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1. INTRODUCTION. 

THE presence 0£ Eperythrozoon ovis in the blood 0£ sheep at Onder­
stepoort was reported by Neitz, Alexander and du Toit in an address 
to the Biological Society of Pretoria, on March 15th, 1934, and was 
recorded in this journal the same year. Since the appearance 0£ that 
original publication research into the problem of Eperythrozoonosis 
has progressed. The results obtained form the subject 0£ this paper. 
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EPERYTHROZOONOSIS IN SHEEP. 

It will be seen, however, that there remains a considerable amount 
of work to be completed, but it is considered that the publication 
of an interim report is ju~tified owing to the slow progress being 
made, chiefly due to the fact +hat 15-20 per cent. of available experi­
mental sheep harbour a latent infection of the parasite. 

Frequent references were made to the work on Oroya fe>er in 
man and Bartonella and Epe1'ythrozoon infections in rats and mice 
since those studies have proved an invaluable guide to investigatiorn> 
into the analogous disease in sheep. 

2. DEFINITION. 

Eperythrozoonosis of sheep is an infectious disease caused by 
Epe1'ythrozoon ovis, a small rnpra- and inter-cellular blood parasite 
having a ring, rod, irregular or oval shape and belonging to the 
family A nap las midae. Initial inYasion of the organism results in 
the production of irregular pyre:s:ia. a variable degree of icterus, and 
anaemia characterized by the appearance of degenerative and regene­
rative elements in stained blood films. llelapses at varying intervals 
after recovery may occur. The mode of transmission is not known, 
but it would appear that the vector is a blood-sucking arthropod. 

3. HISTORY. 

It is difficult to ascertain to what extent unidentified infec­
tion of Epe1·yth1'ozoon ovis has been a complicating factor in pre­
vious •rnrk on anaplasmosis, heartwater, bluetongue, trypanoso­
miasis, verminosis and other diseases in sheep. For instance, de 
Kock and Quinlan (1926) in their report on the results of splenectomy 
in sheep state " Another observation to be recorded in connection 
with the erythrocytes of some of the sheep is the appearance of a 
peculiar irregular reticular-like network. These varied in shape 
from long irregular threads to network-like masses resembling large 
piroplasms. No chromatin or typical cytoplasm could be identified 
in them " . In some sheep they observed these structures alone, in 
others they were associated with Anaplasma ovis, but the nature oi 
these irregular reticular masses remained unexplained. It would 
appear now that an infection with Eperythrozoon had been encoun­
tered. Similar structures have been observed by other \Yorkers when 
examining stained blood films, but in each case they were dismissed 
as extraneous material , stain deposit or artefacts. Since the recog­
nition and description of the parasite by Neitz, Alexander and du 
Toit in 1934, it has become apparent that certain unexplained 
anaemic changes in the absence of anaplasmosis or verminosis can 
now be accounted for. 

Nothing is knmrn of the role played by this parasite in the 
field. Farmers in South Africa describe an anaemic condition in 
sheep to which the name bleeksiekte (pallor disease) has been given, 
but the [!etiology is quite obscure and it is not known to what extent 
verminosis and malnutrition in addition to Ep. (JVis are contributory 
factors. 
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4. Occc-iw£1<C£. 

Little is known of the clist ribuliou of this oonditiou in South 
Africa since it has not been possible to cnn y out a methodical smvey. 
' l'he iuajority of the Merino sheep used for experimenta l purposes 
al Onclorstepoort nre purchased in the Karroo, <:h iefly in !he '·iduity 
of .Middelburg and De Aar in t he Cape Pi·ovince. Examination of 
these anin1alg ln\s 1·evealed the presence of in(lividuals sho,Yiug uc:tivP 
as ,,·e ll as latent infections . l •'urtl1er, 1he presence of infection hns 
beeu diagnosed in Blnckbead Persian sheep iu trodttced into the 
Pretoria district from Lhe Northern Transvaal. Bearing these obser­
vatious in 1uiud, together \Vith the normal exch~\nge of sheep {,t 
sales, the widesptead pmctice of moviw> flocks of sheep dming the 
winter months hom the hi!fhveld lo the Yow,-eld, and tho necessity of 
trekking in search of grazing du1·ing periods of prolonged drought, 
the belief i• justified that E11. ov;• is widely disseUlinaled Lhro11gl1-
out South A f'ri ca. 

1l1he occ urrence of J::p. oris in sheep has bee11 clescribed b.'\' 
Donatien antl Lestoquard (1935) in A lgeria. by Delpy (1936) in fran 
and by T.afenette (l.93G) in Frnnce. 

5. AE1'JOL0G' . 

la) Clauification. 

'J'he close resembh\nce between EpPrythro:oon on the one ban<I 
and Bartonrlla and O.ralwmella. on tho other band, togelht>r wi·tb 
tl1e apparenl relationship to A•wvlrm>w has been m•ntionerl b.v 
Kiknth and other investigators. Xeiti, Alex:1nder nncl clu 'f oil 
(ID;H} suggested thnt these four genera should be includecl in the 
family AnttJ)la•miclae, but the exact position of tlie parasite in nuy 
scheme of classification has not heen d•cicled upon finally. 

'.l'he description girnn is th:1t of the SJ>penronce of the parasite 
s•en on examination of rnpidh· dl'ied blood films fixed by 1foy­
Grune"·ald an<l sta ined ,,~ith (iieu'.lsil. Sh.lined b.v th is lechn ique 
the organism• lake on :1 delicnte pale purple lo pink ish purple colonr. 
rfypic·n) ly they Ul'e seen as delif'ate t·ings appro:ximi•tely 0• 5 .. 1 fl. io 
di.:uneter thougll oecilsionall.v they u1ay be SOJlle\\'"'hai ln1·ger . T n 
addition t() 1·ln.g foT"nH~ i t is con1n1on to encounter trinugles "·ith 
rouuded angles, o,·oi<l, connua, rod, dumb-bell and tenni• rnekct 
£orn1s. 

It has been obset<ed frequently that •t one encl of t he s1ne'1r 
ring £orn1s predon1inate. "·l1 ile f.o\\~a rds the o ther end the num bel' of 
rod nnd comma forms i• iu the mnjority . It is believed that this 
d istribution is pure ly n1echanif·al, h(•ing brought about dutiug the 
process of dntwiug t he blood film. 

(c) l,ocolizatitm . 

Although large ntnubers o f organis n.1s are t.o be found lying 
sup1'n-cellu larly ou the etylh1·ocytes in blood smears, the majnrit~· 
appear to he free between the cellulnr elements, but this <listributiou 
·varies "·itl1in very \Yide li111 its. Us11u lly the nuu1her of s uptn-(·elbt1a1· 
fotms is ditec!ly p1·opor!ion:1l to tl1e inleusily of the infection, and 
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EPERYTHROZOONOSIS IN SHEEP. 

it has been observed frequently that during the first 24 or 48 hours 
after the appea:rnnce · of the parasites practically all the organisms 
are to be found lying on the erythrocytes; as the disease progresses 
die proportion of free forms increases. · 

. . . 
(a) Supra-cellular Porms.-A single organism may be present, 

but on the other. hand. the entire surface of a red cell literally may 
be covered with parasites which seem to be lying one on top of the 
other. Most corrimonly the supra-cellular forms are to be found in 
clusters of 3-12 aggregated towards the centre of the cell, or at a 
point towards the periphery or actually along portion of the border. 
A fairly characteristic picture is to find several rod shapes strung 
together along the periphery of a cell · in such a way as to form a 
partial or complete ring. In some cases a very fine fibre commencing 
from a cluster or circle of ring forms, may be seen drawn a variable 
distance across the cell like a veil. · 

(b) The Extra-cellular or Free Form.s.-These usuially pre­
dominate and are fairly evenly distributed throughout the prepara­
tion. It has been observed sometimes in thick smears where the 
erythrocytes are packed together that the interstices are filled with 
a homogeneous mass that stains in a manner similar to the parasites. 

It is not known whether the . distribution of Ep. ovis in stained 
smears is a true picture of the distribution of the parasites in the 
circulation. · After centrifuging defibrinated or oxalated blood for 

• 1 hour at 3,000 revolutions per minute the maj9rity of Eperythrozoa 
could be demonstrated in the layer just below the leucocytes. This 
indicates that the union between the parasites and the host cells 
is rather loose so that it is possible that a large number of the 
extra-cellular organisms may simply ha·ve . been detached during the 
process of . smear preparation : This point -of view is .supported by 
the repeated observation that the proportion of extra-cellular to 
supra-cellular parasites varies considerably in different preparations 
made from the same animal at the same time. 

It is possible that multiplication may take place by· budding; 
since occasionally smaller forms may be seen lying in contact with 
those normal in size. In some of the ring forms there may be 
noticed 1, 2 or 3 points which stain in an. appreciably darker colour. 
The significance of these points is quite obscure, but they may stand 
in some relation to multiplication. 

All attempts to cultivate Ep. ovis on the usual laboratory media 
have been unsuccessful. 

6. TRANSMISSION. 

Nothing is known about the natural mode of transmission of 
Ep. ovis in sheep. In the Eperythrozoon infection of mice the louse 
(Polyplax serrata) has been found to be the vector. No ectopara­
sites were found on a few Merino sheep that were showing an active 
infection of Ep. ovis which had been contracted naturally. 

The intravenous injection of emulsified keds (M elophagus 
ov·inus) collected from known carriers failed to sef up the disease in 
a susceptible splenectomized sheep. 
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W. O. NEITZ. 

Artificially infection may be transmitted from sheep to sheep 
by the subcutaneous 01· intravenous subinoculation of blood or emul­
sified organs. 

7. p ATHOGENICITY. 

Up to the present the disease has been studied at Onderstep_oort 
only in Merino slieep, so that nothing can be said of the relative. 
susceptibility of, and the course of the disease in, the different 
breeds of sheep . 

'fhe susceptibility of different adult Merino sheep varies consi­
derably as evidenced by variations in the degree of anaemia and 
icterus in different individuals after artificial infection. From the 
limited number of cases studied it would appear that there is no 
difference between the susceptibility of lambs and young sheep and 
that of adults. 

Artificial infection of a susceptible splenectomized calf was suc­
cessful, resulting in the production of severe anaemia and icterus. 
On the other hand, a splenectomized dog, together with rabbits and 
guinea-pigs, proved to he refractory. 

8. PATHOGENESIS. 

The Eperythrozoa parasitize the erythrocytes, but it is not clear 
how destruction is brouO'ht about. Varying with the intE'nsity of 
infection a larger or sm~ler number of red cells is destroyed result- · 
ing in the production of anaemia. Examination of the blood has 
shown that there is a rapid drop in the red precipitate obtained 
on centrifugation and the red c'ell count may fall as low as 1,000,000 
per c.c. within 10 days. The decrease in the number of erythro­
cytes commences at the time of the first appearance of parasites. 
Simultaneously there is a rise. in the leucocytic count up to 20,000 
per c.c. This increase is accounted for by an absolute and a relative 
monocytosis. Erythrophagocytosis is well marked. \ Vith th1:: 
development of anaemia evidences of degenerative and regenerative 
processes are seen in stained smears, namely anisocytosis, polychro­
masia, punctate basophilia, reticulocytes, jolly bodies, nuclear rests 
and normoblasts. Haemoglobinurea has been observed in one case 
where the destruction of red cells proceeded with great rapidity. 
Icterus is generally present. 

According to Graf (1935), who examined the blood changes 
associated ·with Ep. ovi:s infectiun from a chemical point of view, 
" Severe anaemia was noted, the haemoglobin decrease being up to 
60 per cent. of the initial haemoglobin value, decreasing over a 
period of three weeks post-infection to the minimum. Regeneration 
is relatively slow; three weeks after reaching the minimum level 
only approximately 60 per cent. of the initial haemoglobin count 
is attained. Although the maximum erythrolysis takes place 
during the hyperrhexia visible haemoglobin-anaemia was never 
observed; no spectroscopic exami_nation of the serum for haemoglobin 
was undertaken. Bilirubinaemia of the indirect van den Bergh type 
was present, generally also icterus. The red cell count shows an 
enormous decrease, from about 10 x 10" to 2 x 105-i.e. more striking 
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EPERYTHROZOONOSIS IN SHEEP. 

than the haemoglobin decline, pointing to a high colour: count ratio; 
The morphological blood changes are well marked. The protein of 
the whole blood falls to 10 per cent. of normal, whereas the non­
protein-nitrogen fraction rises slightly during the acme of the 
reaction, chiefly due to an increased urea-nitrogen. The amino­
acid-nitrogen, the uric acid nitrogen, the rest nitrogen and total 
creatinine nitrogen show no significant changes ". 

9. SYMPTOMS. 

Th_e symptoms and c_ourse of the disease have been studied in 
Merino sheep maintained "!lnder stable conditions and in a small 
camp where the animals were exposed to adverse climatic conditions, 
but where they had easy acces.s to food and water . The observat10ns 
are detailed in tabular form in Table I. The reactions in 
the stabled sheep did not differ from those in the sheep main­
tained outside in the camp except that in the latter the temperatures 
were usually appreciably higher and the daily :fluctuations were 
wider . No opinion can be expressed as to the nature and course of 
the disease in sheep maintained under South African farming con­
ditions where adverse climatic conditions, periodic shortages of food 
and water and inter-current infections such as verminosis might be 
complicating factors. In addition observations on a few splenecto­
mized sheep were recorded; these are tabulated in Table II. In 
every instance the disease was set up by artificial means. 

The average period of incubation is 5-7 days. Sub-inoculation 
of blood from a sheep d1i.ring that perio<l of a primary reaction when 
the number of circulating parasites is most numerous tends to 
deerease- the period of incubation while a corresponding lengthening 
is observed after sub-inoculation of an equal dose of blood from a 
premune sheep during the period of latent infection. 

The first appearance of parasites has been observed as early as 
the second day, but may be delayed as long as twenty-six days after 
infection by eithe · the subcutaneous or intravenous route. On an 
average they are first observed on approximately the fifth to seventh 
day. The parasites multiply rapidly and within a week may be 25 
to 100 times as numerous as the erythrocytes. They are present in 
greatest number usually between the fifth and tenth day after their 
first appearance, but this time may vary from the third to the 
fourteenth day. The organisms may be demonstrated microscopically 
in the peripheral blood for a period of 6-42 days with an average 
period of fourteen days. It would appear that active multiplicat10n 
continues up to the time when the first signs of anaemia make their 
appearance in the smears. Then the number suddenly decreases so 
that when the anaemia is most marked comparatively few or no 
organisms may be seen. When the condition of the blood tends to 
return to normal there may be a recrudescence of infection. In 
those cases where µarasites could be <lemonstrated continuously for 
35-40 days a graphic representation of the daily number would show 
the presence of several peak periods, i.e. there was a marked :fluc­
tuation in the number of parasites circulating. Disappearance of 
the parasites may be followed by reappearance after an interval of 
days, weeks or months during which they cannot be demonstrated 
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micl'oscopically. In one instance (sheep 37175) careful examination 
of blood smears over a period of 54 7 clays showed that subsequent 
to the primarv reaction three relapses occurred after intervals of 
11, 23 and 109 clays cluring which the blood was free from parasites. 

In the course 0£ the disease usually there is a distinct febrile 
reaction. The incidence 0£ £ever may be the first symptom but it 
may develop only subsequent to the appearance of parasites in the 
blood. The tempe1ature may rise as high as 107° F. but usually it 
doe ' not exceed 105°. Fever may he continuous for three or four 
days or it may be intermittent. Febrile exacerbations and remis­
sions at intervals 0£ a -week or more are common, but alternatively 
there may he a complete absence 0£ hyperthermia. Irregular hyper­
rhexia has been obser>ed during the period when relapses occur. 

Anaemia is a characteristic and constant symptom. It may be 
demonstrated clinically about five to eight days after the first appear­
ance of parasites, and may last for a month or more. As the con­
dition progresses the visible mucous membranes become more and 
more nale until eYenhia.l ly they take on the appearance of white 
porcelain. 

Clin iral icterus persisting for a £e,y days bas been o bsen-ed in 
several cases. It is of in terest to note that although an icteric con­
dition of the mucous membranes may not be apparent yet the serum 
from such animals shows a varying degree of discoloration which 
may he demonstrated for a week or · more. Only ''"hen the serum is 
a dark yellow colour Claes jaundice become apparent in a clinical 
Pxami.nation of the living animal. 

For the rest the symptoms are those associated with £e>er and 
anaemia, namely dullness , inappetence, loss of condition and debi­
lity, rapid weak pulse and accelerated panting respirations . One 
case showing haemoglobinuria has been encounterecl. 

In splenectomized sheep the course of the disease di cl not differ 
appreciably from that described in 11011-splenectomized sheep above. 
Possibly the period of incubation was some\\"hat shorter and the rate 
of multiplication of the parasites rather more rapid, hut this was 
hardly significant . 

10. PROGNOSIS. 

Up to the present hme mortality has been recorded once in the 
experimentally infected Merino sheep. No opinion can be expressed 
as to the possible termination after natural infection under adverse 
conditions in the fielil. Even though it would appear that mortality 
need not be feared, the disease if widespread must be of consider­
ablP. economic importance because of the severe constitutional clis­
turbance, the anaemia, debility and rapid loss of condition. 

11. PATHOLOGICAL ANATOMICAL CHANGES. 

Since mortality only occurred once during the course of these 
experiments post-mortem examinations were carried out on sheep 
destroyed at various stages during the reaction. In general it mLly 
be stateil that the lesions closely resemble those seen in anaplasmosis. 
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\\'. O. i'l""ETTZ. 

[ n an aui mal cl esho:Yed a fl er p a rn si tes lia <1 he en o h si:>rYec1 fo r 
t hree days i n blood sm eurs, u o J11<:1cro,.;copic l esiom; we re Yisi bl e. 

Jn sh eep <1estroyed later iu t h e reaction t h ere " ·as ohserYecl a 
rn a rkecl anaemi a sorn etinws associated wi t h a nuiable ch'gr ee of 
ideru il not only of th e suhc·111 m tf'Oll s a11c1 s uhsnous t issu es Jiu ( a lso 
of the liYPJ' luu o· ;1nd bd11 P\'S. The liYel' sh owP<l !h f' pretH'llC'P of 
fat ty clegen ~ ratio~1. Th e gail hladcler 11 :rnully " ·as cli ste 11<lecl with 
cla rk g rf'en. Yi scu us bile . 'l'lw re rnuy be a markerl hyclrop ericanli11111 
(oge ther 1Yi t h a geLdiuous iutlltratio11 o{ ihe s uhn ilan f'oll s tiss ut·s 
a l uug the Yei il rn l por1.i o 11 of !h P neek. H egu larh· llla rked (u111or 
.'pl i:>Jli s \\'a ,~ presf'11 t , thi s org nn on sPd io11 :-; ho 11·i n g a rf' cldi sh hnJ11·11 
soft lrnl 11 ot f111i rl pulp rrnd ex (P11siYf' hy1wrplus ia of (]w :Jl:ilpig-hi a11 
hoc1i r'K. Appa rently thi s !n11101· sple11is p er s i1·d s for so 111 P <·011 s id er:1 h l<" 
(i111 P after r ec·o1·e ry, i11 fad i t ;;till 1w r~i t:d e d i11 (11·0 sl1i:>0p slaug ht erecl 
s ix \1·eek;; after re('OYe r.1· . 

Da U odia-L irna (l92G) in ilhrnlrai.ium; of Pll rlo! hPli:il l'ells frnm 
(':t >:>P:-, o f Urnya feYPl' in man, incl ieates the pr<>sf'llCP of gran ular 
irn·lus ions. S tron g- a n<l hi;. r o-'.l·o rkern haYe expressed i h e npi uion 
tha t at so11J e st age of the li fP ('yde of Hw·to 11p/ /a bacil1 ifon11 /s th e 
parnsites rnultiply in tllf' Pnclo tlw li ;1l ('ells . ln th e l'a se nf Ezi . ul'is 
i n ff' dio11 of sh eep lto intra r ellular inclus ion s 11·e re fo und i11 eu do­
i h elial 1:;napi11 gs fro1n th e jug ula r Yeins o r in impresRion p r ep ara ­
ti ons of t h e hra i u . 

] 2 . lhAC: X OSIS. 

Si11c'e lh er e is ll<J di11i('al ::;y111ptom 11·hi!'li 111a y h e cons ide red 
p;1(lwg nomie for t he di tif'<t :-lP, diag nosis is rlf'p e 1Hl0nt 11pon t li P rnic·1·0-
s<·opi(' <l emo1u; tr;1(ion of para sitec; in blood s111 ears. ] 11 <' <t sPs of ReYe l'l' 
nua Prn i u , i n·(~ ,;pedive of aRsoe ia ho 11 \\'ith iclen1 s or l\Ot , eperylh ro­
;rnonosi R must be t a ke u into comiid Prnti. 0 11 , the di ag1ws is l1f'ing ro rn ­
pli('alt>ll h~r the ohser1·ation tha( tluriog the a('ute ;11iae 1ui1 · ph :1 :;e of 
th e d isease p arasit e1; frequently arP ah 1;enl from t hl' p eripheral hlootl 
:;(rpam. This n e('essitates either da ily examinat ion of Rmea rs 01·er 
;1 p eriod of da~· s or eYen weeks in th e hopP thn t n renud eseen ce of 
p anrn ileF. m ay ocenr or , a lter uatiYely, snbinoculation of bloocl i1do 
suseepi ihle s heep '<d1ich in t11rH m u st b e kept u nder ohserrn t ion for 
l en g thy p eriods . 

Shoul<l i t be cleter111 in ecl a t so me future date tha t the l'Ond itiou 
is r e:;p onsibl'e for mor1alit y in t he fi el cl , post-mortem exa mi n ation 
;1lone \YOuld hardl:v be of a ssista n ce in arriving ::it n clingn osis, si nce 
th e pa tholog ical anatorniral ch :1 n ges are common to a number of 
other conclitions or C'omhinati on of ronrlition s mm·e frP(jll f' nil y en­
co11nt.er ed . 

J3. D1 FJ'EHlcJS"J'IAL Di M:Kos 1s . 

An\· ro1Hli tio n o r c:umhinali ou of co ndition s " ·h i l'i1 r esult :; l ll 

the prn~luction of :1n aernia <lll<l iderus may lead io C'onfu sion . Thus 
Ye nnin os is, parti cularly haPm onc·hosis an<l g a igf' ri nsis, p Pr11l r ious 
:1 1inemia of slH' PP ca u serl by a vi ruR cleRcribi> cl in Algeria , mrnsp la ,;mo­
sis, bah esiosis, trypan osomiasis, f'nzooti c and b acterial i rterns . m m t 
n oi be lost sig ht of. Jn a ll su ch cases a fin a l d iagnosi8 u :rnally \\'ill 
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EPEU.Y'l 'HHOZOOl'iOSIS IN SHEEP. 

only be reached after a<lequate micro:scupic blood examinatioJJ. This 
llel' e;;sitates directing attention to the fad that umloubtedl,y ]!)pery­
tl1ro::oo 11 has bee11 seen fr equently by many in Yestigators oYer a 
number of years a]j(I was not recognized as a parasiti c organism. 
Invari ably the parntiites 'rnre discussed ns llnst, dirt , staiu deposit or 
artefacts in i he preparations; a lrnowlN1ge of the morphology to­
g·ether with a little experience a11rl lli e exer c.ise of scr upulous c.are 
in every asped of the preparation an<l sta iniug of blood smears will 
oln-iate repet ition of t hese errors. 

14. 'l'REA T)I:ENT. 

(a) General. 

The nature and :;ympturn,; of the <lisea::;e are sud1 that i11 the 
firni instan ce nttention shoulrl he paicl in ihe feeding- aucl general 
h.\·giene of i-he auirnals. Ac1 equ:1te fee<1 of high u utriti:rn ni lu t> 
;sboulcl be nw <le eas ily aceet>::>ihle aud the :1nimals should be hou~ea 
under !'ornlitions whil'h " -ill rninirnize the e:ffec.t of adYerse clirnatic 
coruhtions. The aclministraiinn of iron a11d rnpper salts to promote 
blood r f'ge uerntion is indicated hut , for th e rest, specific clru g thernpy 
i,; the rn o:s t urgent need . 

(h) S pecific G'he 11wlhcra11y. 

From 1he point of Yie\\· of speci fi c chemotherapy the ar,;eml" 
ancl antilllony-arseuic COlllpounds haYe prorncl to he of the greate,;t 
Y;ilue, but the pradi<"al Yalue of speeific therapy in the abseuC'e of 
eftediYe measures to preYen t re-infedion is not quite cleaL In thi s 
re8ped a problem anabgo11 s to that experienced in the treatlllent of 
irypanosomiasis i::; en countered, n amely that animals "sterilized " 
hy the use of specifi c drugs subsequently become fully sns<·ep tible 
aucl are lia hle to re-infection in an acute form ; in those cases " .here 
"sterilization" is not brought about, but 'There the clrug ba s had 
a beneficial i11:8.u ence on the course of the disease, a relapse in au 
aeute form may cleYelop at any time. 

(i ) .\' l'owl r arsa11 .- 'l'he specific action of anrnnical t·o1npournb 
;;ut'h as 1teosa h-arsa 11, ar::;alyt and tryparsamicle on Bm·to111'll(l infec­
t ion of rats ha :-; been tlesl'ribe<l by Mayer, Rorchanlt aml Kikui.h 
(1927), high cliluti.orn; of the compounds being able to hring about 
disappeara nce of the parasites within 24 hours. Kikuth (1932) aml 
snhseqnent ly other workers were ahle to show that arsenohenzob 
also had a tl irect action on B artonella canis infection of dogs. Small 
doses of neosalvarsan resulted in a temporary disappear ance of para­
sites whernas doses of 15 rngm. per kilo hocly \\-eight produced com­
plete ;;terilization. The authors stat e that this therapy must be 
reganlell :1S a " therapia sterilisans magna " in the sense of Paul 
Ehrlieh. Bruynoghe au cl Vassiliadis (J 929) were prompted by t he 
close r elationship hetweeu Barlonella ancl Eperythrozoo11 to inYest i­
gate t he effect of neosalrnrsan on th e latter parasite; beneficial result::; 
" ·ere o hta i necl immeclia tely. 

]Jming the course of transmission experiments with Evcrythro­
zoon 01;is infection some of the sh eep used were found to be insus­
ceptible. 'rhis \\·as a cumplic:•i.in g factor of imporfance in the 
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EPEEYTHlWZOOXOSIS IN SHEEP. W. 0. NEITZ. 

D.O.B. 
No . of 
sheep. 

40724 

Infected 
from, 
nate; 

Dose lO c.c. 
blood i.v. 

3/8/34 

I n cuba-
tion 

period 
in 

days. 

Before 
treatment 
parasites 

were 
present for. 

Dose of 
neosal-

varsan per 
Kg. body 

weight. 

'l'ABLE III. 

Nature of 
Nature of infection at different intervals after treatment. 

injection 

tc.!::{:::;:, h~t h!,>< I ho;H ho~ I h;t, I ho;,,.j ho;ce. jlw!ce.j ho:co I 6 1 24 
hours. I hours. 

After 
treatment 

smears 
were 

examined for. 

Remarks. 

" 

Intern>l in clays 
between treatment and 

I reappearance of parasite<. 

Parasites 
present 

for. 
Remarks. 

35548 6 5 clays 5 mg. 4 .L - - I -- I 4 + . 3 + I 3+ 3+ 3 + 3+ 3+ N 16 days. .. .. No anaemic changes developed.... . ..... No parasites seen ..... . 

--~--------~---------- -------- ---- - ------ - --- ----------~--~------ ~--------~~----- - --------------- --------------- ----- -----~------~~~~-~ 

40444 

40962 

40997 

---- -
41001 

40368 

35548 
3/8/34 

35548 
3/8/34 

3.5449 
3/8/34 

4 

5 

4 

7 tlays 

6 days 

7 days 

5 mg. 4+ 4+ 

5 mg. 4+ 4 + 

7·5 mg. 4 + 

3+ 3-t 3 + 

4+ 4 + 4+ 4+ 

4 + 4+ 4 + 

2 -+- N 

3+ 

4 + 4+ 

16 days. . . . . Marked anaemic changes developed. ..... No parasites seen . . . .. . 

16 days.. . .. Slight anaemic changes. Rp. avis demon­
strated for 16 clays after treatment 

16 days . .... Severe anaemic changes developed . Ep. No parasites seen .... . . 
avis disappeared 48 hours after treatment 

----~---1-~~~-1---~----- -~---- ---- - ----- - - - -------- --- - -- - - - - -~----- - - - ---------- ---~------~--~-------- ------- ------------ -----------------
:3M49 

3/8/34 

39466 
6/7/34 

6 

6 

5 days 7·5 mg. 

8 clays 15 mg. 

4+ 4 + 4+ 4 + 

4 + 2+ N N 

4+ 2+ 2+ 

N N N N 

2 + 

N 

16 days.. . .. Severe anaemic changes developed. Rp. No parasites seen .. ... . 
avis disappeared 48 hours after treatment 

45 days ..... Anaemic changes developed .... . ....... . 21 days . . . .. . ... ...... 13 days. _ No anaemic changes were 
o bsen·ecl as result of the 
relapse. Ep. avis frequent . 

- 39853'- 39466- --6-- ~;- -i5 m;:-- - 4+---=--~--=- - ·;+- -}-r -- N - ~-~-N~- --~- - -N---;--- 45 days-.-. -.. -.- Anaemi;-change; de,~i;;;::~~~-:-~~~-:- 20days .. ~~~~~-- -. -- ~ ?days .. -N~---;,-n~mic- change-;-~re 
26/7 j34 , I observed ~ts result of the 

relapse. Ep. ovM frequent . 

41055 39853 
28/8 /34 

6 4 days 30 mg. 3+ N N N N N N N N N 50 days. . ... No anaemic changes developed ... . . . . . . . 37 days. .. . . ... . .. .... ll days. Slight anaemic changes were 
observed. Ep. avis frequent. 

-410_8_5 _ _ __ 3_9_8 __ 5_3_1-~3~~~--7-d_a_y_s __ 3_0_ m;:-----5+ ___ - 5 +- --N---N--.-N-- --N- - -N-- --N-- - -N- - --N-- --N-- --N- -5-0--cl~t_y_s_ .. --. -.. - -N~o-a-~-m-,-. c--;;-h-~t_n_g_e_s -d-ev-e-lo_p_ed.-:-:-. -.. -. ~~-~36 days~---.. -. -. -.. -.-.-. -. -.. - -1-l-days -:--

28/8/34, 
Slight anaemic changes d<eveloped 

~ts result of relH.pse . Bp. avis 
frequent. 

41105 37847 
37855 

28/8/34 

4 6 days :30 mg. 4 + 3+ :3+ N N N N N N 3 days . . . . . . Sheep died from heartwater ..... . . . . ... . 

-41544"--4()951 ___ 6 ___ 5 _d:'ys -4.5 m~-- 5+ ---N-~-N--- ~--N -~-N ___ N_N __ __ N _ _ N - -N- N 45-days. -~~- Anaemi,;- cha-;~;:-s develop~~~~~~~-:- 29 clays ...... . . .. . . ~-:-4 clays.-:- Noanaemiadevelopeclasresultof 
19/10/34 relapse. Ep. avis not frequent. 

--------- - ------ --- ---------- --- ----- --------- ----- -- - ------ - --- -------------- - - -- ---------- - ----------------------- - ------- - - -----------------

35499 

39466 
26/7/34 

39466 
21,17/34 

7 

2 

Control 

Cont.rol 

Not treated Ep. avis was very frequent and could be dcmonstrat.ed for a period of ll days. Severe degenerative 
and regenerative changes developed in the blood . 

Not treated Ep. avis was very frequent and could be demonstrated fClr a period of 12 clays. Severe degenerative 
and regenerative changes developed in the blood. 

-3544s_j_394M-~~2---Co~trcl-~ N.;;~~a-t-er-:1 -E-p-.~~:;;;;:s_v_e_r_y_h-eq_u_e_n;;;:~-,;uldb~de~-on-sk;~dfo~---;~io_d_o_fi5da;-~~-S~~-,e-re-dege_n_ei-'a~iv;:--- ---~~-----~~---------------~~-----~----------------------~-- -~--~~~-----------

- 1 21/7/34 and regenerative ehanges developed in the blood. -------- -------------·-- --------- - - - --- - --------- ---
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EPERYTHIWZOO~OSIS IN SHEEP . 

D .O.B. 
No. of 
Sheep. 

41024 

41807 

Injected 
from. 
Date. 
Dose 

5 c.c. i .v. 

41839 
29/ 1/ 35 

" 

Before 
Incubation I treatment. 
period in parasites 

days. 'vere 
present for . 

4 5 days 

6 3 days 

Dose of Nature 
St d. 386 B of 

per Kg. infection 
bodv before 

weight. treatment. 

5 lll_g . 5+-

5 mg. ·1+ 

TABLE I V. 

~ature of infection at different intervals after treatment. 

I J I 1 I 1 I l 
hot.r. ho~r. hour. I hour. 

2 1 3 1 4 I 5 I 24 
hours . hours . hours. hours. hours. 

5+ 5+ 4+ 2 -t~ ..L + ' ' T 

4+ 4+ 2+ + 

Observat ions after Treatment. 

Remarks. 

Interval 
between 

treatment and 
·reappearance 
of parasit es. 

P arasites 
presen t for . 

In t erval 
between 

treat ment and 
immunit y test. 

Slight anaemia.... . .. . .. .. . I :35 days . . . . . I 7 days .. . . .. I llO days . . .. 

Slight anaemia.. . . . . . . . . . . . I 35 days. . . . . I 9 days . .. . . . 110 days . . -. 
ll 0 <.b ys .. 

R eappearanee 
of parasites . 

Immunity Test . 

Par asit es 
present for. 

W . 0 . NEIT Z. 

Remarks. 

No react ion . 

17 days . . . . . \ 7 clays. . . . . . I Slight anaemia. 
No r eact ion. 

I I 41819 .. ,t 5 clays fJ mg. 5-f- 5+ n+ 4+ 3+ _______ , ______ , ________ , _______ , _______ , ________ , _____ , _______ ,_. _____ , ______ , ______ , ____ , _____ , ____ , ____ , ______________ , _________ , __________ , ________ , ___ ______ , ______ , _____ , _______________ ____ _ Rlight anaemia .. ...... . ... . 

17 days. . . . . 129 days . . . . . l lVIarked anaemia . 
41835 

I 
41839 4 

I 
5 days 

I 
10 mg. 

I 
4·+-

I 
4+ + 

I 
- · 

I 
- -

I I 
- · 

I 
-

I 
- · I Slight anaemia . . . .. ...... .. -

I 
- 110 days . . . . 

29/ 1/ 35 
41836 .. 4 5 days 10 mg. 4+ 2+ - - · - - Shght anaemm .. .. . . . .. . .. . -- llO days ... . 17 days . . . . . 10 days . . . . . Marked anaem1a.. 

-~---- ~--------·------ _____ , _ _ ___ __ , _ _ _ _ __ ------ ___ , ____ -~--·----·---•----•---- _ ___ , ___ , ____ --- - ----- -------·------ ----- - ·----- --- -- ·- , _ _ _ _ _____ , _ _____ _ , _ ___ _ _ _ , _ _ _ ____ _ _ _______ _ _ 

41858 

I 
41S:l9 <1 5 days 

I 
20 mg. ~1-t--

I 
2+ 

I 
-

I 
- -

I 
-

I 
-

I 
-

I 
I N~ anaemia .... ...... .... .. . I -

I 
-- 1 110 days.. . . 1 17 da.ys . . . . . 129 days . . . . . [ Marked anaem1a . 

29/ 1/ 35 
41861 4 5 days 20 mg. 5-i- 3-+- - - - - - - - - Shgh t. ana.em1a ... . .. . .. . .. . - - llO days . . .. 18 days . . . . 14 days . . . . . l\1arked anaem1a. 

_ _______ , ______ , ______ , _______ , _______ , _______ , _____ , ____ , _____ , _____ , _____ , ___ , ____ , _____ , _ ___ , _________________ , ___ - ------·- - - - ---- ·- - ------- ------- --·--- - ----·- ------------ - --

41875 4183fl 

I 
4 

I 
5 days 

I 
30 mg. 

I 
5+ 

I 
+ -

I I 
·-

I 
- -

I 
- --- I N o anaemia . . . . . . . . . . . . . . I 

I 
110 da~s .... 1 17 d ays . . . . . 115 days ..... l\Iarked anaemia . 

29/ 1,'35 
41879 6 3 da~'S 30 mg. 3+ - - No anal'mia .. . . . ... .. . . . ... llO days.... - No react ion . 

_ _ ___ _ _ , ___ ____ , _____ _ , ___ _____ _ ---- - - - '----- -----1----1~---1----· ------·----·-~---' _.._. ___ _ , ______ , ___ __ , _ ____ _ _ _ _ _ _ _ _ ___ _ __ , ____ ___ ______ , _ _ ________ , ___ ___ ___ _ , _ _ _ ____ ___ , ________ _ ___ , ______________ _ 

41839 Control I Untreated . Parasites present. for 12 days. Severe anaemia developed. 

" 
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W. O. NEITZ. 

\Yark so that it "·as decided, in Yie1'· of the obsen-ations quoted 
aboYe, to determine Lhe eftect of the administration of neosaharsan . 
For the work (Exp. S. 5414) sheep \1·ere selected '"'hose prHious his­
tory showed that they had not received any injections of fresh blood, 
in other words, it was hoped that only susceptible sheep "·oulcl be 
selected. These animals \\·ere infected experimentally by the intra­
venous subinoculation of blood from a sheep rn the acute stage of 
the disease. ·when parasites made their appearance in the blood 
stream in large numbers, doses of neosaharsan var:'i·ing from 5-45 
mg. per kilo were injected inhaYenously. After allministration of 
the drug, smears were examined at half hourl:v or hourly intervals 
for six hours aud then daily examination \Tas continuerl. As con­
trols three sheep remained un hen tecl. 

4 

The results are ,;umrnarized in tab11lnr form. ('rable III.) 

Results.-1. Dose 5 mg. 1Yeosalrcu-san ver Kilo Body 
vlleigl1t.-Ji'rom hrn out of tliree sheep parasites had dis­
appeared after b1·enty-£our hours: no indications of anaemia 
were o hserved, a 1ul no parasites renppeared for sixi een days, 
at \\·hich time smear ex::nnination \TilS diiwontiJJued. In the 
case of the third sheep parasites persisted for sixteen clays 
after treatment and slight anaemia cle,-eloped. 

2 . Dose 7·5 mg . per Kilo.-T,rn slrnep were treated. In 
both cases parasites persisted for twenty-four hours, but h~ul 
disappeared after forty-eight hours and did not reappear for 
sixteen days, when examination was discontinued. J3oth 
animals developed seYere anaemia. 

3. Dose 15 m.g. per IUlo. - T"·o sheep. In boi.h cases the 
number of parasites had markedly decreased one hour after 
treatment, and had disappeared after two hours. Slight 
anaemia cleYelopecl . The blood remained free from parasites 
for twenty and twenty-one days respectively when they re­
appeared. In spite of this relapse no anaemic changes 
developed. 

4. Dose 30 mg. per K1'70.-Three sheep. In the case of 
t'1·o sheep, parasites were no longer deruonstrahle half an hour 
after treatment, and no anaemic f'hanges (leveloped; thirty­
six and thirty-seYen clays late,r uespectively parasites re­
appeared, persisted for eleven clays and resulted in the produc­
tion of slight· anaemia. In the case of the third sheep the 
number of parasites in the blood gracluall:'i' decreased up to 
the second hour after treatment by "hich time they had dis­
appeared. No further observations could be carried out as 
the animal died from an ini.ercurrent infection of hearbrnter 
three days later. 

5. Dose 45 mg. per Kilo. - One sheep. Immediately after 
mj ectioJJ of 1.he neosalvarsan pa rasi. tes were present in large 
numbers, but they had disappeared "ithin :fifteen minutes. 
Slight annemia developed. After an interval of twenty-nine 
days parasites reappeared and persiRted for four clays, but no 
evidence of anaemia was found in the smears. 
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EPERYTHROZOONOSIS IN SHEEP . 

6. Controls Untreated. - Three sheep . Ep. ovis could be 
dernunstrated for eleven, twelve and fifteen days respectively 
an<l the anaemia produced 'ms much more marked than in 
any of the treated sheep. 

Conclusions.-From the results detailed above it may be 
concluded t]rnt in sheep a single intravenous injection of 
neosalvarsan in a dose of 5-7·5 mg. per kilo body weight has 
a "-ell-defined parasiticidal action upon Ep. ovis resulting in 
disappearance of the parasites from the li_lood stream within 
forty-eight hours. As the close is increased, the rapid specific 
action becomes more marked, the destructive action being 
roughly proportional to the dose, so that when 45 mg. per kilo 
is administered all parasites are eliminated from the blood 
stream within fifteen minutes. On the other hand, even a 
massive close of 45 mg. per kilo is not a sterilising dose, since 
parasites reappeared approximately four weeks after treat­
ment. 

Disc·ussion.-ln practice the use of neosalvarsan is indi­
cated as a specific for the treatment of Eperythrozoonosis, 
since even in small doses it has a marked beneficial effect upon 
the course of the disease, but it must be borne in mind that 
even a massive close will not result in complete sterilization. 
This finding is in striking contrast with the results obtained 
in cases of Ba1·tonella canis infection of dogs, "·here one-third 
of the maximum dose used in sheep, namely 15 mg. per kilo, 
was found to be a sterilizing dose. No opinion can be expressed 
as to the possible effect of repeated intravenous injections of 
the drug. 

(ii) Arseno-st·ibio Preparation Std. 386 B.- In the treatment of 
Bartonella muris infection, Yoshiwara (1931) found the chemothera­
peutic index of the antimony preparation stibosan to be 1 : 8, and 
Mayer, Borchardt and Kikuth (1927) demonstrated that of neosal­
varsan to be 1: 72. Uhlenhuth and Seiffert (1931) reported the 
reJllarkable properties of the antimony-arsenic compounds of Std. 283 
and Std. 240, which have a chemotherapeutic index of 1: 400. Dr. 
Hans Schmidt, who was responsible for the preparation of these two 
drugs, subsequently evolved a third, namely arseno-stibio compound 
386 B which Kikuth (1932) and Uhlenhuth and Seiffert (1933) founcl 
to have the extremely high index of 1: 3,500. These authors found 
that 18-24 days after treatment Bartonella m.uris reappeared in the 
blood stream in the majority of cases, but they were unable to deter-
11l ine whether this 1Yas the result of reinfection or was in the nature 
of a relapse, since, under the conditions of the experiments, natural 
transmission could not he excluded. 

Bearing in mind the specific action of neosalvarsan on both 
Bartonella ma.u'is and Ep. ovis infections it was decided to investi­
gate the action of the drug with the highest chemo-therapeutic index, 
namely arseno-stibio preparation Std. 368 B, in sheep. This experi-
1nent (S . 5572) was planned on lines similar to those of the analogous 
work on neosalvarsan, the results being summarized in tabular form 
in Table IV. 
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He:mlts. 1. Dose 6 my. pe1· J{-ilo ]Jody lVeiyht.-'l'hree 
sheep. Frnm t,1·0 sheep the parasites had disappeared brn 
hours, from one sheep fi.ye hours after freatment, and in each 
case slight anaemia only deYeloped. Two of ihe sheep sho"·ed 
a relapse thirt:y-fi,e days later, the parasites persii:;ting for 
seven and uiue da,ys respectively; no parasites \Yere observed 
in the blood of the third ::ibeep for a period of one hundred and 
ten days, when an immunity test was applied to all th1·ee by 
the subinoeulation of infectiYe blood. As n result of this 
immunity tetii. ihe one sheep which did not show a relapse clid 
not react, but one of the t"·o sheep which <lid relapse proYed 
immune, while in the other parasites appeared after seventeen 
days and persisted for seven clays. After the immunity test 
daily smear examination was cliseontinued for forty-six tlays. 

2. Dose 10 1ng. per l\.ilo.-(T,,o sheep.) Parasites had 
disappeared from the blood of both animals in thirty to forly­
fiye minutes respectively, and only a slight degree of anaernia 
deYelope<l. 01·er a period of one hundred and ten <lays no 
parasites were observed in either sheep, but then on immunity 
test reinfection became apparent on the seventeenth day, 
parasites persisted for ten and b1·enty-nine clays respectively 
being aceornpanie<l by severe anaemia. 

3. Dose 20 1ng. p er Kilo.-(Two sheep .) The results from 
the use of this concentration of the drug were practically 
identical with those obtained from the use of 10 mg. per kilo. 

4. Dose 30 m.g. per Kilo.-('r":o sheep.) There \YaS a 
marked decrease in the number of parasites fifteen minutes 
after treatment, and all had disappeared ''ithin thirty minutes 
in both cases. On immunity test after a lapse of one hundred 
and ten days, during which time the blood remained Epery­
th1'ozoon free, 011 e sheep became rni.nfected after an incubation 
period of seventeen days the parasites persisting for fifteen 
days and prorh1cing se,ere anaemia, while the otber was 
fouu cl to be im rn une. 

Conclvsions. - From the aborn results it is concluded that 
arseno-stibio preparation Std. 386 B. is indicated as a sperific 
in the treatment of eperythrozoonosis in sheep. Used in the 
srnall close of 5 mg. per kilo borly weig·ht, it may be relied 
upon to eliminate the parasites from the blood with gTeat 
rapidity and to have a beneficial effect upon the subsequent 
rourse of the disease; only in a percentage of cases "·ill rom­
plete sterilization be the outcome. The number of sheep used 
to test larger doses of the drug is too small to permit any 
generalization. It is significant, howe;-er, that 10 and 20 mg. 
per kilo resulted in sterilizati on in each of two groups of two 
sheep, so that failure of one animal , which received 30 mg. 
per kilo, to react on immunity test is inexplicable. 
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W. O. :N"EITZ. 

15. '1'1-rn EFFECT OF SrLEXECTOMY. 

Afte1· the ren10Yal of the spleen from two known carriers of 
Ep .. ovis a reappearance of parasites in large numbers in the blood 
stream occurred on the si:sth day. Severe anaemia and symptoms of 
a primary acute infection as seen in a susceptible animal then 
followed. Examination of daily bloocl smears from one sheep (37429) 
owr a. period of 448 1lay. sho"·ed t1iat during that period five separate 
relapses occuned, lhe last com menciug :fifteen months after splenec­
tomy. 'l'his recrudescence of Ep. ov·is after removal of the spleen 
from sheep harbouring a latent infection is further evidence of the 
signifi('fl n t role of the spleen in the mechanism of immunity to 
protozoan infections. 

l o. hnIUNITY. 

Many essentia l detail& on the immunity in this disease are 
lacking. 'l'his is chiefly due to t he fact that the manner of natural 
transmission is not known and consequently in all experimental work 
the possibili'.:y of accidental infection cannot be eliminated witli 
certainty. Nevertheless the anilable data from observations on 
splenectornizecl and non-splenectomized sheep together with the 
results obtained from the use of massiYe doses of specific chemo­
therapeutical drugs indicate lhat immunity must be regarded as a 
" labile infection " or " imrnunitas non sterilisans " which leads to 
a.n equilibrium between the parasite and the host . 

No cases of auto-steril ization haYe been observed. 

'l'he author \Yishes to acknowledge with thanks the ready co­
operation of his colleagues, Dr. J-. B. Quin lan and Dr . I. P. Marais, 
who carried out the splenectomy operations in sheep; also Dr. W. 
Kikuth, w·bo supplied the antimony arsellic compound 38G B . 
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