunology , 
resi stance , and genetics .  They incl uded no references on 
f§Q(�§. which indicates the present state of knowledge 
concerni ng the e f fects the host ha s on the cattle scabies 
mite . Neverthe less , thi s general statement by Nelson et a l .  
( 1 9 7 5 )  i s  pe rtinent: 

D istribution of ectopara site &  on an animal appears 
to be dictated primarily by their requ irement for a 
suitable mic rohabitat in which to complete one or 
more stages of their l ife cycle .  Host factor s such 
a s  self and mutual grooming , thi ckness o f  skin, 
hairines s, and resistance may al so restrict the 
d istributi on of parasi te s ,  a s  may atmospheri c 
conditions. The distribution pattern is a re sult 
of long a ssociation between ectoparasite and host 
that ha s allowed the survival of both animal s .  

I n  general,  ectopara si te s  such a s  Anoplura ,  Mallophaga ,  
H i ppoboscidae , a nd Acari form Acarina , which infest l ives tock 
in the temperate zone , develop l arge populations and cause 
most in i ury duri ng the winter , then subside to low numbers 
during the summe r and ca use minimum in jury ( Crau furd-Benson 
1 9 4 1 ,  Matthysse 1 9 46 ,  SCott 1 9 50 , Roberts 1 9 5 2 .  Murray 1 9 5 5 ,  
Roberts and Cobbett 1 956 , Sweatman 1 9 56 ,  Nelson and Qual ly 
1 9 58 , Murray 1 96 3 ) . R· QXi§ is no exception (Downing 1 9 3 6 ,  
Roberts et a l .  1 97 1 ) . Blach ut et al . ( 1 9 7 3) summar ize 
f urther re ference s on sea sonal population fluctuations of f· 
gvis a s  well as of other ectopara site s .  Parasitological 
theory s uggests that our livestock species and their 
permanent ,  obligatory ectoparasite &  evolved in warm 
c lima tes . The lonq association between host and 
ecto pa rasite produced an equi librium in which small paras ite 
popu lations existed in harmony with hosts that exper ienced 
only minor ini ury. The eq ui libri um  was upset when man moved 
l ive stoc k into the cooler cl imate of the Temperate Zone 
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where wintertime ectoparasite outbreaks alternated with 
summer remission .  

No complete explanation o f  the mechanism for this 
phenomenon has been postulated or proven. seasonal changes 
in haircoat microclimate are thought to be factors in the 
case of lice and mites. including i• � (Matthysse 1 94 6 ;  
Spence 1 9 4 9 ;  Butler 1 968 a , b ;  Mock 1 9 7 4) . Nelson and Qually 
( 1 9 5 8 ) . Nelson ( 1 9 62 a,b) . Nelson and Bainborough ( 1 9 6 3) . 
and Nelson and Hironaka ( 1 96 6) --all working with the sheep 
ked (�l�OA9Y§ oyinus) --have implicated the age and 
nutrition of host population s  coupled with seasonal 
development of immunological resistance. No detailed 
research has been done on the factor s involved in this 
important practical problem with any fl2���� mite. 

Butler ( 1 968a)  proposed a model for mite-host 
interaction ba sed on the psoroptid �bg�QQt� �il· His 
model integrated seasonal changes in the microclimate of the 
hairc oat, water balance of the mites . damage done to the 
skin of the host by large ectoparasite populations. antibody 
deve lopment by the host. sweatinq above thermal thresholds , 
lethal tempe ratures induced by sunlight. migration of mites 
to and from oversummering sites , and mortality of mites .  He 
did not include changes in the reproductive rate or 
longevity of mites. 

several workers have cited effects of weather on 
development and reproduction of i• QXil• Shi lston ( 1 9 1 5) 
observed in Natal, south Africa ,  that there was little 
difference in the length of time required for a complete 
life cycle. provided that air temperature was the only 
variable pre sent . He noted that it was previously believed 
that sea sonal changes in temperature affected development. 
His explanation wa s that the thermal insulation provided by 
the very eff icie nt fleece during the winter months made it 
"doubtful whether the temperature of the skin is then much 
lower than in the summer when the fleece is short . "  He 
stated that in mid-winter the complete life cycl e ,  as 
observed under a cover (his conf inement cell s on the s kin) 
never occupied more than 1 0  days and in the great ma jority 
of cases occurred in a little over 9 days . In summer , the 
period wa s constantly 9 days. However . Natal does not have 
the extremes of temperature found in much of the northern 
part of the North Temperate Zone. 

Shilston ( 1 9 1 5) found that rainfall or humidity af fected 
strongly the rate of egg production. During the long dry 
season very little oviposition occ urred (mean of 0. 3 eggs 
per day) . Immediately a fter heavy rains , one female 
produced 2 4  egqs in 2 days and 6 to 7 per day subsequently . 
This was not an i solated event. 
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Downing ( 1 93 6) did not report that weather a ffected the 
deve lopment of motile stages. He disagreed about the ef fect 
of weather on oviposition. saying that the lower the minimum 
temperature (fro sty nights) . the greater the oviposition 
rate and the shorter the life of the ovigerous female. 
Rainfall did not appear to have much influence on 
oviposition. He observed a 1 0�day cycle in July , similar to 
that of April and May and only one day shorter than that o f  
october. Decembe r. and February (another February 
observation was 2 days longer) . Pos sibly under more severe 
winter condition s this 1 - to 2-day dif ference would increase 
into significance. 

More drastic e ffects of weather are discussed below, in 
re lation to latent scab. 

Of course , temperature ( and poss ibly humi dity) controls 
the rate of deve lopment of f· QYi§, as it does of all 
poiki lothermic animals. As discussed previously , this is 
demonstrated by slower development o f  mites at a distance 
from the skin and by in �it(Q experiments . That the 
development rate for f. �!§ on sheep is. independent o f  the 
ambient temperature must be explained by the constancy o f  
the skin temperature. Unfortunately , there are n o  relevant 
biological data for the very dif ferent circumstance of 
haircoat of cattle infested with · f. g!i§ . Research is 
needed on cattle , including experiments comparing � U�Y§ 
and §Q§ inQicug. beef breeds and dairy breeds , winter coats 
and summer coats . 

The phenomenon of ••latent" scabies is very important in 
controlling and eradicating the disease. Psoroptic scabies 
of cattle and sheep usually regresses in the summer to 
partial or complete remi ssion of symptoms and very low 
numbers of mites. In the autumn , the mite population on 
these animals increases. resulting in scabies outbreaks in 
late autumn and winter (Stockman 1 9 0 9  and many subsequent 
authors) . Eradication efforts can be foiled if inspections 
fail to detect scabies in the latent condition. There is 
evidence that acaricide treatments are less effective in 
summer, possibly because of the protected nature of the 
oversummering si tes of the mites (Downing 1 93 6 .  Kirkwood 
1 977 ) . 

Downing ( 1 93 6) and Spence ( 1 9 49)  are in general 
agreement on the behavior of f· QYi§ during latency and the 
causes of latency. The theory i s  that warm temperature ,  
lower humidity. and more sunlight accentuated by sheared 
fleece, cause mortality, migration, and a reduced rate of 
reproduction. Al so, the host reaction changes ,  resulting in 
diff icult feeding by the mite and possibly further lowered 
humidi ty in the microclimate . Spence ( 1 9 4 9) described the 
normal patholoqy .  explaining that 11after each mite has fed , 
a minute inf lamed tumor developed, followed by vesication. 
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rupture , and exudation of serum. Generally these vesicles 
were transformed into pustules which increased in size 
before rupture and discharge . •  Thus . food for s iphoning 
(Blake et al. 1 9 7 9) by the mite is readily available and the 

microenvironment i s  moist. Spence then described the 
pathology seen a s  summer approached: " ·  • •  on these sheep 
the minute reddened tumors occasionally retur�ed to normal 
without vesication. or i f  ve sication did take place, the 
vesicle did not rupture but became desiccated and detached 
from tbe skin as a minute scab, "  reducing the availability 
of food and lowering the h umidity. causing the mites to die 
or migrate. Butler ( 1 96 8b) discussed migration of the 
psoroptid mite Cbgriopte§ Q2� to oversummering sites in 
response to changes in humidity and temperature within the 
microenvironment. Spence ( 1 9 49) did not discuss the cause 
of the modified host reaction. one could speculate on 
immunologica l involvement as shown for the seasonal 
population cycle of �lOPDAgY§ OYiog§ by Nelson and Qual ly 
( 1 95 8) and Nelson ( 1 962) • 

There is no evidence for aestivation by the mites . No 
morphological dif ferences have been noted. Rather, slow 
breedinq occurs by mites in protected sites. Shilston 
( 1 9 1 5 ) commented that large amounts of wool grease produced 

by the host retarded the life cycle of f· OXi.§• 

Downing ( 1 93 6) stated that during latency , there is no 
a ppreciable lengthening of the life cycle, but rather a 
reduced reproduction rate . His evidence was the high ratio 
of adults to immature stages and eggs . Spence ( 1 9 49)  
concurs. Latent populations in ears and infraorbital fossae 
averaqed 55 ovigerous females to 2 . 5 to 3 . 5 males , pubes cent 
fema les ,  or nymphs and 9 to 1 2  larvae or eggs . There were 
0 . 2 eggs prese nt per female. Spence ( 1 9 4 9) calculated a 
ratio of 4 to 5 eggs per f emale in normally breeding winter 
populations. Downinq ( 1 9 3 6) and Spence ( 1 9 4 9 )  both found 
that longevity o f  ovigerous females was inversely related to 
oviposition rate .  Spence ( 1 9 49) reported that one female in 
a sheep' s ear lived 6 9  days, from July 1 0  to September 1 7 . 
Such longevity i s  related to continuation of infestation 
through the inclement summer period. 

Shilston ( 1 9 1 5) , Downing ( 1 936» , and Spence ( 1 9 49)  
related the low oviposition rate to decreased humidity . 
However. saturation deficiency ( the criterion for the 
effects of desiccation) will be less in summer than in 
winter in the microclimate close to the skin , as discussed 
previously. Lower humidity may occur nevertheless because 
of dryness of le sions. 

Shearing is important. Both Downing ( 1 9 3 6) and Spence 
( 1 9 1 5) observed continuation of the active phase on some 
unshorn sheep de spite the onset of warm weather. 
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Spence ( 1 9 q9)  summarized by saying that 11mites are 
rapidly killed on exposure to sunlight or to dryness and the 
change in these climatic factors in shorn or denuded sheep 
appears to offer an adequate explanation o f  the virtual 
extermination of mites from exposed lesions . 11 

Duri ng latency, mite s survive in the infrqorbital 
fossae , inguinal folds, perineum, scrotum, and tail (Downing 
1 93 6 ) . Spence ( 1 9 q 9) incl uded the interdigital fossae,  
vulvar furrows, ears , and folds of  the thi ckened body skin. 
Consistently, the most frequently infested protected loci 
were ears and infraorbital fossae (Spence 1 9 q 9) . 

Downing ( 1 93 6 ) in England found that l atency was 
initiated in March, that mites were difficult to locate from 
April into August, and that the mite population increased 
and caused active scabies in september . He showed that 
latency was induced by rising average minimum temperatures 
above about freezing and that active scabies resumed when 
average minimum temperatures decreased below about q7oF. 

The only intensive research on latency done within the 
American bovine psoroptic scabies outbreak climatic region 
is that of the USDA Para site Research Laboratory , 
Albuquerque, N. M . , which i s  continuing now at Kerrville, 
Texa s .  To date , published reports have been on ovine 
psoroptic scabies and their results on oversummering sites 
have dif fered radically from those noted by European and 
South African workers . Roberts et al . ( 1 9 7 1 )  concluded that 
f· QV1s survives the summer primarily on the major body 
surfaces where serous encrustrations and the wool umbrel la 
provide adequate summer shelters .  Live mites occurred on 
the ma jor skin surfaces of 3 2  percent of the sheep ; only 7 
percent of the sheep harbored mites in hiding places. These 
uhiding places" were the anatomical locations where Downing 
( 1 93 6 )  and Spence ( 1 9 q 9) found the preponderance of 

oversummering mi tes. The bulk of the data, �Y!-DQt-Sll, 
referred to sheep kept inside buildings or to an abnormal,  
highly virulent strain of  �. ovis that did not become 
latent. Roberts and Meleney ( 1 9 7 1 )  discus sed this strain 
that maintained populations on about 50 percent of the sheep 
throughout the summer and continued to cause active scabies .• 

Also, Roberts and Meleney found correlation between the 
virulence of sheep strains and their ability to infest 
cattle . 

Blachut et a l .  ( 1 973 ) reported on the population 
structure of i· QYi§ on sheep throughout the year at 
Albuquerque , N . M .  Their results were at vari ance with those 
of European and south African workers. The infection during 
the summer possibly fits the category of 11 active scab in 
summeru defined by Downing ( 1 936) . Blachut et al . ( 1 9 73)  
state that "the number of active lesions on sheep was much 
lower in summer" ; whereas Downing ( 1 9 3 6) reported 
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practically complete absence of active lesions during summer 
latency. Downing ( 1 93 6) and other workers commented on 
shearinq as one factor in latency and that mites on scabrous 
unshorn sheep may not go l atent. w. P. Meleney (U. s .  
Livestock Insects Laboratory , Kerrvi lle ,  Texas. personal 
communication, 1 97 9) believe s  that the Blachut sheep were 
not shorn. 

Blachut et al.  ( 1 9 73 )  concluded that no seasonal 
differences occurred in stage composition of the mite 
population. Averages for one year were 20 percent ovigerous 
females. 1 7  percent males, 2 8  percent larvae , 4 percent male 
deutonymphs, 9 to 1 2  percent in each nymphal stage. 

Unfortunately. eggs were not counted so that the rate of 
oviposition cannot be calculated by the Spence ( 1 949)  
method. Nevertheless ,  comparison of summertime counts i s  
striking. leading to the conclusion that either the scabies 
condition at AlbuqueJ:que was " summer active" or latency in 
the tJnited State s i s  a different phenomenon than that in 
Europe . Table 4 presents this comparison of stage 
frequenc ies. excluding eggs from the calqulation s .  
Frequency of oviqerous females was about 5 times greater in 
Spence • s  ( 1 9 4 9) observations . A high percentage of long­
lived, ovigerous females i s  characteristic of latency 
according to Spence ( 1 949) . 

Latency (def ined a s  the reduction of f· 2!ii almost to 
zero and the almost complete remission of scabies symptoms) 
did occur in many years during the summer at Albuquerque on 
many flocks and groups of sheep ( Roberts et al . 1 97 1 , 
Roberts and Meleney 1 97 1 ) . Perhaps the research of Blacbut 
et al.  ( 1 9 73 )  involve s  a strain mixture of enhanced 
virulence, including genes from the Missouri strain (Roberts 
and Meleney 1 97 1 )  introduced into the laboratory prior to 
this research. 

Bovine psoroptic scabies also passes into latency during 
the summer ( Snyder 1 942. Roberts and Cobbett 1 956 , and many 
others ) . No intensive research has been done on cattle. 
Extrapolation from sheep data may be misleading because 
haircoat and fleece are so dif ferent . Also. los s of 
haircoat in cattle is a natural prolonged shedding 
controlled by the environment rather than a sudden extreme 
event controlled by the sheep shearer. Meleney ( personal 
communication) noted that mo st cattle brought from 
Albuquerque, New Mexico to Kerrville .  Texas, at the time of 
settinq up the Scabies and Mange Research Unit, lost their 
mites and le sions over the summer .  Meanwhile , infested 
sheep at Kerrville maintained obvious lesions even during 
the hottest months. 
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TABLE 4 Motile Stage Composition of Psoroptes � Populations on 
Sheep during the Summer (percentage in each stage ) 

OVigerous Pubescent 
Location Females Males Larvae Fe�les Nymphs 

Britain 76 5 1 2  3 4 
( Spence) 

Albuquerque
1 

16 13 34 12 26 

1
oata are averages for May through August from Blachut et al . ( 1973 : 
Table 1 ) . 
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Research on latency should involve cattle with different 
hair and skin condi tiona : � �§ and �� iJlgJ&YJi , dairy 
breeds and beef breeds , winter coats and summer coats.. 

Latent scabies in cattle is a topic of great current 
interest because of suspicion in the United states cattle 
industry that latent or asymptomatic scabies has occurred in 
the southeast for many yea rs without developing into 
symptomatic scab ies. The theory i s  that southeastern cattle 
harboring mites asymptomatically are shipped westward, 
particularly to the Texas Panhandle and other High Pla ins 
areas ,  where they break out into symptomatic scabies in 
proper season. Thus, new loci for spread are formed. 

There are no data from prior work on l atency to support 
this theory. Latency is part of an annual cycle that 
includes active scabies in the autumn and winter. In most 
case s investigated , mites can be found by very diligent 
search , and these mites are active ; they feed and they cause 
pathoqenic effects, albeit extremely minor. Also , there are 
larqe areas of the southeast , particularly moderately high 
altitude s, where subfreezing weather is common so that 
latent scabies should become active and readily diagnosed. 

Final ly, psoroptic cattle scabies is reported from many 
tropical and subtropical countries ,  including Gambia, Ghana, 
Toqo , Nigeria, Cameroon, Zambia, Malawi , Angola, Madagas car, 
Mauritius, and Brazil (FAQ-WHQ-OIE 1 9 57) , where climate is 
warmer year round than in the southeastern United States and 
where there are no cold highlands. Van Volkenberg ( 1 9 34) 
reported that in Puerto Rico psoroptic scabies o f  cattle is 
comparatively common, but 11 in the climate of Puerto Rico it 
rarely becomes a serious disease. However, heavy 
infestations have been found among animals which were 
crCMded together in small enclosures . •• 

I nformation on the ability of i§Q��t�� QYi§ to survive 
off the host is of great importance to the success of 
eradication efforts . This mite is an obligate paras ite that 
cannot feed off the host ; thus , its survival time is limited 
by starvation, desiccation, or other causes of mortality. 
Research has supplied two types of information : the length 
of time the para site remains alive off the host and the 
mite • s  functional survival time , assessed by its ability to 
infe st host animals. The latter is of greater practical 
import. To da te practically all research has been done with 
mite s from sheep . 

Shilston ( 1 9 1 5) and subsequent authors have observed the 
oviqerous female s to be the most resi stant motile stage. 
Palimpestov et a l. ( 1 9 50) noted that quiescent stages and 
egqs were more resistant to cold than were motile staqes and 
that amonq motile stages adults were the most and larvae the 
least resistant .  Under warm conditions some eggs will hatch 
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off the host , but larvae die quickly (Stockman 1 9 1 1 ,  
Shilston 1 9 1 5, Zolotarov 1 9 56 , Tarry 1 974) . 

Wilson et al.  ( 1 977)  thoroughly reviewed prior res earch. 
They discounted early publications suggesting that sheep 
pens , bui ldings, and pastureland could remain in fective for 
1 to 5 years (Imes 1 9 1 6 ,  Salmon and Stiles 1 9 03 , Dill 19 20 ,  
Wheeler 1 92 1 ) . By 1 93 5 ,  Imes had changed hi s opinion, 
believing then that pens , etc.  could remain infective only 
up to 30 days. 

Tables 5 and 6 summarize information based on 
experimental evidence rather than the desultory field 
observations noted above . Imes ( 1 9 1 8) is the only author ity 
in these tables who discus ses g. Q�i§ from cattle ,  and he 
did not do origina l  re search. Wilson et al. ( � 977) refer to 
an unpublished 1 92 9  report by Kemper about hi s extensive 
research over a 3-year period on the survival of f• 2Yii 
from cattle in New Mexico . Cattle became infested when 
placed in corral s that had been vacated by scabby catt le for 
not more than 48 hours . The number of positive infestations 
was low but definite.  No new infestations occurred when the 
corrals were vacated by scabby cattle for 3 days or more . 

f· Q�i§ can survive for long periods off the host, 
particularly under cool,  moist conditions . There are 
several reports of survival for more than 30  days. Wilson 
et al.  ( 1 9 77)  reported survival for 28 days under winter 
conditions in New Mexico. The survival period is  much 
shorter when mites are exposed to the sun. drynes s ,  or 
warmer temperatures. several of the reports in Table 5 show 
the surprising ability of f· QVis to withstand subfreezing 
temperatures. The Palimpe stov and Zolotarov data in Table 5 
are useful if cold or heat i s  employed to ki ll g .  Q�i§ · 

The most recent research in the United States is that of 
Wilson et al . ( 1 977) . As shown in Table 6, they were able 
to infest sheep with mites kept off hosts for as long as 1 7  
days , provided that the mites were kept at low temperature . 
However, they were unable to infest sheep by placing them in 
infested pens that had been empty of sheep for more than 3 
days. 

Wi lson et al . ( 1 977) combined data from their l iterature 
reviews and their own result s to conclude that enclosures 
suspected of bei nq contaminated with f· Q�l§ should be 
vacated for at least 2 weeks and if possible for 1 month 
before occupancy by clean sheep. They concluded also that 
their ob servations are very closely applicable to cattle 
corrals and vehicles as we ll . 

Further re search is needed on cattle to conf irm the 
conc lusions of Wilson et al. ( 1 97 7 ) . This is a complex 
problem because there are so many variables of season, 
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TABLE 5 Off-Hos t  Survival Rate of Psoroptesa Assessed by Complete Mor tality 

Conditions Lonq4 !Vity 

crusts , wool ,  skin at medium temperature 

Dry atmosphere 
In a stable 

Egg hatch 

Crusts , wool in j ars , room temperature , high R . H .  
Incubator , 3 7°c 

Desiccator , room temperature 
Ice box , 0°c 
Egg hatch , room temperature 
Egg hatch , ice box 

Eggs in mild weather , moist , protected 
Eggs and moti le stage s ,  dry places in sunlight 

Wool in boxe s ,  shade 70 to 800F 

Wool in boxes , caves 70 to 720F , � 96 \  R . H .  
Wool in open boxes , under glass , i n  sun 
Wool fastened to fence outdoors , 15 min . 
Reproduction in wool in boxes ( see text) 

Hides under shed , -5 to -15°c ,  87 to 95\ R . H .  
P .  cunicul i ,  -s0c F. cuniculi , -10°c P. cunicul i ,  -15

°
c P. cuniculi , -20°c 

ory air , soe>c 
Dry air , 60°c 

Dry air , 70°c 

Dry air , 100
°

C 

10-20 days 

10-14 days 
20- 30 days 

20 days 

8 days 

31 days 

20 days 
7 days 
6 days 
4 days 
8 days 

10 days 

14-28 days 
a few days 

38 days 
20 days 

3 hrs . 
5 days 

17 days 

4-6 days 
6 days 
5 days 
4 days 
2 days 

< 90 min . 
42 min . 

5 min . 
0 . 5  min. 

Neuman ( 1892 )  

Railliet ( 1893 ) b 

Gillette ( 1897) 

Stockman ( 1911) 

Stockman ( 1912 ) 

Shilston ( 1915) 

Imes ( 1918)
c 

Babcock and Black ( 19 3 3 )  

Palimpestov et a l .  ( 1950)
d 

Copyright © National Academy of Sciences. All rights reserved.

Psoroptic Cattle Scabies Research:  An Evaluation
http://www.nap.edu/catalog.php?record_id=18793

http://www.nap.edu/catalog.php?record_id=18793


.e: 
CD 

TABLE 5 (Continued) 

Conditions 

In buildings , 6 to 8°C ,  85 to 100\ R . H .  
On grazing grounds 
- 2  to -12°C 

-25°c 

Newly laid eggs , 7°c 
"Developed larvae , "  70C 
Eggs on pasture 

In s crapings , 20
°

C 

In s crapings , 4°C 

Eggs hatched in patches of wool 

C losed jar in winter 
"Eggs may hatch after" 

Jars , winter outdoors , Albuquerqueg 
Jars , incubator , 35

°
c ,  75 to 80\ R . H .  

Jars , room temperature , 2 2  to 24°c 

Jars , refrigerator , 2 to 6°C 

aP . ovis from sheep unless otherwise s tated . 
bMites from horses , probably P .  ovi s .  
cP . ovis f rom cattle . 

- ----

Longevity 

60 days 
35 days 

4 days 
6 hrs . 

40 days 
12 days 

4-8 days 

14 days 
3 5  days 

4-5 days 

23 days 
21 days 

28 days 
9 days 

10 days 
21 days 

Source 

Zolotarev ( 1956) e 

Hepworth and Thomas ( 196 2 )
£ 

Nuallain ( 1966) 

Tarry ( 1974) 

Wilson et al . ( 19 7 7 )  

dThe�es were from sheep infested with P .  ovis , P .  cuniculi from rabbits were held i n  a refrigerator a t  85 t o  9 5 \  R . H .  
or in "natural winter environment . "  

- ---- -

eHost not specified ; cattle , sheep , or horses . 
fp . cervinae from elk . 
gTemperature as low as -7 . 8°C . 
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TABLE 6 Off-Host Survival of Psoroptes ovis (Ovine ) Assessed by the 
Ability to Infest Sheep 

Conditions 

Pens 

Manure from infested pen 

Pens 

Pens 

In paper , cold room 
(quotes Guenther) 

Pens 
Pens plus exposed wool tied on

a 

Mites "starved" (kept off sheep) 

Not stated ; not original work 

Pensb 

Jars , winter outdoors , 
AlbuquerqueC 

Jars , room temperature , 22 to 24°c .  
Jars , refrigerator , 2 to 6°c .  

Sheep quartersd 

Survival 
Time ( days )  

8 

16 

9 

17 

56 

1 
10 
13 

42 

3 
12 

10 
17 

42 

Source 

Stockman ( 1912 ) 

Shilston ( 1915 ) 

Bedford ( 1915) 

Du Toit ( 1923) 

Opperman ( 1929) 

Babcock and Black ( 1933)  
( ibid . ) 
( ibid 0 ) 

Tarry ( 1974)  

Wilson et a l .  ( 197 7 )  

{ ibid . )  
( ibid . ) 
( ibid . ) 

Liebisch et al . ( 1978b) 

aBags of infested wool were put into pens coincident with the removal of 
infected sheep . This wool was later tied onto principals when they were 
put into the pens . 

bPens in barns and pens exposed to weather were tested ,. but results were not 
reported separately . 

cTemperatures as low as -7 . 8°C .  
dTaken from pens , folds , fences , scratching posts , and farm implements in 

Germany . No supporting research cited . 
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weather, altitude, and type of pastures, ranges, tarns , 
holding facilities, and vehicles. The problem is  compounded 
by the difficulty of initiating infestations arti ficially , 
even though field experience has shown the disease to be 
highly contagious. 

It has been stated frequently that the condition and 
plane of nutriti on of cattle and sheep are related to their 
susceptibility to infe station by i§Q��t� QXi§ and to the 
course of psoroptic scabies. For example , Imes ( 19 1 8 )  noted 
that unthrif ty cattle usually are the first members of the 
herd to contract the mite and that the disease develops much 
more rapidly on weak or poorly nourished animals of low 
vita lity . He remarks further that cattle in good condition 
and given green, succulent food seldom contract scabies .• 

Cottereau ( 1 9 76) point s out that calves in large fattening 
units in France are fed a mineral-rich diet supplemented by 
vitamin injections, which is said to minimize the hazard of 
psoroptic scabie s. Holtenius ( 1 9 6 1 )  mentions a relationship 
between scabies and vitamin A. Liebi sch et al.  ( 1 96 1)  state 
that an inadequate nutrient supply during the winter and 
late summer contributes to the incidence of severe 
infestations by i· 2Yi§ on sheep. Meleney (U. s.  Livestock 
Insects Laboratory , Rerrvi lle , Texas , personal 
communication. 1 979) is conducting research on nutrition and 
has not as yet been able to demonstrate a relationship 
between plane of nutrition and psoroptic scabies in catt le. 

No precise information exists on the relation of host 
condition or nutrition to susceptibility to i• QXi§. 
populati ons of the parasite , or course of the disease. 
Nelson et al. ( 1 9 75. 1 97 7 )  present an up-to-date , thorough 
review of the general subject of host-ectoparasite 
re lations. b ut no references to ����� are included. 
They di scuss the implications of vitamin defi ciencies , 
prote in level in the diet. mineral intake . and other 
factors. The se nutrients may be involved directly since 
ectopara site s obtain their supply of them from the host. 
Nutrients may al so be involved indirectly. as for example 
through the role of vitamin A in skin function and 
immunocompetence . Nelson et al. ( 1 9 7 5) reviewed research 
supporting the thesi s that host nutrition plays a major role 
in the population dynamics of ectoparasites. However. this 
subject remains in di sarray because other workers have not 
been able to demonstrate similar effects . 

stre ss factors may affect susceptibility and course of 
psoroptic scabies , but no concrete evidence has been 
reported . stress is  major during sbipment , sale , and early 
feedlot handling of cattle , a period of pr ime importance in 
the spread of i· QYi§. 

That the age of the host affects its susceptibility to 
disease and the severity of a di sease once it has been 
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contracted is we ll known. No intensive research has been 
done on this sub ject with E· gru. Imes ( 1 9 1 8) states that 
psoroptic scabies develops more rapidly and is more severe 
iJl old animals and that they are the first members of the 
herd to contract the mites . NO supporting evidence was 
presented. Downing ( 1 93 6) found that lambs only four days 
old were susceptible to E· QX11• It appears that cattle and 
sheep of all ages may contract psoroptic scabies , but it is 
not known if age is important to relative sus ceptibility . 

Obviously, re search i s  needed on the relation of the 
age, condition, nutrition, and stress of cattle and their 
susceptibility to psoroptic scabies. 

POPULATION DYNAMICS 

The available information on biotic potential and 
mortality rates for �212Y§ �U is inadequate for 
population dynamic s calculations or for construction o f  life 
tables . · 

Table 1 give s the oviposition rates and longevity of 
adult females. The reproductive rates of 10 to 30 or 15 to 
24 eqgs per fema le stated by Roberts ( 19 7 5) , Snyder ( 1 9 4 2) , 
Miller ( 1 942) , or Remper ( 1 9 52) have not been included 
because these re ports do not state the sources o f  their 
data . A remark by Shilston ( 19 1 5) may be pertinent: that 
Gerlach ' s ( 1 8 56) report of 1 5  to 24 eqqs per female referred 
to ��� scaQ!�, but was often misquoted as re ferring 
to fsoropteS QXi�. Obviously, reproductive rates depend on 
the temperature and humidity of the microenvironment. 
Downing ( 1 9 3 6) concluded that the higher the minimum ambient 
temperature, the lower the oviposition rate but the greater 
the longevity of PsorQpt� �i§ ovigerous females . 

Life history data were presented earlier .• 

sex ratios (males : females) are 1 : 2 (Gerlach 1 856) , 1 : 3  
or 4 ( Shilston 1 9 1 5) , 1 : 1 . 2  (Blachut et al . 1 973 ) , and 1 : 1 5  
(Spence 1 94 9) . The ratio determined by Spence ( 1 949)  was 

for latent scabies in summer. 

Mortality rates are completely unknown. Causes of 
morta lity include host reaction, inclement physi cal 
environmental factors ,  chemical factors, biological control 
aqents ,  and intrinsic factors. Host reactions include 
bitinq, scratching , and rubbing; immunological reactions 
(discussed subsequently) ; and pathological changes in the 

dermis (di scussed subsequently) . Biologi cal control o f  
obligatory ectoparasite& results from reaction by the host 
rather than from predators or parasites. For example, the 
sensitivity of human skin to ��� §£1��1 results in 
scratching that limits the population of this parasite 
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TABLE 7 Longevity of OVigerous Females of Psoro�tes � and Their Oviposition Rate on Sheep 

Number of OViposition 
Females Longevity Period Eggs per 
Observed �da�s ) �da�s2 Female Rate a 

l5b 

8 8 15 to > JOe < 3 . 0  

30-40 56-93 4-7d 

2 42 29 35 1 . 2 

3 ll-15 ll 40 3 . 6 

l ll 7 39 5 . 6  

�ggs per female divided by period during which oviposition occurred . �uoted from Stockman and Barry (1913 ) . Species may be questionable . 

Source 

Gerlach (1857) 

Stockman and Berry (1913) 

Shilston ( 1915) 

Downing ( 1936)  

Downing ( 1 9  36)  

Downing ( 1936) 

9Jbtained only for the period of initial oviposition until the next generation of females emerged . 
�ighly variabl e :  approached zero under adverse weather conditions ( drought) but increased during the rainy season . 

Copyright © National Academy of Sciences. All rights reserved.

Psoroptic Cattle Scabies Research:  An Evaluation
http://www.nap.edu/catalog.php?record_id=18793

http://www.nap.edu/catalog.php?record_id=18793


(Mellanby 1 9 44, Fain 1 96 9) . Bell et al. ( 1 9 6 2) demonstrated 
the role of self-grooming in controlling louse populat ions 
on mice, and stanchioning, which prevents cattle from 
grooming with their rough tonques, is said to predispose 
cattle to chorioptic scabies (McEnerney 1 9 53) . 

Physical factors in the mortality of mites, discussed 
previously, include lethal effects o f  high temperature on 
the skin and decreased reproductive rate during latency in 
the summer. Chemical factors include skin secretions such 
as wool grease or "yolk" or lanolin in sheep , which Shilston 
( 1 9 1  5) f ound to be important in limiting i• QXH 

populations. Nothing is known of the effects of skin 
secretions on bovine psoroptic scabies. Obviously , 
pesticides a ffect population s  of mites . 

Animal parasites or predators of f .. QXU are unknown 
except for the predaceous mite §AiDtdisU��iA ag�illA:tU 
mentioned by Roberts and Meleney ( 1 9 7 1 ) . Thi s r are mite has 
not been shown to have any significant effect on populations 
of scabies mites. No diseases of i§2�:tu are known. 

There is no useful information on intrinsic mortality 
factors such as aqeing. Downing ( 1 936) and Spence ( 1 9 49 )  
noted an inverse relationshi p between eqg production and 
lonqevity of oviqerous females. Intrinsic variations among 
strains will affect population dynamics. For example, the 
virulent strain of Roberts and Meleney ( 1 9 7 1 ) maintained 
populations through the summer. 

Speculation on the rate of population increase is 
possible by arbitrarily se lecting a model from pertinent 
data from Tables 2 and 7 :  the period for one generation is 
1 1  days;  the oviposition period, 1 0  days ; eqqs per female, 
40 ; sex ratio (see above) , 1 : 3 . The result is a 
"gue sstimate " of 1 million f· QY.i.§ produced in a bit more 
than 2 months. over 1 00 years ago , Gerlach ( 1 856) 
calculated on the basis of 15 egqs per female and a 
deve lopmental period of 1 5  days that 1 pai r could produce 
1 . 5  million mites in 3 months . Kirkwood ( 1 9 7 7) gives an 
offhand figure o f  1 million i· � produced in 1 2  weeks . 
obviously, morta lity factors reduce such productivity. 
Neverthe le ss, a rapid increa se in population durinq 
favorable autumn weather can arise from a few survivors of 
latency or from a few mites introduced into a flock or herd 
in the winter. Thus , acute scabies can develop rapidly. 
Many authors have noted that mite populations increase 
rapidly on newly infested , susceptible animals in proper 
season. But population increases may also be slow. There 
are many documented cases in the literature of several 
months elapsing between infestation and manif estation of 
obvious symptoms. Wilson et al . ( 19 7 7) , Babcock and Black 
( 1 93 3 ) , and stockman ( 19 1 0) reported prolonged periods o f  
8 9 ,  1 7 6, a nd  7 7  days between infestation and obvious 

53 

Copyright © National Academy of Sciences. All rights reserved.

Psoroptic Cattle Scabies Research:  An Evaluation
http://www.nap.edu/catalog.php?record_id=18793

http://www.nap.edu/catalog.php?record_id=18793


symptoms , in contra �t to as little as 2 to 3 weeks for 
rapi dly developi ng cases. Factors involved in reduced 
reproduction rates during warm weather have been di scussed 
previously. 

The speculation presented on the rate of population 
increase is based on data from ovine f· QXil • That bovine 
psoroptic scabie s mites, during favorable weather , develop 
large populations a little more slowly is indicated by the 
life history parameters reported by Imes ( 1 9 1 8) . In winter, 
the deve lopment period on cattle may be longer than on s heep 
because of lower skin temperature on cattle than on sheep in 
full fleece. Murray ( 1 9 57 )  reported that the skin 
temperature on sheep in summer was 3 7 . soc when the air 
temperature was 2 4 . soc . Butler ( 1 9 6 8a) reported that the 
skin temperature on dairy heifers ranged from 37. 2 to 37 . 8 °C 
in August when the air temperature was 28. 9oc. But when the 
air temperature was 1 . 2oc in March. Butler found that the 
skin temperature s on the e scutcheon and tailhead o f  dairy 
heifers measured f rom 2 8 . 3  to 33 . 3oc .  Since it is a rough 
biological rule of thumb that the development rate doubles 
for every 1 0 °  temperature rise. f· QYi§ could require 
considerably longer development time on cattle than the time 
presented previously for sheep . particularly on exposed body 
locations with thin haircoat or with lesions . Nevertheless .  
from a few mites maximum populations in the millions could 
develop on cattle within 2 to 3 months . 

Further research on cattle i s  needed to begin a basis 
for determining the population dynamics involved in bovine 
psoroptic scabies .  The haircoat of different cattle breeds 
and its microenvironment through the seasons must be 
considered. Bas ic information on the skin and haircoat o f  
cattle and their microclimate can be found i n  Hammel ( 19 5 5) . 
McDowell et al. ( 1 9 6 1 ) . McLean ( 1 963 ) . Treager ( 1 96 6) , Berry 
and Shanklin ( 1 9 62 ) . Bennett ( 1 9 6 4 ) , Tane j a  ( 1 959)  and in 
references cited previously in the Bionomi cs section. 

GEOGRAPHIC DISTRIBUTION 

The haircoats of cattle and sheep apparently provide 
acceptable microclimates for f· QYi§ throughout the range of 
these hosts. Undoubtedly the parasite has been transported 
to a ll continents and many i slands by man ' s  movement o f  
l ivestoc k to new lands. The FAQ-WHO-OIE anim��l�b 
YearbQQ&§ ( 1 97 1 , 1 977) document the current or past 
infestation of sheep and cattle on all continents and most 
countrie s of the world. 

Psoroptic scabies is a serious d isease in the Temperate 
Z one ,  but is of much less importance in the tropics and 
subtropics. Apparently the parasite general ly does not 
devel op as larqe populations nor cause as much in jury in tbe 
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tropics as in colder climates ,  despite being present in a 
larqe number of tropical countries .  Parasitological theory 
sugqests that livestock species and their permanent 
obligatory ectoparasite& coevolved in warm climates. The 
lonq a ssociation produced an equilibrium in wbicb low 
parasite populations existed in harmony with hosts that 
experienced only minor inj ury. The equilibrium was upset 
when man moved l ivestock into cooler Temperate Zone climates 
where ectoparasite outbreaks occurred in winter and then 
remitted during summer. 

The data in Table 8 are based on Veterinary Department 
Reports that ori ginate through fie ld location of i· gxi§ 
following expres sion of symptoms. The data show that mites 
reproduce in enough numbers to cause obvious symptoms in 
warm climates, even at low elevations and high humidity, as 
attested to by the presence of psoroptic scabies in many 
African countries and tropical and subtropical islands (FAo­
WHO-OIE 1 97 1 ) . 

The distributional data in Table 8 do not support the 
thesis that psoroptic scabies has greater importance in the 
Temperate zone . The table shows that sheep and cattle 
psoroptic scabies are absent from many European and North 
American countries. However • the absence from many 
temperate countrie s is due not to naturally low incidence, 
but to control efforts, particularly for sheep scabies . 
Norway and Finland, for example, have given it notifiabl� 
disease status, and require quarantine, compulsory 
treatment, and even slaughter. one of the authors of this 
report ( personal communication) bas examined large numbers 
of cattle in Zambia , where sporadic occurrences of psoroptic 
scabies are reported. and neither saw nor heard of psoroptic 
scabies outbreaks, even though these cattle were never 
treated with insecticides and no scabies control program 
existed. Psoroptic scabies of cattle generally is not 
reported to be an important problem in tropical countries 
except possibly at higher elevations . 

It is unfortunate that , since 1 9 7 1 .  the FAC-WHO.OIE 
�Q226§ have l umped together all types of scabies and 
manges. Information on psoroptic and sarcoptic scabies is 
lost because of the abundance, ubiquitousnes s, and 
uncontrollability of demodectic manqe (Smith 1 96 1) .  
However, several studies have shown that, although psoroptic 
scabies is present in tropical and subtropical climates, the 
incidence is so low that the disease does not cause serious 
prob lems . I n  Tanzania. a tropical country . McCUlloch and 
Tungaraza ( 1 9 67) found QU!QQtll QQVi,§ on 8 4  percent and 
��� or f§2Igpte§ on only 0 . 004 percent of the cattle 
hides they examined . Bwangamoi and DeMartini ( 1 970)  found 
mites on 33. 9 percent of Kenya cattle hides , with 33. 1 
percent affected by Demoggl and only 0 . 2  percent by 
Psgxg�§. �� };?gyj.s caused major losses by hide 
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TABLE 8 Occurrence of Psoroptic Scabies
1 

Country Bovine
2 

Treatment Ovine Treatment 

North Africa 
Morocco Sporadic Compulsory Sporadic Compulsory 
Algeria Sporadic Compulsory Seasonal 
Tunisia Sporadic Voluntary Seasonal Compulsory 
Libya Sporadic Voluntary Widespread Compulsory 
Egypt Moderate Compulsory Moderate Compulsory 

Saharan and 
Western Africa 

Sudan Present Voluntary Not Recorded Quarantine 
Chad Not Recorded (Notifiable ) Not Recorded 
Niger 
Upper Volta 
Mali Sporadic No Information 
Mauritania No Information Widespread Compulsory 
Western Not Recorded 

Sahara 
Senegal 

Voluntary3 Gambia Sporadic Voluntary Widespread 
Cape Verde 
Guinea 

(Bissau) Not Recorded Not Recorded 
Guinea 
Sierra Leone Not Recorded Present Voluntary 
Liberia Not Recorded Not Recorded 
Ivory Coast 
Ghana Sporadic Compulsor) Sporadic Compulso3 
Togo Widespread Voluntary Widespread Voluntary 
Benin 

Nigeria Sporadic Compulsory Widespread Compulsory 
Cameroon Sporadic Voluntary Regional Voluntary 
Equatorial 

Guinea Present 
Gabon Exceptional

4 
Compulsory Moderate Compulsory 

Central 
African 
Empire 

People ' s  
Republic 
of the 
Congo 

56 

Copyright © National Academy of Sciences. All rights reserved.

Psoroptic Cattle Scabies Research:  An Evaluation
http://www.nap.edu/catalog.php?record_id=18793

http://www.nap.edu/catalog.php?record_id=18793


TABLE 8 (Continued ) 

Country Bovine
2 

Treatment Ovine Treatment 

Eastern and 
Sou them 
Africa 

Ethiopia Present Voluntary Widespread Voluntary 
Afars , 

Iss as 
Saaa lia Pos s ibly Compulsory 

Present 
Kenya Sporadic Sporadic (Noti fiable ) 
Tanzania Not Recorded (Noti fiable ) Not Recorded (Noti fiable ) 
Uganda Not Recorded Pos s ibly 

Present Notif iable 

Rwanda Moderate Voluntary Sporadic Voluntary 
Burundi Widespread (Noti fiable ) Not Recorded (Noti fiable ) 
Zaire No Information 

Zambia Sporadic Voluntary
3 

Sporadic Voluntary3 

Rhodesia Not Recorded Sporadic Compulsory 

Malawi Sporadic Voluntary
3 

Pos s ibly 
Absent ( Noti fiable ) 

Mozambique 
Exceptional4 

Angola Moderate Quarantine Quarantine 
Botswana Pos sibly 

Absent Voluntary Regional Compulsory 
South 

Africa Sporadic Compulsory Present Compulsory 
Lesotho s Pos s ibly 

Pre sent Voluntary Not Recorded Quarantine 

SWazi land Not Recorded 
Voluntary

3 
Sporadic Compulsol] 

Madagascar Sporadic Regional Voluntary 

Mauritius Sporadic Voluntary Exceptional
4 

Voluntary 

South America 
Voluntary

3 
Brazi l  Sporadic

6 
Voluntary Regional 

Argentina Regional Compulsory Moderate Compulsory 

Uruguay Sporadi c Compulsory Present Compulsory 
Paraguay Sporadic 
Chi le Not Recorded Present Compul sory 
Bolivia Regional 
Peru No Infonnation Voluntary Wide spread Voluntary 
Ecuador Present Compulsory 
Colombia Not Recorded 
Venezue la 
Guyana Regional (Noti fiable ) 

Surinam Not Recorded Not Recorded (Noti fiable ) 
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TABLE 8 (Continued ) 

Country Bovine
2 

Treatment Ovine Treatment 

Wes t Indies 
Trinidad and 
Toba9:o 

British 
Antil le s 

Jamaica 

Dominican Possibly Pos s ibly 

Repub lic Present Present 
Haiti Not Recorded Sporadic 

Not Recorded Not Recorded 

Central 
America 

Panama Not Recorded 
Costa Rica 
Nicaragua Widespread Voluntary 
Honduras No Information Voluntary 
El Salvador Sporadic Voluntary Pre sent Voluntary 
Guatemala Pre sent Voluntary

3 

Belize Present 

North America 

Mexico Present Voluntary Present Voluntary 
United 

States Pre sent Compul sory Reduced 7 
Compul sory 

Canada Sporadic Compulsory Pos s ibly Quarantine 

Absent 
Bexmuda Not Recorde� Not Recorded 
Bahamas Exceptional Not Recorded 

Western 

Euro,2e 

Great 
Britain

8 
Not Recorded Not Recorded Compul sory 

Northern 
Ire land Not Recorded Quarantine Sporadic

9 
Compul sory 

Ireland Present (Noti fiable ) Sporadic Compulsory 
Iceland Not Recorded Sporad ic Compulsory 
Denmark Present Voluntary Not Recorded Quarantine 
Norway Not Recorded (Noti fiable ) Not Recorded Slaughter 
Sweden Not Recorded Not Recorded Quarantine 

F inland Not Recorded Slaughter 
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TABLE 8 (Continued ) 

Country Bovine2 Treatment OVine Treatment 

Netherlands Sporadic Voluntary Moderate Voluntary
5 

Belqium Seasonal Compulsory Sporadi c Voluntary5 

Luxembourq Not Recorded QUarantine 
Francel O Sporadic Voluntary

3 
Sporadic Compulsory 

West 
Gexmanyl 0 

Exceptional Voluntary Exceptional
4 

Compulsory 

switzerland Not Recorded Pre sent Compulsory 
Austria Sporadic Sporadi c Compulsory 
Italy Sporadi c  Compulsory Reqional Compu lsory 
Malta Not Recorded Not Recorded 
Spain Reqional Voluntary Reqional Voluntary 
Portuqal Not Recorded QUarantine Reqional Compulsory 

Eastern Eur0,2! 
Russia1l 

Poland Sporadic Compulsory 

East Germany 
Czecho-

s lovakia Not Recorded QUarantine Not Recorded QUarantine 
Hunqary Exceptional

4 
Compulsory Not Recorded Compulsory 

Romania Exceptional4 Compulsory 
Bulqaria Not Recorded Sporadic Compulsory 
Yuqoslavia Not Recorded Compulsory Reqional Compulsory 
Albania Present Compulsory 
Greece Sporadic Voluntary Sporadic Voluntary 

Middle East 
Turkey Sporadi c Compulsory Sporadic Compul sory 
Cyprus Not Recorded QUarantine Not Re corded QUarantine 
Syria Sporadi c Compulsory Sporadic Compulsory 
Lebanon Moderate Voluntary Widespread Vo luntary 
Israe l Not Recorded (Noti fiable ) Sporadic Compul sory 
Jordan Sporadic Voluntary Moderate Voluntary 
saudi 

Arabia Widespread Compul sory 
Yemen , 

P . D . R .  Moderate Voluntary Moderate Voluntary 
Kuwait Moderate Ccmpulsory 

Iraq Widespread Compulsory 

Iran Sporadic Voluntary Sporadic Voluntary 
Afqhanistan Sporadic Voluntary Widespread Voluntary 
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TABLE 8 (Continued) 

Country Bovine
2 

Treatment Ovine Treatment 

Southam Asia 
Pakistan Sporadic Voluntary Moderate 
Bangladesh No Information Sporadic Voluntary 
Nepal Pos sibly Sporadic 

Present 
India Sporadic Voluntary Sporadic Voluntary 
Sri Lanka Possibly Voluntary Not Recorded Quarantine 

Present 
Burma Sporadic Voluntary Not Re corded 
Laos Poss ibly Not Recorded 

Viet Nam
1 2  

Present 

Kampuchea1 2  No Information Sporadic 
Thai land Sporadic Voluntary Probably 

Absent 
Malaysia Probably 

{Weste m )  Sporadic Voluntary Absent 
Singapore 

Malavsia 
( Sarawak ) 

Malaysia Possibly 
( Sabah ) Present Voluntary Not Recorded 

Brunei Not Recorded 
Phi lippines Sporadic Voluntary Sporadic Voluntary 

East Asia 
Hong Kong No Information Not Recorded Quarantine 

Macao Not Recorded 

China 
(Mainland) 

China No Information No Information 

(Taiwan ) 
Voluntary

5 
Japan Not Recorded Not Recorded 
Kore a Not Recorded Not Recorded Voluntary 
Mongolia Moderate 

Oceana a 
Australia Sporadic Voluntary Not Recorded Quarantine 

New Zealand Not Recorded Quarantine Not Recorded Quarantine 
F i j i Not Recorded Quarantine 

New Hebride s Present Pos s ibly 

Pre sent 
New Cale- Widespread Pos s ibly 

donia Absent 
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TABLE 8 (Continued) 

Country Bovine2 Treatment Ovine Treatment 

Samoa 
Papua 

New Guinea Not Recorded Quarantine Not Recorded Quarantine 
Portugese 

Timor 
Indonesia Sporadic Voluntary 

lBlanks as in original FAO-WHO-DIE table . 2Includes buffalo , Bubalus bubalis , thus may inc lude P soroptes natalensis 
in countries with domestic buffalo . 

30ddly , gazetted as a notifiable disease but the treatment is not 
compulsory . 

4Exceptional occurrence may indicate found on imported animals in 
quarantine . 

SNo ovine psoroptic scabies since 1935 in Lesotho , outbreak in 1975 . 
6Moderate in some regions of Argentina . 
7FAQ-WHO-OIE 1971 reported reduced presence of ovine scabies . Eradicated 

since 1971 in the United States (Graham and Hourrigan 1977 ) . 8seesley (1973 ) , Kirkwood ( 1977) , and Tarry ( 1974) report ovine and 
probable presence of bovine psoroptic scabies recurrence in recent years . 

9No ovine scabies found during 1976 in Ireland . 
1 0High incidence of bovine and ovine psoroptic scabies in Germany and 

France in recent years (Labia et al . 1975 , Roger 1975 ; Liebisch and 
Petrich 1977 , Liebisch at al . 1978a; Liebisch et al . 1978b) . 

llaovine and ovine Psoroptes � present according to extensive Russian 
1i tera ture . 

1 2ovine and bovine Psoroptes � present ( Segal at a l .  1968) . 
1 3ovine Psoroptes � present and P .  natalensis on buffalo (Segal et al . 

1968) . 
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damaqe , wherea s Psoropte§ and sarQQe!� were unimportant. 
I n  the United States ,  as an example of temperate countries , 
Fisher ( 1 974)  detected demodectic nodules in 88 percent of 
steer hides examined. 

RECOMMENDATIONS 

• Altb2Y�HiC res�z;ch on Qi212�-AID1-� 
iJl�x�i2n§_Qf_f§��L.QYiLi�-���_y�gtl�£-n_�b2Y,lg 
DQt_)2L.Q1Y!�ILili§! prioz;Uh_t!ML��"�L.2il�mm�_QL� 
!m.UQQli��QJ.es desPit� an ��n�UL@I:sdi�ill2D 
�9J.gn reggias t:bat PUQz;it� be_giym-:t2-9Wi�3B� 
on tz;eat� ang epidemiQl� 

• ni.Qnu_§bQuld �_given to Ri�91'�-l:�l���Lto tb� 
g�tion_Qt_s._bj,�QUs._QXU£-PQ§�illi_in_:tb� 
§QYt��-Ynit�d Stgt�s. __ ln£l,y�g_§bQylQ_l;;LX§Hlt'�-2D 
��n£L2U�inLPBOJ"OPtic scabi§L._elli"ns:t��tbQg§-i21: 
g�n§Y9ilig_Rs._gyis at utremel� lQ!!_int�s:tiQ!Lz;.n�.L 
gnd Qtbez;_Qisgng�tic app�acbess_fYz;tb§�int2Xms£i2n_§bgy}g 
QLQ)2lli�2n climati£ WOOiY&�_in_tb�-�illiP-�H 
n:tbiJLt�cal_�nd subtrQQi£21 CQWl:tXi§§_!!b�XL122YW 
P§2X2l2tic scabi�§ exl.sts.._elQDg_�_int2{1Hti2D-21L£lin�91 
effect§, 

• .fximtL.§bQuld be gilmL��Sl£ti£si_��•im§ntL2D 
ti'ADIIDi.§§iJm_gLQ2yine D§QX9P:tiO �g}2i§LXiL�tsmins�Q 
���s.__lt�ensj. ve �HX£b is_xwYiru-iiL.Qit�"nt 
��. seaiQDL and wntb§L.t2-Jm�u:t�_the_� 
.QQ§gQ_�-X§Q££YI23!ing cont91JiDn@g_bQ1QJ.ng_fi�illlliL. 
gz;ning_�� truckg. iJDpl&m§DtL,_��-_t�_da�_iz;Qm 
QYiDe gc9!2�s cannot b§ "li,eg Qn �itQQlJt_£Qm�i§2!Lt2 
�ll.§_with cattlh 

• MiDQL..�ych shoY!§_� inllist�ILP2Hi!2l!L�t2X§ 
§Y£b_s§_birdg or flieg, 

• �vez;el ex�ngive Sln9_inten§1Y§_�i�SX£b_p"ggz;� 
GWlil��g on the biQl,ggv 2Lis.�XiL2n_Q"-U2m 
�ttl�-Alm2n_sl1 e�_J.nrummQn_i§_Q��g_gn_mit§-2i 
§b�P· Extz;��iQn_i§_�§:tionib-lLQQ�iQ� 'ing_tb�-g"�� 
illtU!m£Li..IU!§ilge and i&in DbuiQ�_QL��_b2§tL 
1D£1y�_GQY1Jl_be lif� bi§t2U£_QJ&n2mi�i.&.-RwLb2§k 
�ra�i�-Lnte�!ion stugi@§_Sll2ng_!!itn_m��Y�§nti-2t 
tempez;atYXL.snsLbYmi.ditv 1D-:t�bQ§t_bei."£�t-.s._�n�§iX� 
z;egeU£b-iL.��§Rzy to_3!i§�n�i�_int2,m2llin_�;�l�� 
tQ_bSlixg��s em ditte,en:t_J2'eed§_gng_§P@g�§.-2L�tlli 
ind_bnx���ngeg tbxQ!!gb�_§�§2DL--Qn�_g2Al_§bQYJ& 
12�g�ru�nt_gLlife ti�LYiHYl_t�_PW2�iw_9�nsllli� 
£QD£l.Y§iong rela t�d to �:t_menagements. 

• Jti.gJ&g� s:c:mt.wl�nts vb2YlQ�§2yghts._fiiHliD9 
usefyuasHt2n-2' eaz;a���_is._QYU_§�H1!-im�Qba� 
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• fberomo_n�.c_b.QmQn�A.-and othe{.-!2i2lggi�21lL��ux� 
�xal comooundLsbould_eg_��-'--���_l2})�{QIPQD� 
�a!ll�_i§_involyed in the . .till�Q{_ung����g_Ru�§SC�D!;: 
,temaj,es to mQ.!LtQ�_ggult_�� 

• 1'be awsti9D of hott s�illtx_gt_.fs.-Wi.Jb2YlQ-1?� 
�gsseg 'unbe'• apply�q_�D-mltll2d.-§ gd tb§2a_gt 
soeciatiQD-AuQ_vtrietal Qif,crenpes. ���A(��2YlsLinx2� 
SHoinq ele�JLmicroscoDY. iDtem.ALinAt2m:!a ggruaA. 
xmui2l.Q�Ia2lgqx. ecolQgy. apg_immY!!QlQ!Ih__§ygQ�ignJ 
�m.u=b21L.YiOsmission stu9iruL.!{�_gi.�mL�d�ail-iD 
tb�_t.!XQ���tion. ImmunQsuppres�i�§_§bQglg_Qi_�igg_tg 
��e re§ia�e of ho§�-t2-AlHD-mlli§.s.-IDLI22.§§iQiliu 
2L§illiWL§�es shoYlsL�-inYutiai�Q.. 

• i2JIW�ild h9st ,;caervoi{L§b2uJ.g�_nw� 
axtiWAili�horn sbe�P&. TraumJIWD-HRWmmta_K� 
�� EXDerim§nts With bison mf�Q��2fit�� 

• �aearch should be_in!Uat§d on_�LPJ;§ru�!l�sU?�H 
21-D2Jt-COndi�i2D& nut,;itiQnA.�JIJIA.-�-ID�&-20 
JY§k�Qility_tQ_inf�stt�i2n_Qx_.f.s.-2YiJ_aug_��-!YgJI�9Y�� 
�I!LQf the cliuatte. �_x�"lL!!itb�n�l!LbB-11�� 
�isbed on_tbi§_p,oblem.s. 

• LtbQI:gygb review iJLne-:c;Wd_Qt_tll liYutYU_QD 
�mrn.��!:L--IILPUU�wu.-tbc-tnnx_a�g�iY� 
BUJ�ian tnd �Ji�an_litcntya_J.LD2L.9ml§{Ulx 
IDilabJ.�_nu.rcb W(){kGL-ti:HilAU2DL.�{§-D.§�JIUJ;L. 
mlinlLi2L.BY.UiAD· Germa-Il.&_fan�Ang_§J?Anial���atl!Gs 
fbLG§rman ang [Rncb tbg� 9D oaor�s:-G•&ic§-lb2Y}.g_�� 
� IVfil&el§_J.n_Jnqlisb.s, 

• CbO{iQ�_§Cabie§_JbQylcj_�_,;��-f{gm_t�_li§t_Qt 
llQU'iabl&_gx_gyU"antinaQle diset§�!Li���-t2-�Wi&�i2D.s. 
�. ef,onL-Ang_resour�L._even_tbOYalLmin2;._�ut� 
�QiiD§t_�i2gt� SCabie§_§bQYlQ_�_giy���§g_tg_�J;Q�is: 
��iu.s.�-RQw ii 1 cQnqncm oest_of_I�§JL�_gttl� 
YiYAllL.ctus;i.ng_mild svmltt2m�_DOD§�-�lh_§2_t})At_tb� 
�jQ;Uy_QLinf§§tttions_gnt_DQt_di§s:l9B9_�-tb�_gi�l 
o'ficitl ingpectiQng, 
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� 

BIYlEW Of 1BL�lUK2HI&J2iJ 
�..HiMitLDI�IQli§ 

PATHOGENES IS 

An extensive and thorough search of the publ ished 
literature revea led that there have been very few 
inve stigations on the pathogenesi s  and immunity reaction s  of 
anima l s  with psoroptic scabies. Most of the avai lable 
report s on these two subjects are descriptions of the 
condition in shee p ;  only a meaqer few are on the disease , in 
cattle. The scab mites, f· 2!1§ ,  that attack and parasitize 
both cattle and sheep seem to he of the same spec ies 
(8Weatman 1 9 5 8) and have been transmitted between both hosts 
(Roberts and " Meleney 1 9 7 0 ,  Kemper and Peterson 1 9 56) . 

Because of this and the fact that (a) re search involving 
cattle is more expensive and takes longer to obtain 
meaningful data than that involving sheep and (b) ovine 
scabies has been the more important di se ase until recent ly ,  
many investigators conduct their experiments on sheep . 
Presumably, re sults from sheep, when accurately interpreted, 
may be of some value in re lation to cattle . Final 
acceptance of sheep data , however , should require proo f of 
appl icability by testing on cattle . 

The skin lesions of psoroptic cattle s cabies are 
gene rally classi fied into two categories : moist and dry . 
The gros s physical feature s of each category are known 
suff icie ntly well that veterinary scientists-­
para sitologi sts, regulators ,  epidemio logi s ts ,  pathologists , 
and practitioners-- use the appea rance of these features and 
thei r anatomical di stributions as indi cators of the cause.  
They also are indicators of the duration o f  infestations , of 
the abatement of  infestation s  during spring and summer ,  and 
of the enhanceme nt of infe stations during fall and winter . 

The histopathology of mi te dermatiti s ,  however , is not 
known. Changes in both epidermis and corium should be 
inve stigated through a time scale in order to understand 
more ful ly the pathogenesi s of lesions . The investigation 
shou l d  mea sure physiological and hematological parameters 
and compare them with simila r parameters of unin fested and 
mi ldly infested cattle . Following death , al l organs should 
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be thoroughly examined for gross and microscopic les ions. 
All of the se  dat a--pathological , biochemical , and 
phys iological--may assist in understanding the pathogenesis 
of the disease and the causes of death. 

Bioc limatic chambers-- wherein air temperature, humidity , 
pressure , photoperiod , and contaminants are controlled-­
should be inve stigated as a possible research fac ility for 
ready induction of latent and active stage s o f  the mite on 
infe sted cattle . 

I n  thi s report, the di scussion of publ i shed works wi l l  
be mainly concerned with the disease in cattle , but it will 
nece ssarily be supplemented with compari sons to the sheep 
syndrome. 

Gross Lesions 

Following transmission of �optc§ QXL§ to unin fested 
host s ,  particularly during the cool climatic conditions of 
winter and a fter recrudescence oa hosts l atently infeste d  or 
infe stations acq ui �d duri ng autumn, mite populat ions 
increase and may produce visible les ions . Further 
mult iplication and spread of the population causes 
exacerbation of the dermatiti s. 

Us ing their piercing chelicerae , the mites punctur e the 
epidermal layer of the skin and reach the cor ium. Lymph , as 
well as serum from extrava sated blood , is ingested by the 
mite s. �he exce ss fluid exuding through the puncture mixes 
with hair, soil, manure, and skin debris , coagul ates and 
foJ:ms scabs. 

Punctura l traumas ca use loca l  hyperemi a and acute 
dermatiti s .  As the a ffected location becomes un f it for the 
mite s •  a ctivitie s, they move to ad jacent areas . COnt inued 
movement of these mites to no�l skin at the per ipheral 
area s gradua lly expands the lesions. coales cence o f  v ar i ous 
neighboring le sions fo� large patches, sometimes result ing 
in generalized infestations (Del afond and Bourguignon 1 8 5 6 ,  
Gerlach 1 8 57) . These patche s of cutaneous le sions may 
appear moi st or greasy or may be dry, scabby , furrowed , and 
depi lated. In chronic le sions, the skin becomes edematous , 
thick, and wrinkled. The hair appears to be sparse and 
erect , giving the area a rough appearance . The affected 
area s are usually sharply def ined by the diff erence between 
the denuded or sparse-hai red and the normal-haired skin . 

Snyder ( 1 9 4 2 ) , Kemper and Peterson ( 1 9 53 ) , and Roberts 
and Cobbett ( 1 95 6) , all sc ientists of the USDA, have 
inve stigated psoroptic scabi es among cattle in the wes tern 
United State s .  They observed that the anatomical sites 
favored by mites for colonization we re the densely haired 
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s kin over the withers , rump, and back. The initial lesions 
also were found on the poll or base of the tail . From these 
area s the para si te s  spread to the sides and ,  in some 
anima l s ,  over the entire skin surface. Hutyra et al . ( 1 9 3 8) 
mention initial infestation occurring on the top of the neck 
also, then spreading down the sides of the neck. 

Seasons of the year infl uenced the size and activity of 
the mite population , and thus the size and sever ity of the 
lesions produced . During winters , numbers were enhanced and 
the lesions were exacerbated . In summers ,  the numbers 
decl ined and the lesions appeared to be in regression. In 
most cases. however, sane mites survived summer latency and 
resurged the fol lowing winter and produced cutaneous 
lesions. 

During the feeding process , mite s  may produce and in ject 
irritant substance s, possibly saliva ,  into the s kin .  These 
irritating products of the mites pre sumably provoke severe 
itching. such i s  the opinion of some investigators (Gaafar 
1 9 74 , Ne lson et al . 1 9 75) , who speculated that most 
para sitic mite s inoc ulate salivary products into the tissues 
of their hosts . Other investigators , using scann ing 
e lectron microscopy, were not able to veri fy the presence of 
salivary glands in R· QXU ( Blake et al. 1 97 8 ) .. The 
cutaneous irritation may , therefore , be due to the physi cal 
activity o£ the mites, the chemical effects of their 
saliva ry  or othe r  secret ions , the re sult of an 
immunopatholoqic a l  reaction, or a combination of all these 
factors. Whatever the cause may be ,  frenetic cattle 
infe sted with the se acari bite , lick ,  rub , ki ck, and s cr atch 
the ir s kin until they eventually excoriate the itching area. 
The resulting in juries often become secondarily infected 
with a variety o f  bacterial organisms or invaded by my ias is­
produc ing dipterous larvae . Heavily parasitized young 
catt le lose body weight and some may die . 

The di sease in sheep seems to run a paral lel , i f  not 
identica l, course . In early studies , Del afond and 
Bourquiqnon ( 1856) in France and Gerl ach ( 1857) in Germany 
observed the development of redness and vesicles in sheep 
skin where mites were feeding. They also induced ves icat ion 
and pustulation in experimental animals by rubbing ground 
mite s or extracts from qround mite s into the animals ' skins . 
They concluded that compound s in mite bodies or in mite 
secret ions were among the causative agents for le sions in . 
naturally infe sted animals. 

Downinq ( 1 93 6 ) also ob served that in parasitiz ed s heep 
the anatomical site s  prefe rred by mites for colon iz ation 
were the dense ly wooled skin over the withers • rump , and 
back . He found that the para sites fed on near-normal skin 
by puncturing the epidermi s and cori um with their sharp 
chelicerae and ingesting the lymph . The puncture wounds 
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caused local hyperemia and the development of epidermal 
vesicles that often ( 1 ) transformed into pustules exuding 
lymph and serum, (2)  mixed with skin debris and wool, (3)  
coagulated, and (4) ' formed scabs . Some lesions were moist 
and greasy while others were dry, scurfy, rough, and 
depilated . As the der.matiti s  became chronic and the tissue 
thickened, the resident mi tes moved to the periphery of tbe 
lesion where the skin was normal . Continuation of this 
process expanded the small lesions and many o f  them 
coalesced to form large, denuded , scabby areas. These 
coalesced lesions could cover the whole skin surf ace in a 
few weeks. Downing also recorded his observations on the 
irritating effects of the mites causing the intense 
prurities evidenced by self-biting, scratching , and kicking. 
Be assumed that these clinical signs were produced by 
inoculation of irritating materials--possibly saliva--by the 
mites. Hudman ( 1 962) in Texas and Nuallain ( 1 96 6) in 
Ireland stated that larva l ,  nymphal, and adult mites 
punctured tbe ovine epidermis and penetrated the corium with 
their chelicerae and fed on the lymph. This activity by the 
mite s resulted in local hyperemia ,  swelling, serum 
infiltration, and exudation of tissue fluids onto the skin 
surface. They also indicated that small vesicles formed 
around the puncture wounds. These vesicles later coalesced 
and ruptured, releasing a fluid which mixed with wool and 
cutaneous debris and coagulated to form greasy, yellow scabs 
or crusts. secondary bacterial contamination often 
couplicated the condition and led to loss of weight in 
moderate infestations and occasionally to death in severe 
infestations with generalized dermatitis . Following 
expansion of the lesions and movement of mites to the 
periphery, the centers of old lesions exhibited signs of 
excessive keratinization with the presence o f  excessive 
amounts of scale s, debris ,  and dandruff•-the whole area 

· being covered with dry, pale , and raised crusts. The 
withers, shoulders, rump, and flanks were the areas where 
the lesions were more commonly observed. 

Environmental factors determining the fecundity of mites 
and thus the development and severity of the disease in 
sheep were studied by Downing ( 1 93 6) and Spence ( 1 9 49)  in 
Britain and by Roberts, Blachut, and Meleney ( 1 9 7 1 )  in the 
southwestern United states. During winters, when the 
average daily minimum temperature was OOC (3 2°F) or lower , 
ovigerous females produced 3 to 6 eggs per day and lived 1 1  
to 1 5  days. During SWIIDers, when the average daily minimum 
temperature was 4 . 4oc (4 00F) and higher , they laid an 
average of 1 . 3  eggs per day and lived up to 4 2  days. 
Following transmission of mites to a new host during summer, 
the para sites were latent; and produced eggs slowly. 
However, when the mites were transmitted during winter and 
following winter recrudescence from latent infestations , 
females rapidly accelerated egg production, thereby rapidly 
enlarged the population, and the lesions became visible. 
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The populati on of mite s  during latent inf est ations on 
sheep apparently cause s ubcl inical lesions invis ible to the 
naked eye . Animal s which ha ve typical les ions of psoroptic 
scabie s during the winter may show improvement in their 
qene ra l  physical condition throughout late spring and 
swmaer: the ski n  le sions may regres s ,  and the wool may grow 
normally .  When the previously infested animals were 
examined in those sea sons . mites were found, in descending 
order ,  on genera l body surfaces , e ars , infraorbital foss ae , 
perineum, scrotum. inguina l pouche s ,  tai l .  vulva" region , 
and interdigital fossae. The parasi tes were found on ma jor 
s kin surface s  in 3 2  percent of the sheep and in hiding 
places in 7 percent. In fal l ,  when the weather becomes cool 
and humid, the mites pre sumably move from these latency 
site s to the dorsal parts of the skin where they reestablish 
large populations and induce new lesions ( Downin g 1936, 
Spence 1 9 49 ,  Roberts et a l .  1 97 1 ) . 

Microscopic Le sions 

Except f or casual descriptions of what many 
inve stigators envi sage as the probable microscopic 
appearance of cattle skin infested with f• gyi§ , there are 
no publ ished reports on thi s sub ject .  No concerted ef fort 
has been made to describe the histological appearance of the 
skin during the sequential stages of the disease . some 
descript ions of the lesions in sheep , for example the 
description give n by Nuallain ( 1 9 6 6) . incl uded ep idermal 
keratinization. fibrosis of tbe corium, and infl ammation. 
Photomicrographs were not presented to substanti ate these 
c laims . I t  i s  suspected that these were rather gross 
descriptions and not neces sarily based on observations by 
microscopy . Statements that the loci of infestat ion are 

· rendered unsuitable for mi te  feeding appear in some 
publ ications without any h istologica l  support or indicat ion 
of cause . There fore. the appearance s of histopathologic 
changes in dermatitis in both moi st and dry lesions in a l l  
stages of development should be inve stigated by means o f  
light and electron microscopy. 

IMMUNOLOGY 

The earl ie st statements concerni ng any facet of immunity 
of cattle to infe station by f· QXi§ were made .by Imes 
( 1 9 1 8 ) , who indicated that cattle treated for scabies are 

not immune to f urther infe stations . Cattle which had 
clinical ly recovered from psoroptic scabies became 
rein fe sted through contact with other animal s exhibiting 
siqns of the disease and harboring mites . Recovered animals 
also became reinfe sted by being housed in facilit ies where 
infe sted cattle had been conf ined recently .  
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Only two publications , both of which were written by 
scientists from the USDA, have dealt with the criteria o f  
immuno�oqic reactions in sheep o r  cattle against f· gyi§ . 
Fisher and Wilson ( 1 977) tested sera from infested and 
uninfested calves for the presence of precipitating 
antibodies against antigens prepared by extractions from 
dried , ground homogenate& of E· QXi§. At the time of 
testing, the infestations on the animals were 1 to 8 months 
old. The investigators, using an agar gel diffusion method. 
demonstrated the presence of precipitating antibodies in 23 
of 3 8  infe sted animals and in 5 of 54 animals not clinically 
infested with f· Q�. The authors considered the posit ive 
reactions to be speci fic because they tested the sera 
against extracts of the cattle grub B�g�mi ��.i§, the ear 
tick �!21Y§ meqJlini , the cattle louse D�mA�I2inY§ 
�urygternus, and the folli cular mite ��g� �1§. They 
suqgested that some calves infested with E· Qxi§ failed to 
develop precipitating antibodies because of their young age 
during the infestation and that some uninfested calves 
reacted positive ly because of previous unknown infestations . 
These authors al so indicated that E· Q!i§ shares some common 
antigenic properties with f .. �Wi· In an earlier 
publ ication, Fisher ( 1 97 2) used sera from infested sheep and 
anti qen extracted from homoqenated mite bodies in the agar­
gel, doub�e-diffusion method o f  ouchterlony and found that 
sera from 1 2  of 1 4  E· �1§ infested animals and none o f  the 
sera from the 1 2  uninfested animals possessed precipitating 
antibodies aqainst E· QXL§. In addi tion. he showed that 1 2  
of 1 4  sera from the same infested sheep also had 
precipitating antibodies against antigens extracted from the 
bodies of E· £Yniculi . 

It i s  apparent that there is a considerable deficiency 
in our knowledge about immunity against E· QYi§ in cattle. 
It is possible that such factors as lack of funds or that 
the disease is highly contagious and reportable are 
responsible for this neglect. Few institutions other than 
the USDA laboratories are currently engaged in research 
related to immunoloqical reactions of this disease. 

The presence of salivary secretions emitted by the 
mite s, as well as other likely sources of immunogenicity o f  
the para sites ,  should be investigated. The role o f  these 
secretions in induction of disease should also be studied. 

The susceptibility o f  animals to infestations of mites 
should be investiqated at various locations under strict 
supervision and quarantine . These studies should compare 
the immunoloqical competence of young and old animals .  
various breeds, sexes, genetic lines , and other factors. 
The effects that weather conditions , such as temperature 
variations. humidity, and the liqbt cycle , have on the 
immunological capacity of animals should be studied. 
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DIAGNOSIS 

Procedure s  f or accurate diagnosi s  of psoroptic scabies 
i n  cattle are dependent on ( 1 ) observing the clinical signs 
associa ted with the cutaneous change s ,  ( 2) finding the gross 
lesions o f dermatiti s ,  ( 3) observing the behavior o f  the 
anima l s, and ( 4 )  i solating and proper ly ident ifying the 
mite s .  

1 .  The le s ions o f  arthropod parasi ti c dermatitis in 
catt le may, at certain sta ge s , be quite s i mi l ar in 
appea rance. Batte ( 1 9 72) di scussed four groups of agents 
whic h may ca use these le sions :  flie s , lice, ticks , and 
mite s .  Any chron ic dermat iti s a ssoci ated with ex ces s ive 
scur f i ne s s  and depilation should be s uspected of being 
caused by arthropod agents . The pre sence of har d, thick , 
blood- stained scabs-- parti cularly at the periphery of 
sharply def ined le sions- - i s  an indic ation that mites are 
involved . Other lesions such as edema , thickened skin ,  and 
pyogenic dermati ti s may al so be indicative o f  acaral 
invasion. 

2. The appearance o f  lesions of dermatitis on anima ls 
showing sign s of general deterioration in health accompanied 
by loss of we ight may be the hallmar k of severe psoropti c 
scabies . severe ly af fected animal s  usual ly stop feeding. 
As a res ul t  of the severe de rmatitis • they may become more 
susceptible to f urther cutaneous and other in fections . The 
activity of the mite s on the skin and the pos sible 
irritation of their secretions or excretions cause the 
anima l s  to l ic k ,  bite , and scratch the ir hide s .  They may 
a l so stamp their feet and kic k .  

3. S ki n  irritation changes the behavior o f  af fected 
a nima l s. They become nervous ,  re stl e s s ,  and irr itable . 
During the early pha ses of the inf estation , even be fore 
visible le sions appear, the animal s  are observed to chew 
ne rvously and abruptly swi sh the ir tails in a manner 
characteri stic o f  the conditi on (Meleney 1 97 9 ) . Later these 
anima l s  may become quarrel some and aggres s ive . Eventu al ly , 
however, when the le sion s  cover l arge areas o f  the body , 
they tend to be depressed . 

4 .  Positive and specif ic diagnos i s  o f  psoroptic 
s cab ies is dependent upon i solating and ident i fyinq the 
mite s from scabs or skin scraping s f rom a f fected animals . 
Durinq the early pha se of in festation , the mi tes may be few 
in number and thus di f f icult to f ind . Mites are usual ly 
more abundant in the outer e dges o f  the s cabby areas . 
scrapinq the se a reas with the bl unt edge of a kni fe and 
e xamining the sc raping s  i n  mineral oi l under a mi cros cope , 
breaking up the scabs under a good l ight source , and u s ing 
mace ra tion-f lota tion technique s  are some of the methods 
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ava ilable to i solate and identif y  the ud te s  in t he psoroptic 
scab le sions . 

The scrapinq to · i solate the mite s should te performed at 
the edge of the le sions and should be deep enough to cause 
s light oozing of blood. The scrapings should be trans ferred 
onto a g lass sli de and mixed with a drop o f  mineral oi l .  
Large pieces of scabs should be broken into smal l pieces and 
the preparation covered wi th a cover glas s . Examin ation 
under the microscope shoul d be done using the scanning power 
( 2 5  x )  and verif ied by the low power ( 1 0 0  x) or hiqh power 
(400  x)  if neede d .  

Hard scabs obtained from ani mals with le s ion s suspected 
of be inq psoroptic scabies may be examined in the f ield. 
When the se scabs are broken into smal l partic les over dar k 
paper (e . q  • •  carbon paper) or white paper and under a good 
source of light. the mites will appe ar as small grey obj ects 
moving about on the paper. They can be better seen with the 
aid of a hand lens . 

I n  the laboratory . 1 part of scabs may be macerated in 3 
part s of 1 0  percent sodi um or potass i um  hydroxide in a test 
tube . The prepa ration i s  then caref ul ly boi led for 3 to 5 
minute s. After cooling. i t  i s  centri fuged at 1 . 5 0 0  RPM for 
5 minute s. A dr op of the sediment i s  examine d under a 
microsco pe. Alternativel y .  tbe sediment i s  mixe d with 
saturated suqar solution and after 1 5  minute s the top 
mini sc us i s  examined for the presence of mites . A 
centri f ugation-f lotation techniq ue could be used to replace 
the la tter ste p in this method (OIDohundro 1 9 7 0) . It s hould 
be remembered that applying this technique renders the mites 
translucent and di f ficult to recogni z e  in the preparat ion . 
This is parti cularly true when the mi croscope ill uminator is 
too intense . T.he mace rati on flotation method is presented 
in detail in Appendi x E. 

Adult mi tes. e ggs . larvae . and nymphs mu s t  be proper ly 
identified according to the descriptions g iven in the 
Para site section .  Diffe rent iation from other mites 
infe stinq ca ttle in the United State s  may be accompl is he d  by 
using va rious publ ished ke ys . pictures . and descriptions . 
Literature sources for key s .  descriptions . and il lustr at i ons 
use f u l  in di ffere ntiating the ectoparasitic mites o f  c att le 
include Anonymous ( 1 974) . Baker et al . ( 1 9 5 6 ) . Remp and 
Slos s  ( 1  978) . 

At present . there are no recogni z ed immunological or 
sero logica l procedures for di agnosis of psoropti c s cabies . 
The anatomical sites where mite s bide and survive dur ing 
latent s tage s  of infe station should be determ ined so they 
can be used as a guide to he lp locate mites . 
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Re search efforts should al so be directed towards finding 
better method s f or early diagnos i s  o f  infestations . These 
e fforts should i nclude serological studies to develop a 
diagnostic test. Meleney (personal communication , 1 97 9) 
noted the research at the USDA Parasite Re search Laboratory 
at Albuquerque , N. M. on a serological test to detect 
infe sted animals and conti nuation of this res earch at the 
u. s. Livestoc k Insects Laboratory, Kerrvil le ,  Texas .  He 
stated " progress i s  being made, but the practical value of 
the approach rema ins in do ubt . " However , suc h a test might 
be of great value to the Eradication Program so that 
intensified effort is warranted. such a method m ight be 
adapted from that used on sera col lected for the pur pose of 
testing for brucellosis or leptospirosis at federal and 
state laboratories. Other methods s uch as 
inmunofl uorescence, guanine f luore scence in the s kin, and 
vacuuming of skin debris should al so be investigated . 
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�HAP'l'iB 4 

UiUiLQl THE � XNQH:t.�I2�_A�llt-IDii 
mt>iMIOLOGLQl-i§QBQnl���Ull;§ 

The present psoroptic cattle scabies epidemic in the 
United States started in the early 1 9 70s ( Figure 1 ) . This 
epidemic has been reviewed in recent publications by APHIS 
( 1 978a) and Meleney and Christy ( 1 978) . There was only one 
outbreak in Fi scal Year 1 9 7 0  ( 1  July 1 96 9  through 30 June 
1 970 ) . There were 1 1  outbreaks in Fiscal Year 1 9 7 1  and 9 1  
in Fi scal Year 1 972.  The annual total number of outbreaks 
varied from year to year and reached a maximum of 3 1 3  in 
Fiscal Year 1 978 ( 1  OCtober 1 977 through 3 0  September 1 978)  
(APHIS in press b) . The rate at which outbreaks have been 
reported in Fiscal Year 1 9 79 is only slightly reduced from 
1 978 (APHI S in press c) . 

DISTRIBUTION OF PSOROPTIC CATTLE SCABIES IN THE UNITED STATES 

Scabies is not uniformly distributed in the cattle 
population (APHI S in press a , b. c) (see Figures 1 ,  2 ,  3 ) . 
Until recently ,  outbreaks were large ly confined to areas of 
large feedlots. The feedlot industry can be roughly divided 
into three ma jor geographic areas : the corn Belt states of 
Ohio. Indiana , I llinois, Iowa .  Minnesota , and Mis souri: the 
High Plains states of Texas. New Mexico. Colorado , Oklahoma , 
Kansas. and western Nebra ska ; and the southern portions of 
Arizona and Cali fornia (Figure 5) . Within those areas the 
first outbreak o f  psoroptic scabies in Fiscal Year 1 9 7 0  
occurred in the Texas Panhandle. Within 2 years outbreaks 
had spread over the Hiqh Plains in a broad band stretching 
from eastern New Mexico to the Corn Be lt in western Iowa. 
In the next 3 years the epidemic area did not substantially 
change , despite isolated outbreaks in Indiana, Georgia, 
Idaho, Arizona, and the Edwards Plateau of Texas . In Fiscal 
Year 1 9 76 the epidemic area expanded into southern Arizona 
and Ca li fornia. The expansion has continued since then, 
movinq into northern California and southern Oregon . 
I solated outbrea ks have been reported in the mountain states 
of Utah and Idaho. outbreaks in the Plains have spread to 
the west and north but have not yet reached Montana and 
North Dakota . The epidemic in the western Corn Belt has 
pushed north into Minnesota and east into western Illinois .  
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FIGURE 5 Cattle fattened on grain concentrates and sold for slaughter; 1974 (farms with sales of $2,500 and over, county unit basis). 
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Thus far the disease has not spread into the border states 
such a s  Missouri , the southeastern states , or the dairy area 
of Wisconsin and the northeastern states. 

The effects of climate on the spread of psoroptic 
scabies are not well known. Most outbreaks of scabies are 
diagnosed in the winter, but a few cases are diagnosed in 
every month d uring the summer (APHIS 1 978) . Experimental 
infestations in cattle have been maintained throughout the 
warm season in Albuquerque ,  N. M. , and Amarillo, Texas. 
However, experimental infestations have been diff icult to 
maintain farther south in Jerrville ,  Texas (Meleney 1 979) � 
Since 1 9 04, psoroptic cattle scabies has occurred in all 
area s  of the country except the northeastern states of New 
Hampshire and Ma ine  (ADED 1 9 7 9a) . There is no indication 
from published literature whether the absence of the disease 
from this northe rn area is due to climate or, as seems more 
like ly, to low cattle density and low rates o f  introduction 
of cattle from areas where cattle are infested with scabies. 
Prior to the eradication of sheep scabies from the United 
states, it was found in most states including the warmer 
states along the Gulf coast (ADEO 1 9 7 9b) . 

DISEASE RATES 

Available data are inadequate for calculating exact 
disease rates among cattle at risk or for determining 
distribution of the disease among the dif ferent ages, sexes. 
and breeds. Older. poorly nourished cattle were said by 
Imes ( 1 9 1 8) to be more susceptible than younger animals ,  but 
Meleney and Christy ( 1 978) reported that the disease was 
more debilitating for cattle under 1 year of age. Prior 
infestation does not build immunity to the disease (Imes 

· 1 9 1 8 ) . No sex predisposition is reported. Beef breeds are 
affected more often than dai ry breeds , probably because 
there are more beef cattle in the feeding industry. Zebu 
cattle are said to be more resis� than European breeds 
because of more effective self-grooming (W. P. Meleney. u. s.  
Livestock Insects Laboratory , Kerrville. Texas. personal 
communication. 1 979) . An increased severity of psoroptic 
scabies in experimental cattle exposed to the di sease and 
stanchioned so they could not groom themselves tends to 
support this idea (Meleney, personal communication, 1 9 79 ) . 
Poor nutrition in experimental cattle did not increase 
susceptibility (Meleney, personal communication, 1 979) . 
However, an inferior-quality animal may have greater ris k  of 
becoming infested because it tends to be recirculated 
throuqh market channels, thus increasing the odds that it 
wi ll come into contact with scabby cattle (Meleney and 
Chri sty 1 978) . 
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RELATION OF CATTlE CONCENTRATIONS AND MOVEMENTS 
TO THE SPREAD OF THE DISEASE 

The two factors ·of mixing cattle from multiple sources 
and crowding large numbers of cattle into small areas such 
as market pens or feedlots seem to be more important in 
sustaining the epidemic than climate , age. breed , or sex. 
During the period from the mid- 1 9 6 0s to mid- 1 970s . two major 
production shifts occurred in the cattle industry. First , 
cow-calf operations shifted from the western states to the 
southeast and herds decreased in size. second. the catt le 
feed ing industry shifted from the Corn Be lt to the Texas 
Panhandle and the surrounding High Plains and feedlots 
increased in size . These shifts have caused a third major 
change in the industry. an increased shipment and mixing of 
beef cattle . 

Figure 6 shows the change in fed cattle production 
between 1 9 68 and 1 978.  During this period. Texas increased 
the number of cattle fed by 2 , 573 , 000 head. while Iowa 
experienced a 1 , 2 1 9. 0 0 0  head reduction in fed cattle output. 
There has been a shift not only in the total number of 
cattle fed. but--probably more important in relation to the 
scabies proqr� -also in the types and the size of feeding 
operations. The average number of cattle marketed per 
feed lot in Iowa ( part of the traditional Corn Belt) was 9 8  
head i n  1 978 compared to 9 . 9 1 2  head in New Mexico (Figure 
7 ) . The number of feedlots having over 1 , 000 head capacity 
has rapidly increased since 1 962 whi le the number of 
feedlots with capacities o f  less than 1 . 0 0 0  head bas 
decreased (Figure 8) . 

Figure 9 dramatically illustrates the change in the 
beef-calf crop f rom 1 96 8  to 1 978.  As an example .  the cal f­
crop prodqction in Mi ssouri increased by 558, 000 head during 
this time. whi le New Mexico production decreased by 53 , 0 0 0  
head. Along with the shif t  in the location o f  cow-cal f  
herds, there has been a decrease i n  herd size.  In 1 9 7 4 ,  
about 9 percent o f  the beef cows in the western states and 
about 2 8  percent of the beef cows in the southwestern st ates 
were in herds of less than 5 0  head (U. s.  Bureau o f  the 
Census 1 978) . 

For the large feedlots to obtain the numbers of catt le 
needed. cattle must be concentrated and commingled from many 
sources .  Most of the cattle for the High Pla ins feedlots 
originate from small oow-calf farms in the southeastern 
states. In Georgia. for example. in 1 974 the farms selling 
calves averaqed only 22 head of calves sold (U. s .  Bureau of 
the Census 1 978) . Even if those calves moved directly from 
farm-of-birth to feedlot. it would require the calves from 
over 1 , 0 00 such farms to stock j ust one Texas feedlot . 
However. calves usually are passed through de alers and 
auctions where mixing and resorting occurs . The calves are 
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FIGURE 6 Olange in fed-cattle marketings, 1968 to 1978. 
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FIGURE 8 Fed-cattle marketings by size of feedlot. 
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then pastured or even passed through a preliminary or 
preconditioning feeding period prior to the f inal finishing 
phase. Thus, the animal s in a feedlot may have come from 
several thousand lots of cattle. It is very diff icult to 
trace cattle movements between states because many states do 
not keep records showing the origins of inshipments (out-of­
state shipments coming across their borders) . 

The seven ma jor cattle feeding states--Arizona, 
Cali fornia, Colorado , Iowa , Kansas , Nebraska ,  and Texas-­
receive a large number of cattle from other states 
(Table 9 ) . According to Dietrich ( 1 9 7 1 ) , the ma jor flow of 
feeder cattle is westward (Figure 1 0 ) . An example of these 
data for a speci fic state , Texas , is presented in Figure 1 �  
Eiqht southeastern states--Arkansas, Louisiana, Mississippi , 
Tennessee , Kentucky, Alabama , Georgi a ,  and Florida-• 
accounted for 52 percent of the 1 , 827, 00 0  head o f  cattle 
shipped into Texas during 1 9 77. Similarly, 93 percent of 
shipments from Texas went to seven High Plains or western 
state s--california, Arizona, New Mexico, Colorado, Nebraska, 
Kansa s, and Oklahoma . 

The number of outbreaks of psoroptic scabies has been 
hiqhest in the feedlot area having the greatest 
concentration and greatest introduction of new stock, the 
High Plains. Tbe lowest number of outbreaks , prior to tbe 
last 2 years, has been in the feedlot area having the 
smallest feedlots and least introduction of new stock, the 
corn Belt. A close correlation exists between the number of 
inshipments for a state area and the number of reported 
scabies outbreaks (Table 9 ) . 

The low number of outbreaks among dairy herds , noted 
previously, appears to be related to herd size and cattle 
movements. Dairy cows are kept in much smaller units and 
feed lots than are beef herds . Tbe majority of dairy cows in 
1 974 were in herds of less than 1 00 cows ; only 6 percent 
were in herds of over 50 0 head (U. s. Bureau of the Census 
1 978) . Except for southern California and southern 
Minnesota, the ma ;or dairy and feedlot areas generally do 
not overlap (Fiqure 1 2) . 

Fewer new animals are introduced into dairy areas. For 
example, in �i sconsin , the leading dairy state, only 
2 percent of the cattle in 1 977 had been shipped in from 
another state , while in Texa s ,  the l eading beef state, about 
1 4  percent of the cattle were shipped in ( Economics , 
Statistics, and cooperatives Service 1 978) . It is too early 
to tel l whether concentration of dairy cows in large herds 
near the growinq population centers in such Sun Belt states 
as Florida, Te xa s ,  Arizona, and California will allow 
scabies to qain a foothold in dairy herds . 
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TABLE 9 Inshipments for 1977 and Reported Outbreaks 

In ship-
Scabies OUtbreaks , By Yearsb mentsa cattle 

( 1 , 000 
State head) 1971 1972 1973 1974 1975 1976 1977 1978 1979 

Ala . 10 
Alaska 0 . 1  
Ariz . 857 2 1 
Ark . 7 
Calif.  1 , 500 7 4 3 20 
Colo . 2 , 540 5 4 3 4 1 5  . 81 30 
Conn . 6 
Del .  
Fla . 65 
Ga . 11 
Hawaii 1 
Idaho 249 1 2 
Ill . 800 1 2 
Ind . 186 1 
Iowa 3 , 000 7 2 2 1 2 1 1 21 20 
Kans . 2 , 960 9 5 4 8 5 8 32 18 

Ky .  140 
La. 10 
Maine 4 
Md. 10 
Mass . 7 
Mich. 89 
Minn . 732 4 
Miss . 20 
Mo .  40 
Mont . 115 
Nebr . 2 , 600 1 5 3 10 12 27 54 27 
Nev . 42 
N . H .  5 
N .J .  4 
N .Mex. 1 , 128 14 19 1 4 34 20 38 16 
N . Y .  17 
N . C . 6 
N .Dak . 77 
Ohio 260 

Okla. 1 , 82 3  1 2  1 1 14 7 19 13 8 
Oreg .  97 1 2 
Pa . 95 
R . I .  0 . 3  
S . C .  37 
S .Dak . 753 17 23 
Tenn . 35 
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TABLE 9 (Continued) 

Inship-
Scabies Outbreaks£ B;:t Year,/J ments4 cattle 

( 1 , 000 
State head) 1971 1972 1973 1974 1975 1976 1977 

Tex . 2 , 200 3 47 17 11 17 16 40 
Utah 50 
Vt. 19 
Va . 7 
Wash . 199 
w. va . 3 
Wis . 85 
Wyo . 3 20 1 

aMeat Animals , April 1978 , Crop Reporting Board , ESCS , USDA , 
bAPHIS , USDA 
cOctober 1978 through April 20 , 1979 . 
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1978 

30 
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12 

1979 

26 
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The Toua Anim-' Health Convniuion tabulates the heolth certificltn filed monthly with their offici. Thno tabulations include truck and rail movements out of 
and into Texa. Under Toxa 1-. all li-tock must haw a hlllth certific:ote unlou consigned to a state or federally tnspec:ted llau�t>tenng establishment or 
specifaly approved li-tock market. The United Stlles lnl!ll below lh- thl l!ltll sending end receiving cattle end cal¥81. 

O.tillltion of canle and cal¥81 shipped from Tuoo 
(truck end rail) on ht1lth certtficates as tobullted by 
Toua Animal Ht1lth Commiuion, 1978. ISrores 
,_;11inf lea then I ,000 hH<I not Jhown.} 

Origin of cattle and calves shipped tnto Texas (truck 

and rail) on health certificates as tabulated by Texas 

Animal Health Commission, 1978. (Starn sending 
lla men 1,000 lle.d nor Jhown.) 

OUTSHIPMENTS 1 1 ,000 HEAD l 

INSHIPMENTS ( 1 ,000 HEAD) 

SOURCE: Te .. Oepertment of. Agriculture end USDA 11979). 

F IGU RE 1 1  Movement of cattle and calves out of and into Texas on Health Certificates, 1978. 
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crowding and introduction of new stock are also 
associated with outbreaks of psoroptic cattle scabies in 
Germany, where , as in the united States, the disease is 
diagnosed in feedlots (Liebisch and Petrich 1 977) . 

It i s  of interest that 9 0  percent of the sheep scabies 
in the western states was attributed to mixing of sheep in 
"public buck herds. " i . e . , the practice during the 
nonbreeding season of forming a herd of rams from several 
floc ks (Babcock and Black 1 933) . sheep scabies eradication 
in the United states coincided with a marked decrease 1n t he 
sheep population (Meleney and Christy 1978) . 

PROBLEMS IN DETERMINI NG DISTIUBU'.l'ION AND TRANSMISSION 
OF fSOBOiii§ �12 

Data on the distribution and transmission of cattle 
scabies are limited by difficulties in diagnosis . Even 
tbouqh tens of millions of cattle are inspected annual ly for 
scabies, some case s  still occur in areas of intense 
inspection (APHI S 1 978) . There may be some unidentified 
qeoqraphic areas that are ma jor sources of the mite, but 
there is no need to resort to such an explanation . The 
disease is probably capable o f  maintaining itsel f in knowr1 
epidemic areas without periodic reintroduction. 

Even though cattle scabies is found in the areas o f  t.he 
United State s having large feedlot s ,  only about half o f  the 
con£ irmed outbreaks are found in feedlots .  According to 
data from APHI S ( 1 978) , in Fiscal Year 1 9 7 6 the outbreaks 
found in feedlot s constituted 48 percent of the total numl::e.r 
diagnosed, while 4 0  percent were found on farms and ranches 
and 1 2  percent were found in markets or dealers • facilities. 
some of the outbreaks were not discovered until the animals 
went to slauqhter. Of the cattle operations where scabies 
was diagnosed, about two-thirds had fewer than 1 . 000 head 
and one fourth had more than s. ooo head. The large 
operations are more apt to have dipping facilities readily 
available to keep the disease under control . Thus, the 
disease seems to be most prevalent in the geographic areas 
where larqe feed lots are found because of the mixinq and 
crowding of cattle at several points along the way from 
birth on a small or moderate sized farm or ranch, through 
marketing, pasturing , and fatteninq, and on to slaught� . 

Another point to consider in the scabies program is t.hat 
most of the' cattle shipped to the corn Belt are yearling 
cattle qoing directly into farm feedlots to finish growing. 
In the High Plains feeding a.rea. many of the lightweight 
southeastern cattle are first grazed on winter-wheat 
pastures or summer native-qrass pastures before going into 
the commercial feedlots. Al so, in the corn Belt. almost all 
the cattle are sent to slaughter at the end of the feeding 
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period . I f  there were any scabies in the lot , very few i f  
any o f  t he  cattle would survive to pass i t  on to the new 
qroups on the pa sture or in the feedlot. However , in the 
Southwest, there i s  continuous year- round feedin g .  

PROBLEMS I N  APPLYING EPIDEMIOLOGI CAL RNOWLEDGE 
TO THE ERADICATION OF THE DIS EAS E  

Epidemiology i s  concerned with collect ing in for,mat ion 
about distributi on, spread , and etiology o f  disease in a 
population. Thi s inf oEmation is the basi s  for programs to 
eradicate psoroptic scabie s in cattle by e ither eliminat ing 
or preventinq the spread of the mite s  that cause it. 
Although there i s  some pos sibility that E· SlllU can be 
transmitted by species of animaJ. s other than cattle or by 
inanimate ob 1ects such as tr ucks, it i s  probal::le that almost 
all of the spread is due to body contact with infested 
cattle . Eradication efforts are aimed at locating infested 
animals and then treating them to de stroy the mites . 

Differences among mite strains may account partial ly for 
the uncertainty in tracing the transmi ssion o f  s cabies among 
host s ,  the varying e ffectivenesses of acaricide& , the uneven 
distr ibution of the disease, the failures in treatment 
durinq latency i n  warm seasons , and-- thereby- -the failure to 
erad icate the di sease (Roberts and Meleney 1 9 7 1 ) . 

Logi stical constraints may prevent field inspection o f  
every lot of cattle from which an infested lot came or to 
which cattle were shi pped prior to diagnosis , but certain 
lots may have had more s uspic ious contacts ,  and e fforts 
should be concentrated on them. Millions of catt le come 
into contact , but only a few contacts res ult in s cabies 
transmission. 

one of the ma jor techniques for locating diseased cattle 
i s  to trace all cattle which have had contact with infested 
cattle . The capability to trace the movement s of catt le 
within the industry i s  critical to the succes s  o f  
eradicat ion programs. Hourriqan (APHIS , personal 
commun ication, 1 9 7 9) noted that in Fiscal Year 1 978 the 
source was i dent i f ied in only 6 1  percent of the 3 1 3 
diaqnose d outbreaks . The.re is an average delay o f  6 months 
between the time a herd becomes infested and the time the 
disea se is d iagno sed . One factor contributing to the 
diff ic ulty in tracing contacts i s  the large amount of cattle 
movement . Another factor i s  the incompleteness o f  cattle 
shipment record s . Individua l animal s usually are not 
identified and s ometimes even the name s of the seller and 
buyer are not recorded . A third factor is the lack of a 
centralized system for keeping records o f  cattle movements 
and contacts with scabby o r  suspicious cattle . T be  state or 
federal live stoc k-di sease regulatory o fficial s in each state 
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are re sponsible for noti fying their appropri ate counterparts 
in a l l  other sta tes that have received shi pments from 
infe sted herds. 

Re search should be undertaken to iq>rove methods of 
identify ing individual cattle and recording their movement 
throuqh farms, ranche s ,  and markets . Thi s research ef fort 
could be coordinated with similar one s in federal and state 
programs to control brucellosis , tuberculosis , and other 
disea ses in cattle. some possible approaches are ear tags , 
back stickers with machine-read barcodes , tattoos ,  and 
radioactive machine-read tags or sti ckers. Because the 
ideal of being able to identify al l cattle may not be 
achievable , re se arch to develop practical traceback methods 
that minimal ly disrupt the cattle ind ustry shoul d be 
emphas iz ed. 

Information and techno logy from all pertinent fields 
should be used to enhance the capabil ity o f  psoroptic 
scabies eradicat ion proqrams to trace the movements of 
cattle. Compute r hardware and software, for instance, 
should be used to test a lgorithms for cattle•movement data. 

A further problem may be suppres sion of the disease by 
inadequate treatment .  Th is ma y  result from use o f  sy stemic 
orqanophosphate compounds developed primarily to kill ot her 
pest s ,  i ncorrect application with an approved pest ic ide ,  or 
single treatment with an approved but not absolutely 
effective compound (Meleney and Chri sty 1 9 7 8 ) . 

scabies re searchers should use standard nomenclature , 
coDIDOn codes , and standard units o f  measure such as the 
Standard Nomenclature of Veterinary Di seases and Operations , 
Chemical Abstract Regi stry Numbers , and Internation al un its. 
The USDA should take the lead in a cooperative , multi­
organi zational e ffort to develop standard food codes . Basic 
statistical, data processing, ep idemiologi cal , and 
informational se rvices should be increased for s cabies 
research personnel as well as for al l biologi cal research 
personne l. 

The preparation of thi s report serves well as an examp le 
of how inadequate infomational services impede resear ch . 
The re searchers were hampered by the restricted hours of 
operat ion of the National Agricultural Library and by the 
diff iculty of obta ininq old literature and trans lations . To 
help rem ove those impediments ,  research and s urveillance 
data should be made machine readable and avai lable for 
exchange and use by all federal, state , and other 
researchers and to libraries in general .  sca�ies resear ch 
should be coordinated with other types of research in the 
USDA and in othe r organi zations wherever maximum efficiency 
will res ult. 
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� n  summary. the ma jor causes of the current United 
state s cattle scabies epidemic are the mix ing of cattle from 
many sources and the crowd ing of large nUIIlbers o f  catt�e 
into small areas as occurs in the feedlot industry. The 
eradication proqram i s  hampered by inadequate methods of 
diagnosi s .  treatment . and animal tracing. Further researcb 
should be done on the epidemiology o f  psoroptic cattle 
scabies. 
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PESTICIDES 

History 

About 1 895, sheepmen in several states tried to control 
the scabies mite ,  PaorODtc§ �. by repeatedly dippinq 
infe sted sbeep and all exposed flocks.. Dips canmonly used 
were lime-sulfur, nicotine , nicotine and sulfur, arsenic and 
sulfur, crude petroleum, c ze sol ,  and chloronaphtholeum 
(Gillette 1 897, Anonymous 1 90 3) . Ointments containinq 
sulfur mixed in various oi ls, turpentine, iodine or cresol 
(salmon and Stiles 1 89 8) were recommended for hand 

appl ication. All compounds killed adult and immature mites, 
but none had lonq-term residual property on the wool, hair , 
or s kin of treated animals. Only the cresol dips (carbolic 
acid) were believed to be injurious to the eqqs of paoroptic 
mites (Herms 1 9 1 5) . 

Cooperative state and federal proqrams were intensified 
in 1 9 05, their qoal beinq to eradicate the scabies mite on 
both sheep and cattle. Experience in these early years 
showed that, of all compounds tested , the beat ones were 
lime-sulfur and nicotine sulfate maintained at 9 5  to 1 0SOF 
in dippinq vats. T.bey were most effective when cattle were 
qiven two or more treatments 7 to 1 0  days apart ( Imes 1 9 18) . 
Spraying animals with these compounds was considered 
ineffective because of the difficulty of thorouqhly wettinq 
tbe wool, hair, and skin of sheep and cattle. Both 
compounds were recommended by Imes ( 1 927) and tested by 
Babcock and Black ( 1 933) for use in permanent. heated 
dippinq vats . The number . of cases of psoroptic sbeep and 
cattle scabies decreased throuqh the 1 930s and 1 9 40s despite 
all the difficulties with animal management, labor, and 
operation of hot dips (ADED 1 979 a,b) . 

Of the numerous chlorinated hydrocarbon insecticides 
registered for pest control followinq WOrld war I I ,  benzene 
hexachloride (BHC) , lindane (99 percent qamma isomer of 
BHC) , and toxaphene qave excellent control of psoroptic 
mite s. Kemper ( 1 948) found that dips of 0 . 56 percent, 1 
percent and 1 . 5  percent of 50 percent BHC wettable powder 
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(dip concentrati ons 0 . 03 3 percent , 0 . 0 6 percent. 0 . 0 9  
percent gamma BHC) eradi cated E· Q!ia on sheep by a s ingle 
d ipping. The ci rcumstance s were those of prol::able latent 
scabies. Downing ( 1 9 4 7) found that a single dipp ing in · 0 . 1 
percent BHC suspension ( 0 . 0 1 2 5 percent gamma BBC) protected 
shee p  for 8 to 1 2  weeks again st reinfestation . Kemper and 
Roberts ( 1 9 50) f ound that 0 . 0 6  percent gamma BHC apparently 
protected a shee p f lock for 3 to 4 months.. They found that 
either . 0. 03 percent or 0 . 0 6  percent lindane eradicated 
psoroptic scabie s in sheep by a single dipping . Roberts and 
Meleney ( 1 9 7 1 )  determined the period of protection against 
infe station by E· 2lCi§ to be :  o .  0 6  percent l indane, at 
least 1 2 1  days unshorn sheep , 7 2  days shorn sheep ; 0 . 5 
percent toxaphene , at least 1 49 days unshorn sheep. 43 days 
shorn sheep foll owing a single d ipping . Efficacy o f  0 . 5 
percent toxaphene and 0. 06 percent l indane for eradication 
of E· gx.i§ by a single dipping was proven by Meleney and 
Roberts ( 1 96 7) • The use of these insecti cides nearly 
eradicated psoroptic scabies . No cases o f  psoroptic cattle 
scabies were recorded in the United States during the per iod 
1 9 50 - 1 9 5 2 ,  and in the following years this cattle di seas e 
was restricted to small area s in the southwestern states 
(Graham and Hourrigan 1 9 7 7 ) . During the 1 9 60s, only 4 9  

herds we re confi rmed a s  having E· QXU• The majority of 
these were in the Texas and Oklahoma Panhandle region 
(Chri sty 1 9 7 8 ) . Certainly the use of BHC , lindane, and 

toxa phene dips played an important part in helping to reduce 
this disease in cattle. 

BHC and lindane were removed about 1 9 6 9  f rom the l ist of 
insecticides permitted to be used against psoropt ic mites , 
but not before the eradication of psoropti c sheep scabies. 
Only two cases in sheep were discovered in 1 9 67 compared to 
8 72 ca se s in 1 96 1 . Hourrigan ( 1 9 6 8) credited the succes s 
during these 6 years to the use o f  chlorinated hydrocarbon 
acaric ide& . No psoroptic sheep scabies was foWld dur ing an 
intensive 3-year surveillance, 1 9 7 0  through 1 9 73 , and this 
shee p  di sease wa s declared eradicated from the United st ates 
(Graham and Hour riqan 1 9 7 7 ) . 

By contrast , the 1 97 0 s  showed a serious increase in 
conf i rme d  ca ses of psoroptic cattle scabies , from 1 outbreak 
in 1 9 7 0  to 3 1 3 o utbreaks in 1 97 8 .  This cattle disease has 
increase d  during these y�ars not onl y in the united States 
but a l so in Germany and France ( Liebi sch et al . 1 9 7 8 , Ro ger 
1 9 7 5 ) . 

I n  the mid- 1 9 7 0s ,  two organophos phorus compounds were 
permitted to be used as treatments for psoroptic scabies : 
c oumaphos in 1 9 7 4  and phosmet in 1 97 5. These and other 
organophosphorus compoWld& have been extensively used in 
d ips ,  sprays, and dust applications because o f  their . w ide 
spectrum of control against ticks, mites , li ce. and fl ie s .  
Thei r sy stemic activity ha s  been particularly ef fective 
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against cattle grubs (JIX�DJA liDcltma and ll ·  mia) 
f ollowing dermal application by means of diluted dips or 
sprays or by highly concentrated formulations poured along 
the backline of cattle. 

The rece nt i ncrea ses in the incidence of psoroptic 
cattle scabies and the recent introduction of 
organophosphorus compounds for treatment o f  catt le scabies 
may have more than a coincidental re lationship. Meleney and 
Chri sty ( 1 9 7 8 )  relate the increase of scabies in the United 
State s to change s in the cattle feed ing industry in the 
southwestern sta tes. to the increased use of 
organophosphorus compounds that are "not as e ffective 
against scabie s mi tea as are lindane and toxpabene, •• and to 
the use of USDA-approved organophosphorus acariciaes which 
do not •eradicate mite s  on a single dipping. 11 Roger ( 1 9 7 5) 
claimed that the increase of cattle scabies in France was 
due to the use of organophosphorus compounds , which repl aced 
the organoch lorine insecticides , and to the introduction of 
more beef cattle into smaller grazing areas . Liebisch et 
al. ( 1 97 8 )  related the increase of cattle sca�ies in Germany 
to more cattle being managed on less acreage , greater use of 
indoor housing, inadequate feeding , more rotation of herds , 
and lower wages paid to farm staf f s  (resulting in less care 
of individua l animals) . 

one should not overlook the fact that lindane, by 
spec ial state exemptions , is sti l l  recommended for use 
agai nst scabies of livestock . For example , Coll ison ( 1 9 78)  
i n  Pennsylvania recommends the use of 0. 0 5  percent spray 
appl ied twice at a 1 4-day interval to protect sheep and 
goats from �bgdgptes QQBI• Drazek ( 1 9 7 5)  in New York 
recommends the use of o .. 06 percent sprays to control 
psoroptic and sarcoptic scabies on livestock, including beef 
and non- lactat ing dairy cattle . 

CURRENT ACARICIDES PERMITTED FOR USE 
IN THE ERADICATION PROGRAM 

A summary of the four currently registered compounds. for 
use against psoroptic scabies on live stock is shown in Ta�le 
1 0 . Lime-sulfur has been retained because it is the only 
acari cide pe rmitted for use on lactating dairy cows and 
qoats.  It must be used in a heated formulation ( 9 0  to 1 0 50 
F) . The other three approved acaricides-- coumaphos , 
phosmet, and toxaphene--are cold formulations , although a 
speci fic temperature range of 40 to 8 0 0  F i s  recoanended for 
toxaphene . Guidelines for the use of these compounds are 
contained in Veterinary services Memoranda 5 5 6 . 1 ;  · 
Supplements 2 , 3 , 6 ,  and 8 ;  APHIS/ 1 9 7 2  through 1 97 6 ,  which are 
presented in abstract form in Appendix F .  
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TABLE 10 CUrrently Registered and Approved Chemicals for Treatment of Psoroptic Cattle Scabies 

Days from Last 
Chemical Treatment to 
(registered Mixing Methods Slauqhter (S)  Frequency of 

name) Fo.rmulation Concentration (concentrationl or Lactation (L) Tolerance <,ee> Treatment 

CoUIDilphos Wettable 25\ 10 lb/100 gal 0 (S)  1 - meat, fat 2 times , 10-1• 
(Co-Ral ® >  powder water ( 0 . 30\ ) 0 . 5  - milk days apari , 

Do not use on all herds 
lactating cows 
or on animals 
wi thin 14 days 
of freshening 

Lble-Sulfur Powders Flowers of 24 lb/100 gal Safe chemical 2 times , 10-14 
sulfur water days apart , 

all herds 
Unslaked lime 12 lb/100 gal 0 (S) 

water (2 . 3\)  0 (L) 
Solution Lble-Sulfur 1 gal/15 gal 

water, dip 
telllperature 
at 95-105CT 

Pbosmet Elaul.sifiable ll . 6\ 1 gal/60 gal 21 (S) 0 . 2  - •at , fat 2 times , 7-10 (Prolate ®) solution water ( 0 . 21\) days apart , plus 10 lb Do not u•e on all herds triple super dairy stock phosphate/ 
100 gal water 

Toxaphene Elaul.sifiable 61\ 3 qts/100 gal 28 (S)  7 - fat 2 times , 10-14 
solution water ( 0 . 55\) Do not use on days apart, 

dairy stock (once for 
exposed herds ) 

lAll herds include those found with typical symptoms of scabies and positive for mites , and those herds exposed to such 
positive herds . 
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Field personne l working in the Eradication Program have 
suggested useful additions to the published guidelines . lor 
example. their e xperience baa shown that vat dips cover 
cattle more thoroughly and are leas laborious than spray- dip 
macbinea. Alao. providing a large tub of clean water and 
aoap for emergency waahing by persona who accidentally are 
apla ahed with the acaricide ia an extra sa fety factor worth 
consi deration. 

Althouqh por�le kits for testi ng the dips for the 
proper concentration of the acaric ide are available for 
coumaphos. pboamet. and toxaphene . federal regulatory staff 
(APHIS) have not permitted their use because of 

discrepancies found in critical anal ysis. current studies 
on the se kits are proceeding at the National Animal Disease 
Laboratory at Ame s .  Iowa .  Early results are expected to 
help place these kits in the bands of commercial operators. 

Toxicity of Permitted Acaricides 

Data on the toxicity of the four registered acaricides 
currently used a gainst scabies are presented in Table 1 1 .  
Buck et al. ( 1 976)  tabulated these data from extensive 
reviews by Radeleff ( 1 970) on the toxicological effects of 
pesticides on animals. 

All chemical compounds classed as acaricides and used 
against scabies are poisonous to both animals and man . 
Poisoninq in animals is usually the result of accidents .  
careless use . or improper concentration and mixing. There 
is little danger to animal s or man if these acaricides are 
handled carefully and correctly (Buck et al. 1 97 6 ) . 

Perhaps the safest compounds--certainly the oldest-- are 
the fungicide-insecticides .  sulfur and lime-sulfur. An oral 
dose of about 25 0 mq/kg body weight of lime-sulfur is 
required to poison cattle. This minimum toxi c dose provides 
a wide margin of safety for lime- sul f ur  used at the 
concentration of 2 percent sulfide sulfur .  Clinical signs 
of toxic ity in cattle include erythema , pruritis . colic, 
purgation, and dark-colored mucous membranes . 

Toxaphene , in use for 29 years ( 1 9 50 to the present) , is 
one of the oldest and most commonly used chlorinated 
hydrocarbon insecticide against pests and parasites of crops 
and livestock. The minimum toxic oral dose for cattle is 3 5  
mg/kg. The minimum toxic concentration following a single 
dermal application is about 0. 75 percent for calves and 
about 4 percent for mature cattle (Radele ff et al . 1 9 5 5) . 
Clinical siqns of neurotoxicity following treatment include 
excessive salivation and vomiting, hyperexcitability 
(tremors , shiver ing) • and muscular spasms of the legs and 

back leading to titanic contraction of all musclea. 
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TABLE 11 Toxicity of Acaricides to Livestoc� 

Oral De:rmal 

Chemical 

Coumaphos 
(Co-Ral@ )  
(Asuntol0 ) 
(Muscatox 0> 

Phosmet 
Imi.dan0 
Prolate ® 
(GX-118 0) 

Sulfur 

Toxaphene 

Maximum Minimum 
Nontoxic Toxic 
Dose Tested Dose Found 

Species (age ) (mg/kg bod_y �._1_2 (�/kg })ody wt . ) 3 

Calves ( 3  mos . )  
Cattle (adult) 
Sheep (adult) 
Goats (adult) 
Horses (adult) 
Swine (adult) 

Calves ( 1-2 weeks) 
Cattle (adult) 
Sheep ( adult) 
Goats (adult) 

Cattle (adult) 

Calves (2 wks . )  
Cattle (adult ) 
Sheep (adult) 

20 
20 

10 

1 

25 
8 

25 ( severe) 

25 
25 
so 

250 
5 

35 
25 

1oata adapted primarily from Radeleff (1970) 
2Maximum single dose that did not produce a toxic effect . 
3Minimum single dose that caused minimal toxic effects . 

Maximum 
Nontoxic 
Dose Tested 

0. 25' 
0. 50\ 
0 . 25\ 
0. 25\ 
0. 50\ 
0 . 50\ 

0. 50\ 

Minimum 
Toxic 
Dose Found 

0 . 5\ 
1 . 0\ 
0 . 5\ 
0 . 5\ 

1 . 0\ 
0 . 5\ 
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C oumaphos and phosmet are classed as organophosphorus 
insecticides. The se insecticides share the common 
characteri stic of inhibiti ng acetylcholinesterase ,  an enzyme 
present at choli nergic nerve endings and i n  red blood cells. 
Coumaphos and phosmet have similar minimum toxic dosages for 
cattle--25 mg/kq for oral do sages and 1 percent for dermal 
dosages. The minimum dermal toxic dose for 3-month-old 
calves is 0. 5 pe rcent for coumaphos. Similar data are 
lacking for phosmet. Animal s poi soned by either one o f  
these organophosphorus compounds may show similar clinical 
signs of toxicity : excessive salivation, dyspnea , 
depres sion, diarrhea , and ataxia . 

Symptoms of acute poison ing in cattle exposed to 
treatment with any of these four acaricides usually appear 
within 6 to 1 2  hours after treatment , but cas es are on 
record in which cl inical signs have appeared within a few 
minute s or not unti l 3 0 hours after treatment . O f  
addit ional conce rn ma y  be th e  appearance o f  s ide effects in 
cattle followi ng treatments with coumaphos or phosmet . 
These compounds are systemically act ive and kill the 
migratory larval stages of cattle grubs (H��m� species ) . 
which may occur i n  dense numbers in the esophagus or in the 
spinal canal dur ing fall . winter . and early spring--the 
time s when cattle are like ly to be treated for psoroptic 
s cabies .  The death of the se  grubs causes symptoms s imilar 
to those of acaricide poisoning. It is nece ssary , 
there fore , to di agnose whether symptoms result from 
acaricide poisoni ng or from the death of cattle grubs . 

Application Equipment 

Instructions for using permitted acari cides in 
appl ication equi pment , chiefly vat dips and spray-dip 
machines. and for di sposing of unused pestici des are ful ly 
covered in Veterinary services Memoranda 5 5 6 . 1 and 55 6 . 5 
(APHI S 1 9 72 to 1 976) . Abstracts of these instructions are 

qiven in Appendi x G. 

An average o f  6 0 0  or more animal s per day can be tre ated 
in a vat dip 33 feet long if it is wel l  managed and has 
suff ic ient personnel to ensure a steady flow of cattle 
through the chute and vat into the drain pens and holding 
corrals. 

The Hydra sie ve machine ( Sweeten , personal communicat ion) 
offers some promi se for more economical and e f fective us e of 
acaricides in di pping vats . It should be investi gated 
further. 

Portable d ipp inq vats , not descr ibed by APHIS ( 1 9 7 2  to 
1 9 76 ) . are also availabl e .  They usually consist of a n  all­
metal tank of from 2 , 500 to 3 , 00 0  gal lon capacity mounted on 
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a 30- �o 3 5- foot long trai ler . The va�s have metal entry 
and ex i� ramps tha� adjust �o �e ground level when the 
trai ler i s  backed in�o position be fore a working chute . A 
slllill l drain area is provided at �e exit end of the vat , but 
it i s  too sma ll to provi de sufficient drain-time . When an 
average of 8 0 0  head per day are pushed through a vat o f  this 
type . �e cattle in �e drain area have to leave to make 
room for newcome rs , even thouqh �e di p has not entire ly 
drained of f them . Excess splashout o f  dip o ften occurs from 
over f il ling the va� ( recommended wor k line is between 1 , 800 
to 2 , 6 0 0  gal lon �evels) and delays c aused by smal� calves 
( up to 5 0 0  lbs) turning around at �e exit end o f  the vat 

are also prob lems faced in operating this equipnent . 

several manufacturers have designed st a�ionary , .  
hydraulic-cage d ip va�s �at allow single- animal dipping . 
The entire machine is hydraulically operated .  including the 
entry and exit gates . The uni� cons isu of a movable metal 
cage about 7 x 3 x 5 fee� high which is lowered into a 
s light ly oversized metal or cement vat about 7 feet deep . 
The vat capacity raoges from 9 0 0  to 1 . 20 0  gal lons , depending 
on manufac�urer • s specif ica�ions . The entire unit ( cage and 
vat) is commonly f ixed in a position at the end o f  a wor king 
chute (with squeeze) on feedlot operations . cemen�- l ined 
drain pens simi lar to those used for va�- dips are provided 
in order to recover the dip carried out by the cattle. 
Hickman ( 1 9 0 2 )  i llustrated this devi ce in a simpl e ,  manu ally 
operated form. 

Portable tra iler model s  are al so avai l able and usual ly 
cons i st of a tank 1 0  x 3 x 6 1 /2 feet deep and holding 1 ,  200 
qa llons ( 1 8 . 1 8  qal/incb of depth) . A reserve tank o f  50 0 
qallons f or .  recharge is o ften incl uded.. The trai ler vat- dip 
is s imi lar to the portable va� dip except �at · a  sl igh�ly 
lonqer animal drip-space i s  avai labl e .  Modi f ica� ions made 
to a uni t of thi s type in ca lifornia included subs�itution 
of a Wi sconsin a ir-cooled engine for the 4-cylinder Ford 
moto r to ensure better per formance and the reali gnmen� and 
placemen� of hyd raulic hoses to provide more safety for the 
operator s. 

Individual animals are commonly dippe d  once for a period 
of 3 seconds and then immediately re leased . some operat ions 
re� in 'the anima l in the cage for a few addi� ional seconds 
to e nsure collec tion of cleaner "drippings " than those that 
retu rn from the drain pens. Descript ion s  and instruct ions 
on the use o f  th i s  equipmen� are not included in Ve�er inary 
services Memoranda (APHIS 1 9 72 �o 1 9 76) . 

Zn contra &� to dipping va�s are the spray-di p machines 
designed for ope ration by the cattleman managing a small 
herd . Portable machines o f  this type are readily 
tran sferred from ranch to ranch and can be ad justed to fit 
exis�inq cattle working chutes. An average o f  2 5 0  animals 
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per day can be treated by an experienced crew operating a 
high-performance spray-dip machine. The number o f  treated 
cattle above and below thi s average usually reflects 
inadequate treatment or de ficiencies in the operation and 
repa ir of the machine . 

Tbe Brookata Spray Gate or similarly des igned equipment 
is sometimes used for treatment of cattle scabies , but this 
is not a permitted use for eradication purposes. Originally 
designed for quick application of material for fly and louse 
control , this eq uipment consists of a circular metal tube 
f itted with numerous spray nozzles along the inside 
circumfereuce and placed in a vertical position at the end 
of tbe chute. A gas or electric engine powers a high­
p�ssu� pump that forces the dip solution out o f  the spray 
nozz les. Animal s. driven down tbe chute. jump through the 
spray gate ( so•times called a hoop. ring , or col lar) , 
thereby receiving not more than a 1- second exposure . The 
experiences of responsible f ield personnel operating this 
equipment bave shown such devices to be ineffective for 
louse control and rarely e ffective for f ly control . Thus , 
they are unlikely to be of any value against scabies . 

The Mapes Mist Fogger being tested by Clymer (Pest 
consultants. Inc . , Amarillo, Texas . personal COIIUIIunication , 
1 9 79 )  may offer a more suitable type of spray equipment for 
small or large operations and could be modified for portable 
use. Ba sically, this unit consi sts of a four-sided metal 
spray-race 1 0  x 3 1 /2 x 6 feet and equipped with side , top. 
and bottom nozzles and solid entry and exit gates . Power , 
pump , and tank accessories are similar to those used on 
spray-dip machines. In 1 9 78 this unit was pretested by 
using a dye solution to determine animal coverage . 
Modif ications to. and changes in ,  some of the equipment are 

planned in order to further test thi s unit in 1 9 7 9. 

Perhaps beca use there are such varied means of treating 
cattle for psoroptic scabies , or perhaps because of 
inef fective education about tbe different methods , there is 
confus ion a1110nq cattlemen and veterinari ans about which 
method i s  best and bow to use each method proper�y._ A 
typi cal question about vat-dipping i s : 11Why is it · necessary 
to submerge the head of each animal ? "  cattlemen normally 
see active scabies only o� the back. loin,  and elsewhere but 
on the head. They do not know that mites may live on the 
heads of animals . so they do not understand that complete 
iaaersion of the animal is mandatory to ensure total 
coveraqe and ultimate control of mites . 

Recommendations by APHIS ( 1 9 7 2  to 1 9 7 6 )  refer to 1 -
minute treatment for each animal , especial ly ty the spray­
dip machine , so. cattlemen ask, bow can we achieve total 
control by vat-dipping in which animal s spend less than 1 0  
to 1 5  seconds. a t  best. in the dip? This i s  a grey- line 
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i s sue and specif ic answers are dif ficult to give , 
cons idering the difference s in the time required by catt le 
to swim through vats of different lengths . some of the 
lonqest vats , measuring from 50 to 60 feet . are located at 
inspection stati ons at the border between the United States 
and Mexico. Mature , healthy animals can swim the 6 0 feet in 
less than 30 seconds and are not exposed for the 1-minute 
time a s  recommended . Re1atively few vats o f  this s iz e  are 
c onstructed on feedlots so the vast ma jority of catt le 
treated in this manner receive insuf f icient treatment . 
Other than the data reported by Meleney and Roberts ( 1 9 7 9 a) 
about the 11quick cage-vat dips11 with coumaphos ,  there are no 
comparative time-tests that show dif ferences in the efficacy 
of d i f ferent lengths of time spent in vats . 

one of the most frequent problems associ ated with vat 
dips , spray-di p  machines. an d  cage-vat dips i s  the disposal 
of the ir content s following a season of use. Each state 
dete rmines where and how to dispose o f  thi s  l iqui d  waste . 
Many states work in cooperation with their local water 
Qual i ty control Boards to approve des ignated dyked-ground 
areas (evaporati ve ponds) or Class I dump sites for 
receiving th is l iquid waste. More commonly, however , vat 
contents are di scharged to the ground- surf ace area (catt le 
pen. ad j acent fie ld) where there is least chance for it to 
contaminate the underground water supply or to run o f f  into 
mult iuse water channels. 

Regarding spray-dip machines , the most frequently as ked 
question is "what is the real efficacy of the spray- dip 
ma chine? " Other often-asked questions are : 11Is the one­
minute stand in the spray-box absolutely necessary and can 
the t ime be reduced? "  (After all , vat-dip animals get 
shorter expo sure . )  "Are new or different spray nozz les 
avai lable to he lp avoid clogging?" 11What il the correct 
pres sure for machine operation?" 11Has anyone worked on a 
modi fied machine to incl ude a front-end drain box in which 
the animal can stand while another is being sprayed? " (To 
he lp reduce mate rial los s) . Such common ques tions about the 
basi c aspects of treating cattle for scabi es mites indicate 
that one reason for the current failure of programs to 
eradi cate psoroptic cattle scabies is that cattlemen do not 
know which method is best or bow to use the methods 
proper ly .  

I n  summary ,  many veterinarians and cattlemen do not 
favor the use of the spray-dip machine but agree that , for 
the small ope rator, this equipment i s  most economical and 
would be most practical if it could be made e ffective. 
Current de si gns are inef fective. Tobin ( personal · 
commun ication, 1 978)  mentioned that o f  8 2  cases o f  cattle 
scabies treated in Colorado durinq 1 9 7 7  and 1 978 , most were 
treated in spray-boxe s and 9 of those herds broke out with 
scabies again de spite being offic ial ly tre ate d twice . Also 
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in Colorado. Cof fman (personal communication , 1 97 8) believes 
that the use of spray-dips is "but a very feeble effort to 
qive absolute and total coverage of the animals which is so 
nece ssary. • He recommends that spray�dip machines "not be 
recognized for use on cattle destined for interstate 
shipment and that intrastate use of them should be sharply 
discounted. •  Jones (personal communication, 1 97 9 )  stated 
that spray-dip machines are not accepted or approved for use 
in the State of Texas. 

STATUS OF RESEARCH ON OTHER ACABICIDES 
AND FORMULATIONS 

Numerous investigators have studied potential acaricide& 
derived chiefly from the development of organophosphorus and 
other compounds which have shown a wide spectrum of activity 
against arthropod pe sts of livestock and poultry. some 
studies have iDCluded compari son of the effectiveness of the 
new acaricide& with that of those materials already in use 
against psoroptic scabies. Unfortunately, however, most 
studies have been conducted on sheep or on the effectiveness 
of coapounds aqainst sarcoot§l and kll2,i2Qt§§ mites. The 
extrapolation of these data may not be valid for reference 
to psoroptic cattle scabies. FUll chemical names of 
experimental compounds may be found in Appendix H. 

Early work in 1 9 6 0  on crotoxypbos showed that 2 
treatments of 0 . 03 percent at dosages of 2 to 3 gallons per 
animal were effective for the control of �ismtu Q2n• on 
dairy cows (Matthysse and Marshall 1 9 63) . In later trials , 
Matthysse et al. ( 1 967) obtained 1 00 percent control of � 
�- by two mist-spray treatments of crotoxyphos at 8 
ounces per cow and by one treatment of 2 percent 
trichlor fon. Matthysse et al. ( 1 9 75) , by a l aboratory test, 
found crotoxyphos to be much more toxic than 22 other 
acaricide& to the chorioptic scabies mite of cattle . LCs o 
for crotoxyphos was 7 X 1 0-15,  toxaphene 1 X 1 O-� ,  lindane 7 
x 10- � ,  and coumaphos 1 x 1 o-2 .  Wright and Riner ( 1979)  
reported pre liminary laboratory toxicity results with i· 
WI from sheep and i· cun�\IJ.i from rabbits . Crotoxyphos 
and toxaphene we re much more effective than 9 other 
acaricide& tested, including coumaphos and phosmet. 

Dr. Stendel of Bayer Fabriken (Germany) has been 
conducting in n� laboratory toxicity tests on i· QXJ&, E · 
cuni�uli, and �- b9yis. Dr. Howell of the Veterinary 
Institute of south Africa has been using i· ��Wi• Mr . 
Matthewson of wellcome Research Laboratories has been us ing 
f· 2Y:U· No results have been reported from any of these .ill 
�2 experiments (Barnett e t  al . 1 9 7 5 ,  Stendel 1 97 5) . 

Tests aqainst fiQ.ropt§s CVQi�liJJ. , the ear mange mite of 
rabbits, showed that a o. 1-percent emulsion of crotoxyphos 
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or a 0 . 2 5-percen t solution o f  stirofos was 1 0 0 percent 
e f fective . A 1 - percent stirofos wettable- powder suspens ion 
spray wa s needed to obtain complete e f fect ivenes s (Pandy 
1 9 7 2 ) . In France, tbe study by Durez and Hargot ( 1 9 7 7 )  
showed t ha t  0 . 1 2 5  percent crotoxyphos high-pressure sprays 
applied twice wo uld control psoropti c cattle scabies . These 
results we re  comparable to their s ingle sprays of 0 . 0 6 
percent lindane . 

Meleney and Roberts ( 1 9 6 7 )  reported failure to control 
f· Qxi§ on sheep with a dip containing 0 . 1 �percent 
crotoxyphos emul sion. However , in a subsequent exper iment 
Roberts and Me le ney ( 1 97 1 )  showed that the compounds giving 
the longest protection against infestation with i• 2Xi§ on 
unshorn sheep wexe ( in descending order) : o. 1 percent 
crotoxyphos, 0 . 5 percent toxaphene , 0 . 0 6 percent diaz inon , 
and 0 . 0 6  percent lindane . The results for shorn sheep were: 
0 . 06 percent lindane , 0 . 3 percent crotoxyphos , 0 . 06 percent 
d iaz inon, and 0. 5 percent toxaphene. crotoxypho s bas been 
recolDIIlended by Lyon and Treece ( 1 9 7 0 )  in Ohio and by 
Coll i son ( 1 9 78) in Pennsylvania as a 0 . 2 5 per cent spray 
aqainst ChoriQotU !22Jli§ on dairy and .beef cattle .  

It i s  surpri sinq that no further studies have been made 
on stirofos or, in the United States , on higher 
concentrations of crotoxypho s. These organophos phorus 
compounds have broad spectra of activity on ectoparasite& 
and of fer minimum re sidue and animal toxi c ity haz ard .  
Currently, several formulations are registered for use on 
near ly all c lasses of live stock. 

Single-dip te sts against i• 2!1§ on sheep were conducted 
by Meleney and Roberts ( 1 9 67 )  who used one or more 
concentration s  of organophosphorus compounds for comparison 
with toxaphene and a col d dip of l ime-sul f ur . success fu l  
control of psoroptic scabies was obtained with 0 . 375 per cent 
couma phos ,  0 . 06 percent diaz inon ,  and 0. 5 per cent tox aphene . 
Failure s  resulted with 0 . 1 percent crotoxypbos ;  0 . 1 percent , 
0 . 25 percent and 0 . 4 percent coumaphos ; 0 . 2 percent 
fenthion ; 0 . 2 5  percent and 0 . 5 percent fench lorfos , and 1 . 7 5  
percent lime-sul f ur. Two explanations for the 
inconsi stenc ie s of coumaphos seem plausible :  ( 1 ) The 
compound used in the 1 96 4  and 1 9 6 5  tests was more toxic to 
mite s than that used in 1 9 63 and 1 9 6 4  .becaus e the toxic 
properties of some insecticides may incre ase after stora ge 
of a year or more (Meleney and Peterson 1 9 6 4 ) ( 2 )  The hybrid 
mite s used in 1 9 6 3 and 1 9 6 4  may have had more vi gor and 
hardines s than the hiqhly inbred strain used in 1 96 4  and 
1 965 . The latte r explanation may .be val id since Stri ckl and 
and Gerr ish ( 1 9 6 6) reported successf ul control o f ' i· 2Xil on 
sheep dipped once in 0 . 2 1  percent and 0. 2 5  percent 
suspensions of c oumaphos . The unexplaine d f ailure o f  1 . 7 5  
percent cold lime- sulfur in the above tests stand s out , 
particularly in the light of the succe ss that Keast ( 1 9 4 5) 
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had in controlling Psorergates 2!1§ and Diamant ( 1 96 5) had 
in controlling f· 2!1§, the former using cold lime-sulfur in 
a 1- percent single dip and the latter using a 2-percent 
double d ip. 

Meleney and Roberts ( 1 979a) conducte d additional tests 
in which spray-dip machines and caqe-vats containing 
numerous acaricides, inc ludi ng crufomate , malathion, and SD-
1 4 1 1 4 , were used against f· 2!i§ infested cattle from 1 9 7 3  
t o  1 9 7 5 .  These compounds were ineff ective at all 
concentrations ( 0 . 0 2 5  percent to 0 . 6  percent) te sted . A 
fourth compound , cyhexatin, was inef fective when used in the 
spray-dip method , but proved success ful following a single 
dippinq of cattle in a vat containing 0. 2-percent 
conc entration . These investigators also reported on 
susceptibility tests made on three currently registered 
acari cides : they reported complete success with cattle 
treated once with 0 . 5  percent toxaphene in vat or spray-dip 
treatment s ;  i ne f fectiveness with cattle treated with three 
sin�le and four double vat-dip treatments in a 0 . 25 pe rcent 
coumaphos ;  succe ssful mite control f rom one double dip test 
in which a polysaccharide wetting agent (Floxine� was added 
to t he dip ;  and , as expected , 2 dips were necessary to 
control mites with 0 .  2 5  percent phosmet. 

The new liquid formulation of 1 6  percent coumaphos used 
in Europe was reported by Liebisch et al . ( 1 978) to be 
e f fective against chorioptic and psoroptic mites on cattle , 
but only a fter hand re spraying o f  1-percent emul sions after 
a 7- day interval . These workers , however, f ound it 
nece ssary to remove the soabs from severe cases before 
sprayinq because the emu lsion wa s unable to penetrate the 
thick crusts. 

Strickland et al . ( 1 9 7 0) found chlorpyri fos to be 
effective against f. 2Xl! in dip-vat tests on sheep. Their 
result s indicated that a s ingle 0 . 2-percent dip made f rom 
emul s ifiable concentrate was preferred over the wettable­
powder formulati on because of le ss stripping and los s in 
concentration. Although intoxication from the solvent 
occurred in sheep initially expo sed to the newly prepared 
emul sion dip, their dermal toxicity tests indicated a wide 
marqin of safety , up to 3 percent in emulsions sprayed onto 
sheep and swine and 1 . 4  pe rcent in emulsions sprayed onto 
cattle . Loomi s  et al . ( 1 9 7 6 )  reported no siqns o f  acute 
toxicity to sheep given less than 1 0 0  mq/kg o f  chlorpyri fos 
in pour-on formulations for louse control on calves in New 
Zealand. Chlorpyrifos ha s been regi stered in the united 
States for manv years as a mosquito larvicide and as a 
qround treatment (4 lbs active ingredient/acre) against 
turkey chiggers . MacLean ( 1 978 personal communication) has 
report ed that seven states have approved the use of 
chlorpyrifos as a high-concentrate , low-volume, pour-on 
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formulation for control of biting and sucking li ce on beef 
catt le .  

Reviews o f  inVe stigations in Rus sia on the u s e  of . 
organophosphorus compounds yielded little new information 
except for the study by I l 1 yashchenko ( 1 9 7 1 )  in which he 
found dips of 1 percent dicresyl N-methylcarbamate ( 3  
methylphenyl methylcarbamate) or 3 percent colloidal sul fur 
to be more effective than 1 . 5 percent fenchlorfos against i• 
g!i§ on cattle . Similarly . an organophosphorus designated 
a s " I P0- 62 "  (a 2 -bromate diethyl phosphate compound) and 
chlorfenvinphos were used in 0. 0 5- percent dips to treat 
sheep twice within 7 to 1 0  days, achieving control of 
��� ���i§i ( Patyk 1 97 4 ) . In a later study , Patyk 
( 1 9 7 5) reported the effectivenes s of 0 . 0 5  percent 
fenchlorfos agai nst �· �abi�i . i• gxi§, and �'iqptcl 
��· Thi s report is of doubtf ul accuracy cons idering the 
extreme ly low concentration when compared with data from 
other investigators (I l • yashchenko 1 9 7 1 ,  Meleney and Roberts 
1 9 67 ) who had poor mite control with fenchlor fos at 
concentrations of 0 . 5 to 1 . 7 5  percent . 

In Germany • several new compound s have been studied for 
the control of cattle scabies. Gothe ( 1 9 7 6) reported on the 
succe ss ful s i ngle spraying of 11Ektomin11 ( chloromebuform) for 
the cont rol of �hg,ioptes �Iii on c attle , but only after 
each animal had received 1 0  liters ( 2  11' 2 gal lons) of a 0 .• 1 
percent emul sion. Stende l· ( 1 9 7 5 )  showed that phoxim was 
effective agains t· i· � at one- third the concentration 
( 3 00 ppm) of that of coumaphos--but only after two dippings 

of infested shee p and cattle--and that oxythioquinox , 
quintiofos, and trichorfon were inef fective. 

Amitraz , a tri azapentadiene compound , was reported by 
Grif f iths ( 1 975) to be e f fective against §�2Pt�l �AQili 
o f  swine f ollowi ng a single d ipping at 0 . 1 percent or two 
di ps at 0. 0 5  percent . No other publ i shed info�ation could 
be found for thi s compound , but Braithwaite ( 1 9 7 9  personal 
communication) reported that 0. 0 5  percent Alllitraz is now 
regi stered for use aqain st psoroptic sheep and choriopti c 
cattle scabies in Argentina. He also reported that in 
Argentina provis ional regi stration is under way on the 
synthetic pyretbroid , pe rmetbrin, at 0 . 0 5 per cent in a 
s ing le dip for e f fective . contml of i· Q:fil on sheep. 
Meleney and Robe rts ( 1 97 9b) have experimental data whi ch 
show that pe rmethrin at 0 . 0 5  percent in a single dip and 
0 . 03 perc ent in a double dip afforded 1 0 0- percent control of 
psoropti c cattle scabies . 

Meerman ( 1 97 8 )  tested ill vitr2 o • o 7 to o .. 1 percent BHC ,  
0 . 0 5  percent coumaphos , 0 . 0 2 5  percent diaz inon , 0 . 0 5  percent 
phox i m  and 0 . 0 2 5  percent cyhexatin against i• 21!1 f�om 
sheep . Cyhe xatin, phoxim, and diazinon were best on moi st 
b lotting paper ; BHC and cyhe xatin were best on subsequently 
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dried paper. BBC and pboxim exhibited best vapor toxicity . 
Formulations of o. OS percent and 0 . 1 percent coumaphos were 
effective in small-scale 1g !i!g tests on sheep. In large• 
scale tests (over · 7, 600 sheep) , 0. 1 percent coumaphos failed 
to give complete control despite two applications. A 
formulation of 0 . 1 percent phoxim did eradicate f· gxiJ by 
two applications on 384 sheep. 

Preliminary experiments with pirimaphos ethyl and 
"Avermectin" MK932 (Merck, Sharp and Dohme) indi cated some 
e ffectiveness aqainst f· g�i§ on cattle but results were 
inconclusive (W. P. Meleney , personal communication, 1 979) . 
Meleney also noted toxicity of several candidate secondary 
and tertiary ami ne& to f• Cuniculi iD n�� and that 
approximately 1 0  0 chemicals have been evaluated in their 
laboratory by in yitro screening with fiQI:smtU �Siill or 
f· gill. 

oral administration of the animal systemic insecticides 
incorporated into salt, feed , or mineral supplements have 
shown effectiveness against cattle grubs (�gg� 
species) , born f lies (HaematoQlA �itJD§) , and sucking and 
biting lice. Few investigations. however, have been made in 
which this route of application was used against f· Q!ia. 
Beesley ( 1 963) could not control f· g!i§ on sheep given 
single drenches of fenchlorfos and trichlorfon at 1 0 0  mg/kg 
and SO mq/kq, re spectively . Sheep given trichlorfon at SO 
mg/kq showed toxic symptoms, and death occurred at 300 
mq/kq. Ronne l qiven orally to sheep as an anthelmintic by 
Soutbcott ( 1 9 6 1 )  resulted in acute toxicity at 1 00 mq/kq and 
in death at 220 mq/kg. Roberts and Meleney ( 1 96 9) found 
that the organophosphorus animal systemic, famphur, was 
ineffective aqainst f· 2X1§ infestations when fed at the 
rate of S mq/kq to cattle and sheep. Nevertheless, there is 
promise for deve lopment of newer systemic compounds and 
simple application methods such as intramuscular injection. 

The newer formulation techniques , such as use of 
polymeric extenders, should be studied for prolonging 
residual activity and vapor toxicity (cardarelli 1976, Scher 
1 977) . 

Miscel�aneous compounds 

various concentrates known as creolins and made from tar 
oils (wood-tar, coal, peat) were "activated" with BHC by 
Tsitsin and Cherkaskii ( 1 9SS)  to kill all stages , including 
the eqqs, of f· 2Xi§ on sheep treated once in a 0. 2S-percent 
dip. They considered this to be 11the basic remedy for the 
elimination of mange in sheep. " Many other Russian authors , 
includinq Zolotarev ( 1 9S6) , reported on experiments and 
large-scale programs with BHC in creolin. Chotchaev ( 1 9 74) 
also mixed lindane in mineral oil as a 0 .  03-percent dip in 
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which be treated goats twice to provide 1 0 0  percent 
"protection" for 7 months against bGm!t�§ and kbg�iO�U 
mite s. The use of BHC and lindane in Russia, however, has 
been discontinued ·because of the residue problaas in the 
milk or meat of animals treated with the above mixtures. 
Better efficacy and safety in the treatment of psoroptic 
cattle scabies was reported by Cbablin ( 1 974) , who used 
2 percent colloidal sulfur sprayed twice at 9 to 10 day 
intervals--no mites or viable eqgs were found three days 
after treatment. Other Russian investigators have reported 
the larqe-scale use of colloidal sulfur in control programs 
against 2· 0%1§, but translations of their work ( including 
English summarie s) were not available (Cbablin 1 974, Naz akov 
1 963 , Nikol • skii et al. 1 96 7 ,  Vodyanov and Cbablin 1 97 1) . 

several drug preparations and was hes have been reported 
to be ef fective against scab and mange mites , but their use 
is chiefly by repeated hand application to infested animals. 
For example, •tetmosol• (tetraethylthiuram monosulfide) was 
used by Gordon et al . ( 1 9 4 5) in a daily 5-percent soap wash 
to kill all burro111inq mites and eggs of tbe BowtW;u 
species on rats . "Furaspor, •  one of several nitrofuran& 
used as antimicrobial agents , was reported by ·Martin ( 1 9 59) 
to be a successful ointment for the treatment of sarcoptic 
mange in dogs, horses ,  and cattle. Plant derivatives ·in the 
form of emulsions and ointments have been investigated and 
used against various forms of scabies and mange of domestic 
animals in India . Both sarcoptic and psoroptic mange in 
sheep were reported to be fully controlled after daily 
treatment for six days with 50 percent tiYG�I:U �mm»Di§ 
extract in linseed oil (Sharma 1 9 68 ; Srivastava and Sisodia 
1 969) . Srivastava and Chhabra ( 1 97 1 )  recomaaended using 
double dressing of Taramira oil (�� a�tt!§. Nrape-seed 
mustard") mixed with tar oil (oleum gj.W g&EQmlia, and 
sulfur for five days to control sarcoptic mange in buffalo . 
These workers identified the active ingredient of Taramira 
oil as allyl-isotbiocyanate and reported that the combined 
mixture proved more effective than dressings of tar oil plus 
sulfur. 

Othe r drugs, indigenous compounds , and home-production 
mixt urea could be cited, but all such materials require 
repeated application , which has little practicality or 
economic feasibility for _psoroptic cattle scabies 
eradication in the United States . 

RESI STANCE IN i§g�= TO CHEMICALS 

Considerinq tbe milliop� of cattle and sheep treated 
worl dwide over tbe past �rs with chlorinated hydrocarbon 
and organophosphorus compomds • few documented reports are 
available on tbe development of chemical resistance by 
�horiopte1. fmi:Oiltel• and b� mites . An early report 
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by Ault et al. ( 1 962) led investigators to believe that 
incipient tolerance or possibly true resistance was present 
in f· 2Xi§ populations on sheep in Argentina . Comparative 
tests were made on sheep infested with a still-suscept ible 
(S) strain of f· � that could be controlled by the normal 

concentration of 87 ppm gamma BHC dips and on sheep 
suspected of having the resistant strain ( R) of f • Ql!U• 
The R strain showed only 1 6-percent control at 8 7  ppm, 
whereas 50- and 1 0 0-percent control levels were obtained 
with the R strain on sheep treated at 174  and 3 4 8  ppm, 
respective ly. One-hundred-percent control was obtained 
aqainst the s strain at all three levels of BHC 
concentration. 

Rosa and Lukovich ( 1 970) reexamined these i· Q!i§ 
populations in the same region (Three Rivers Zone) because 
of reports that orqanophosphorus res istance had occurred 
following the long-ter.m use of diazinon. The results of 
their tests conf irmed the earlier discovery of f· 2Xi§ 
havinq resistance to BHC as well as to diazinon. 

The chances of f. �U in North America becoming 
resistant to chemicals become more real as reports of 
failures to obtain 1 0 0-percent control continue to be 
received . It is imperative, therefore , that present 
acaricides and methods of application be perfected to the 
point that ensures absolute control of this parasitic mite 
on cattle . 

RECOMMENDATIONS 

In the past 2 0  years , the sheep and cattle industries 
have engaged in a cooperative federal and state program to 
eradicate ���§ QYi§. The sheepmen have teen success ful 
in reaching that goal and the cattlemen came close, only to 
fall far short. The failure to eradi cate psoroptic cattle 
scabies was due neither to technical failures nor to the 
loss of enthusiastic and conscientious ef forts by regulatory 
and industry personnel, but to the methods used to control 
the disease not keeping pace with the changing conditions 
within the cattle industry. 

As the sheep industry became more concentrated and the 
number of sheep decreased, the cow-calf seqment of the 
cattle industry became more diverse and the cattle- feeding 
business came to involve larger concentrations of animal s ty 
fewer operators located in critical marketing and shipment 
centers. Along with these change s was the development of 
hiqhly effective formulati ons of newer pesticides to control 
a wide spectrum of external parasites of livestock. Dipping 
vats gradual ly di sappeared on many ranche s and even in most 
feedlots. Spray-dip machine s ,  originally designed to 
accommodate small ranch operations , became obsolete in view 
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of the arsenal o f  new pesticides and their variable 
formulations which provided a choice of alternative methods 
of application to producers and to feedlot operators. It 
must be admitted , however, that the efforts to modify old 
method s and deve lop new ones to combat psoroptic cattle 
scabies did not keep pace. The current epidemic of 
psoroptic cattle scabies warrants immediately con sidering 
ways to make eradication e ff orts more success ful than at t he 
present time and then taking action. 

• §in�Q�ay-diQ machine§_DsX@-1ii�_num@{QY&_tim§§ 
tSLJ?�Q��nu�adequateu_ggsJ.�t-mitu..._2Jsx���§l.� 
txiil 8hould_�_£Qnducteg_�itb mite·i�it�-�Btt�-12 
���QQDSlYsively tbc .�tfi��&y_Qt_fin9l��§Y§ 
dgubk_t��t with th� three £2mm2Jlll-Y§�_S£srui2u= 
ggnJP!!phos. pbQ§me;t. and t2H��.a.-IX�t�g_�gtjcl�§b2Yl!L� 
�_m�_kill lQtl�l-KQQ�Xti�ih-�_bAk 
§gmpJ&L.§QQyld ge analvz�g_{QL!C�mi£21-X�WYU-���yJ.g� 
� whikb_t�g are lAffiD� 

• Evaluatl9D-2f-221:table kits_t�-9n9lYlin9 tbe 
£onc�nt�niQWLQLcoumap�._OOQ�.a.-9Dg_tQX���-�bQY}g 
�QmpleteQ_gj_gyickly 9§_QQ§§i�l�tQ_ms�-sx2il2Ql� 
sUccurate_egyipme� fgr ti�lSL.Y§@L-_Ib�_£YX��t_QX�i��� 
mnl,in.g_�§9!DRJ&�_Qigggg§tic l9Q2ill2Xi�Ui_9lm2it 
�llLYW�L 

• � §inql�t.ream�t..2f�m22§�_snims1Ji_�t1Ltb� 
gxggnoQhospho�us_s�rici�§_���gggg_!g_IQm�§tA� 
g��ti¥�§-9nQ_g§ Q�acti��Y-£9miD�X�§l_Q��ti2Di 
§bgylQ_��L.9i�2nnnueg. 

• f��_snQ_§tate_���gmmendsti2ni-Sn9-in!t�ti2D§ 
§bQylg_in£1y� descriptiQg§_f2x_tb�Yf@_Q{_tb��-�§§ 
�i£igu_gruLQther effe£tiv� PUti��gu_tQ_w�t_��mJ.uL. 
.i!:XY£��L-.9illl_gttle_txY£k�i&b_bsX�-��__gP9§�-t� 
mill- infested Cgttle, 

• Test data_§bQYl,g_��n�g_QD-tb�-�Ui�-sU 
k2YmsRh9§�eatm�ts !Qx_ls�tatinq_gsi{Y_snimsl§£ __ lbi§_i§ 
tb�2D1Y-Sl212�d acsric.Mi�Ltb9t-SPI21:99£b�Lt� 
ill��tiY�LQt_tbe chemi�L.-l�=.§YilY�&.-tbst_i§_§sn_.tgx 
Y§LQD these_mmsl§. D�iPit§ the ts£'t-tbst_��•�U�� 
Y§!LX�U£'t§_£QYmapbos U��n't_Q!L99iX�_£Q!JlL._tnU§-iLSn 
e§ts!?!i§��nnce gf o. 2 ppm in_miJ.k_gng_s_!!-dsv 
!UtObQldinq �dQg fQr CQY!!!!HUlQ§=t�sted_£�§s_H� 
gmyman.!.Lb�xsLbecomes J.n�§ted_liit!L§£9QU.§.&.-tbLgsiam2n 
is faced_with_Y.§i.nq eith� hot dipL.Qt-lim�§YlfYLQX 
�QXYQI}Q§_§PI9Y§a_t��t�£tivenes§_Qi_libisb_i§ 
�tiQnable£-�olloidal_iYlfy(_.§bQY!g_�-t�§t�g_as_g 
P2§§ible dai�=!:Q!ll�eatm�n��-1-mit�int�§t�-�ttl� 
.§bgy��ea�d in dipping xet§_it_�t_sll_QQ§§i��-Yntil 
tb�-�§iqn_gaQ_Q�xatign_gt_£y��ntlv_Y§�g-�x9Y=9iP 
�in@JLA�_imroved cmsLit��ll�g.!. 
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• §i...mliullc stan���lli�U2DL.ib2Yl2-R� 
�looed_tQLtbLde&iCJD a og  opeau2n-2L�I:UD�Jlt�g 
��_hEnlllic-cage ygt§ and port-aQlL.Ul��L� 
�i�g t2 mtnvfactyrg�:g� Tbe_e�Q�_ia_tg_x�gy�-tb� 
scsmf.Y§i.Q�bQw tQ YU�LgiU��§Dt_ascbi�Jl.a. 

• ���tion 2f 2ld and §gl:�ing_Qt_n�w �anQi�t� 
A�lliQeg aog�QYteg of�iwtnti2!L§D2Ylg-l2��-� 
W2�Al��dg examJ.oog_iJLtbLill�u� 
an§L.JtQL.eumele oemet.Min, �Qt2§&.-gQtguW1Qg, 
�iL._�utin.c. cblQrgxnfQs, A'Pi t�azl _QuL§� 
e�i&Ylar etti;A;v aft§�nglLY§etBn�mogt P. _gxJ.a. 

• �..li§si.<iata on the yse of_t�§e�Q&mQ�Li!l 
t�ign ;QYJltWI ghould�2Win�.c._ntb_mp�§� 9D-XtRi9 
.Ym2A�tiD9� aowoygL._tw.-iL�nisc�AW-imQQI:�� 
iLB���egumptiQD�einit-�ai§tati21LliHB�tign 
��R Qf toxaebe� 12Lt�tm�-2t-gtt1.� 
�ieg. _ ComQi.n�tions ot--l!CAlli�-HLl!I:QYe_y§§iY.l.c._i� 
�el&-BlY.ruLYB-2L��£tiYitieL2t_ina�:�i&n�-t2 
i�m�QYJ&j.gal, YAWI:a aqglQL�e§�Al_��ign_!titb 
�d toxic �on tg th§ mite. 

• BHC arui_li.ndaoo ghoul��£2n§�eg_f�-SI2121:QX21. 
�pe_xmi��-�nd gprt�·gie_t��m�LiD-�-�i§§ 
��ism_fXQS[�am. Te§ting of�_m2§t_121:Qmi§ing 
�ug9l_fgmy,l9tions ei:QQ�_gLtbL.YnillUt�LSDg 
�1!11LID9DYa�Y�:��2Ylg_!2Ls12�-tSLxal�s�-"l2� 
��mm!mgruQnLtJ2r maintaJ.niDg_ggmm_!_W�-£2DsmYni2Jl 
gynng treatment§. LillQAD§.c._in_esniscYle�:&.-!t!n-AMLt1li§ 
�ntiQ�scsu§e 11l-tt_ig_equal to_QLm2�-�tfi�nt_tbAn 
�phene, Cll_it is gtilJ._y��-in sg�;tst§l-fQ�§£9�� 
An.9_manae coQY21 on non=l�tsUna��t1�-��-2D-ib�e_en9 
�§..c._gnd CJLfsxmulaY.QD-i!�QblemLbs�-12�n_am�J&g_Q� 
�ign_�lligators §O_tbst_lillQgn§_gng_��_§pl:�§ an9 
� are in lliqe volume u�_in_msUlY_Q.itt§_Qf_��QI:lQ.a. 
fbe_ma_in_§tf��erQblem witn_!in9ane_bs§ __ b§�n_!�eeiD9� 
QX_§���oval 2f tti_QQmQQD§ntl_ii:Qm_giQ_xsti-��-tb� 
nw�gn_Qt_gtt:J&. this t2�!:J&n_12{Q}2�m_i§_Q.t_my�b 
J&u_§iqnifi�e in ser�.=gie§s. 

• specJ.fl£_��iQn_sboulg_2�-9i�n-t2-i£��nina 
�LQ.f�al acan£i�_fQL.2Vi£igsJ._e�tiYi:tY=� 
dim���gl:£b eroiects 2YllineQ_����_!.l.a.§.a._ltiv§§t�� 
lDB�WQQ�a. USPA&_I§�:mll�-I�A§&.-gQ_nQt_ut§l:_tQ 
tbi§ ... -9ltb2Yab_tbere ar�_elgn§_{Q�-mit�£212nY 
iOE§tigatioQLQLf· ovis an�-.£Yni£YlL. 

• Baeid eXRansJ.QO_Qf_lsQQxgtQ�Y_§£�@�ing_i§_y�g�g_§2 
tb2t_LJ.s�_n�x..2.t-D���£9!§_£91Ll2§_!:est�Q_gyig� 
��£i§Jl� tolloweg_Q�_in_YivQ_!:�iing_gn_£ittl§_tb2§§ 
§b2!tn_a:2m1§ina_Qy_the e��li�_§���n,_I�§ting_s!LD�� 
sc�nds Qn_gttle is too s!Q�l�l:i2Y§._��DUY�-SD� 
!mKecis�.!. 
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• Because resistan£g_�emain2-�D-2!! _tgg_!ike!Y 
£Qn§gquence of large scale_gesticide_y§gL_g�!��bQY!9_£g 
ggy�l oped Qn in v�tro l�xato��Qs4_Q[_��s4_va!yg§_fg��he 
�urr@nt §Usc�t.!b le st.rain_Q�_Qn§� __ I!l!iLi!LYiY2_metbgg 
yseg_ shoyld be_£g.Qablg_gf_�oducing_§:tati§ti£2llY 
§ignificant dos�g�-mortalJ.ty_nga§§i&JLliD�§.s. 

• �Qi�_lhe wealtb_of inf�m��QD��il��-in_tb� 
t�-21-���nd stat� RYl!etins._me-mQXADQ�Qsmebl�i£ 
�sL�llL.��� is no CQDWL._ti§i�_xead£-fYllx 
i!lYnn��"ial for-£ettlemenL--•�-teLmaQJ.i§bed 
�DnQILI�sUllWJ.ets Qn thi.L��:t..�Ig_QQen_tQ_tWL§�D!e 
�I�i£i§I!IL_��Xsl agm�ies An<l..§Qy£�UQDU-inititill2D§ 
§b2Y1UL£b�X5BH��'espon§i!2il:U.x_QL��J.ng 
illY�n���tLas welLas Yii!al-.§1.�-RtUQI' 
e9Y&�iQnA1_Y§e_at meeting§_Q�ttleme_n_�ng_gtbe�_in_tbe 
li vegtocJLin�n.s. 

• 
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�IIHHB..i 

REVIEW Ol cu��ILug,zjj� 

In tbe United sta tea , three agencies conduct formal 
research on psoroptic cattle scabies . Each supports an 
active project . Even though they are based in Texas or New 
Mexico , their re sults have regional and national 
signi ficance . Their combined interests and activities cover 
the entire subject , and the specific projects are 
bene ficially associated with other re search activities in 
the broader field of arthropod parasitisms . In addit ion , 
pesticide manufacturing companies in Europe are screening 
new compounds against scabies mites, developing formulations 
and conducting f ield tests . The pro jects are summariz ed 
below. 

FEDERAL 

Agency : scabies and Mange Research Un it , u. s .  Livestock 
Insects Laborato ry. Agricultural Research , Science and 
E ducation Admini stration. u. s .  Department of Agri culture , 
Kerrvi lle .  Texas 7 8 0 2 8 .  

Number : 73 0 5  2 0 4 8 0  007 

Principal Investigator: Or. �. P. Meleney 

Budqet : $ 3 83 , 25 4  for Fiscal Year 1 9 7 9 . 

SY 1 s : 4 

Title : Biology and Control of Parasitic Mites o f  Animal s 

Objectives : 

a .  Maintai n suitable infested cattle and sheep in 
isolati on at Kerrville to satisfy needs of the Scabies and 
Mange Re search Uni t. 

b. Discover new and improve known methods and 
mate rials for controlling scabie s of catt l e .  

c. E stabli sh di screte colonies of mites on restrai ned 
calves for evaluation of candidate acaricide& against 

1 1 1  
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scab ies mite s in §1ty and for isolation of possibly 
re si stant strain s  of mite s .  

d .  Discove r changes which ma y  occur i n  hemato logical 
va lue s of cattle before ,  durinq , and a fter in festat ions with 
scabies mi te s .  

e .  Purify f§oropy§ �i§ and E· ��11 antigens to 
remove nonspeci f ic antigens that contribute to the 
nons peci ficity of seroloqi ca l  tests. 

f. Determine when antibodies appear in the sera o f  
cattle a fter i nf e station or reinfest ation and bow soon they 
d i sa ppea r after treatment with a suitable a caricide .  

q. Detect E· 2211 antibodie s in cattle usin g tests 
other than aqar- qe l .  

h .  
host s. 

Determine e ffects o f  mites on blood parameters of 

i .  contro l E· �£Yli on rabbits with nonsteroida l  
s econdary and te rtiary amine s an d  other compounds . 

j .  Determine i f  poorly nourished calves are more 
susceptible to scabies than well-nourishe d calves are . 

k .  Determine i f  ca lves pre vented from self-grooming 
wi ll develop scabies more rapidly and/or more severely t han 
unre strained cal ves. 

' 

1 .  Develop a screen ing method to determ ine the 
ef fectivenes s of c andidate a caricide s  agai nst E· �il · 

m .  Develop an arti f icial diet for in x1t12 rear ing of 
f · 2.YU · 

n .  Relate the amino acid compos ition of i·  gxi§ to 
that of the serum of the host animal . 

o .  Rea r f· 2� on l aboratory animal s .  

p .  Determine the enzyme and isozyme pattern s o f  E· 
QD.§ and E· c uni£uJri .  

q .  Determine how parasitic mites feed and what they 
feed upon. 

r .  Determi ne allergi c  reactions in animals infested 
with f• glli . 

Laboratory personnel con si st o f  veter inarians , 
entomo loqi sts, seroloqists , chemi sts , and te chni cians who 
spec ia l i ze i n  acaroloqy. The se scientists pursue near ly all 
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proj ect objective s ,  but not at uniform rates . Ob jectives 
with hiqb priori ties receive more investment than do 
ob jectives with lower priorities ,  and objectives promising 
high yie lds of i nformation receive more attention than do 
those having lower expectations. Facilities include l and, 
normal and infested cattle and sheep , acarici de treatment 
equipment, colonies of small animals , and modern research 
laboratories . Resident scientists collaborate with 
inve stigators of other agencies on common problems . 

STATE 

Aqency : New .Mexi co State University , Las Cruces , New 
Mexico. 

Number : 

Principal Investigator: Dr. Grant Kinzer 

Budget:  S22 , SOO--Funding Fi scal Year 1 9 7 9 

SY ' s :  1 

Title : Live stoc k Pesticide .Impact Assessment for the ARPAR 
Process--The Economic Impact of Toxaphene for COntrol of 
Scabies Losses on Cattle 

Proqram: Western Pesticide �mpact Assessment--USDA 

No results yet. 

COMMERC�AL 

Agency : Pest Consultants, Inc . , Box 7 5 1 3 , Amarillo,  Texas 
7 9 1 0 9 .  

Principal Investigator: Dr. B. c. Clymer SY ' s :  1 

Title : Practical Control of Cattle Psoropti c scabies 

Objectives :  

l .  Evaluate efficacies of avai lable an d  candidate 
acaricides for treating infested cattle. 

2 . Evaluate efficacies of avai lable and candidate 
equipment for applying acaricides to infested cattle.  

3. Develop and improve equipment for applying 
acaricides to infested cattle . 

4 .  Improve methods for detecting mites , f· gxi§ , on 
cattle . 
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5 .  Determi ne survi val periods for mi tes on and o f f  
host cattle . 

6 .  Determine the pathogenesi s of dry and mo ist les ions 
on inf ested catt le . 

7 .  Mea sure the economic importance o f  psoroptic cattle 
scab ies. 

The corporat ion pursue s all seven objectives but 
empha sizes numbe rs one , two , and three . Its fac i l ities 
include land, pe ns ,  machinery , infeste d and normal cattle , 
and acaroloqy laboratories . It contracts with producers and 
merchandisers of extant and new acaricides and formulations 
to te st e f f icacies of the products and the as soci ated 
manageme nt pract ice s .  I t  al so contracts with manu facturers 
of spray ing ,  dipping , and other applicators to check 
e f f icacies and to improve e f f iciencies of the equipment . 
Even though much of the data produced are pri vileged 
information, f inal development wil l  provide economic 
bene f its to the cattle industry . The inve st i gators 
frequent ly colla borate with scientists of other agencies in 
conducting re sea rch on rel ated problems. 

Aqency :  Pestici de Companies 

We llcome Re search Laboratories in Engl and and Bayer 
Fabriken in Germany are screening new compounds for activity 
aqainst scabies mite s ,  incl uding f· QXi§ and f ·  £YD�Yli • 
some f ormulation and in YiY2 testing also are under way by 
these and other companie s. I . C. I . ( Engl and and Amer icas • is 
f ield te stinq ne w  pyrethro ids agains t  scabies mites . 
Currently Ec tiban formulation containi ng permethr in as a 
commercial prod uct i s  underqoing f ie ld tr i al s  on psoropt i c  
sheep scabie s in Arqentina for provi sional government 
regi stration. The Government of Argenti na and sheepmen are 
inte re sted currently in new acaricides because 
orga nophosphorus and chlorinated hydrocarbon resist ance has 
become a problem in psoropti c scabies cont ro l . 

FOREIGN PUBLIC INSTITUTIONS 

The Vete ri na ry Re search Institute in S outh Afri ca is 
screen ing for toxici ty of pe stic ides to f�Q{Q�te_§ mites . 

we have not surveyed re search current l y  i n  progres s in 
fore iqn qovernment or univer sity laboratories . Greater 
inte rchange of information i s  needed between u. s .  and 
fore ign sc ie nti s t s ,  particularly s ince bovine psoropti c 
scabies incidence has increa sed in several co untr ies , 
stimulating re search . 
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SUMMARY 

Nearly all of tbe nation ' s research on psoroptic scabies 
of l ivestock has been performed by scientists working on 
projects at the SCabies and Mange Research Unit of the u. s .  
Live stock Insects Laboratory a t  Kerrville , Texas , and 
especially at the preceding laboratory at Albuquerque, New 
Mexico. 

The federa l project has 1 8  objectives and 4 SY • s , or an 
average of 4 . 5 objectives per SY. The private pro ject bas 7 
objectives per SY. and the state pro ject has 1 ob jective per 
SY. Even thouqh the past performance s of these laborator ies 
have been commendable and probably wil l  continue to be so , 
the number of sc ientists engaged in the studies seems 
grossly incommen surate with the magnitude of the scabies 
problem that had spread through 1 5  states by the end of 
Fiscal Year 1 9 7 8 .  All states maintain agricultural 
experiment stations and many of them employ paras itologists , 
epidemiologi sts, biochemists, pathologists , and 
physiologists who doubtles s have interests and capabilit ies 
for re search on this important problem. such scientists 
should be encouraged to enter the field. Their 
partic ipation would add more SY1  s to the subject and 
probab ly would stimulate greater interest and thus 
accelerate enlarqement of the needed data base. Research 
scientists from private industry should al so be encouraged 
to join such a movement, especially for developing applied 
research project s .  

From the above review of previous and current resear ch 
activities on psoroptic scabies of cattle , it is evident 
that the USDA should set a side a certain amount of funds for 
research on psoroptic scabies in vari ous state agricultural 
experiment stations and not only at the u . s .  Livestock 
Insects Laboratory at Kerrvi lle , Texas and New Mexico St ate 
University, as the situation is now. 
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Agricultural Re search service ( 1 9 7 6) Control of Insects 
Af fecting Li vestock. Mimeoqr. National Research Program 
No. 2 0 4 8 0 .  Program 3 3- 67 8 .  washinqton. D . c . : u. s .  
Depa rtment of Agriculture . 

Anima l Disea se Eradication Division ( 1 97 1 )  Cooper ative 
state-Federa l Sheep and Cattle S cabies Er adi cation .  
Proqress Report and Epidemiology Fiscal Year 1 97 0. 
wa shington. D. c . : u. s .  Department of Agri culture. 

Anima l Di sea se E radication Division ( 1 979a) History o f  
Psoroptic ca ttle Scabi es 1 9 0 3  to 1 95 5 .  Provi ded by J .  
Hourrigan. Washington. D. C. : u. s .  Department o f  
Agriculture. 

Animal Di sea se E radication Division ( 1 979 b) History o f  
Psoroptic Shee p  Scabies 1 9 03 to 1 9 55.  Provided by J .  
Hourrigan. wa shington. n. c. : u . s .  Department of 
Agriculture . 

Anima l and Plant Health Inspection Service ( 1 969a) 
Eradicating Cattle scabies . PUbl . PA- 4 7 1 .  washington , 
D. C . : u. s. D epartment of Agriculture . 

Anima l and Plant Health �nspection service ( 1 96 9 b) 
Guidelines f or Use of Spray- Dip Machine for Treating 
cattle. Vete rinary Sciences Memorandum 5 5 6 . 5 .  
wa shington ,  D . c . : u. s. Department of Agri culture . 

Anima l and Plant Health Inspection service ( 1 9 7 0) 
Development, correlation . and Submission of Scabies 
Eradication Reports. Veterinary Servi ces Memorandum 
5 1 6 . 4. wa shi nqton. D. c . : u. s .  Department of Agri culture . 

Anima l and Plant Health Inspection Service ( 1 972- 1 9 76)  
I nstructions to be Fol lowed in the Treatment of Animals 
because of scabies . Veterinary services Memorandum 
5 5 6 . 1 ,  Supplements 2 .  3 ,  6 ,  8 .  washington . D . C . : u. s .  
Department of Agriculture . 

Anima l and Plant Health Inspection Servi ce ( 1 9 7 4 )  Adult 
scabies Mite s. Pub . No .  9 1- 1 9 . washington , D . c. : u. s. 
Department of Agriculture . 

Anima l and Plant Health �nspection Servi ce ( 1 977)  Permit ted 
Pe sticides for Off icial Use in Cooperative Programs for 
Cattle Fever Ticks , Scabies. and screwworm Eradication . 
Vete rina ry Services Memorandum. 5 5 6. 1 ,  Revised 
Supplement No . 1 .  wa shington. D. C . : u. s .  Department of 
Agriculture . 

Anima l and Plant Health �nspection Service ( 1 978)  
Cooperative State-Federa l cattle scabi es Eradication : 
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P rogress Report and Epidemiology. Fiscal Years 1 9 7  2-7 6.. 
Veterina ry services Publ ication APHIS 9 1 - 3 7 .  washington, 
D. c . : u. s .  Department of Agricul ture. 

Anima l and Plant Health In spection Service (in press a) 
C ooperative State-Federa l Cattle Scabi es Eradication . 
Progress Report and Epidemiology . Fiscal Year 1 9 7 7 .  
Wa shington, D. C . : u. s .  Department o f  Agriculture . 
( Photocopy of unpublished report by veterinary 

Services . )  
Anima l and Plant Health Inspection service ( in press b) 

Cooperative State-Fede ra l cattle Scabi es Eradication .  
Proqress Report and Epidemiology. Fiscal Year 1 9 7 8 .  
Wa shington, D. c . : u. s. Department of Agriculture . 
( Photocopy o f  unpubl ished report by Veterinary 

Services . )  
Anima l  and Plant Health In spection service ( in press c) 
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APPINQIXES 

The following documents are appended here word for word 
as they were ori ginally written without s ubstant ive 
editor ia l change by NRC staf f .  
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PRESENT NATIONAL SCABI ES ERADI CATION REGULATIONS 
February 6 ,  1 9 7 6  

�i2D 
7 3 . 1 Interstate movement prohibited 

7 3 . 1 a  Notice o f  quarantine 

7 3 . 1 b  Quarantine policy 

7 3 . 2 Inter state shipment for immediate s l aughter 

7 3 . 3 Shi pment for purpose s other than sl aught er : 
condi tions under which permitted 

73 . 4 Interstate shipment of cattle expose d but not 
visibly di sea sed ; conditions under which 
permi tted on one d ipping 

73 . 5 Inte rstate shipment of undi sease d cattle from 
quarantined area ; when permitted 

7 3 . 6 Placa rdinq cars and marking billing of shipment s of 
d ipped scabby c attle or cattle exposed to scabies 

73. 7 Movement from quarantined to free area and sh ipment 
there from ; re strictions under which permitted 

7 3 . 8  Cattle i nfected or exposed during tr ans it 

7 3. 9 OWners assume responsibi l ity for tr eatment, waiving 
all c laims against the United States 

73. 1 0  Permitted dips ; s ub stance s a llowed 

73. 1 1  Treatment of cars , vehi c les , and premis es havin g 
· conta ined scabby cattle 

SOURCE : APHI S , USDA, �i_fed���l-E@9Yl§ti2D§ , 
Part 73 - scabies in Cattle , 1 9 7 9 . 
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AIY�rui�HEAI,TH IN§fi�lQlL§mlg 
iART 73=�UII!§_lli_�w; 

7 3 . 1  In�te movemen� Q(obibit§d. 

(a ) Cattle affec�g With �ie s .  No cattle affected 
with scabies sha ll be shipped , trailed, driven, or otherwise 
moved interstate for any purpose "except as provided in this 
part. " 

(b) · cattle �fecteg_ill��§�Q_§�ig. No 
cattle which , just prior to movement , were af fected with or 
exposed to scabies shall be shipped, trailed, driven, or 
otherwise moved interstate for any purpose except as 
provided in this part. 

(c ) Cattle from area quarantined for scabies . No 
cattle shall be shipped, trailed , driven, or otherwise moved 
interstate from the area quarantined for the disease o f  
scabies in cattle except a s  provided i n  this part . 

73. 1b Quarantine poli9Y• 

The Act of March 3 ,  1 9 05 , as amended ( 2 1  u.. s . c. 1 2 3) , 
authorizes the secretary of Agriculture to quarantine any 
State, or any portion of any State, when he determines the 
fact that any animals in such jurisdiction are affected with 
any contagious, infectious , or communicable disease of 
livestock or that the contagion of any such disease exists , 
or that vectors which may di sseminate any such disease exist 
in such jurisdiction. Pursuant to this authority , the 
Department bas quarantined various areas because of catt le 
scabies and has issued the regulations in this Part 
governing the interstate movement of cattle from such areas. 

It i s  the policy of the Department to quarant ine those 
portions of any State that are clearly identi fiable, and in 
which exist animal s a ffected with cattle s cabies , or mites 
which are the contaqion of said disease and not to 
quarantine an entire State for cattle scabies if the State 
adopts and enforces requirements for the interstate movement 
of cattle that are at least as stringent a s  the requirements 
in the regulations in thi s Part for interstate movements of 
cattle. Further, it is the policy of the Department to 
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remove the quarantine from any quarantined area when it is 
determined that scabies-affected animals and the mites which 
are the contagion of scabies no longer exist in such areas. 

73. 1 c  Definiti2D§• 

For purposes of this Part the following terms shall have 
the meaning set forth in thi s ·  section. 

(a) YnuJ.nary 5ervis&�L1Dit>ect2�· A veterinarian or 
livestock inspector employed by Veterinary services, Animal 
and Plant Health Inspection Service , u. s .  Department o f  
Agriculture. i n  animal health activities, who is authorized 
to perform the f unction involved . 

(b) State Inspector. A veterinarian or livestock 
inspector regularly employed in animal health activities by 
a state or a pol itical subdivision thereof , authorized by 
such state or political s ubdivision to perform the function 
involved under a cooperative agreement with the u. s .  
Department of Aqriculture. 

13. 2 Inters� ghipment_���9�§l�yg��•gm 
guaran�4-��n�9�§& __ �gogiti2DI 
YOder which permitted. 

(a) Conditions under which permitted after one dipping. 
Cattle which, j ust prior to shipment , were affected with 
scabies but have been dipped once in a permitted dip (other 
than a toxaphene dip) , under the supervision of a Veterinary 
Services inspector or State inspector within 1 0  days prior 
to the date of shipment may be shipped or transported 
interstate for immediate slaughter to a recognized 
slaughtering center, upon compliance with the fol lowing 
conditions : 

( 1 )  They shall not be diverted en route. 

( 2) The means of conveyance shall be placarded and the 
billing shall be marked 11 Dipped Scabby Cattle , "  in 
accordance with Sec. 73. 6 .  

(b) 6fter_g� dippingA-tg__��ygbt§�_tiitbin_J!_g�X§ 
o• r�dipped Qv_Q�. cattle shipped interstate subject to 
the provi sions of paragraph (a) of this section shall be 
slaughtered within 1 4  days from the date of the dippinq or 
shall be aqain dipped by the owner. 

(c) iiben oan of di!IU§ed h"�n2t xia�lY-�lli£t�· 
Cattle of the free area not visibly diseased with scabies, 
but which may be part of a diseased herd. may be shipped or 
transported inte rstate for immediate slaughter to any 
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recognized slaughtering center where separate pens are 
provided for yarding exposed cattle: Provided, That the 
following conditions are strictly observed and complied 
with. 

( 1 )  Provided, That means of conveyance in which t he  
cattle are transported shall be placarded and the billing 
accompanying the shipment shall be marked "Cattle Exposed to 
Scabies, " in accordance with sec . 73. 6 .  

(d ) l1Dlli§�Hd be�§ in_ma5nntin�s:L��U.l.-£2wUUQD§ 
yndex�ich ��it�· cattle of herds of the quarantined 
area which are not diseased with scabies may be shipped, 
transported, or otherwise moved interstate for immediate 
slaughter, upon inspection by a Veterinary Services or State 
inspector "withi n 1 0  days prior to the date of shipment" and 
when accompanied by a certif icate from such inspector 
showing the cattle to be free from di sease . 

13 .  3 ��DLfSU purpose!f_QtheL.tb9n-il9Y91l��.i 
CQDQitign§_unger wQi£b_�mitt�g. 

Cattle affected with scabies may be shipped interstate 
for any purpose if dipped twice in a permitted dip , 1 0  to 1 q  
days apart, under the supervi sion of a Veterinary Services 
inspector "or State inspector. " and so certi fied by such 
inspector, or such cattle may be so shipped i f  dipped once 
in a permitted dip under Veterinary Services supervision "or 
State supervision" at the point of origin, provided 
arrangements have been made for the second dipping, under 
Veterinary services supervision en route or at destination 
within 1 0  to 1 q  days after the first dipping. I f  shipped in 
the latter manner the 11means of conveyance " containing the 
cattle shall be placarded and the billing shall be marked 
"Dipped Scabby Cattle . " in accordance with Sec. 7 3 . 6 .  

7 3 . 4 ln�ti�_§hip�t_Qf��Qsed_�yt_nQt-Yi§i�� 
Qi�� cgttle frQm_� guarantin�-2� 
ngngygxsntineg area.a. __ £2n4iti2n§_Yno��-��b 
�rmit�. 

Cattle not vi sibly disea sed with scabi es , but which are 
known to be part of a diseased herd or to have come in 
contact with diseased cattle or infectious cars or premises ,  
may be shipped interstate for any purpose i f  dipped at the 
point of oriqin, under the supervision of a Veterinary 
services inspector, "or State inspector" in a permitted dip, 
or the cattle may be dipped en route by special permission 
first had and obtained from the Deputy Administrator , 
Veterinary services ; but in such event the "means of 
conveyance" shal l be placarded and the billing shall be 
marked "Cattle Exposed to Scabies , "  in accordance wit.h sec. 
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7 3 . 6 , and the cattle shall not be permitted to mingle with 
other cattle until disposed of in accordance with the 
requlations in this part. 

Cattle of any herd in any quarantined area, which herd 
is  not disea sed with scabies, may be shipped, transported, 
or otherwise moved interstate for any purpose upon 
inspection by a Veterinary services or State inspector 
11within 10 days prior to the date of shipment and" when 
accompanied by a certificate from such inspector showing the 
cattle to be free from such disease or exposure thereto. 
When it is determined by the Deputy Administrator , 
Veterinary services that all cattle of all herds in any 
quarantined area have been inspected for scabies by a 
Veterina ry  Services or State inspector , that all the 
infected or exposed herds have been identi fied, and that all 
the infected herds have been dipped twice , and all the 
exposed herds have been dipped in a permitted dip as 
prescribed in Sec. 73. 1 0 ,  under supervision o f  a Veterinary 
Services or Vete rinary Services-approved ins pector, cattle 
of herds in such area which are not diseased with or exposed 
to scabies may be moved interstate in accordance with this 
sect ion, without f urther Veterinary services inspection or 
certification, directly to a slaughtering plant where 
Federal Meat Inspection is maintained. Informat ion may be 
obtained from a Veterinary Services inspector whether a 
determination as required by thi s section is currently 
appl icab le to authorize such movement. Cattle moved 
interstate under this section shall not be diverted en route 
and must be accompanied by a waybill or simi lar document , or 
a statement signed by the owner or shipper of the cattle , 
stating: (a) That the cattle are not known to be infected 
with scabies or exposed thereto ; (b) [ Reserved ];  (c) the 
purpose for which the cattle are to be moved ; (d) the number 
of the cattle ; (e)  the point from which the cattle are to be 
moved interstate ; (f) that the cattle shall not be diverted 
en route ; and (g) the name and address of the owner or 
shipper of the cattle . 

7 3. 6 f_!acarging means oL£Qnvevgn�-��-mgAsiruLaillim 
QI shi�t§_Qf_Qi�d-�bb�-£�ttl�-Q�-���tl� 
!tlU?O§eg_ to _§Cabi�. 

When cattle are shipped as " Dipped Scabby Cattle, " or 
11Cattle Exposed to Scabies , "  the transportation companies 
shall secure ly affix to and maintain upon both sides of each 
means of conveyance carrying such cattle a durable, 
conspicuous placard, not less than 5 1 /2 by 8 inches in 
size , on which shall be printed with permanent bl ack ink in 
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boldfaced letters .  not le s s  than 1 1 /2 inches in height , the 
words,  "Dipped Scabby Cattle . "  or "Cattle Exposed to 
Scabies, 11 as the case may be. These placards shall also 
show the name of the place from which the shipment was made. 
the date of the shipment (which must correspond to the date 
of the waybills and other papers ) . the name o f  the 
transportation company. and the name of the place of 
destination. The carrier issuing the waybil l s .  conductors • 
mani fests. memoranda . and bills of lading pertaining to such 
shipments shall plainly write or stamp upon the face o f  each 
such paper the words. "Dipped Scabby Cattle. "  or "Cattle 
Exposed to Scabies. 11 as the case may be. If for any reason 
the placards required by thi s part have not been affixed to 
the means of conveyance as a foresaid . or the placards have 
been removed. de stroyed. or rendered illegible. or the 
cattle are rebil led or are transferred to other means of 
conveyance the placards shall be immediately affixed or 
replaced by the carrier. and the new waybills shall be 
marked as aforesaid by the carrier i ssuing them. the 
intent ion beinq that the billing accompanying the shipment 
shall be marked and the means of conveyance containing the 
cattle shall be placarded "Dipped Scabby Cattle, " or "Cattle 
Exposed to scabi es. 11 as the case may be. from the time o f  
shipment until the cattle arrive at destination o r  point of 
dipping and the disposition of the means of conveyance is 
indi cated by a Veterinary services inspector or state 
inspector. 

7 3. 7  MQ�nt_!�m quaran�n_eg_�Q_f����·�g_gnQ_§�igm�� 
tb�X2m.a._.e s�:Y.2D§-Yn�L!!!biclLI2�Xm�ed. 

No person. firm, or corporation shall del iver for 
transportation. transport. drive on foot. or otherwise move 
interstate from the free area of any State. Terr itory. or 
the District of Columbia any cattle which have been moved 
from the quarantined area of the same State, Terr itory . or 
the District of Columbia into such free area: fX2Yi9��· 
however. That such cattle may be del ivered for 
transportation. transported. driven on foot. or otherwis e 
moved interstate for the purposes for which the shipment , 
transportation. or other movement interstate of cattle o f  
the quarantined area i s  permitted by this part. i�yiged . 
That in such shipment and transportation or other movement 
the requirements of this part governing the shipment and 
transportation or other movement of cattle o f  the 
quarantined area are strictly complied with: Ang_p[QYi9�g 
�b�, That thi s  section shall not apply to cattle o f  the 
quarantined area which . before beinq moved into the free 
area. are certi fied by a Veterinary Services inspector or 
State inspector as  free from disease and are accompanied cy 
such certi ficate in their shipment by transportation or 
other movement interstate . 
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73 . 8  �UJ&-inf�ted o' e�RQ_g�ing_t,AD§U· 

(a ) liUllm-£�Lfiom_YDSlYAaDt�g-.§tit§_���-�n 
�� · Should healthy cattle in transit from a State not 
quaranti ned by the secretary of Agriculture for s cabies in 
cattle be unloaded en route and placed in infectious 
premises. they shal l be treated as exposed cattle ,  and their 
further movement shall be subject to the provisions o f  this 
part with respect to the movement of exposed cattle. 

(b) lot�'itAte shiRmcnt§_ot_�ttl�-Yogg�-�t�ias� 
�i&u "or sta� "  certificate towg_nt�g!:u��QQHg_ml 
��· Cattle shipped interstate under a certi!icate from a 
Veterinary services inspector , "or State inspector" or other 
cattle which are found en route to be affected with scabies 
or to have been exposed thereto, shall thereafter be handled 
in the same manner as di seased or exposed cattle are 
required by this part to be handled , and the "means of 
conveyance" and the chutes. alleys , and {lens which have been 
occupied by diseased animals shall be cleaned and 
disinfected as provided in Sec . 7 1 . 4- 7 1 . 1 1  o f  this 
subchapter. 

7 3. 9  ���-2§§Y&e reSPQD§ibilit�l-IDY§t_!:��y� 
ASI�t-�ior to giJ!gi.nq 2�t.u�t-�inng 
sll�iim§-9qaio§t-Yoi�Q_§t��§ · 

When the cattle are to be dipped under Veterinary 
Services supervi sion or control the owner of the cattle, 
of fered for shipment, or his aqent duly authoriz ed thereto , 
shall first execute and deliver to a Veterinary services 
inspector an application for inspection and supervised 
dipping wherein he shall aqree to waive all claims aqainst 
the United State s for any loss or damage to said cattle 
occasioned by or resulting from dipping or other treatment 
under this part, or resulting from any subsequent treatment 
prior to their i nterstate shipment , or result ing from the 
fact that they are later found to be still scabies infected, 
and al so for all subsequent loss or damage to any other 
cattle in the possession or control of such owner which may 
come into contact with the cattle so dipped or treated . 

(a ) The dips at present permitted by the Department for 
the treatment, a s  required in this part, o f  catt le a f fected 
with or exposed to scabies, are as follows : 

( 1 )  Lime-sulphur dip ,  other than proprietary brands 
thereof , made in the proportion of 1 2  pounds of unslaked 
lime ( or 1 6  pounds of commercial hydrate d  lime , not 
airs laked lime) and 2 4  pounds of f lowers of sulphur or 
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sulphur flour to 1 0 0  gallons of wate r ;  or a speci fical ly 
permitted propri etary brand of lime- sulphur dip .  

( 2 )  Dips made from speci fically permitted proprietary 
brand emulsions of toxaphene and maintained throughout the 
dipping operation at a concentration between 0 . 5 0  and 0 . 6 0  
percent toxaphene. Animal s  treated by such dips should not 
be s laughtered for food purposes until the expirat ion of 
such per iod as may be required under the Federal Meat 
I nspection Act ( 2 1  u. s . c . , Supp. I II ,  6 0 1 et seq . ) .  The 
l ength of this required period shall be speci fied on each 
cert if icate issued by the Veterinary Services inspector " or 
State inspector" who supervises the dipping with such di ps. 

(3)  Approve d proprietary brands of coumaphos (Co-Ra l0)  , 
2 5  percent wettable powder used at a concentration of 0 . 3 0  
percent. 

(b) The dipping bath for lime -sulphur dip must be used 
at a temperature of 9 5 0  to 1 0 50F . , and must be maintained 
thr�ugh the dipping operation at a concentration of not less 
than 2 percent of "sulphide sulphur" , as indi cated by the 
fiel d  test for l ime-sulphur dipping baths approved by the 
Vete rina ry  Services.  

(4 ) Approved proprietary brands of organophosphorous 
insecticides ( Prolate ® )  used at concentration of 0 . 20 
percent to 0 . 2 5  percent. 

7 3 . 1 1  Treat�nt of mean§ of conveyance and premises 
having_contained scabby cattl!· 

" Means o f  conveyance" yards , pens ,  sheds , chutes ,  or 
other premises or facilities which have contained cattle of 
a cons ignment in which scabies is found shall be treated 
within 7 2  hours of use and prior to further use in the 
required concentration with a permitted dip listed in Sec .  
7 3 . 1 0  under supervision o f  a State o r  Federal inspector or 
an accredite d  veterinarian .  
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6ifiNDI� 
i�Qt19�-RiOCm2UBii��L§��llt§_li�Dl�Qli 

United States Animal Health Association 
Parasitic Diseases and Parasiticide& Committee 

November 4 ,  1 9 75  

For the purpose o f  these recommended procedures , the 
following def initions apply: 

Scabi� - Scabie s is a disease caused by mites of the genus 
f�opte§ or the genus §arcopt� and does not include 
infestations caused by Cbori2P�§, f§2��9it�§, or 
Demodex mite s. 

�cted eni..W - An anima l  from which mites have been 
collected prior to off icial treatment or a member of an 
infected herd or lot. 

Infected l2t - Any lot of cattle in which one or more cattle 
have been di sc losed to have scabies mites prior to 
off icial treatment. 

� - Any group of cattle which are gathered together in any 
manner whether it be in a pasture , on a r ange ,  or a 
fa rm, in a market, or concentration point . 

�� - A group of cattle maintained for any purpose on 
common qrounds , or two or more groups of animals under 
common ownership or supervision, geographical ly 
separated, but which have an interchange or movement . 
Herd decision must be ba sed on sound epidemiological 
evidence. 

FeedlQt - Any location in which animals are gathered 
together for purpose s of fattening for sale and where 
the feed is carried to them. 

fi9ng� - Grassland on which cattle may forage for their food. 

�b - Any operation where cattle are maintained and from 
which animal s ,  both breeders and/or feeders, are sold. 
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Fa.m - A premi se s wh ich carries out mo re  than l ivestock 
operations . Thi s may be either a dai ry f arm in which 
cattle a re cared f or and in which milk is so l d. or it 
may be a farm in which qrain i s  raised an d fed to 
live stock wh ich weze purchase d or rai sed on that farm . 

��� - A farm which. as part of its oper ation . t a kes 
a nima l s  raised on that farm or purchas ed and places tbem 
in a drylot on the farm. Thi s  i s  compare d to a feed lot 
operat ion where tbe feed lot is the sole or pr imary 
operation. 

�Y - This may be where milkinq cows are kept for the 
prod uction of mi l k  or whe re a dairy herd rai ses its own 
replacements . All cattle invo lved are pr imar ily o f  tbe 
da i ry b reed and mainta ined for the production o f  mi l k .  

��W - An ani ma l which i s  known to have ha d an 
opportunity to be contact with animals wh ich may have 
been inf ec ted or to ha ve been in cont act w ith trucks . 
pens .  chutes . and al leys throuqh which in fected an imals 
have moved within the preceding 1 0  days . 

Qttic ia l treatm@nt - That treatment which makes use o f  a 
pe sticide li sted a s  a permitted pe sticide by Veter inary 
services. APHI S. USDA. and which is used in a manner 
pre scribed by Veterinary Service s and where s uch 
trea tment i s  carried out under the direct supervis ion of 
an employee of the USDA or State l ivestock health 
aqency . 

[ree area � That area in whi ch scabie s  is not known to ex ist 
and which i s  not under State or Fede r al quarantine 
because of scabie s. 

f�rmitteg pe�� - A pe sti cide wh i ch i s  l i sted in Part 73 
or 7 4 .  Title 9 .  �-2Lbde"LB!l§I!!1Ali2m! • 

�gg_gt_soimi!� status - Infected ani mals and exposed 
animals shal l be con sidered free of scabi es when 
o f f icia l  treatment . a s  l i sted above .  i s  co�leted on a l l  
anima l s  on the infected o r  exposed premises .  The 
treatment sha ll be two times for infected animals and 
e ither one or two time s  for exposed animals . according 
to the permi tted pesti ci de used. 
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A .  Psoroptic cattle Scabies :  Handling of Infected and 
Exposed Cattle and Premi se s  

I nfected and exposed cattle should be pl a ced under State 
q uarantine until properly treated under s upervis ion. Only 
permitted dips should be used. 

Every animal in an infected herd , .both beef and dairy , 
should be treated twice . This i ncludes .both those with 
lesion s and those not showing visible sign s .  Herds in which 
no mi tes can be demonstrated but from which cattle have 
moved that are f ound to be infected within 3 0  day s shoul d  be 
treated twice a s  infe cted herds . Herds through which these 
anima l s  have pas sed should be treate d as exposed . Every 
animal i n  an exposed beef or dai ry herd shoul d be treated 
according to the directions for the pesti cide used . 

Cattle previous ly moved from infected her ds during the 
pe riod they loqi cally coul d be consi dered exposed to 
scabies , i . e . , up to 1 20 days ,  should be treated as exposed 
and the entire herd into which the animals have gone or 
through which they have passed should be treated as exposed 
herd s .  

Herd s  not showing an y  evidence of scabies cut which are 
adjacent to infected herds should be treated as exposed 
herd s . This inc ludes all ad jacent herds s eparated from the 
infe cted animal s  by a fence only. 

Following treatment of infected or expose d cattle , t he 
premi ses on which they are located should be treated wit h 
the a caricide used to treat the cattle . 

2 .  Handling Ad jacent Herds 

Ad jacent herds separated from the in fecte d cattle by a 
road with a fence on both sides or other appropr i ate 
barriers, should be placed under surveillance an d  inspected 
regularly but do not need to be treated unles s otherwise 
indi cated. 

3 .  Ha ndlinq Scabi es i n  Feedlot Cattle 

When scabies i s found in a feedlot , a� l cattle in the 
feedlot should be treated as infecte d .  An ex cept ion may be 
made if the f eedyard operation is so divi ded that there is 
no mix in q  or exposure between sections , and a sep arate s ick 
pen is used for each section . 
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Pe stic ide re sidue s i n  cattle tre ated for s cabies and 
moving to slaugh ter pre sent a problem and owners shou l d  be 
advised concerni ng the pos sibility of re s i dues in treated 
anima l s .  I t  i s  de sirable to work out arrangements t o  perm it 
infected cattle to move to immediate s laughter w i thout 
d ipp i ng. The followinq is recommended: 

When feedlot cattle are found to be in fected , they may 
move i ntra state upon State concurrence . for immediate 
slaughte r. Catt le shoul d leave the feedlot for slaughter 
with i n  2 1  day s o f  the time the mite was ident i fie d in or der 
to take advantage of thi s provi s ion. Tho s e  not to be 
s laughte red duri ng this pe riod req ui re o f f ici al treatment s .  

P revio us arr angement s .  approved by State and Federal 
o f f ic ia l s ,  must be made with the slaughtering est abl ishment . 
The animal s must move in placarded tr ucks . They should go 
d i rectly to slaughter pens and should not pas s through other 
publ i c  facilitie s .  The ve hicles use d  must be tre ated with a 
permitted acaric ide be fore being used to haul cattle from 
othe r  premises. 

Catt le f rom infected premise s may be move d interstat e  
for immediate slaughter a fter one treatment , provided they 
move in placarded trucks .  They should g o  directly to 
slaughter pe ns and should not pass through other publi c  
faci liti e s .  The vehicles should be treate d with a permitted 
acaric ide be fore being used to haul cattle from other 
premise s .  

4 .  state Quarantines 

Infe cted and e xposed herds and lots shoul d be 
immed iately placed under State quarantine and remain in this 
status unti l the y receive proper treatments and post­
treatment inspections . Cattle in such herds should be 
ident i fied .  

When State q uarantines are nece s s ary ,  they should be 
promptly placed and properly enforced . Quarantines must be 
practical and operate against the infecte d  an d exposed herds 
while protecting ne ighboring herd s  and herds in other ar eas 
and State s .  Qua rantines should not be releas ed unt i l  al l 
animal s have been treated or sla ughtered . 

5 .  Fe deral Qua rantine s 

P rel imina ry geographical survey of the ar eas recommended 
for q uarantine to be received by Reg ional Di rector in 7 
c ale ndar day s from the f i nding o f  the outbreak . The Fede r a l  
quarantine wil l be applied on con f irmation o f  mi te at first 
point wi th trained identi f ie r s .  
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Quarantine will be relea sed when the infection has been 
eliminated from the quarantined area. 

6 .  Methods of Treatment o f  Infected or Exposed 
cattle 

The dipping vat i s  the superior and certainly the 
preferred method of treatment. Ho11111ever, it i s  recognized 
that a dipping vat is not always available nor is it 
possible in every case for owners of small herds to 
construct one . The spray-dip machine can be used in such 
instances. It i s  an e ffective method i f  treatment is 
closely supervised by qualified inspectors . Close 
supervision must be qiven to the use of the dipping vat 
also. Infected or exposed animals must be held in the 
spray-dip machine or dip vat for a minimum period to assure 
wettinq the animal to the skin. The pesticide selected w ill 
determine whether one or two treatments of exposed animals 
are required. 

7 .  Assembled cattle on Pasture 

Assembled cattle on pasture , wheat field, etc .  handle as 
herd . 

B .  Sarcoptic Cattle Scabies 

Treat the same as psoroptic , incl uding epidemiological 
investigation. 

c. Other Mite Infestations 

1 .  kQQX�i£ - Cattle in infected herds may not 
be shipped interstate until treated under 
procedures outlined for psoroptic cattle 
scabies . Epidemiological investigation may be 
omitted. 

2.  �orerqatic - cattle in infected herds may not 
be shipped interstate until treated in heated 
lime-sulfur. Two treatments , with a 2 1 -day 
interval bet11111een treatments, are required to 
eliminate the infection . Epidemiological 
investigations may be omitted. 

3 . �!DQ�i£ - Inform owner o f  diagnosis and no 
sati sfactory treatment. Epidemiological 
inve stigations may be omitted. 
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I II . lXsW9JJ23!§mentg fi2m-1Dt��g_sa:_bgg�-��� 

Every ef fort should be made to locate any infected 
cattle and trace animals moved to and from infected herds in 
order to loc ate a ll foci of the disease. 

O ff ic ials sh ould immed iately notify other st ates of any 
movements from infected or exposed herds that involve them . 
This should be done by wi re or telephone ( fol lowed by a 
letter giving further de ta il s) i f  this wi l l  aid in locat ing 
the anima ls more properl y and thus prevent exposure o f  
addi t iona l  herds and sprea d scabies . 

All pert inent infor.mation avai lable should be furn ished. 
This include s de scription of animals , vehi cle s  (breed, age ,  
sex, color , we ight, brands ,  eartag numbers , car number s ,  
waybi l l  numbers ,  truck and trailer l icens e pl ate numbers , 
truckers ,  owners , shipper s ,  and commis sion company names , 
etc . ) date shi pped , and other information that will aid in 
loca ting the cattle and/or herds concerned . Vet erinary 
se rvices should a l so be noti f ied .  
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APUNPIX <; 

<;OWRADQ_§�ES B&YL6US21§ 

March 1 ,  1 9 78 

Basi c SCabie s Regulations Adopted by the Colorado 
Agricultural Commi ssion are as follows : 

1 .  All cattle leaving public l ivestock markets , or 
purcha sed. sold or handled by any livestock dealer or any 
catt le sold or traded in private transactions wi l l  be 
officially treated with an approved scabi cide .  

2 .  All cattle moving from Colorado Counties east o f  
the Continental Divide to counties West of the Divide , and 
from countie s we st of the continental Divide to counties 
East o f  the Divide shall have been officially treated within 
ten days prior to such movement. 

Exceptions : 

a. cattle- -positively identified--which have been 
offic ially treated in COlorado within the previous ten days. 

b. Cattle--positively identi fied--which are being 
moved directly to a premises wbicb has an off icially 
approved treatment facility--to be treated upon arrival 
(within 24 hours ) and before being placed with or adjacent 
to any other cattle. 

c .  Cattle positively identified and con signed direct ly 
to federally inspected sla ughter establishment for immediate 
slaughter, SHALL require onl y a movement permit. 

d .  Lactati ng dairy cows and dairy calves ( under two 
weeks ) originati ng from dairy farms may be so ld without 
being treated for scabies .  

e .  Breeding cattle and their progeny may be sold or 
traded in county transactions without treatment for s cabies 
in countie s which have not had cattle scabies diagnosed 
s ince July 1 ,  1 9 77 .  provided they do not cross county lines 
and it is agreeable with both buyer and seller . 
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SO URCE : Col orado Aqricultural Commi s s ion . March 1 .  1 9 78 .  
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ARI ZONA SCABIES REGULAXIONS FOR FEE�YARDS 
Effective January 1 .  1 9 79 

The following refers only to "certified feed yards " as 
outlined below. and all other incoming shipments will adhere 
to present regulation. 

1 .  Live stoc k sanitary Board wil l  determine which 
feed lots meet the criteria for certi f icat ion. and upon 
appl ication from the feed yard wil l  either grant or deny 
cert i f ication. 

2 .  Definiti on o f  a " certified feed yard" : 

A.  Must have a dipping vat approved by the 
Livestock sanitary Board . 

B. Ninety- five percent ( 9 5 •) of al l cattle s hipped 
out of feed yard on an annualized basis must go to 
s laughter. 

c .  All cattle leaving the feed yard , other than 
those going to sla ughter. must be dipped prior to shipment , 
and be inspected by the brand inspector. 

3. cattle will be allowed to be shipped, without 
unloading anywhere else in Arizona , f rom any area within the 
United States to a certi fied feed yard without po int-o f­
orig in dipping. 

4 .  Livestoc k Sanitary Board will continue to issue 
permits to out-of- state shippers .  Cattle not destined to a 
certi f ied feed yard will continue the practi ce of point-of­
origin dippinq . Cattle destined to a certi fied feed yard 
wi ll carry a permit stating that the cattle must be dipped 
upon arrival . The order buyer eithe r  by phone or wire will 
inform the Livestock Sanitary Board of shipment. number of 
head , approximate time of arrival . etc . , so that area 
l ivestock inspec tor can be alerted to the shipment. such 
shipments must not be diverted in transit . Health 
cert if icate s  must be mailed within twenty- four ( 2 4) hours of 
shipment. 
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S .  Cattle , upon arrival at a certified feed yard, wil l 
be ma intained se parately in quarantined pens , from other 
catt le until dipped. Dipping must be done within twenty­
four hours. 

6. Dippi ng vat solution s must be approved by and be 
subject to ,  inspection at any time by the Livesto ck Sanitary 
Board . 

7 .  Live stoc k inspectors must ascertain that all cattle 
moving out of the feed yard, other than to sl aughter , have 
been dipped prior to shipment . 

8 .  Feed yards other tban certif ied feed yards ,  and all 
otber cattle handling facilities , shall continue to have 
catt le dipped at point-of- origin i f  the cattle come from 
Scabie s  infected areas as identi fied by the Livestock 
Sanitary Board. 

9. Fai l ure to comply with any o f  the aforementioned 
regulations will cause immediate revocation o f  the 
cert if ication granted by the Livestock sanitary Board. 
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bPPENDIX E 

��ION-.[LQT�IQlLiB�2Rft fQ!LI2EMQH§!BA_llHg_iaM§lll� 
Mll�§_Qf_I,��TQCR Mm_§YBMISSlQtLQE_MUE_§fi;�E:!§ 

!��TSVIm 

I PURPOSE 

USDA/ARS 
Animal Health Division 

June 2 4 ,  1 97 0  

The purpose of this memorandum is to provide information and 
instructions for the recommended techniques for 
demonstratinq parasitic mite s of livestock and for the 
submission of mite specimens. ANH Division �emorandum No. 
556. 3 .  dated December 2 1 ,  1 96 5 ,  ANH Division Memorandum No . 
556. 3 .  Supplement No. 1 ,  dated April 1 ,  1 9 70 , and ANH 
Division Memorandum No. 5 8 7 . 7 ,  dated October 1 1 , 1963.  are 
hereby cancelled . 

II GENERAL 

The maceration-f lotation procedure is recommended if s kin 
scrapinqs from scabies-suspicious animals have been 
care fully examined and no mites isolated. It may be 
diff icult to demonstrate mites due to previous but 
inadequate treatment of the animal , the time of the year 
when mites are less active, etc. Mites can te demonstrated 
by the maceration-flotation procedure and a diaqnosis of 
scabies confirmed when all other means have failed. Durinq 
recent years, many outbreaks have been confirmed usinq this 
procedure . These outbreaks would have been otherwise 
missed. Also the macezation-flotation procedure is the only 
practical proced ure for isolatinq i§Q��gJtes mites from 
cattle or sheep. 

The maceration-flotation procedure may be performed with or 
without the use of a centrifuge. 
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I I I  MACERATION-FLOTA�ION PROCEDURE 

1 .  Trim away excess hair or wool from the scab portion o f  
the scraping and place the remainder in a pyrex glass 
beaker. Add a sufficient amount of 1 0  percent sodium 
hydroxide ' or 10 percent potassi um  hydroxide2 to cover the 
material. Boil approximatel y 3- 5 minutes while stirring 
with a qlass rod . This will dissolve much of the extraneous 
mate rial such as wool ,  hai r, or scabs , releas ing mites . 

2 .  Carefully f i l l  two conical centrifuge tubes almost full 
(withi n one- half inch of top) and centri fuge at 1 , 000- 1 , 50 0 

r. p. m. for at least 5 minute s ;  OR, I F  CENTRIFUGE IS NOT 
AVAILABLE, 

carefully fill two 1 0  cc .  te st t ubes with boiled material 
and allow to stand for 8 hours or longer to permit further 
dissolving and complete settling. 

3 .  Pour off supernatant fluid (upper 85- 9 0  percent of 
f luid) . Fill the tube s half full with flotat ion solut ion l 
and yigQ{2Y§ly_st:i.L§2lYU2!L�lllLL£llin_§ti ck QL.{Qg • 
Finish fillinq t ube with f lotation solution. Pl ace a cover 
glass over the mouth of each tube making certain that the 
��;_glau_iLj,n_�!£t_!dth-tb� lig!.liQ. Let stand for 
one hour or longer to allow mites to rise to the cover 
qlass. 

4. Carefully remove the cover qlass and mount on clean 
glass slide. Examine each slide carefully under a compound 
microscope for the presence o f  mites and/or fragments of 
mite s .  Mite s  are not always readi ly found on the f irst 
preparation. 1t might b���2XY-tQ_Q{�e9{���•9l 
.§.liQ�Lt•QilL�ach t� be�"_mu_g��_fQ,gng . 

IV REMOUNTING OF MITES 

If only one mite or a fragment o f  a mite is i solated, it is 
wise nQt to attempt to transfer the material from the Karo 
mount to a permanent Hoyer ' s  mount to avoid l oss . A wel l­
dried Karo mount i s  adequate for confirmatiGn . All slide 
mounts should be adeq uatel y  dried be fore shipment . The 
microslide mount may be dried by placing it 1 2  inches from 
an incandescent light bulb ( 1 000 to 1 1 00 F. ) for 1 2  hours or 
longer or drying overnight in an incubator at 1 0 0 0  F. 

V SUBMITTING MI TE SPECIMENS TO BELTSVILLE 

Mites from all suspected o utbreaks of psoroptic, sarcoptic , 
chorioptic, and psorergatic sheep or cattle scabies must be 
submitted for conf irmation and cataloguing . 
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The field veteri narian is not relieved of his responsibility 
of ma kinq a tentative identif ication by the submission of 
specimens to appropriate l aboratories within the state and 
to Beltsville. He is still expected to attempt to make his 
own identification. In mo st cases. it would not be 
practical for the veterinary inspector to wait for a 
laboratory identification of all specimens before takinq 
appropriate action. However , if the veterinary inspector 
requires assi stance on the initial diaqnosis , he should not 
hesitate to seek such assistance. 

VI PURPOSE OF THE PARASITE REFERENCE CENTER 

The Parasite Reference Center was established to assist 
field stations and to serve as a national center for the 
cataloquinq and filinq of parasites encountered in the 
Division ' s  field proqrams. Invaluable information can be 
obtained by havinq accurate records of the incidence and 
distribution of the various external parasite s  of livestock. 

VII HOW TO SHIP SPECIMENS 

A rubber band should be placed around each end of the sl ide 
to cushion it in the mailer and prevent it from stickinq to 
the mailer i f  the mounting medium has not fully hardened. 
Each collection is to be accompanied by an ANH Form 5- 38 
properly f il led out. The slides are to be identified with a 
label. 

Mail all slides with mite s .  fraqments of mites, other 
ectoparasite&. or eqqs to: 

ANH Parasite Reference Center 
Buildinq 3 20 
Aqricultural Research Center 
Beltsville . Maryland 20705 

VIII WHEN THE MACERATION-FLOTAT ION PROCEDURE IS NOT USED 

I f  it is not possible to prepare mounts, i solate several 
mites and place them in a small vial of 7 0  percent alcohol 
and forward as directed above . 

If the condition is highly suspicious and mites are stil l 
not isolated by the maceration-flotation procedure and it is 
impossible to secure additional scrapinqs , place some of the 
material in a tight container (add 7 0  percent alcohol to 
prevent bacteria l action) and forward as directed above. 
�pings should be sent to Beltsvil le only as a last 
resort . 

1 55 

Copyright © National Academy of Sciences. All rights reserved.

Psoroptic Cattle Scabies Research:  An Evaluation
http://www.nap.edu/catalog.php?record_id=18793

http://www.nap.edu/catalog.php?record_id=18793


I X  REPORT ING MACERATION-FLOTATION PROCEDURES PERFORMED 

A monthly re port of the number of maceration- flotat ion 
procedures perfor.med at a station is to be provided by 
ente ring on the " remarks " section of the monthly ANH Form 5-
1 0  the number of scrapings taken and the number o f  
mace ration-f lotation procedures performed for each species . 

R. E .  Omohundro 

Acting D irector 
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NOTES 

1 Prepared by dissolving 1 0  qrams sodium hy drox ide in 1 00 
ml water. 

2 I f  sodium or potassi um  hydroxide is not avai l abl e ,  
household lye , which i s  approximately 97 per cent sod iua 
hydroxide , may be used . 

3 The recoanended f lotation solution is made o f one part 
white Karo syrup and one part water. 
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a��I2IX-I 
IBMTMEtJT M�HOD§_Q[_�6l'T_l&_AiiQ_§Jmif_iiWln!tLM 

IHL�-Atm PLAm'-HEALTH IH§iiruQlL§'m�L._ll§� 

Abstracts of instruction s  to be followed in the 
treatment of cattle and sheep scabies by APH�s .  Veterinary 
services Memorandum 556. 1 .  Supplements 2 ,  3 .  6 ,  8 ( 1 9 7 2- 7 6) . 

Lime-sulfur for treating cattle is 2 percent "sul fide 
sulfur "  a s  determined with a vatside test. A test kit and 
instructions for use can be secured from the Veterinary 
Services Diagnostic Laboratory, Agricultural Research 
Center. Beltsvil le , Maryland. 

The concentration of phosmet must be 0 .• 1 5  to 0 . 25 
percent and requires the addition of 1 0  pounds of triple 
superphosphate per 1 00 gallons of water to maintain the dip 
solution at a level of pH 5 . 5 .  Coumaphos dips should be 
maintained at 0. 3 0  percent , and toxaphene dip solutions are 
used from 0. 5 to 0 . 6 percent. 

Vat dippinq i s  the preferred method when treating cattle 
as it is usually faster and more economical than using a 
spray-dip machine . Spraying with a hand-held nozzle , 
whether with a power or hand-operated sprayer , i§_nQt 
ac;ceptabb. 

Infested and exposed herds should be treated twice 
within a 1 0  to 1 4  day interval between treatments using 
lime-sulfur, coumaphos , or phosmet. For toxaphene, in fested 
herds are dipped twice at the 1 0  to 1 4  day interval while 
exposed herds are treated only once. 
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Recharg� 
The vat or spray-dip tank must not be allowed to fall 

below the 7/8 level . Amounts ger lQ�Lglllgo§_QL_otG for 
replenishment of these materials are rigid: 4 quarts of 6 1J 
toxaphene concentrate : 8 lbs. of 2 51 wettable powder 
coumaphos : 2 gallons of 1 1 . 6 1 prolate concentrate plus 1 0  
lbs. of triple superphosphate for the optimum pH of 5 .. 5 
(range 4. 5 to 6 . 5) : and 6 1/2 gallons of lime sul fur 
solution. 

Vat and spray-tank machines should be emptied, cleaned 
and recharged when the solution becomes too visibly foul 
(manure, dirt, hair) for use , the sediment in the vat or 

tank equals 1 01 of the volume of the vat or tank ,  when the 
number of animal s treated is equal to twice the total 
gallonage of the initial vat or tank volume, or when the vat 
or tank has not been serviced within 112-gA!§_iQ�ll 
s£nilli�§ except phosmet..�i£1Lx�i�H-���YJ��§ 
�d�· 

Aggitive§ 
various type s of detergents , wetting agents, and water 

softeners are available for use in these vats or spray-dip 
machines to help wet the animal hair and skin. APHIS/USDA 
Memoranda instructions state that none should be used except 
on specific authority from State and/or Federal Veterinary 
Regional Directors . 

f�smons of QB 
Lime- sulfur is the only acaricide which may be used on 

lactating dairy cattle and goats . Animal s treated with 
lime-sulfur or coumaphos may go to slaughter witb2Yt..9 
ilibholging �i� · 'Ihe intervals between treatment and 
slaughter for phosmet- and toxaphene-treated cattle are ll 
and ��SY§, respectively. 

Legal tolerances in pa rts per million (ppm) in animals 
treated with the se acaracides are: coumaphos- 1 ppm meat and 
fat and 0 . 5 ppm milk. lime-sulf ur-safe chemical, phosmet- 0. 2 
ppm meat and fat , and toxaphene- 7 ppm fat . 

Ca lves under 3 months of age should not be sprayed while 
those under 6 months of age should not be dipped with 
toxaphene. Likewi se. calves under 3 months of age should 
not be treated with phosmet. No animal age limitations are 
suggested for di ps and spray-dips using coumaphos or lime­
sulfur. 

1 59 

Copyright © National Academy of Sciences. All rights reserved.

Psoroptic Cattle Scabies Research:  An Evaluation
http://www.nap.edu/catalog.php?record_id=18793

http://www.nap.edu/catalog.php?record_id=18793


QQymaphQ§ should not be used in conj unction with 
inte rnal medicat ion , with phenothiaz ine, natural or 
synthetic pyreth roids or t heir synerg i sts, or in dips of a 
stronq a lkal i ne nature . All aca ricide dips o r  spray-dips 
shou ld not be used to treat sick , convale scent , o r  stres sed 
catt le . All ani ma l s  scheduled for treatment sho uld be 
rested and a l lowed to drink their f i l l  of wa ter (mi nimum of 
2 to 4 hours pri or to dipping) . 

���itted Propri etary Acaracides 

The followinq brands of pest icides have been permitted 
by APH I S  ( 1 9 77 )  for o fficial use aga inst scabies , are 
reqi stered with the appropriate Fede ral agency, and have 
unde rgone further eva luation to as sure their eff i cacy when 
used in cooperat ive proq rams . 

1 .  Toxappene emuls ion. " C oopertox L ivestock, " 
(Burrouqhs-Wellcome Company, North Carolina) ; "Lintox-X 

Live stock spray and dip" ( Zoecon Ind ustrie s ,  Texa s) ; 
" Toxaphene- 6 1  Livestock spray and dip" ( He lena Chemica l  
Company , Tennessee ) . 

2 .  coumaphos (Co-Ral 0 )  wettab!!LPowder .  "Co-Ra l 2 5• 
W. P. " (Bayvet Corporation , M issouri) . 

3 .  Phosmet (Prolate 0 )  emulsion. "S tarbar GX- 1 1 811 

( Zoecon I ndustri es , Texa s ) . 

4 .  Lime-Su l fur solution. "Acme Lime-Sul fur Spray" 
(Acme I nc . , Mich iqan) ; " LaccQ Li quid Lime-Sul fur "  (Los 

Angeles Chemi cal Company , Ca l ifornia) ; " Ortho Lime-Sulfur 
Solut ion " (California Chemica l  Company , California) ; 
Sterl inq Brand L iquid Li me-Sulfur" ( Smith Chemical Company ,  
Colorado ) ; " Va l l ey Spray Rex Lime- Sulfur Solution s" (Yakima 
Spray Company , Was hington) 1 

Human Sa fety 

Ranc h and re qulatorv employees who manaqe and 
part i cipate in cattle scab ies treatment prog rams a re expo sed 
to pesti cides wh ich ,  in concentrate and di lute f ormulations, 
may be toxic to man. 

Pe rsons mixi nq concentrate formu lations and those 
invo lved wit h application of dilute solution s  should wea r 
spec ia l equipment such a s  gloves , goqgles and/or 
re spirators, and protective c lothinq and shoe s .  Worke rs 
usinq dip fork s  to manaqe animals in vat d ips should be 
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fully protected (rain qear i s  advised) as they are sub ject 
to beinq splashed and are at a hiqh risk o f  exposure. 

Permanent employees should have blood cholinesterase 
leve ls determined before and at intermittent periods while 
workinq with pesticides--particularly wben us inq the 
orqanophosphorus compounds such as coumaphos and phosmet . 
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Afi�tiDIX_Si 

��lCATIQH_EQY!�HI£_¥A!=Qlffl� 
AND SR_RAX-Diffiti� 

Abstract of Dipping vat Management and Treatment Procedures 
and Guidelines for Use of Spray-dip Machine for Treating 
cattle . by APHI S .  Veterinary Services Memoranda. 5 56 . 1 
( 1 972)  and 5 56 . 5 ( 1 975) . 

Permanent dipping vats are recommended to be at least 33 
feet long by 3 1 /2 feet wide at the top and cottom. or in 
case of a v-shaped vat . not less than 20 inches wide at the 
bottom ; the mini mum bath depth should be 6 feet at the 7/8 
full level. 

The running chute should be at least 30 feet long with a 
gate or bar loca ted near the vat entrance to hol d animals 
back in order to prevent pile up and drowning . Some 
catt lemen make the final 1 0- 1 2 feet of the running chute in 
a semi-c ircular form to prevent balking of the cattle before 
they jump into the vat. A highly polished cement sl ide or 
stainless steel covered board of about 3 1 /2 feet long is 
o ften used for easy entry of animals into the vat . 

The first 1 0  feet of the vat extending from the start of 
the slide is usually built with 5 to 6 feet high sol id wood 
sides (splash guard) to prevent loss of dip material and to 
help prevent contamination of workers standing by the vat 
dip for the purpose of manag ing animals during their swim 
through the dip. These workers are instructed to use 
dipping forks to help dunk heads of cattle not wet from the 
iump-in ; ropes are also provided to assist young cattle or 
those in distressed condition. 

The vat exit ramp is usually 1 6  feet long , fitted with 
cleats or groove s set 12 inches apart , and provided with 1 2  
feet long by 5 or 6 feet high side walls . The exit leads to 
a pair of equal size drain pens ( 1 6 '  wide by 3 0 '  long) 
f itted with a cutting gate and concrete floors with 
suff icient slope to permit return of the dip material to the 
vat. 
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spec ial features included in the construction of some 
vat dips include a 1 2  feet lonq by 1 foot deep concrete foot 
bath placed in the working chute to help reduce vat 
contamination by mud and manure. Al so , some operations 
provide a collection basin to receive drainage from the dip 
pens with an alternate exit to the outside to prevent rain 
water from entering the vat. A much-used and properly 
constructed vat usually has a slant- roof structure over the 
body of the vat to prevent rain from entering and causing 
dilution of the dip. 

Extra equipment is advisable when using co-Ral wettable 
powder dips since this material must be thoroughly mixed at 
frequent interva ls to avoid rapid settling out o f  the active 
inqredients. A hand- stirrer in the form of a metal rake or 
a long-handled 1 8  inch square, perforated board is used for 
mechanical aqitation. A more expensive method is the use of 
a portable, qas- driven compressor equipped with a long hose 
f itted to a T-shape pipe to permit air agitation of the vat 
contents. 

§123Y Dip Ma�U 
Portable and stationary machines , also called "spray- or 

dip-boxe s" are available from numerous commercial sources. 
Most popular are the portable type which can be towed from 
ranch to ranch where they can be positioned flush with the 
end of a chute or squeeze. The all-metal spray chamber is 
about 9 feet lonq by 4 1/2 feet wide with sliding front and 
rear doors. There are adj ustable screw jacks on each corner 
to place the machine on a level with the entrance chute. 
The machine is usually powered by an 1 8  hp ai r-cooled, gas 
enqine f itted with an adj ustable high pressure centrifugal 
pump to deliver 250 gpm and can be operated at 50 to 200 psi 
measured at nozz le discharge. Speed of treating cattle is 
controlled by one operator located on a side platform 
overlooking animals entering and leaving the machine. 
stationa ry models are simi lar in des ign without axle and 
wheels or jack equipment. A 7 1 /2 hp electric motor may te 
substituted for the gas engine. 

With the portable model, the machine should be 
positioned so that the rear doors do not interfere with the 
end gate of the chute or squeeze . In some cases metal or 
wood baf fle plates must be constructed to prevent animals 
from turning aside and possibly escaping through an open ing 
between the machine and the chute. Also ,  a small ramp must 
be used in some machine-chute arrangements because of uneven 
ground surfaces. Two chains are commonly used to anchor the 
machine to the end of the chute to prevent movement of the 
machine after continued impact by active cattle. The chute 
should have a sl iding qate or a pole about 8 feet from the 
point where cattle leave the chute and enter the machine . 
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For this rea son a chute having a squeeze on the end is ideal 
for operating spray-dip machines . 

Animals should remain in the spray dip machine for 1 
minute , receiving three 20-second bursts o f  spray with a few 
seconds pause between bursts to allow the animal to breathe. 
Calves under 2 months of age should be given two 1 0-second 
sprayings with one pause between. 

Recharging the tank is on the basis of 2 5  gallons to 
bring the sump up to full mark. This is critical because of 
the usual 1 1 /2 gallon carry-out per treated animal which 
exits immediately after the 1-minute treatment.  

Like any power-driven equipment, the spray-dip machine 
including all parts. must be maintained in good repair . 
Engine maintenance is critical , and the pump must be 
constantly inspected to guard against air leaks . Holes in 
the hydraulic agitator must be kept clean, and all 28 
nozz le s must be open and clear of debris to insur e adequate 
pressure and complete wetting of animals .  The in jector and 
strainer must be operated between 50- 7 5  rpm. 

Brief instructions from the Federal Memorandum are 
included on what to do with the volume o f  acaracide 
rema ininq in the vat or spray-dip machine fol lowing 
completion of animal treatment. 

No instructions are given for disposal o f  lime-sul fur 
(Vet. serv. Memo 556. 1 suppl . 8) .  A broad warning is given 

to di spose of solutions in areas where animal s or persons 
wi ll not come in contact. in an area where seepage cannot 
reach animal feeds or underground water suppl ies� or where 
drainaqe cannot reach streams where f ish or animals can be 
poisoned. 

Recommendations for di sposal of coumaphos and toxaphene 
solutions are de scribed beyond the general warning given 
above for phosmet (vet. serv. Memo 5 5 6 . 1 suppl . 6 and 3 
respectively) . Suggestions are made to empty solutions into 
a fenced sump or pit located on heavy soi l s .  Also, the sump 
or "evaporative pond11 should be bordered by a berm of 
adequate heiqht to prevent surface water to enter and cause 
an overf low. In structions also advise consultation with 
staff of the Soil conservation Service, USDA. In many 
states cooperation is required from staff of the Water 
Quality Control Board where specialists may be asked to 
evaluate individual di sposal sites. In some states Class I 
dump sites are available to receive unused pe sticide 
solutions (and empty containers) . Vats and dip tanks can be 
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pumped empty into a motorized tanker or a tank tr ailer and 
take n  di rectly to these site s  or to sewage treatment plants . 

some of the unused solutions from portabl e vat and d ip 
machines are used to wash down common structures used by 
catt l e  durinq the treatment procedure--corral fencing of 
holding pens , entry chute and squeeze . No instructions are 
given in thi s re spect nor are there any warnings made for 
pe sticide treatment of trucks used to haul s cabby cattle . 
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APPENDIX H 

NAMES OF ACARICIDES 

Common Name ( Registere d ®  
and Trademark 8Name ) Chemical Name 

Amitraz 

Chlorfenvinphos 
(Birlane 8 ) 

Chloromebuform 
(Ektomin 0 ) 

Chlorpyrifos 
(Dursban ® )  

Crotoxypho s 
(Ciodrin 0 )  

Crufomate 
( Ruelene 0 )  

Cyhexatin 
(Plictran ® )  

Diazinon 

Famphur 
(Warbex ® ) 

Fenthion 
(Tiguvon 0 )  

Malathion 
(Cythion 0 )  

Oxythioquinox 
(Morestan 8 

Permethrin 

1 , 5-di- ( 2 , 4-dimethyl) -3-methyl-1 , 3 , 5-triazapenta-1 , 
4 -diene 

2-chloro-1 - ( 2 , 4-dichlorophenyl) vinyl diethyl 
phosphate 

chloromethylphenyl butylformamidine 

0 , 0-diethyl 0- ( 3 , 5 , 6-trichloro-2-pyridyl ) 
phosphorothioate 

alpha-methylbenzyl 3-hydroxycistonate dimethyl 
phosphate 

0-4-tert-butyl-2-chlorophenyl 0-methyl 
methyl phosphoramidate 

tricyclohexylhydroxystannane 

0 , 0-diethyl 0- ( 2-isopropyl-6-methyl-4-pyrimidinyl 
phosphorothioate 

0-p- ( dimethylsulfamoyl ) -phenyl 0 , 0-dimethyl 
phosphorothioate 

0 , 0-dimethyl 0- ( 3-methyl-4-methylmercapto-phenyl) 
phosphorothioate 

diethyl mercaptosuccinate , S-ester with 0 , 0-dimethyl 
phosphorothioate 

6-methyl-2 , 3-quinoxaline dithiol cyclic S , S-dithio­
carbonate 

( 3 -phenoxyphenyl ) methyl (± ) cis-trans-3 - ( 2 , 2-di­
chloroethylenyl ) -2 ,  2-dimethylcycloproprane­
carboxylate 
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APPENDIX H (Continued) 

Common Name ( Registered 0 

and Trademark S Name ) Chemical Name 

Phoxim 
(Valaxon 9 )  

Quintiofos 

Ronnel 
(.Korlan 0 ) 

SD-14114 
(Vendex 0 )  

Stirofos 
( Rabon ® ) 

Trichlorfon 

(Neguvon 0 ) 

a-[ [ (diethoxyphosphinothioyl) oxy]imino] benzene­
acetonitrile 

0-ethyl 0-quinolyl-8 benzenephosphono-thioate 

0 , 0-dimethyl 0-2 , 4 , 5-trichlorophenyl phosphoro­
thioate 

hexakis (2-methyl-2-phenylpropyl)  distannoxane 

2-chloro-1- ( 2 , 4 , 5  trichlorophenyl)  vinyl dimethyl 
phosphate 

2 , 3  dimethyl ( 2 , 2 , 2-trichloro-1-hydroxyethyl) 
phosphonate 
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