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EFFICACY AND SAFETY OF THE SYSTEMIC 
METHOD OF VAMPIRE BAT CONTROL 

ROGER W. BULLARD 
AND R. DANIEL THOMPSON 

SUM.VARY In the sysemic method of controlling vampire bats (Desmodus rotundus), Gagleare given a single intrarumninal injection of 1 mg/kg of diphenadionel (2-(diphernylacetyl)-l,3-indandione). lis anticoagulant
is rapidiy absorbed into the bloodstream, and an.% bat that eeds front a treated animal within 72 hours receives a lethal
dose. The injection is harmless to adult cattle, who receive ample vitarain K (the antidote) from their rumen bacteria and
from green plants. itcontrast, vampire bats are highly susceptible; the acute oral LD,, is 0.91 mg/ kg for inactive bats
and perhaps one-third that level for exercising bats. The systemic method has proved sale and highly effective in field tests
in kMexico, Ecuador, and Nicaragua. and has been widely used in a National Campaign in Nicaragua, where vampire bat
attacks have been reduced by more than 90 percent and bat-transmitted rabies appears to have been eliminated. 

Additional studier have shown that diphenadione residues in'neat and milk fromtreated cattle pose no hazard to human Detectable were found the-inaTmR "7'r-shealth. residues not in of dole-trecommended / mag/kg level 
dhe

but 0.021 ppm or less was oresent in cows dosed at 7.75 mg/kg. Diphenadione was detected
only in liver and kidney samples (0.15 ppm or less) 30 days after cattle were given I nag/kg doses. Rats led the liver of 
treated cattle for 2-4 weeks showed no ill effects. These residue levels are rminute in comparison with the miainium daily
dosage of diphenadione used in human therapy. 

-There has been a long- The Systemic Control Method June whereas in Januiary the cattle de
standing need for e- pended on alfalfa ha tor their source 

lf limination of the agri- The systemic method of vitamin K.cultural and economic losses to the peo- capitalizes on the daily requirements of To our knoledge. there 
pie of Latin America caused by vam- vampire bats for blood, the reversible have been no reported ill effects in any
pire bats (Desiodus rotundus). These binding of indandione anticoagulants like of the adult cattle treated in any of
bats are carriers of paralytic rabies which diphenadione to the blood plasma al- the Latin American countries. I his saf
is estimated to claim 2 million head of bumin. and the much greater sensitivity ty for ruminants is prinmarily attributed 
liaestock annually (Constantine, 1970). of vampire bats than of ruminant live- to the fac that large amounts or vitaminIn 1968, the Mexican Agriculture and stock to these drugs. A 1 nig/kg dose K. the antidote lor diphenadione, are
Livestock Ministry's National Institute of diphenadione is injected into the ru- synthesized by their rurnen bacteria (Bar
of Lketock Research and the U. S. Fish men compartment of cattle and is ra- nett and Reid, 1961) as well asand Wildlife Service 

oc
tinder a sponsoring pidly absorbed into the bloodstream. Any curring widely in the green lealy plants

agreement with the U. S. Agency for vampire that feeds from a treated animal they consume (Harper, 1971).
Iniernational Development cooperated in within 72 hours receives a lethal dlose. In contrast, vaainirc 
a program to find a solution to this prob- There isamp'e evidence bats are highly susceptible to diphena
lem. Two vampire bat control methods that this treatment is safe for adult dione. Since their blood food is low in 
were developed. one a topical application ruminants. Thompson et al. (1972) re- %itamin K and the only other source ofof an anticoagulant to the bat (Linhart ported thut a single oral dose of Lip to this antidote is through synthesis by in
et al.,1972) and the other a systemic 5 mg/kg in cattle produced no observa- testinal microorganisms, the bats Lan 
treatmcnt of the bat's h'st (Thompson ble signs ,f intoxication beyond a mod- apparently "'bufer'"little of the anti
et al.. 1972). In the systcinic method erate increase in plasma prothrombin coagulant. In a laboratory study with
bats are killed by consuimiing diphena- clotting time; these data on clotting caged. inactive vampire bats, the single
dione (2-(diphenylacetyl)-l,3-indandio- times are summarized in Table I. We oral ID., ((lose statistically estimated
ne) circulating in the blood of treated have dosed adult cattle with up to 10 as lethal to 50 percent ot the population)
cattle. Since 1972, personnel of the Den- mg/kg since that time and have made was 0.91 mg.'kg (ihmpon ei al.,vet Wildlife Rcsearch Center and coop- the same observation. The values of 1972). However. our observations of 
"rators in various Latin American coun- Table I are even higher than those treated bats indicate that body move.tries are engaged in research and exten- reported in Table 3 for adult lactating ments during flight increase the incidence
sion efforts to develop and apply these cows. Factors such as mode of admin- of blood capillury ruptures, especially in
methods. Considerable emphasis has been istration or physiological state of the the wings, so that actise bats die from
directed at evaluating t'e effectiveness animal could be involved. Probably the internal hemorrhaging at even lower dos
and safety of the systemic mehod. This most important is that the former study ages.
paper summarizes laboratory and field was conduct.d in January and the latter Recognizing the impor
data ccmpiled in these investigations, in June. Green grass was available in tance of exercise in vampire bats' sus-

Roger W. Bullard, Biochemist, obtained his B. S. in agricultural biochemivirv a!Oklahoma
State University In 1963 and his M. S. in analytical chemistry from Denver University in 1975. lie has sened for 13 years
at the Denv'.,r Wildlife Research Center working in animal damaLe control research programs. 

R. Daniel Thompson. Phisiologist, obtained his Ph. 1). at Louisiana State University in1961. He holds a patent on the livestock systemic method for control of vampire bats. Since 1973. he has served as Chief.
Section of Sup:,,orling Sciences at the Denver Wildlife Research Center of the U. S. Fish and Wildlife Service. Address:
U. S. i)ept. of tMi:Interior, Building 16, Denver Federal Center. Denver, Colorado 80255, USA. 
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ccptibility to diphenidione allowed us 
to set a dosage in cattle as low as 
I mg/kg. At first, laboratory data indi-
cated this dosage would be too low. 
The mean concentration of diphenadione 
in blood plasma of cattle given 1 mg/kg 
was 0.61, 1.0, and 0.81 ppm respectively 
at 12, 24, and 48 hours post-treatment. 
The cattle's mean hematocrit of 35.3 
percent means that a 30 gram vampire 
bat drinking 20 ml of blood would re-
ceive 28.7, 47.2 and 38.5 percent re-
spectively of the 0.91 mg/kg LD50 for 
inactive bats. However, in a pilot study 
we found indications that the lethal dos-
age could be reduced to about one-
third that level by simply exercising the 
bats for 3 minutes daily. In one field 
study Wimsatt (1969) observed that the 
mean foraging time for a colony of 
bats was 2 hours. The probability of 
long periods of exercise makes the 1 mg/ 
kg dosage, which is marginal in the 
laboratory, ideal in the field. Operational 
successes with the systemic method at-
test that this is the case. 

Efficacy of the Method 

Thompson et al. (1972) 
reported that one systemic treatment of 
cattle on three ranches in Mexico re-
duced the number of vampire bat bites 
by 93 percent. Immediately before treat-
ment, 214 bites were counted on 207 
cattle; 2 weeks after treatment, 15 bites 
were counted on 210 cattle. Accordine 
to a prediction equation derived earlier, 
the population had been reduced from
2l2 to 15 vapr bats (ThomIpson et.at., 1972). Sinilar results were obtained 
in another study on 58 dairy cows in 
Ecuador and 28 cows in Nicaragna. In 
Ecuador vampire bat bites averaged 3.95 
Ecow before trbatment and only 0.07 
after 60 days; inNicaragua bites aver-


aging 2.61 per cow before treatment 
were completely eliminated (Thompson 
and Elias, in review), 

Nicaragua's National Campaign 


Some of the best data 
on he practical application of the sys-
temic method has conic from Nicaragua. 

In 1974 this country began a National 
Campaign to control vampire bat para-
sitisni on livestock (Gonrilez and Mit-
chell. 1976). The board of Livestock 
Services and Control administers the 
program through a staff of trained pro-
fessionals. The program chief and field 
supervisors are veterinarians and the field 
teams are personnel trained in general 
agriculture and vampire bat control 
methodology. Thus far the teams have 
conducted bat control in 9 of the 17 
departments (states) of the country. 

Large ntimbers of cat-
tie have been treated by the systemic 
method. For example, on 18 ranches 
in the departments of Granada and Ri-

TABLE I 

PLASMA PROTHROMBIN CLOTTING TIME OF ADULT CATTLE GIVEN 
SINGLE ORAL DOSES OF 0.5-5 mg/kg OF DIPHENADIONE 

Prothrombin clotting times in seconds (mean -:-SD) 

Hours 0.5 mg/kg 1 mg/kg 2.75 mg/kg 5 mg/kg
 
posttreatment n-4 n=3 n=4 n-4
 

0 18.9 ±t 2.8 17.5 t 0.9 22.2 -__3.2 19.8 -$- 2.1 
24 26.5 ±t 7.2 23.9 ±t: 1.4 27.0 __ 3.3 30.1 -__ 8.1 
48 45.6 _t19.7 52.0 ±t 12.5 58.1 -- 9.5 63.3 .T 18.3 
72 43.8 ± 23.6 68.3 ± 18.0 95.0 ±_ 9.7 124.1 ± 66.2 
96 28.6 ± 10.3 40.7 ±+-22.1 121.9 ±__47.9 183.6 - 94.3 

120 22.7-, 5.2 21.0 5.6 39.6 ±t 12.7 78.1 -- 16.8 
144 19.8 _ 21.8 19.0 _ 2.6 24.5 -t 3.5 35.5 -t 7.4 

TABLE 2
 

DETECTABLE DIPHENADIONE RESIDUES (> 0.01 ppm) IN TISSUES
 
OF CATTLE GIVEN SINGLE 1 mg/kg INTRARUMINAL INJECTIONS
 

ppm found (mean ±t SD)a 
Days

posttreatment Liver Kidney 

30 0.15 t 0.01 0.08 0.01 
60 0.14 ± 0.01 0.0 ± 0.02 
90 0.15 0.01 - 0.10 0.00 

0.00 -+-
a Means of four values two animals at ,"h period run in duplicate). 

90 0.15 ",- 0.08 0.00
 

vas, where the topical method was not after the animals were treated. For these
used, 18,714 cattle were treated and studies, a method %%as developed to chem
vampire bites were reduced by 93.7 per- ically analyze the concentration of di
cent. phenadione in blood plasma, milk, and

In the total campaign animal tissues (Bullard et al.. 1975).
102,34 ad 1 amibeen treated system

ically and 1,488 vampire bats treated Tissue Residues in Cattle 
topically. Examinations 30 days after 
treatment have shown that biting has 
been reduced by 91.8 percent overall In a tissue residue study 
(Gonzailez and Mitchell, 1976). Dr. Ro- (Bullard et al., 1976), six Hereford heif
drigo Gonziilcz, Director General of Li- ers hin approximately 230 kg each 
vestock in the Ministry of Agriculture, were injected intraruminally with I mg/ 
has stated that no confirmed cases of kg of diphenadione. Two of the animals 

at 60, andvampire bat-transmitted rabies have been were then killed at 30, two 
reported in Nicaragua since 1974 ani two at 90 days post-treatment. Samples 

nimal s blooriplasma, mlver,that the Ministry of Agriculture believes of each 
the problem has been eliminated as a and fat (1:1 mixture visceral and sub
result of the control campaign (Gonz a- cutaneous) were analyzed for diphena

dione residues. Detectable levels (0.01lez and Mitchell, 1976). 
ppm or more) were found in kidney and 

Hu a Sr sampe but n in h dte t nd 
Human Safety liver samples but not inthe other tisses
ITable 2). 

- Analysis of Rcsidues 2 Thc range of daily adult 
1iingle oral dosages for diphen: -one as 

After developing the a prothrombinopenic anticoa. nt in 
systemic method of vampire control and human therapy is2.5 to 30 ng emins, 
finding it safe for adult cattle and sheep, ton's Pharmaceutical, 1970). It li.er 
we shifted our research emphasis to as- contained the highest concen.'-,on 
pects of human safety. The important found (0.15 ppm), a human wou~d have 
question was to determine if there wou!d to eat nearly 17 kg of it per day t,, 
be a hazard to humans if they consumed receive the minimum daily dosage used 
mezt and milk from livestock shortly in anticoagulant therapy. 
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TABLE 3 
DIPHENADIONE RESIDUES IN THE MILK OF COWS, AND PLASMA PROTHROMBIN CLOrING TIMESOF THE COWS AND THEIR NURSLING CALVES, AT INTERVALS AFTER THE COWS WERE GIVEN SINGLE

INTRARUMINAL INJECTIONS OF DIPHENADIONE 

Control (I cow and calf) 1 mg/kg (3 cows and calves) 2.75 mg/kg (3 cows and calves) 

ppm Prothrombin ppm Prothrombin ppm Proihrombin
Hours diphen- clotting time diphen- clotting time diphenadione clotting timepost- adione in sec adione in sec (mean-±SD) in milk in sec (mian-SD)treatment in milks Cow Calf in milka Cows Calves (mean-SD)a CoS Calves 

0 NDh 19.0 18.0 ND 15.3±__0.3 14.8±0.7 ND 16.7- 1.4 17.3-0.6 
12 ND 17.0 15.7 ND 18.7±t-2.5 16.7-1.6 0.019±0.007 16.7 L 0.4 15.5±0.2 
24 ND 16.5 15.4 ND 19.0-±2.2 15.8_0.3 0.021±-0.005 22.0-- 0.9 15.9_0.1 
48 ND 19.0 17.0 ND 25.3±t4.2 18.5±-1.6 0.020±0.007 29.2 - 2.6 16.0-1-1.3 
72 ND 15.8 15.4 ND 24.6-6.8 15.2±0.2 ND 39.8, 4.5 15.3=0.6 
96 ND 16.1 15.5 ND 21.2L4.4 15.7±0.8 ND 42.0+_ 8.0 15.7-±-0.6 

120 ND 16.8 16.0 ND 20.3-2.8 16.3-0.2 ND 30.5±i 10.6 15.2t0.2 
144 ND 15.0 15.5 ND 16.7=±-2.5 14.4-1.2 ND 23.2 8.0 14.3±0.6 

a All milk samples, from each animal at each interval, run in duplicate.
 
h ND = not detected (limit of detection. 0.003 ppm).
 

In addition, the livers Residues in Milk of Cattle 	 Conclusion 
of the six treated heifers were used in
 
a secondaryextremely sensitivestudy multiplerats,
which are hazard towith suyIn the milk residue 	 The systenmic method of
doses o diphenadione (chronic LDp,, study (Bullarde et al., 1977), three iac- vampire bat control has been tested0.2 mg/kg/day). Liver from 	 andeach trea tating cows were injected intraruminally found to beed heifer 	 highly effective in studieswvas fed to 10 adult Spragte with 1 mg/kg doses of diphenadione, in Mexico, Ecuador. and Nicaragua.
Dawley rats for 14 days; each rat re- three others were injected with 2.75 mg/ Futhermore, it has been the predom
ceived a daily ration equivalent to 1.36 kg, and a control cow received a "shara" inant method used in the National Cam
kg for a 70 kg human. Ten rats fed injection of physiological saline. E-ich paign in Nicaragua, %here bat-transmit
untreated liver served as controls. All cow had a nursling calf. Samples of ted rabies appears to have been elimi
rats ate all liver offered and all gained milk and blood from each cow and blood nated as a result. Since there have been 
weight. At 14 days, 5 of each 10 rats from each calf were taken at 0, 12, 24, no reported ill effects in any cf the 
were killed, their blood was immediately 48, 72, 96. 120, and 144 hours post- adult cattle treated in ally of the cotin
analyzed for prothrombin clotting times, treatment and analyzed for diphenadione tries and our investigatons indicate that 
and blood and liver samples were taken residues. Prothrombin clotting times diphenadione residues do not pose a 

were determined on all blood samples hazard to the health of either livestockand analyzed for diphenadione residues.The remaining rats in each g,upwr .-nmediately after collection, or man, a safe and effective method (if 
observed for an additional 1-, days for Diphenadione could not vampire bat control is available for use 
mortality or signs of chronic toxicity. be detected in any blood samples from ny the countries of Latin America. 
None of the rats showed any ill effects nursling calves. Tctces of diphenadione
throughout the study. There was no dif- were four.- in milk samples taken at12, 24, and 48 hours post-treatment from REFERENCES 
ference in prothrombin clotting times cows given 2.75 mg/kg but could not among treated or control groups, and be detected in rr.,k from cows given the ReacionsBarnett. .o. ofG.t/i,Mdrlamen.Reid. (EdwardR. L., (1961):Arnold 
diphenadione was not detected in the recommended 1 mg/kg doses (Table 3). (Publisher) Itd. London).liver or blood from treated rats. Ht,wever, even the trace residue for Bullard, R. W., Holguin, G. and Peterson, J. 

These results were cor- the 2.75 tog/kg dose did not appear in E.. (1975):roborated by an earlier secondary 	 Iktermination of chlorophacihazard th,: blood of the nursling calves and 	 none and d:'henadione rcsidurn in biolo
gical iaterials. J A-gric Food Chem, 23:study conducted at a higher dosage level thert: were no detectable increases in 72-74.


(Thompson ct al., 1972). The livers of prothrombin clotting times (Table 3). lullard, R. W., Thompson. R. D. and Holguin,

two beef calves slaughtered at 30 days Even if milk contained sues (1976): in tis-
G., of Diphenadone residuescattle. J .-Igr:cafter an oral dose of 2.75 mg/kg were 	 Food Chem. 24:the 0.021 ppm maximum residue ievel 261-263.
fed to 30 laboratory rats for 7 consecu- resulting from accidentally administering Bullard, R. W., Thompson. R. D. and Kilburn,tive days. Each day the rats consumed 2.75 times the recommended dosage, a S. R., (1977): Diphenadione re,,idues inmilk of cattle. J Agric Food Chem,an equivalent of 6.8 	 25:kg per 70 kg man person would have to drink 117 liters 79-81.with no signs of intoxication or chanpe of it to obtain the 2.5 mg minimum :onstaniine, D. G. (1970): Bat in relation
in prothrombin clotting times. The fact daily dosage used in human anticoagu- to health, welfare, and economy of man; 
that the tissue of greatest diphenadione lant therapy. Since detectable in Biology of Bats, Vol. It, William A.quantities Wimsatt (Academic Press, New York andconcentration, from an animal given 2.75 of diphenadione did not occur in the t.ondon) 320-449.

times the recommc.nded dosage, had no milk of cows given the recommended I Gonzilez, R. and Mitchell, G. C., (1976):

effect on rats is further evidence of the mg/kg dosage, t~e method's safety seems America.
Vampire bat control programs in Latin
safety of the method, assured. 	

Proc. Setenth Vertebrate PestConf, Monterey, Calif., March 9-11. 
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EFICACIA Y SEGURIDAD DEL 
METODO SISTEMICO EN EL 

CONTROL DEL MURCIELAGO 
VAMPIRO 

ROGER W. BULLARD 
Y R. DANIEL THOMPSON 

RESUMEN En el mtodo sistdmico para controlar murciclagos vampiros ( Desmodus rotundus), 
surninisata al ganado una sola inyeccidn de I mg/kg' de dilenadiona (2-difenilacetil-1,3 indandiona). Este anticoagulante es 

rdpidametnte alisorhido por el flujo sanguineo y cualquier mturcielago que se alimnente tie an animal que ha recibido este Ira
el ganado aduito. piles tste recibe abuin

se 

tatniento. en 72 tioraL" recibe una dois letal. Esta invecci6n no es daftina para 
parte, los tnurcitflagosdante vitainina K (antidoto) tde la bacteria de si runen v tatnhben de plantas verdes. Por otra 

vainpiros .c'n sutnamente susceptiblhs a este anticoagulante. La dosis por via oral calculada estadisticamente cono mortal 

para un 50 por ciento (DLs,) de los ,,urcidagos inactivos tratados 's de 0.91 mg/kg y, posiblemente, un tercio de este 

nivel para tuurci lagos en ttiovinietnto. En pruebas de cantpo rea,,zadas en AWx.tico, Ecuador y Nicaragua este milodo 

sistmico ha detnostrado ser tnul eiectivo y seguro. Tainbin ha sido empicado en /ornti extensiva en una cam pana nacional 

en 'icaragua. donde los ataques por ,uurciiagos vamipiros han sido reducidos en rnis de un 90 por ciento y la rabia trans

mitica por eilos parece haber sido climinada. 
Estudios adicionales ban demostrado que los residuos de di/enadiona en la carney 

leche del ganado tratado no presentan riesgo para la salad huniana. No se perciieron residuos en la leche de vacas trataas 

con !a d,'.is recopnendada de 1 m,,/k,. pero en vacas dosi/icadas al 2.75 mug/kg residuos de 0.021 ppm o inferiores jter)n 

encontrados. Solamente se percibii di/enadiona en, mnestras die iigado y rifi6n (0.15 ppm o in/eriorcs) 30 dias despuis dc

que se le aduzinistr6 al ganado una dosis de I mg/kg Por 2 a 4 semanay se alimentaron ratas con higado de ganado al que 

se le habia administrado el tratami,'nto, ' estas ratas no mostraron efectos adversos. Estos niveles de residuos estdn por delia/o 
de la dosis mininia diaria de difenadiona usada en la terapia humana. 

EFICACIA E SEGURANCA DO 

METODO SISTEMICO NO CONTROLE 
DO MORCEGO VAMPIRO 

ROGER W. BULLARD 
E R. DANIEL THOMPSON 

RESUMO No rnztodo sistc'mico para controlar mnorcegos vam piros (Desmodus rotundus), /az-se 
una tinica i'tiej'co intraruminal de I i/gl kg de difenadiona (2-di/enilacetil-1.3 indadiona). Este anticoagulante rdpidamente 
absorvido pela corrente sanguinea e qualquer morcego que, no intervalo de 72 horas, venha a alimentar-se de ur ainal 
que tenha recebido tal tratamento rceehe uma dose let:. Esta inje(l'o t' indctta para o gado adulto, pois este recebe 
abundante antidoto na vitamina K produzida pelas bacit;rias de seu rume, e tambn contida em planas verdes. Pot olutro 
lado. os mnorcegos vanpiros silo . utaiente susceptive'.s a este anticoagulante:a dose letal 50 por cento (LD50 ) dos morcegos 

inativos tratados de 0,91 mg/kg e, posteriormente, urn terfo deste nivel para morcego.s em atividade. Em provas efetuadas 
no calIpo, no Axico. Equador e Nicaragua este nujtodo sistemico tern de'monstrado ser bastante efetivo e seguro. Tamnbiti 
/oi emnpre,'adio em forma extensiva em una cam panha nacional em Nicaragua. onde os alaques por norcegos vampiros estilo 
se reduzindo em mnais de 90 por cento e a raiva transmuitida por morcegos parece ter sido eliminada. 

Estudos adicionais demonsttaiamn que os rcsiduos tie difenadiona na carne e no 
leite do gado tratado ndo apre.entam riscos para a satide humnana. Nio foram percebidos residuos no leite das vacas tratadas 
cor a ,to. recomendada de I iug/kg, portim em vacas qute reccberam 2.75 mg/kg acharain-se resictuos c/e 0,021 ppm oil 

menos. Somnente se percebeu difenadiona em amostras de figado e de ins (0.15ppm oi mnenos) 30 dias depois de ser 
admninistrada ao gado ura dose tie 1 rug/kg. Durante 2 a 4 nemanas alimentarain-se ratos com /igado de gado submetido 
ao tratantieto, e estes ratos nrio mostraramn ejeitos adversos. Estes niveis de residuos sio pequenos em cornparaqdo corn a 
dose mininia didria de difenadiona usada na rerapia h imana. 
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