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The Haematology and Pathology of Haemon-
chosis in Sheep.

By P. J.J. FOURIE, M.R.C.V.S., Sub-Director of Veterinary
Services, Onderstepoort.

INTRODUCTION.

Ix the literature available, no reference to a complete and systematic
studv  of the haematology of sheep infected with wireworm
(Haemonchus contortus) has been found. That anaemia develops as a
result of the action of the gastro-intestinal worms, is well known:
and. under field conditions, pale mucous membranes and the most
extreme degrees of badly staiming and watery blood, are features
which are commonly associated with the effects of internal parasites.
How the anaemia is hrought about, and what part individual species
of parasites play in its production, are points that have not heen
properly elucidated.
The main objeet of this study is the pathogenesis of the anaemia.
In such an investigation it is necessary to produce in worm-free sheep,
under properly controlled experimental conditions, a progressive and
preferably fatal anaemin, by the administration of pure faeces
cultures of the parasites. The subject matter of this work can con-
veniently be sub-divided into:
(1) General Survey and Plan of Work.
(2) Technigue,
(3) Details of Experiments:
(1) Haematology and Pathology of Haemonchosis in
H]]l'l'[’,
A, Fatal cases of Haemonchosis,
B. Recovery cases and those in which no effects
were observed,
('. Controls.
(11) Pathogenesis of the Anaemia in Haemonchosis of
Sheep.
(4) Some unusual lesions of Haemonchosis,

(0) Summary.



CENERAL SURVEY AND PLAN OF WOCRK.

Weekly observations on the blood were recorded, hefore infection
and throughout the experiment, until the animal died as a result of
the parasitic infestation. In order that reliable conclusions can be
drawn as to the effects produced in animals by particular parasites, it
is necessary (1) that the animal host at the time of the commencement
of the experiment be free from infestation, and (2) at the time of the
completion of the experiment no other parasites than the one under
investigation be recovered at post-mortem examination. These are
the ideal conditions that must be aimed at, but it must be confessed
that only ravely are they completely attained in practice, notwith-
standing that the most elaborate precautions are strictly maintained.

Veglia (1928) describes in detail the method employed by him
for rearing and maintaining worm-free lambs at this Institute. He
removes the lambs from their mothers soon after birth, hand-rearing
them in specially constructed eages with raised floors. In this way it
is possible to control more or less successfully the worm infection of
particular animals, but it was impossible to prevent this entirely,
although such infestation with parasites other than those with which
the experimental animals were infected was present only to a small
and negligible extent,

Sixteen lambs reared in this way by Veglia were used in the first
ST oeinEthers (»_\;pt—*rfnlt‘nfﬁ. Later o1, when no more such lambs were
available, voung sheep, entirely free from worm infestation, were
bought from certain farms in the Karroo. The complete absence of
worn infestation was determined by making post-mortem eximin-
tions of some animals that were horn and reared under the same
conditions as others used for these experiments and was confirmed
before these animals were actually drafted into an experiment by
careful faeces cultures. This work was courteously divected by my
colleagues, Drs. Veolia and Minnig. ‘

Lambs or young sheep were selected for these experiments because
of the generally accepted view that young animals are more suscep-
tible than are older animals to the effects of parasites.  Hadwen
(1925), referring chiefly to Ascariasis in horses, maintains that this
is due to an immunity or tolerance acquired or developed by older
nml_nnh as a result of infection with parasites.  Young animals, not
having had an opportunity to develop this power of tolerance, suffer
severely when they hecome infected. This immunity and tolerance is
due to anti-substances and eosinophiles, both of which function in
m'".h‘:l]i?.irl{: the cast-off products of the worms. He helieves that the
eosinaphiles secrete in addition to these agents which neutralize effete
porducts of worms, a substance which paralyses or kills the worms
1].11‘1115(»]'§'|-,~;, He states that the percentage of vtminn]l]li[vﬁ in the
circulation may be low, or even altogether absent in severe cases of
parasitism. There is an apparent leucopenia as far as the eosinophiles
are concerned, but this is due to their withdrawal from the circula-
fll_un_:tm] their concentration around the parasites in the fissues.
Stmilarly, an eosinophilia may mean that the parasites have been
overcome. In such cases the excess of eosonophiles hus again returned
to the circulation (from which they gradually disappear).
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The use of young lambs for these expertments has the-additional
advantage that they are less likely to be seriously infested with any
parasite other than the one under investigation.

It 1s naturally essential that pure cultures of the parasites should
he used for infecting experimental animals.  One may have the good
fortune to obtain a pure culture from a sheep that happens to harbour
the pure infestation of the parasite that it is intended to use. In
cases of mixed infestation, undesirable parasites can be destroyed by
specific drugs, which must not he parasiticidal for the parasites which
are to be cutivated or a pure culture can be obtained by keeping a
sample of mixed faeces culture until the unwanted larvae have died
out.  Monnig (1930) shows that eggs ot Trichostrongylus spp. con-
taining complete embryos are more resistant to desiccation than such
eoos of Haemonclius contortus, Oesophatgostomuwm columbianwm and
Stronguloides papillosus.  In the same paper this author discusses a
successtul method of producing a pure infestation of Oesophagostomes
in sheep by administering the adult nodular worms in saline per
rectum.

A further method consists in infecting worm-free sheep with
adult males and females of the parasite.  In some cases eggs are
passed in the faeces in due course, and in this wayv a pure culture
can be obtained with which further clean animals can be infected,
and rich cultures from these can be used for gross infection of experi-
mental animals,

Recently Stoll (1929) deseribed an ideal method for the natural
infection of animals on the pasture.  Natural infection of the pasture
is introduced by means of lambs which have heen given larvae deve-
loped from eges obtained from a single female wireworm. If it is
pnsa‘illlv to prevent gross infestation of the pasture by other parasites.
one should with this method be able to study the haematology of
haemonchosis under natural conditions.  This is very desirable, as
none of the animals artificially infected with wireworm and kept
under controlled experimental conditions in the stable developed any
oedematous swellings, e.g. ** bottle jaw,” which are characteristic
clinical features of verminosis,

The experimental animals were infected by injecting a saline
suspension of larvae, obtained from faeces cultures, into the mouth
Ly means of a hvpodermie svringe without the needle.

Pure faeces eultures of the parasites having heen obtained on the
one hand and clean animals to infeet on the other, 1t was thought that
no great difficnlty would be experienced in producing typical cases
for haematologieal study.  Accordingly a fairly ambitious programme
was drawn up for the comparative study of the blood of a number of
animals infected at the same time with pure cultures of parasites
commonly encountered in the gastro-intestinal tract of sheep under
natural conditions in South Africa. These arve (1) Haemonchus con-
tortus, (2) Oesophagostomum columbianum, (3) Varvious species of
T;'J]‘!lrrr.~'f.l'u.'a_r,'_.'jfr.r.\', (4) .\'ff'rm_r/jjfrir-f/r'.\' /JH/H.IIIU.\‘H-\'.

When mixed cultures of these parasites were used, no difficulty
wis experienced in artificially producing a fatal panverminosis, but
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the production of a progressive disease in sheep by infecting these
with pure cultures of these parasites was found to be altogether a
different matter. This was especially the case when the sheep were
stabled and properly fed on a well balanced ration. There are quite
a number of factors which may, to a greater or lesser degree, be
responsible for this, viz.:—

(1) Under field conditions the worm infestation is usually a
mixed one. and it secems that the animal is less able to
withstand the onslaught of an attack at several different
portions of the gastro-intestinal tract:

(2) Where the grazing 1s poor, particularly in quality, the
parasites thrive exceedingly at the expense of the host:

(3) Exercise seems to be detrimental. This is especially evi-
dent in those areas where no jackal-proof fencing has
been carried out. for it hecomes necessary, in order to
protect the sheep against the ravages of this vermin, to
drive them to the shelter of kraals every night. This
increases the amount of daily exercise of these animals,
with the result that the resistance to the parasites 15
decreased, enabling them to bring about deleterious effects
more rapidly, especially in those sheep in which the
anaemia is already present;

(4) The method of infection is probably also of importance.
Veglia (1918) believes that the larvae. in the case of
natural infection in haemonchosis, pass into the rumen of
sheep with the solid food, whereas when 10 c.c. of saline
suspension of larvae are injected into the mouth, the larvae
may pass straight into the abomasum with this Bquid and
are in these circumstances liable to pass into the intestine
without having had time to undergo those changes which
enable them to remain in the abomasun.

[t was only after many disappointments and with a great deal of
difficulty that a sufficient number of typical, fatal cases of pure
haemonchosis were artificially produced for haematological study.
The work on the h:ai'llmln]n,'_r\“ and pathology of Oesophagostomiasis
and Trichostrongvlosis, will he discussed in later papers. [n connec-
tion with Strongyvloides papillosus, no haematological observations
will be recorded (numerous observations were actually made) as in
not a single instance was a progressive disease produced, in spite of
the fact that many of the animals infected passed faeces from which
strong colonies were obtained by faeces cultures,

Thronghout these experiments, all the animals, including the
controls, were kept under 1dentical conditions of housing, feeding and
3\-;m-rin<;. No special attempt was made to draw the blood at definite
intervals before or after watering. It was thought that the most
111'1]rnnu results would he obtained if the amount of water that the
animals consumed was allowed to he regulated by the natural deve-
lopment of thirst. In order to achieve this, a plentiful supply of
water was made alwavs available. On this account it is believed
f!lﬂl no undue concentration of the hlood could have occurred at any
time as a result of diminished ingestion of water. :
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TECHNIQUE.

The technique developed by Neser (1923) and exhaustively dis-
cussed by him in his work on ** The Blood of Kquines,” is with few
modifications applicable to haematological work in sheep. The
methods of examination employed arve exactly those advocated by
Neser, except where such modifications were found to he necessary,
and details of the latter only will be discussed. Tor the other details
Neser's work should be consulted,

('orLLeEcTion or Broon.

[t is obvious that a direct examination of the whole hlood would
oive the most accurate absolute results concerning the morphology
and other attributes of both the erythrocytes and the leucocytes, but
where a systematic examination of the blood of a number of sheep had
to be completed in one day, it was clearly impossible to make deter-
minations on the whole blood.

Rossdale (1923) compares the haematocerit results obtained when
working with whole blood and citrated blood.  Solid erystals were
used, as well as definite proportions of citrate solutions, for which a
correction was made afterwards.  In a number of eases investigated,
he found the greatest deviation from the mean volume index to he 4
per cent. 1n the case of whole blood, 11 per cent. in the case of citrate
crystals, and 14 per cent. where cifrate solution was employed. He
concludes that the addition to the hlood of cifrate or oxalate aliects
the haematoerit readings by reducing the percentage volume of red
cells, unless that particular proportion of citrate to blood he chanced
apon which happens to be isotonic with the particular blood under
investigation.  Rossdale gives o comprehensive review of  anfi-
coangulants used by various workers, and he quotes in each case the
haematocrit values obtained by these authors when centrifuging af
certain definite speeds samples of blood of which the red counts, and
in some cases average measurements of the rved cells had heen
determined.

The anticongulant selected was the one used by Neser for horse
I lood,  This consisted of a 74 per cent. citrate solution used in the
]ll'tb]lll]'iillll of .1 c.ce. eitrate to 1 c.e. of blood. With this method
quite uniform relative results were obtained.  Bryvuchonenko and
Steppubn (1927) claim that Bayer 205, when injected intravenously,
will prevent congulation of the blood for some hours.  This would he
an ideal method for haematologieal work, provided the drug has no
specific effect on any of the elements of the blood.  The c¢hief advan-
tnyes ol I||i-; nu-t]]m[ ol l'nHl‘l‘lill;_{‘ ”Il' ]llnn{] \\‘t)llll’] ]]t‘: (” || l'”il;_’;lllil—
tion is prevented for some hours, there is ample time for a complete
‘_\'qmunli[- sinrll\' of M‘\'l'l';li '\;Hll]lll‘\_ (2) No Iltt‘:l.-'\lll‘l'll amount of I:Iuml
need be drawn.  Errors in haematological studies are frequently due
o the inaceurate measuring of the blood when it 15 being withdrawn
from the vein. (3) No changes in isotonicity can possibly occur, so
that values dependent on the size of the red cells will be more reliable.
Hirudin as an anticoagulant was not available,

When an anticongulant is used, the possibility of error is less
the larger the amount of blood that is drawn.  Where, however,
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anaemia is studied, particularly in a small animal like the sheep, it
is advisable that only small amounts of hlood be collected, so that
ihe factor of bleeding cannot be blamed for the production of the
anaemia: consequently small bottles with narrow necks, measuring
approximately 6 c.c. were utilized for collecting the blood.

METHODS OF EXAMINATION OF THE DBLOOD.

The examination of the blood included the study of (1) a study
of the ervthrocytes—(a) the red counts, (b) the red precipitate or the
percentage volume of the red cells, (¢) the percentage of haemoglobin,
() the size of the red cells, (e) the viscosity. (2) The leucocytes
(a) the total white counts, and (b) the differential counts.

(1) (a) Counting of the Red Cells.

This was done in the usual way, using a Burker Turk counting
chiamber.

(1) (b) The Determination of the Percentage Volume of Red (lells
(Red Precipitate).

'This was obtained by centrifuging the citrated blood 1n an electrie
centrifuge running at 1,500 revolutions per minute, for 60 minutes.
The centrifuge tubes were calibrated as advocated by Neser (1923).
In the horse thiz author obtained constant centrifuge readings in
10 mintes, irrespective of whether the centrifuge was running at
medium or high speed. At a low speed (250 revolutions per minute),
the same reading was obtained in 15 minutes. Neser concluded that
within certain limits of speed the volume of the red corpuscles in
equine blood is in no way influenced by the speed.

The blood of the sheep as compared with that of the horse, takes
a much longer time to precipitate completely, as will be seen from the
following experiment.

A voung healthy Merino sheep, No. 24197, was bled daily from the
jugular vein, 200-300 c.c. of blood being removed at a time, until a
severe degree of anaemin was produced. Before bleeding, this animal
had a red count of 15 million per c.mm. of blood, a percentage volume
of 35, and 102 per cent. of haemoglobin. Asa result of the bleeding,
the red cell counts, the percentage of haemoglobin and the red
precipitate rapidly decreased.  When the sheep had developed what
could be regarded as a mild degree of anaemia, with a red count of
4.9 millions per c.mm., a haemoglobin of 45 per cent. and a red
precipitate of 15, the precipitate during centrifugalization was read
every 10 minutes and the blood from another but normal sheep, No.
94188, was treated in the same way, at the same time, and in the
same centrifuge running at 1,500 revolutions per minute. The results
obtained were : —

Sheep No. 24197 (mild anaemia).  Sheep No. 24188 (normal).

ppt. after 10 minutes 20 a0
= . 20 - 18 34
i o S0 - 16 31
vy s 40 s 155 0
W = Hl - 15 29 .5
5 .60 = 15 20
- ST () ) 15 20
: .. 80 ' 15 29
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Two days later, when a more severe degree of anaemia had
developed, with a red count of 2.7 million per c.mm., thep recipitate
was again read at intervals of 10 minutes, together with that of the
same normal sheep. The results obtained were : —

Sheep No. 24197 (severe anaemia). Sheep No. 24188 (normal).

ppt. atter 10 minutes 10 45
7 Sl 7 9.5 38
o ol ¥ ) 39
ey A 9 3
R = () B 9 99
iy .. ho - !, 31
.. wi AL i 9 30
" o il o 9 30
I ——{) .. 9 20
= . 100 a4 9 20

Irom the above it can be coneluded that in normal sheep constant
red cell percentage volume readings are obtained in G0-70 minutes,
when citrated blood is precipitated in an electric centrifuge running
at 1,500 revolutions per minute. In the case of annemic blood, con-
stant readings are obtained very much earlier. In very severe degrees
of anaemia, constant readings are obtained in 20-30 minutes t[““:ﬁ”m[
i less severe degrees of anaemin in 40-50) minutes. In this work,
therefore, the precipitate was read as a routine procedure after 0
minutes with the centrifuge running at 1,500 revolutions per minute,

(1) (e) The Determination uf the Percentage of f/ru'.wn:}fuf).'»u.

This was determined calovimetrically in Dubosq calorimeter, o
Newcomer disc being used as the standard.  The application of this
dise to haemoglobin determinations was discussed },‘\- Newcomer in
1919, Daylight illumination was used as it was found dificult to
matceh the colours with the artificial light available.  Oceasionally.
when observations were made on cloudy days, it was found difficulf
to obtain consistent readings.  Throughout this work an average of
10 calometric readings was taken, typical examples of which are:

Sheep Noo 118306—normal animal—dilution 1 in 200 8.2 8.3,
8.2, 8.4, 8.2, 8.2, 8.2, 8.2, 8.2, 8.4—giving an average reading of
8.2, When this is read against the chart supplied by the
manufacturers, the value of 92 per cent. haemoglobin is obtained.

Sheep No. 14197 —showing anaemia—dilution 1 in 2000 17.06.
]TT. ]TT. IT.-\'. ]H.“, IT.”, lh'.“. IT.“, IT.“. [T_U ZIVing an average
01 IT.H. \\'Ilit‘h I\ (‘l(lll\':l!l'nf 10 I‘...' per cent, of ]1:Il'1|lll;_‘,‘|u|n|i|,

The Newcomer dise was standardized against Van Slvke's
gasometric method, and the chart supplied by the manufacturers of
the dise 1o the Williamson standard was converted into the Haldane
standard.  Newcomer (1923) described ** a new optical instrument for
the determination of haemoglobin.”™  This should he g VOry con-
vertent apparatus, as one is able to read off directly on the instrument
the percentage of haemoglohin,

The diluting fluid is N/10 hydrochlorie acid which converts the
blood into acid haematin.  The chart supplied with the dise is only
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prepared for reading Jilutions of 1 in 200 and 1 in 500. In this work
the dilution of 1 in 200 was employed.

Newcomer (1923) points out it takes some time before the full
colour depth of the acid haematin is developed. After the flasks have
stood for half an hour, the readings are correct to approximately
1 per cent. Readings were never made within an hour after making
the dilutions, but some readings were not made until some hours after
dilution. If it 1s necessary 1o determine the haemoglobin content
almost immediately after making ihe dilutons, the readings should be
corrected in accordance with Newcomer's (1919 and 1923) equation.

Terrill (1922) discusses (1) a method for making coneentrated
stock solutions of acid haematin., When these are kept in the dark
at room temperature, or in a refrigerator, the colour fades slowly.
He does not mention to what extent fading occurs if the stock solu-
tion be exposed to light. (2) A method for the preparation of acid
haematin protein powder, from which standard solutions are prepared.
(3) A method of preparing acid haematin films on cover glasses by
means of a mixture of solutions of acud haematin and of velatin,
This author in the same. paper chows that turbidity in the acid
haematin solutions can be got rid of, by means of laking the blood
with distilled water, before adding it to the hydrochlorie acid solu-
tion.: He maintains that the whole hlood diluted with N/10
hydrochlorie acid gives r ading 6-12 per cent. higher than those
obtained for the same blood first Jlaked by adding it to distilled water.
This error should not occur in the figures obtained in this investiga-
tion as the disc was standardized against Van Slyke, by obtaining
the average of a number of calorimetric readings by different
individuals on an acid haematin prepared without previous laking.

There is one important point to bear i mind when making the
dilutions, viz., to shake the citrated blood very thoroughly before it
is drawn off with the pipette for making the dilutions. It this 15 not
done, sedimentation may occur and ]n'upm'linnuh-l}.‘ more red cor-
puscles are drawn into the pipette, which naturally 1s conveniently
rested against the bottom of the bottle during manipulations. A
considerable source of error in all the determinations may he intro-
duced if this point is neglected. 1t is also important to avoid the
formation of bubbles in the pipette, as well as in the flasks in which
the acid haematin dilutions are made.  Such bubbles are especially
liable to form in the pipette on top of blood withdrawn for the first
time from a bottle which just previously has heen vigorously shaken.
When this is the case the blood should again be blown into the
bottle. whilst holding the pipette shiehtly obliquely and resting 1t
against the bottom of the hottle. No bubbles will be present when
the blood is sucked up the second time. In order to avoid bubbles
n the diluting flask, the blood <hould be run down the side of the
fask and should not be vigorously squirted into ihe N /10 hydrochloric
acid solution. It was found convenient to fill the flask to within
10-20 cc. of the 200 ce. mark and then to run in the citrated blood as
described. If the flask is now tilted or <haken. bubbles will develop,
and it will be difficult to fill the fAask to the mark. The flask should
only be tilted after further N /10 hydrochloric acid has heen carefully
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added to the 200 cc. mark. Flasks with long necks having the
200 cc. mark on the neck, are the most convenient. The 1 ce. pipettes
used were either standard or previously checked against a standard
pipette.

(1) (d) Nize of the Red Cells.

The size of the red cells was determined by direct microscopie
measurement with an *° Okular Schraubenmikrometer,”” havine a G
compensating ocular.  When this apparatus is used with a 2 mm.
apochromatic lens, the figures obtained must he multiplied by .14 in
order to convert them into values of microns. It is realized thai the
frue average size of red cells in stained smears will not be obtained
by measuring even 400 or more red cells in numerous fields, and as
this is most exacting work, requiring a great deal of time, only
relatively few cells could be measured, mainly with the object of
obtaining corroborative evidence as to whether any increase at all in
the size of the cells had occurred, as was suggested by changes in the
colour index and in the volume index. Pyper (1929) describes
diffraction method whereby the true average size of the red cells in
suttably prepared unstained smears can he simply and quickly deter-
mined spectroscopically. 1t a sufficient number of smaller and lareer
cells are present in such smears, they will also produce measurable
spectra, consequently this author can by this method caleulate the
diameters of the smallest, the average, and the largest cells. The
method was unfortunately not available for application in this study.

(1) (e) The "f'.'-'r‘nv\'r'.fy,

Hess' viscosimeter was used.,  Scehridde and Naegeli (1921) give
a detailed description of this apparatus.  Unless the determinations
are made with dexterity, the values obtained can he very unrelinhle.
[n the tables submitted, the temperatures at which determinations
were made are stated, but no corrections for these were made. [t ‘s
noteworthy that in some cases 1 which there was observed an
apparent agglutination of red cells in the counting chamber, the
viscosity was abnormally high for the particular blood, if it is con-
sidered that more or less normal values were obtained for the red
counts, haemoglobin and percentage volume of red cells,

2. /.r'm'm'ylf'x.

The total white cell counts were made by the usual methods and
the differential counts were made according to Neser's (1923) modifica-
tion of EKhrlich’s method,

DETAILS OF EXPERIMENT,

As already stated it was at first intended to make a comparative
haematological study of sheep with pure infestations of Haemonchus
contortus, various .-a‘pi'('ius of  Trichostrongylus, Oesophagostomum
columbianwm and Strongyloides papillosus.

Seventy sheep were used in these experiments.  Thirty-eight
were infected with Hacmonchus contortus, eleven with Trichostron-
aylus, seven with Oesoplagostomum  columbianwm, three with
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Strongyloides papillosus and eleven were kept as controls. In this
work details in connection with the haematology and pathology of
haemonchosis only will be presented.

THE HAEMATOLOGY AND PATHOLOGY OF
HAEMONCHOSIS.

Sheep infected with a pure or practically pure culture of
Haemonchus contortus can be conveniently classified in terms of the
offects observed as: (A) those sheep in which a progressive and fatal
disease was produced and (B) those i which an anaemia developed
from which the animals soon recovered, without medicinal or any
other treatment—these can be designated as recovery €ases and those
in which no effects were observed. () Controls.

(A) Coances OBSERVED IN THE Broonp oF SHEEP IN Faran CAaseEs
oF HAEMONCIIOSIS.

The outstanding feature of these cases is o progressive anaenia.
This is conveniently illustrated in the accompanying tables and
graphs, where the changes in the red cells are recorded in so far as
are concerned (1) the number of red cells, (2) the.percentage of
haemoglobin, (3) the percentage volume of red cells (precipitate),
and in some cases, (4) the viscosity.

The total number of leucocytes is also charted, together with
differential counts, where the latter could conveniently be dealt with
in this way.

Of the thirty-eight sheep ‘fected artificially with Haeumonchus
contortus, nine developed a progressive annemia, with a fatal termi-
nation. There were six so called recovery Cases and the remainimg
twenty-three either resisted infestation or did not show any effects
of infection. On the nine cases in which @ }n'u;_"n':-'si\'e‘ disease was
produced, the haematological observations of five will be presented
in detail.

Haematology and Pathology of Sheep No. 16027.

Table 1 and graph 1 contain the haematological records of
Sheep No. 16027, Infection was commenced on the 27.4.27, at the
rate of approximately 1,000 larvae per day, until 52,000 Tarvae had
been eiven. Infection was, theretore, completed towards 16.6.27.

Haematology of Sheep No. 1GO2T.

During the first fourteen (14) days after infection there 18 an
increase in the number of red cells, with a corresponding increase in
the percentage of haemoglobin and in the percentage volume of red
cells. Such increases during the initial stages of the infection period
have heen observed in quite a number of cases, and are interpreted
as probably due to increased activity of the blood-forming organs.
The destruction and removal of red cells during the early stages of
Haemonchus contortus dnfection serve as the stimulus for this in-
creased activity.  After that there is @ progressive decrease in (1)
the number of red cells, (2) the percentage of haemoglobin, and (3)
the percentage volume of red cells. except for a slight increase which
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occurs during the period from the 19th until the 25th of May. From
the 9th to the 1Gth of June the decrease of 3 million red cells per comm.
of blood, of 24 per cent. in the haemoglobin, and of 11 per cent. in
the percentage volume is particularly striking. During this time no
clinical evidence of icterus or haemoglobinuria was present.  The
animal was destroved on the 5th of July, on which day the red
count was 1.6 million per c.em., of blood. the haemoglobin 10.5 per
cent. and the precipitate approximately 5 per cent,

During the course of the disease the only clinical symptoms
observed were (1) pale mucous membranes. particularly the con-
Junctivat, the buccal and the anae (Just hefore death the pallor was
of an extreme degree), (2) accelerated respirations, and (3) frequent
pulse, with pounding heart action, especially in the later stages.
The accelerated respirations and frequent heart action were particu-
larly mnoticeable on exertion. There was no clinical evidence of
icterus or oedema.

Changes in the Red Cells.—In referring to Table No. 1 it will
be seen that no morphological changes occurred in the red cells until
16.6.27.  On that day punctate basophilia was for the first time
observed. During the further course of the disease, and as the
anaemia became progressively worse, the morphological changes bhe-
came more pronounced.  On 30.6.27 and 5.7.27, when the annemia
was of an extreme degree, there was well marked anisocevitosis, and
there were poikiloeytosis, polyehromasia, punctate basophilia and
Jolly bodies in quite a number of red cells, hut in this particular
case no normoblasts were identified.

Changes in Size of the Red ('r'H.ﬁ. ~As already stated, Pyper's
(1929) apparatus for determining quickly and simply the average
size of the red cells in smears was not available. Th measure suy
400 cells with a micrometer requires a great deal of time an even
if this is done the true average size of the red cells in smears will
not be obtained with any degree of accuracy. It is, however. I por-
tant for the i!lh'!'])l‘l":llinll ol (']I:l!l;_{'t'x i l'll]tll]l' and \'”h“m\ i“‘[i”._\.‘
to know if changes in size have oceurred.  In this particular sheep
measurements were made, of a small number of cells from smears made
(1) before infection, (2) when a marked decrease in the OXV@en carry-
ing capacity of the blood was ml;in;_:' place, and (3) towards the end
of the disease. In all three cases 15 cells were measured in several
fields.  The rvesults are:

Date. Smallest cell. Largest cell. A verdage.
(1) 20.4.27 ... ... ... 4. 1T p D21 4.6u
(2) 16.6.27 ... ... ... 3.9 0.5 4.6
(3) 00t T 4.2u [T D.Tu

The relationship of the haemoglobin content to the number of
red cells, i.e., the colour index, the 1'1']:Hi‘nn.~‘lnp of the haemoglobin
to the precipitate, 1.e. the volume (‘-nlnm' nn[vx., and the l'l'[{lll.t.lll.‘i]li]!
of the precipitate to the number .uf ru_c] cells, 1.e. tl.w w.\lnmu index,
will be fully discussed elsewhere in this paper. This being the case.
it will only be necessary to indicate briefly and without coing into
any details the more important changes that have ocenrred,
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The Colour Inder.—There is a tendency towards a decrease of
this index, probably due to a relative decrease 1n the haemoglobin
content of the cells and to an increase in the size of the cells.

The Volume Colour Inder.—There is at first a tendency towards
an increase of this index (up to 16.6.27) probably due to a decrease
in the size of the red cells. Towards the end of the disease the mndex
is definitely decreased. This would indicate a relative deficiency in
haemoglobin and an increase in the size of the red cells.

Volume Index.—There is at first a tendency towards a decrease
of this index, indicating a decrease in the size of the red cells, but
towards the end of the disease the volume index increases.  This
confirms the conclusion previously arrived at, that an inecrease imn
the size of the red cells had occurred. As previously stated, too few
cells were measured in order that reliable conclusions as to the true
averace size of the red cells could he drawn: nevertheless, the
measurements made suggest that the cells on 16.6.27, for
instance. are on the whole smaller than the cells on 20.4.27. There
is no doubt at all that on 30.6.27 the cells were definitely larger than
before infection and during the earlier stages of the disease.

The cells stained less intensely in the later stages of the disease
and many had a vacnolated appearance. Although unstained central
areas are sometimes encountered in cells of apparently normal sheep,
these staining reactions would tend to confirm the coneclusion that a
relative deficiency of haemoglobin was present.

Changes in the Leucocytes.—No changes which can be regarded
as pathogonomic for haemonchosis were observed. Soon after the red
cells begin to decrease in number a decrease in the total number of
lencocytes also occurs, but during the later sages of the disease the
total number of leucocytes again increases. If the differential counts
be referred to, it will be observed that this increase affects mainly
the neutrophiles. The neutrophile counts are at their lowest when
the first evidence of morphological changes in the red cells 1s noticed,
Later on, when these morphological changes in the red cells are
more pronounced, the neutrophiles increase in number. It is possible
that this may be associated with greater activity of the blood-forming
organs. No marked changes were ohserved in connection with the
number of eosinophiles, only on one day (3.6.27), during the early
stages of the disease, was there what one could describe as an
eosinophilia.

Pathology uf SNheep No. 16027,
On 5.7.27 the animal was killed in exfremis for post mortem
examination.

Wacroscopic Eramination.—Signalment : Merino wether in good
condition, having only temporory teeth.

The mucous menibranes of the natural openings were very pale
and almost dead white in colour. The blood was extremely watery,
harely staining the fingérs, and was of almost an amber colour. A
cood deal of fat was present in the fat depots.  No abnormal fluid
was present in the abdominal cavity. The lymphatic glands on
section were pale and moist.  The pericardial sac contained about
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20 c.c. of a clear colourless fluid.  The liver was slightly enlarged
and firm on palpation. On section a watery fluid escaped from the
cut surface, which was of a mottled appearance, the central portion
of the lobule being brown and opaque and the periphery almost trans-
parent and grey in colour. The heart fat was normal in amount and
appearance. The fieart itself appeared quite normal, except that the
myocardium was of a greyish colour and opaque, suggesting degene-
rative changes of a fatty nature. The lungs were extremely pale,
l_mt excepting for a Ic'vl'tuiu amount of emphysema, were not altered
in any way. The Aidney had a fair amount of pericapsular fat, the
capsule stripped easily, the cortex was of a yellowish brown colour
and the medulla and boundary zones were extremely pale.  The
spleen was decreased in size and measured 7.5 by 5 by lem.  The
capsule was markedly wrinkled, the trabeculae were distinet, but the
Malpighian bodies were indistinct.  The other organs, such as the
adrenals, thyrotd, ete., were all systematically examined, but apart
from the fact that they were paler in colour than normal, no abnor-
malities were observed macroscopically. The contents as well as
the mucous membranes of the rwmen, recticulum and omasum were
normal. In the abornaswi numerous wire-worms were present.
The mucons membrane was pale and the contents were liquid and of
a dark brownish colour. In the small intestine the ingesta were
liquid and of a dark chocolate colour and a few Strongyloides papil-
losus were present.  The faeces in the large intestine were of a dark
colour.  Very few adults of the Oesophagostomum columbianum were
identified, but no nodules were present.  No changes were recognized
in the hone-marrow.

Anatomical  Pathological  Diagnosis.—Very marked anaemia,
paleness of all the organs and of the visible and other mucous mem-
branes, throughout the body: degenerative changes of the liver,
myocardinm and Kidneys: emphysema of the Iung: numerous wire-
worms; very few noduiar worms; few Strongylordes paptllosus; com-
plete absence of icterus and haemoglohinuria,

Aetiological Diagnosis—Kitled in extremis (practically pure
immfection of Haemonchus contortus).

1

.l/r'r'ru.\'f'rqu't‘ /’,.f'rn.rrr‘rulffl““: f'l.'flrnfn'ff'_fi-".---’l‘lli‘l'l‘ wele sli;,:'llt :ll';_n-n‘\_
rative changes of a fatty nature. Some of the cells, especially of the
convoluted tubules, stained a faded orange with Sudan 111, and with
a 4 mm. objective were seen to be distended with fine radiating
crystals, which stained similarly.  There was no evidence of any
iron-containing pigment in the kidney. No other lesions were present.

Spleen and Lung. Nll‘l'li:][!','_{t“é were seen microscopically, ex-
copt that the lymphoid follicles in the spleen were not well defined,
and emphysema of lungs was present.  With specific staining for
iron. very little iron-containing pigment could be identified in the
spleen and none at all could be recognized in the lungs.

Liver—When the haemalum-eosin - stained  sections  were
examined with the naked eye by holding them up against the light,
a distinet mottled appearance was observed.  This was due to some
portions staining shghtly or not at all and other staining more
evenly and more intensely (see Figs. 1 and 2.)  On microscopic exami-
nation the sliehtly stained or even unstained areas were seen to he
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SHEEP No. 16027 : SPEC. No. 7045,
Fid, 1.

Lesions around Central Veins,

Fic. 2.

Laver. x 110,
Lesions around Central Veins.
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SHEEP No. 16027 : SPEC. No. 7045,
Fia. 3.

Liver, ) x50,
Crystals in Liver Cells,
SPEC. No. 11038,
IF16. 4.

xlb).."J
Fat Necrosis in Sheep,
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those situated around the central veins. Here the cells contained
large vacuoles, which did not stain at all, but the peripheries of the
cells were well defined as slender pink staining outlines. Many cells
were devoid of a nuecleus and in others the nucleus was situated
against the periphery of the cytoplasm, although cells having a more
centrally situated nucleus were also present.  Towards the periphery
of the lobule, 1.e. around Glisson’s capsule, the cells were intact and
normal in appearance. The extent to which the cells with these
vacuoles occurred, varied. The greater proportion of some lobules
were so affected, with the result that there remained only a narrow
peripheral portion of the lobule, with more or less normally staining
Liver cells.

This vacuolated appearance of the cells was also seen to he
present in van (fleson and Giemsa stained sections, but with Sudan
I1I the contents of these cells staimed in most cases a faded
orange colour. A large number of cells was distended with fine
radiating crystals (see Y. 3) somewhat like those seen in fat necrosis
(see Fig. 4). These crystals also stained a faded orange colour with
Sudan ITI. It was only here and there that cells containing true
fat were encountered. T'he presence of a very little true fat was
confirmed when sections stained with Nile Blue Sulphate were
examined.  With this stain, some of the cells around the central
veins stained blue and others remained unstained. The crystals pre-
viously referred to were for the most part unstained, although some
did stain a light blue. According to Mallory and Wright (1922),
such colour reactions are obtained with soaps, fatty acids and lipo-
chromes.  The interpretation of these lesions will be fully discussed
elsewhere.  No demonstrable iron containing pigment was present
in the liver.

These peculiarly staining  crystals were found in epithelial
cells of nearly all the organs including the lung, thyroid, intestine
and adrenals.  In the case of the latter organs only the cells con-
taining these crystals stained with Sudan 1IT. No crystals were,
however, demonstrable in the myocardium.

faematology and Pathology of Sheep No. 11896,

Table 2 and graph 2 contain the haematological records of Sheep
No. 11896, Infection was commenced on 16.11,25 at the rate of 200
larvae everv second day until 60O larvae had been given. Thereafter
5,000 larvae were given every second or third day until approxi-
mately 50,600 larvae had been given. The last 5,000 larvae were
given on 23.12.25.

Haematology of Sheep Na. 11896,

Changes in the red cells.—Nery soon after infection the number
of red cells begins to decrease. This is also reflected as a decrease in
the percentage of haemoglobin and the red precipitate. By 20.11.25
(00 larvae had been administered (200 on 16/11, 200 on 18/11 and
200 on 20/11). During the following 5 days a remarkable drop of
more than 3 million red cells per c.mm. of blood oceurred and the
question which immediately arises here is whether this marked
decrease of the number of red cells is or is not entirely due to the
action of the parasites. This is very dificult to prove, and one
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hesitates to draw that conclusion, particularly in view of the fact
that Infection was commenced only 9 days previously. According to
Veglia (1915) the larvae that were administered on 16.11.25 would
be on 25.11.25, just on the point of undergoing their 4th ecdysis
betore entering on the adult stage. Tn the same paper Veglia describes
blood coagula in the mucous membrane of the abomasum, 33 days after
infection. In the first parasitic stage of Haemonchus larvae, the
mouth parts are not armed with a lancet (which only develops during
the 2nd parasitic stage and apparvently only comes into use in the
adult stage), but the larvae are already able to produce in the 2nd
parasitic stage, i.e. the 4th stage larvae the blood coagula described
by Veglia. [t seems, therefore possible, that these voung forms can
produce changes in the blood, but it is doubtful, if this is likely to
oceur to the extent of decreasing the red counts by 3 million per c.mm.
of blood in 5 days (from 20.11.25-25.11.25). That the effects pro-
duced by them must be regarded as a definite contributory cause of
this is without question. but a number of other factors may also be
partly responsible for this big decrease in the red counts. It the
blood volume had become increased such low counts might have heen
obtained.  On the other hand, the blood might have bheen unduly
concentrated on 11.11.25 and on 20.11.25. This could have occurred
under certain abnormally dry conditions and higl temperatures of the
atmosphere, or if the animal incidentally had a diarrhoea or polyuria,
No observations to obtain information concerning these soveral factors
were made at the time. If there was overconcentration of the blood,
the true counts with a normal blood volume may really have heen
somewhere in the neighbourhood of 12 million colls (instead of 1:3.9
million, as actually recorded on 20.11.25). This decrease would {hen
have heen correspondingly less.

From 2.12.25 there is a continuous and progressive decrease in
the number of red cells every week. During the second week after
the administration of the last dose of 5,000 larvae, there is practically
a collapse of the red count, and this decrease by morve than 5 million
red cells per comm. of blood during 9 days lin_lv, must he vegarded as
phenomenal. Tt does seem r‘:t”li'l' paradoxical that the anaemia
develops progressively more vapidly when the animal is no longer
heing infected. It may of course be that just about this time the
limits of compensation were being reached, and that. if infection had
been continued, a similar or even greater collapse would have occurred.
Did this not occur with continuous administration of infective larvae,
then it would appear that the method of infection employved was
wrong. Instead of giving large doses at frequent intervals, « single
large dose, or smaller doses at greater I'llH‘t’\'iI]\',. should perhaps have
been given. When large doses are given at short intervals disturbances
in the abomasum may be brought about, as a result of which a large
proportion of the infection may become lost. This may actually be
responsible for the so-called recovery cases,

[t will be observed that the progressive decrease in the number of
red cells which occurred from 2.12.25 to 23.12.25. is not reflected 1n
the haemoglobin and percentage volwme curves.,  The haemoglobin
remains more or less stationary, but the precipitate is even somewhal
increased on 23.12.25.  If one could at this time have obtained
relinble data of the true average size of the red cells, a satisfactory
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explanation of these results would probably have bheen obtained.
Measurements that were made indicate that there was an Increase in
the size of the cells, but it is realized, as previously stated. that too
few cells were measured in order that reliable conelusions could be
drawn in this connection. It is nevertheless of interest to present the
figures that were obtained. These comprise measurements that were
made during the pre-infection period, and at various intervals during
the course of the disease. 15 cells being measured in various fields in
each case. The results are tabulated below : —

Sheep No. Date. Minimum. Marimum. Average.
11896 9.11.25 4.1u 2. 0u +.5u
57 23.12.25 3.8 4.8u +.5u
'y 1.1.26 4.0u 2.2n 4.9u
. 9.1.26 3.9 .4 4.6

(Changes tn colour and volume indices.—On teferving to Table 2.
it will be seen that there is an increase in the volume index and i
the colour index, but there is a decrease in the colour volume index.
These changes in the indices can be caused by an increase in the size
of the red cells.

On 7.1.26 and 9.1.26 morphological changes, such as anisorviosis,
a suggestion of polychromania and oceasional Jolly  bodies were
recorded. but no other evidence of anaemia was found on microscopie
examination.

Changes in the Leucocytes.—A  leucoryvtosis  was present on
25.11.25, i.e. abhout 9 davs after infection was commenced, and a
neutrophile leucocytosis was recorded towards the end of the disease.

Pathology of Nheep Nao. 118006,

(L) Macroscopic Framination.—This merino ewe lamb died on
11.1.26. In presenting the results of the post-mortem examination, it
15 not considered necessary to give a detailed description of all the
organs examined.  Thus reference need only e made to organs in
which changes were recognized.

The blood was coagulated. There was marked anaemia with
paleness of all the organs and of the visible and other MUCos
membranes.  There were degenerative changes in the heart and the
liver and slight oedema of the lungs. The abomasal contents were of
a yellowish chocolate colour. Wireworms were exceedingly numerous.
A few nodules of Oesophagostomum colwmbianum were present in the
small intestine, but there were no adult nodular worms. The spleen
showed slight atrophy, measuring 10 hy .5 by 1.5 em. No other
parasites were present.

(2) Anatomical Pathological Diagnosis.—This was similar to that
of sheep 16027, except that no parasites other than Haemonchus
contortus were recorded.,

(43) detiological Diagnosis.—Anaemia due to a pure infection of
Haewmaonclius contortus.

(4) Microscopic Examination.—The lesions in all the Oroans were
similar to those described for Sheep No. 16027, except in the case of
the liver. In this organ the orderly arrangement of the cells around
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the central veins was disturbed. The nuclei of these cells were
pyenotic, and in some cases absent altogether, The cyvtoplasm of the
cells stained more intensively with haemalumeosin  than that of
normal cells. These chances in the cytoplasm and the nuclei of the
cells immediately around the central veins, were interpreted as early
stages of necrosis.  Only oceasional cells some of which contained
crystals similar to those previously described stained with Sudan I11.
The staining reactions were otherwise similar to those described for
Sheep No. 16027,

f}'dr'mrl/ufuyy and /’ulhn.’rnyy nf ,\’f’“-;-/, No. 119921,

Table 3 and graph 3 contain the haematological records of Sheep

No. 11921. Infection with Haemonchus contortus larvae was
commenced on 16.11.25, and continued every 2nd o1 3 day until
20,600 larvae had been administered. In the beginning each dose

consisted of 200 larvae.  The last of 3 such doses wiae given on
R0.11.25.  From 2.12.25 each dose consisted of 2.000 larvae. On
231225 infection was completed.

Haematology of Nheep No. 11921,

Clanges in the red cells.—During the pre-infection period, there
15 a certain amount of what is interpreted as normal variations in the
red counts and other determinations that were made.  During the
infection period, there is even greater fluctuation in the counts, ete.,
but during this time there is a tendency towards an increase in the
red counts, accompanied by a corresponding increase in {he amount
ot llill‘l]l”,‘,.'"lllllill and in the percentage volume of red cells,  One is
very much tempted to explain this as being due to increased activity
on the part of the blood-forming organs, as a direct result of the
action of the parasites.  No demonstrable evidence of such activity
could, however, be found when making careful MICTOSCOPIe examing-
tions of stained smears during this time.

[t 15 agaim somewhat significant that, within 14 davs after infec-
tion was completed. the progressive decrease in the number e
cells commenced, and again the remarkable decrease of 5 million red
cells per comm. of blood was registered within a period of 8 days.
The percentage of haemoglobin is the lowest, and the percentage
volume of red cells least, on the 3rd and 5th of February, 1926, On
these dates, however, there is a slight increase in the red counts,
There are quite a number of factors that may he responsible for this:
(1) Error in counting: this is possible, and it is generally admitted
that one of the most frequent sources of error in haematological work
15 1n connection with the counting of the red cells. (2) Poikilocytosis
and :Illi<('i'_\‘ll'*iw‘ was of an extreme 1!1‘;:1'1'1' on these dates: n|it'l‘n('.\'h-w
were Very numerous;: macroceytes were less frequent, The lllli.‘*tl:'.\'lusis
is well shown in Fig. 6 (from smears made on 21.1.26), and should he
compared with the normal cells of more HI".]l'ﬂ'h‘ lllnil'n]-!u 81Ze, as seen
in Mg, 5 (from smears made on 3.12.25). 1Fig. (15 a m:c-ruplmtn;'rnp||
of cells from smears made on 21.1.26, when the red counts {ell from
10.3 million of the previous week to 5.5 million per c.mm, of blood.,
The values obtained when measuring 15 cells from smears made on
3.12.25 are: 34.5, 33.5, 33.5, 31.0, 32.0, 34.5, 33.5, 31.5, 34,0,
1.5, 32.5, 36.0, 31.0, 32,5, 33.0, when the ** Okular Schraubenmikro-
meter,”” having a 6 comp. ocular, with a 2 mm. apochromatic objective
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15 used, the above results must be multiplied by .14, in order to
convert them into values of microns. All the meaurable cells in a
field were measured as they were encountered. The values are tairly
uniform. The smallest cell measured 4.3u, the larcest A and the
average was 4.0,

On 21.1.26, when without measuring any cells anisocvtosis could
with ease be diagnosed microscopically from stained smears. similar
measurenients were made. The values are: 28.0, 41.5. 30.5. 28.5.
27.0, 37.0, 31.0, 28.0, 40.0, 30.0, 40.0, 41.0, 33.5, 31.0, 36.0. The
smallest cell measured 3.8u, the largest 6.8x and the average was
4.5u. The variation in size is considerable.

The changes in the shape of the cells (poikilocyvtosis) towards the
end of the disease were of a most varvied nature. Thiz is well
ilustrated in the microphotographs Figs. 7 and 8. It is not possible
to describe all the various shapes seen, but those poikilocvies more
commonly encounteerd were of the shape of a pear, half-moon. hell,
tennis racket, or a comma, ete. Many cells stained less intensively than
others and in numerous cells are central clear areas which did not
stain at all, the so-called ** glasskirper © and ** pessarformen,”
referred to by Schilling (1922). Tf one can draw any conclusions
from the morphological study of stained smears, these cells are clearly
deficient in haemoglobin, and this would explain a decrease in the
haemoglobin content when no corresponding decrease occurred in the
number of red cells. In other words one would expect a lower colour
index than normal, and this is actually the case (see Table 3). If
however, the possibility of an error in counting be admitted. such
minus colour index will also be calculated when the counts reveal
more cells than are actually present but when the haemoglobin
determinations have been correct.

A decrease in the precipitate without a corresponding decrease in
the number of red cells can occur when the red cells are decreased in
size.  On account of the extreme poikilocytosis that was present, it
was useless to measure the cells, as the figures obtained would
obviously have been unreliable. Tt can nevertheless le stated with
confidence that a large number of microcytes were present.

In these smears there were not infrequently very small cells, Lui
owing to the very marked anisocyvtosis and poikilocytosis it is not
quite clear if these are also to Le regarded as microcvtes or whether
they are perhaps haemoglohin fragments. the so-called schistoevtes of
Ehrlich. quoted by Krumbhaar (1928). or the ** schizoeyten ' yeferred
to by Naegeli (1912). According to this author, these cells do not
occur in the bonemarrow, hut only in the peripheral blood and may
develop with disturbances in isotonicity, chiefly when cells of small
resistance are produced in the Lonemarrow. If such cells were
counted as individual red cells, this would tend to produce abnor-
mally high red counts.

Just hefore death there was an apparent slight tmprovement in
the anaemia. Morphologically there was no evidence that increased
regenerative changes in the haemapoetic organs was responsible for
this.  This was probably due to an increased concentration of the
blood as a result of diarrhoen, serous atrophy of the fat, hyvdroperi-
cardium and disturbances in the appetite and the amount of water
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SHEEP No. 11921.
Fig. 7.

3.12.26, 1300, !
Anisocytosis and Poikilocytosis,

I'1a. 8.

8.2.26, - : % 1300,
Anisocytosis and Poikilocytosis.
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SHEEP No. 11921: SPEC. No. 5748.

F1c. 9.
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Liver. X225,
Lesions avound central veins with erystals in some of the cells,

M1, 10,

Liver. %225,

Lesions around central veins with crystals in some of the cells,
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ingested. 1t is a pity that absolute blood volume determinations were
not made at this time. If this had been done, a decrease in the total
blood volume would probalily have heen found to be present.

Changes in Viscosity.—There is a decided decrease in the visco-
sity on 21.1.26, when a very marked decrease in the nwmber of red
cells occurred, but slight changes in the number of red cells were not
reflected in the viscosity curve.

Latholoyy of Sheep No. 11921.

Macroscopic Eramination.—This sheep died on 11.2.26. The
post-mortem findings were somewhat different to those recorded in
previous cases, in that the condition of this ewe lamb was poor, there
was marked serous atrophy of the fat and a well marked hydroperi-
cardium was present. ILixcept for these changes, the naked eye
appearances were like those previously 1ecorded, such as pale muceus
membranes, absence of icterus, clear urine, pale and watery blood,
and degenerative changes in the parenchymatous organs. No para-
sites other than Haemonchus contortus were present,

Microscopic Evamination.—The lesions are very stmilar to those
deseribed for Sheep Nos. 16027 and 11896, Cells staining a faded
orange colour with Sudan ITI were found in all the organs except the
heart.  As the lesions of the liver resemble those in Sheep Nos. 16027
and 11896 combined, it is necessary to oive a little more detailed
description of the microscopic appearance. There are in  {he
haemolum-eosin stained sections numerous cells with vacuoles around
the central veins. These cells stained a faded orange colour with
Sudan T and the crystals previously described are present in many
of them. Scattered almost irregularly throughout the substance of
the liver are fairly large areas, up to [ 130 1 cross-measurement.,
In these are cells containing olobules staining a lemon vellow colour
with Sudan TTI. No crystals are present in the central cells of these
lesions, but cells staining the characteristic faded orange colour and
containing crystals are present towards the periphery.  The lesions
are usually situated in the immediate vicinity of the central veins,
but sometimes they occupy variable positions in the substance of the
lohule. It is not quite clear whether these are to be regarded as an
imtermediate or a further advanced stage in the development of the
lesions. In quite a numher of cases the nuclei of the cells around the
central veins are pyenotic and these changes are interpreted as early
stages of necrohiosis,

Haematology and Pathology of Sheen Nos. 22387 and 22388,

Tables 4 and 5 contain the haemotological records of Sheep No.
R8T and SHeep No. 22388.vespectively. Infection with Haemonchus
contortus larvae was commenced on 5.6.29. Small doses were oiven
until infection was completed towards the end of June, 1929, In
these two sheep exact defails as to the approximate number of larvae
administered are not available.
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Haematology of Sheep No. 22337,

Changes in the Red Cells.—Within a week after infection there
15 a slight 11se in the red counts and in the haemoglobin content. A
cortesponding increase in the percentage volume of red cells does not
oceur.  This 15 possioly merely the normal variation that occurred in
the number of red cells and is pronanly not due to increased activity
on tne part of the blood-forming organs.  Thereafter a progressive
decrease in the number of red cells and the total huemoglobin content
takes place until 8.7.29, i.e. two days before death, when the red cells
were 2.6 millions and the haemoglobin 24 per cent. A corresponding
and progressive decrease also occurs in the percentage volume of red
cells until 1.7.29; after this, instead of tfurther decreasing, as might
perhaps be expected, the precipitate remains constant until 6.7.29,
and from this date until 8.7.29, i.e. in two days time, the precipitate
actually increases from 15 per cent. on the two previous occasions to
19 per cent. The effects of these changes on the colour, the volume
and the volume colour (saturation) indices, will he fully discussed
suhqullt'ntl_\‘.

_]fur/)l'lm,u.rji‘t'uf ('ffrfn.f;('.\' i the  Red Cells. Smears  stained
according to Pappenheim’s May Grinwald-Giemsa method, were
caretully examined microscopically. On 1.7.29 the first evidence of
anaemia was observed. This consisted in changes such us anisocy-
tosis, slight polychromasia and occasional punctate basophilia, Pre-
vious to this occasional very large red cells were observed, but to such
no pathological significance was attributed. During the further
course of the disease, these changes became progressively worse and,
towards the end of the disease (6.7.29), the anisocytosis, polychro-
masia and  punctate basophilia  were very marked. In addiiton,
poikilocytosis and not infrequent Jolly bodies were present, but the
poikilocytosis was not of the extreme degree described for Sheep
No. 11921.

Many of the cells in the smears made during the later stages of
the disease stained less intensely than normal, and in quite a large
number there were central clear areas which did not stain at all.
These morphological changes indicate that the cells are deficient in
haemoglohin. — On 8.7.29, two days before the animal died, similar
t'lmn;,n-r» were present, hut these were, 1t aln'\'lllin,u', of a4 more severe
degree.

Changes in Nize of the Red Cells.—Measurements were made (20
cells) during the pre-infection period (29.4.29). and again (20 cells)
when the disease was at its height (6.7.29), and a third time (40 cells)
two days before the anmimal died (8.7.29). These results are tabulated
helow ;-

[ate. Smallest Cell. Largest Cell, A verage,
29.4.29 SR D.Tu 4.2

6.7.29 4.1 T H.4u

He(Res 4.5 o S.pu .‘-]_.‘.]:u

The changes in size which these measurenients suggest will he
much better appreciated by rveferring to' Figs. 11, 12 and 13 which
are microphotographs taken on the same day with the same magni-
fication, of smears made from this animal during the pre-infection
period (29.4.29) and later on when the anaemia was well established
(6.7.29).
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SHEEP No. 22337,
FATAL CASE OF HAEMONCHOSIS.

F1a, 11:

Bloodsmear made 20.4.29, w1300,
Fig. 12.

% 1300,
Bloodsmear made 6.7.29, showing Anisocytosis, Punctate Basophilia and
Jolly bodies.
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SHEEP No. 22387
FATAL CASE OF HAEMONCHOSIS.
Fra. 143,

> 1300,

Bloodsmear made 6.7.29, showing Anisocytosis, Punctate Basophilia and
Jolly bhodies,

Changes in the Colowr, Volume, and Volume Colour Indices. —
The changes in these indices in this particular case are very interest-
ing. In caleulating the various indices in the human subject, it is
usual to regard 5 million cells per c.mm. of blood as heing equal to
100 per cent., the amount of haemoglobin contained in 5 million red
cells per c.mm. of blood as representing 100 per cent., and the volume
of packed red cells (precipitate) obtained by centrifuging a blood
containing H million red cells per c.mm. at certain definite speeds, un-
til such time as constant readings arve obtained, as representing 100 per
cent.  There seems to be very little agreement as to what this last
figure should actually be. Rossdale (1923) showed that anticongulants
materially affect the centrifuge readings. The values obiained by {he
various authors guoted by Rossdale are: Hedin (1889) 51.6. usinge
Miiller’s fluid as anticoagulant and centrifuging for 5-7 minutes af a
speed of 8,000 revolutions per minute; Daland (1891) 51.8, usine 2.5
per cent. bichromate solution as anticoagulant and centrifuging for
3-6G minutes at a speed of 10,000 revolutions per minute, with red
count of 5.07 million per c.mm.; Capps (1903) 51.5, using whole hlood
and centrifuging for 3 minutes at a speed of 10,000 vevolutions per
minute, with red counts (in males) of 5.06 million per c.mm. ; Harvey
(1919), average 46.5; Groen (1921), 51.4-55.1 (for males). '

Rossdale (1923) himself found an average of 50, when centri-
fuging for 20 minutes, at a speed of 3,600 revolutions per minute,
Haden (1925) used sodium oxalate at anticonoulant and centrifyend

37

s




the blood for 30 minutes at 2,500 revolutions per minute, as suggested
Ly Hooper, Smith, Belt, and Whipple (1920). His figure is 46 for
a blood containing 5 million cells, In caleulating the various colour
and volume indices, this author regards the average normal per-
centage volume of red cells at 46, which would represent 100 per cent.
Whatever figure is agreed upon as a result of examining a large
number of normal individuals as being the normal average for the
human subject, that figure may differ considerably from the normal
of any particular patient. When one is working with animals under
expertmentally controlled conditions, it is unnecessary to take as
normal, the standards as laid down by various authors for particular
species. It is much more accurate to lay down the normal for each
individual during the pre-infection period.  As there is a normal
variation in the counts of each individual, one should make at least
2 determinations during the pre-infection period on different days.
This was not always possible, and in some cases values obtained after
infection was commenced were considered as normal. This was as a
rule only done when no changes had occurred, which could be ve-
garded as other than the normal variation. With this method,
which can obviously he applied to the human subject on rare ocea-
stons only, more reliable colour and volume indices can be calculated.

When the colour index, the volume index (Capps), and the
volume colour index (Neser 1921, Rossdale 1923) or the saturation
index (Haden 1925) are caleulated, when 5 million cells per c.mm. of
blood are regarded as 100 per cent. and when the haemoglobin con-
tained in such blood as well as the precipitate obtained from it under
the conditions previously stated are regarded as 100 per cent.. then
in normal individuals “these indices should always be 1, within
admissable limits of technieal error and within the limits of normal
variation in an individual, that is, 1f normality for each individual
15 first of all established as advocated in this work. In this work it
wis not possible to investigate what variation, if any, may oceur in
sheep or in an individual sheep, dependent on changes in size and
haemoglobin content of the red cells when technical ervors have heen
eliminated by making in each case a nuniber of check counts,

There are undoubtedly tremendous differences in the red counts
of apparently normal sheep. Counts ranging  between 10 and 14
million per c.mm. of blood are quite common, i.e. for well-grown
lambs up to a year old. One would, however, expect that as the red
counts become increased or decreased in normal sheep, the haemo-
globin  content and the percentage volume should show corres-
ponding variations, so that the various colour and volume indices
will remain unaltered, except where the cells may be increased or
decreased in size and contain a proportionately increased or decreased
amount of haemoglobin.

Blood containing a normal number of cells with microeytes pre-
dominating will give a relatively small precipitate and the volume
index will be decreased, but on the other hand if macrocytes pre-
dominate blood with a normal number of cells will give a relatively
large precipitate and the volume index will he increased.  In normal
individual sheep, such a deviation from the normal volume index
(which is 1) may occur, if one uses the average obtained of a large
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number of determinations on normal sheep as the normal for this
species, but should not occur when the normality of the individual
which is being examined has been determined and is being used.

The colour index is the relative ratio of the haemoclobin to the
number of red cells; the volume index (Capps) is the relative ratio
of the percentage volume of red cells (more conveniently termed the
precipitate), to the number of red cells; the volume colour index
(Neser and Rossdale) or the saturation index (Haden) is the relative
ratio of the haemoglobin to the percentage volume of red cells. These
can be simply caleulated 1n the following way: —

1. Colour index —

100 x actual haemaoglobin average normal red count

average narmal haemaoglaobin actual red count < 100

2. Volume index
100 x qactual P."f‘r'f‘f.rl-fu‘fr' . drerage rwormal red count

= - e = = — 7 BT _——
average normal precipitate aclual red count x 100

3. Yolume colour index of saturation index

100 x actual haemoglobin - average normal precipilate

average normal haemoylobin actual precipitate x 100

Where the average normal red count, |1:ll’t1n3glnhih percentage and
precipitate of an individual cannot be previously determined, the
average normal for the species can be substituted.

The papers on the volume index by Capps (1903), Wroth (1907),
and Larrabee (1911), quoted by Iaden (1925), were unfortunately
not available to me. ’

The term *° volume colour ™ was used by Neser (1921) to eXPress
the ratio of the haemoglobin percentage to the percentage volume of
red cells.  Unfortunately Neser did not calculate the relative ratio,
but made a direct caleulation instead, simply by dividine the preci-
pitate into the haemoglobin-percentage. His index in normal horses
could, therefore, never be 1. Previous to this Herz (1893), quoted
by Rossdale (1923) and Haden (1925), caleulated this index in
exactly the same way amd called 1t the ** specifie haemoglobin con-
tent of the cell " (Specifischer Haemoglobin gehalt). In the case of
a normal human blood having a haemoglobin of 100 per cent. and a
red precipitate of 50, Herz's index would be 100 /50,

Rossdale (1923) independently used the term volume colour index
to express ‘‘ the capacity of the cell volume for haemoclobin.
Haden (1925) suggested for exactly the same thing the term satura-
tion index. Both these latter workers give values which are expressed
in terms of the normal. Consequently all these indices should be |
in the case of normal adult individuals, and where they are either
oreater or less than 1, a deviation from the normal is indicated, par-
ticularly changes in the haemoglobin content of the cells and chanwes
in the size of the cells. =

On referring to Table TV, it will be seen that definite changes
occurred in the colour index, the volume index, and the volume ‘-‘,];',‘1,[.
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index. Any changes occurring in these indices up to and including
the 21.6.29 are prohably due to technical errors, particularly in the
counting of the red cells.

Changes 1 the Colowr Inder.—Towards the later stages of the
disease there is a tendency to a slight increase in this index. Haden
(1925) states that a colour index greater than 1.00 mesans only that
the cells are larger than normal. Theoretically, a plus colonr index
would indicate either an increase in the haemoglobin content or a
decrease in the number of red cells, if these are larger than normal :
but in the latter case the larger and fewer cells must contain the
same amount of haemoglobin as the greater number of smaller cells.
There is, however, definite evidence, on morphological grounds, that
the cells are to some extent deficient in haemoglobin ; such deficiency
would therefore tend to correct the tendency towards a plus colour
index; in other words, one may actually be dealing with a patho-
logical blood containing less, but larger cells than normal, and the
colour index can remain 1.00, if there is a corresponding decrease
in the amount of haemoglobin in the cells.  There is very little
doubt that this had occurred in this particular sheep (No. 22387).
Notwithstanding, there is a slight increase in this index and one
must conclude that the increase which occurred in the size of the
cells was of such a degree, that it produced a plus colour index. even
though the cells were deficient in haemoglobin.

Changes in the Volume Colour Inder.—This index remained
normal up to 1.7.29. but it was markedly decreased on 6.7.29 (5 days
later), namely to .69, and a further decrease took place on 8.7.29 (2
days later) when it was .53. A decrease in the volume colour index
can oceur if there is a relative deficiency in the haemoglobin content
of the cells, when the cells remain the same in size and number. or
if the cells are decreased in number even though they may he increased
in size. When, however, the larger but fewer cells are fully charged
with haemoglobin, the volume colour index may remain unaltered,
Theoretically, a decrease in the volume colour index can also occur
if the precipitate is inereased when the total haemoglobin remains
unaltered. The precipitate can increase if there are more cells, which
are at any rate not decreased in size, or if the cells normal in number
are increased in size: but in hoth these cases the volume colour index
will remain unchanged if the cells, whether they are normal or
increased in size, are fully charged with haemoglobin, It is, there-
fore, obvious that when the volume colour index is decreased, the
cells must be deficient in haemoglobin. Ag already stated, the
presence of this deficiency was suggested by the morphological changes
described and also by the changes in the colour index, although, ad-
mittedly. the plus colour index emphasizes rather more the increase
in the size of the red cells.

Changes in the Volume Inder.—Apart from slight changes,
probably due to technical arrors, no changes occur in the volume
index up to and including 26.6.29. On 10.6.29, however, there is a
decided decrease in the volnme index. This oceurs within a week after
infection was commenced. This was unfortunately not observed at
the time and consequently the determinations could not he repeated
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in order definitely to eliminate the possibility of a technical error
during centrifuging. On 1.7.29 the volume index begins to incrense
and 1s decidedly increased on G.7.29, namely to 1.6G. It is even further
increased 2 days later, i.e. on 8.7.29, when it is 2.14. This indicates
very definitely that a marked increase in the size of the red cells has
taken place. This was already suggested on general morphological
erounds, and also by the measurements that were made, e.g., the
average normal size of the red cells was 4.2 during the pre-infection
period, but towards the end of the disease (on 6G.7.29 and S8.7.29)
the average diameter of the red cells was 5.4 and 5.0 respectively.
Slight differences in size, especially when uniform, may be difficult
or tmpossible to appreciate microscopically, even by actually measur-
ing the cells, but must nevertheless cause a well marked INerense
in the precipitate, with a consequent plus volume index. This is
commonly encountered in early cases of pernicious ansemia in the
human subject.

From a purely haemotological point of view. the outstandine
features of this particular case are: marked morphological evidence
of anaemia, e.g., anisocytosis, poikiloevtosis, polychromasia, ** olass-
kérper *" and ** pessarformen,” punctate hasophilia, and Jollv bodies.
There is a slight increase in the colour index, o marked decrease in the
volume colour or saturation index, and a marked incresse in the
volume index. These changes are interpreted as indicating that there
is a relative deficiency in haemoglobin in the cells and that there IS @
marked increase in the size of the cells. Some of the macrocytes can
appropriately be classified as megaloeytes, bhut no megaloblasts, <
characteristic of pernicious anaemia in the human subject, were recog-
nized. Except for the absence of these last-named cells. the blood
changes recorded in this particular animal, affected with 4 pure
haemonchosis, correspond  very closely with those deseribed for
pernicious anaemia in the human subject. Haden’s (1925) averipe
for 50 cases of pernicious anaemin is: Volume index 1.41, colour
index 1.29, saturation index .92, His highest volume index i« 18778
with a saturation index of .53, This corresponds very closely with
the indices of Sheep No. 22387, but the colour index in pernicious
anaemia seem in general to be slightly higher.

Changes in the Leucocytes.—There is a remarkable lencocviosia
with a nentrophilia on 29.4.29. This occurs during the pre-infoction
period and no explanation of the cause of this can be civen.  As
oceurs in other cases, there is a leucocytosis with a nlvntinphili;l
towards the end of the disease.

Pathology of Sheep No. 22387,

The animal which was a young sheep and had not vet shed any of
its temporary or milk teeth, died on 10.7.29. when = post-mortem
examination was made. The same general changes as described for
previous cases were recorded.  There was in addition o very interestino
lesion which involved mainly the apex of the heart.  There was
thrombosis or embolism of one of the hranches of a coronary artery.
resulting in infarction of the myocardium in the region of the :1[10'.\,
A similar lesion was encountered in some of fhe other sheep witl
haemonchosis and this will be referred to again later on.
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Thix animal must have died during the early part of the evening
of 9.7.29, and was available for post-mortem examination only on the
morning of 10.7.29, when a certain amount of autolysis and decompo-
sition had unfortunately already oceurred, particularly in the liver.
In these circumstances it is not possible to make a definite statement
in regard to specific lesions, but the outstanding features of the
macroscopie and microscopic examinations are: ahsence of demon-
strable iron pigment from all the organs, including even the spleen,
which was markedly atrophied, being of small size and having a very
much wrinkled capsule. There was general paleness of the visible
and other mucous membranes, and of the tissues in general. There
was no icterus.  Microscopically the bonemarrow was found to con-
tain the usual immature forms of granulocytes and eryvthroeytes, such
as myeloblasts aud myelocytes, etec. The presence of these cells was
interpreted as indicating an actively functioning bonemarrow. In
the fatty bonemarrow were seen scattered groups or islands of cells,
many of which neutrophile and eosinophile myelocytes, and others
were eryvthroblasts and normoblasts.  This was interpreted as a com-
pensatory myeloid hyperplasia involving the fatty bonemarrow. No
parasites other than wireworms were found to he present.

Haematology of Sheep No. 22388,

Changes in the Red Cells.—On studying Table 5, with its
corresponding graph, it will be observed that there is during the pre-
infection period a peculiar decrease in the red counts and the absolute
haemoglobin content of the cells, as well as in the precipitate. The
cause of this is not definitely known, but may possibly he associated
with the artificial conditions under which these animals were placed,
when they were drafted into this experiment. As previously
explained, these animals were obtained from a Karroo farm, where
the conditions for parasitic life are generally unfavourable. On
arrival at the Onderstepoort Laboratory, they were immediately
placed in a loose hox measuring 6.25 by 3 metres. This box was sul-
divided by 5 partitions into oblong compartments in each of which
were placed 2 to 3 sheep.  The sheep had a liberal supply of eood
food and abundant water, but obviously exercise was restricted to an
absolute minimum. Neser (1923) showed that a remarkable increase
in the number and in the percentage volume of red cells takes place
with exercise or work in horses. No observations of this nature have
so far been attempted on sheep under experimentally controlled con-
ditions, but there 1s just a possibility that this may be the explanation
of the marked decrease in the number of red cells that oceurred in this
sheep.  Arguing by analogy, this should not be the case, as Neser has
shown that in horses the reverse process, that is, decrease of the red
cells with idleness and restricted exercise is slow. This may, how-
ever, not be the case with sheep. It is noteworthy that a similar
decrease in the red ceélls of Sheep No. 22387 (see Table 4 and Graph 4)
was recorded.  This animal was hought from the same Karroo farm,
arrived here at the same time and was further treated in exactly the
same way as was Sheep No. 22388, This suggests that exercise will
have the same interesting effects on the red cells of sheep as was shown
to be the case in horses by Neser and in cattle by Canham (1930).
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It restricted exercise was responsible for the decrease in the
number of red cells and the corresponding decrease in the haemoglobin
content and the percentage volume of red cells, it is difficult to e
whether the blood reached its normal level for conditions of complete
mactivity on 5.6.29 (see Graph 5) or whether the downward trend of
the curve was checked as from 5.6.29 when infection was commnienced,
as a direet result of the action of Hacmonchus larvae in producing an
initial stimulating effect on the blood-forming organs,

From 17.6.29 until 6.7.29, there is a progressive decrease in the
number of red cells, together with a decrease in the amount of
ll;lmmlg']t!}l[n and in the pricipitate.  The rate of decrease in the red
cells varies from 1.5 to 2.5 millions per week. The course of the
disease in this sheep as well as in Sheep No. 22387 can be regarded as
acute or even peracute, as it is not often that sheep will die under
artificial conditions of infection, from a pure Haemonchns infestation
within 5 weeks after infection was commenced.,

On 8.7.29 the red count and the precipitate remain practically
the same, but there is a decrease in the haemoglobin content as con
pared with the figures obtained on 6.7.29.

Changes in the colour, volume, and volume colowr tndices.—The
figures obtained during the pre-infection period, i.e. on 29.4.99 and
10.5.29, were regarded as abnormal, consequently they were rejected
when calculating  the average normal, red count, h;wrnu;.:h}hin
percentage, and precipitate. The average of the figures obtained on
5.6.29 (blood drawn on this date can also he regarded as having heen
collected during the pre-infection period) 10.6.29. and 17.6.29. was
regarded as the average normal for this sheep.

(langes in the colowr indew.—XNo marked changes occur in this
index. In the early stages of the anaemia there is a tendency towards
a deerease in this index, which is ealculated as .88 on 26.6.29. Within
a week after this there is a plus colour index and towards the end of
the disease the index again decreases. A decrease in the colour index
i due either to a deficiency in haemoglobin, or, if the cells are fully
charged with haemoglobin, to a decrease in the size of the red cells,
which means that there must be a relatively greater number of these
smaller cells in order to supply the normal amount of haemoglobin,
that is, assuming that supersaturation of the cells witl, haemoglobin
did not occeur. It is diflicult to measure directly a decrease in the
haemoglobin content of the cells, but morphological evidence of
anaemia, such as anisocytosis and punetate basophilia, was already
present on 26.6.20.  The other factor, namely the decrease in the
size of the red cells, can be determined by direct measurement.
[ifteen cells were measured on two oceasions (10.5.29 and 5.6.29).
when the animal’s blood can he regarded as normal, 15 cells were
measured during the early stages of the anaemin (26.6.29), and 40
cells were measured when the animal had developed a severe deoree
of anaemia. These results are tabulated below : — 5

Date. Smallest cell. Largest cell. A rerage,
G 3.8u 4.Gp 4.9,
2 o e e 4. 1u 4.8 4.5u
AR s s o 3.0 H.1u 4.;]'/1
Wi o s s *[.Ilu ':"-7.”- 5'”!”’



It must again be emphasized that too few cells were measured to
regard the averages obtained as even approximately true for the
smears of that particular date, but the measurements suggest that no
decrease in size has ocemrred.  According to these measurements no
changes in the size of the red cells oceur up to and including 26.6.29.
The decreased colour index that is present on this date would, there-
fore, appear to be due to a relative deficiency in haemoglobin.  On
1.7.29 there 1s definite evidence that the cells have increased in size
and this 1s responsible for the plus colour index on that date. The
more or less normal colour index on 6.7.29 is probably due to a
relatively greater deficiency in haemoglobin, in spite of the increase
in size which is probably still present, as the volume indices on
1.7.29 and 6.7.29 ave practically the same. Owing to the severe degree
of poikilocytosis, it was useless measurine the cells on the latter date.
as too great a selection would have had to be practised in picking out
the measurable cells. On 8.7.29 the colour index is avain decreased
and is practically the same as on 26.6.29.

Changes in the volume inder.—One is probably not justified in
interpreting the slight decrease in the volume index on 17.6.29,
RL6G.29, and 26.6.29 as being of pathological significance. A plus
volume index 1s present on 1.7.29 and 6.7.29, and this indicates that
an increase in the size of the red cells has occurred on these dates,
The measurements previously quoted tend to confirm this.

(Changes tn the volume colowr inder.—No marked changes oceur
in this index. There is a slight decrease on 26.6.29, when the colour
index also is decreased and this tends to confirm the conclusion that
a relative deficiency in haemoglobin was present on this date. Towards
the end of the disease there is a slight tendency towards a decrense
in this index.

(hanges in the levcocytes.—During the pre-infection and post-
infection periods, therve is a good deal of fluctuation in the total white
counts, but there is a tendency throughout the entire course of the
disease towards a gradual rise in the total number of leucocytes. On
referring to the differential counts, it will be seen that this increase
in the number of leucocytes is due to an increase in the number of
neutrophiles, and this commences at the same time, as the, <o to
speak, pathological decrease in the number of red cells occurs.  This
continuous increase in the number of neutrophiles is interrupted on
1.7.29, when these cells decrease from 44 per cent. to 34 per cent.
[t was not possible to determine whether this has any special patho-
logical significance. On the other hand, the neutrophilia indicates a
healthy activity on the part of the blood-forming organs, undoubtedly
stimulated thereto as the result of the loss of red cells.

Patlhology of Sheep No. 22388,

The animal died during the night of 9.7.29 and was available fo
post-mortem examination on 10.7.29. It is unnecesary to give a
detailed description of all the organs, reference will only he made to
outstanding features of this case: There was very marked paleness
of the visible and other mucous membranes. as well as of all the
tissues throughout the body. The blood wus watery and stained
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badly. The animal was in poor condition. There was very marked
atrophy of the spleen, hydropericardium, oedema of tlhe lungs,
absence of icterus and haemoglobinuria, and what were Interpreted
macroscopically as  degenerative changes in the parenchyvimatous
organs.  Numerous wirewornms were present in the :1]1“111:15'111|z‘ the
mucous membrane of which contained numerous dark red spots, The
ingesta of the abomasum and of portions of the small intestine were oF
a_chocolate colour and strongly positive for haemoglohin when tested
chemically with guiaconic acid. No other parasites besides wire-
worms were found to be present.

Microscopic cxamination.—Liver: The cells around the central
veins stain less intensely and contain a fair amount of true fat in the
form of small droplets, otherwise no changes are present and the
crystals described in other cases cannot be identified. Kidneys :
Slight fatty changes ave the only lesions identified. Bonemarrow : In
the case of bhoth the red and the yvellow marrow the picture is the
same as described for Sheep No. 22387,

(B) Recovery (ases.

Quite a number of cases were encountered in which the infective
larvae that were administered developed to maturity and subsequently
passed eges (found in the faeces), without producing any noticeable
effects on the hosts.  The nature of this immunity or resistance, was
not studied.

A number of other sheep developed varving degrees of anaemis
and then recovered, with a gradual improvement of ihe anaemin.
These can ('tlll\'('lll-t‘]lfl_\' be referred to as recovery cases, Of 1|lli11' qa
number of such cases encountered during the course of this investion-
tion, the haematological details of three wil be presented. These
are Sheep No. 15699 (Table 6 and Graph ). Sheep No. 15680 (Table
T and Graph 7) and Sheep No. 11828 (Table S and Graph 8),

Sheep No. 15699 was infected with 3,000 larvae, which were
given in one dose on 17.11.26.  As will he seen on referring to Table
fi and Graph 6, this animal was not examined haematologically during
the pre-infection period.  The first counts, made 10 days after
infection, are extremely high even for a voung sheep. It cannot he
stated positively that, on the day (27.11.26) when these counts were
made, conditions such as polyuria, diarrhoea, lack of water, ete..

which produce overconcentration of the blood, were absent. As a
reult of the infestation, the red counts decreased rapidly until
22.12.26.  This was accompanied by a corresponding decrease in the

haemoglohin and the precipitate.  After this date there 15 a gradual
tmprovement in the anaemia. The helminthological records of this
sheep are unfortunately not available, so that 1t is not possible to
state definitely whether the animal continued to PASS eges In its
faeces after 22.12.26 when recovery commenced, If one can dragw
any conclusions from the study of Graph 6, it would seem {hat the
animal had not entirely lost its infection and that during the period
from 7.1.27 to 11.1.27, the parasites again produced a decrense in the
number of red cells, with a corresponding decrease in the haemo-
globin and the percentage volume of red cells. Thereafter the blood
again improved, until 10.2.27, when a second sethack occurred. After
that the animal made an uneventful recovery.

47



[RULIOU ST PapIRFal S1

S AR, 998 ‘SA0lpul JNo[0) SUIIEUI[ED JO POYja 10,
I 1®0L 1pul | [je[norea j ¢

Toolqug, 90

SUOnRIAAIqqY 104

sjunoa g 3se[ ayj jo AnuIIALR 21} Xapur awnjoi all w.“__.:ﬁ_:..u—ﬂ.w uj

_ _ h

- GG+0 == = 0 & 0& 1] | i) _ 0040 Il GE& o | N /4
Z0-1 = = I | 0g 1] 80| 0L SO1 LE 011 & [
— R0-1 | — = e i3 0z | 89 |[L008°L 06 g | ol 15lal LT
— 00-1 | — — ¢ I S | ¢y | 006G FOT | S8 | F-11 s L:.?::
= 00-1 — — 0 1 Lt 0 7 ¢ 0019 Z01 Lt g1l : L. zle
- ah-0 = JUNLD 03 dquUN PRY IVIWG | (OB°6G £6 e -6 5 e :h.:.
— L 00-1 = = z L 1 0 TL 000t 1< (i ¢8R L; : (]
— S 00-1 = = 0 T o6 I £ Q0c 01 IL i Lk - Ll
dd uo dedv) |

ﬂ;m;\_; .hﬁ:c_y CZd bi.,:;.a. n:.k— LEITLE J. | KN () —_— —_— 1 ¢ m.ﬂ o m..__l _A.:h Q [ 0§ Q-8 €s .......?—.. L
= _ 66-0 == — 1 4] i 8BI T LY 001 L 69 9¢ 0-L = 9el a1/ 08
= — | — | o 0 | 92 | o VLo | 000 o | ¥z | 99 L ozlel/cs &
e = = 0 ¢ Fe ¢ 9 00s el 9L NE '8 oy 0¢ cr el
— = == 1 ¢ § [ ¥L 00&°8 08 or SN b= A
— — -— 0 1 1@ 0 8L | 00L°9 01 Li vl tH tur L

s|[@0 poL ut v.,_(,:,-z—.., —._.i...r;_:___.::: N -_— — — % £ OF 1 ¢ Q006 acl g [-L1 | a%ni O/ _T L
g _
9..
AR ‘T'A ‘D YA el el i 1| M .,:\..__u_._ I | DT | Teudnoy Taju(]
\

2| QA

Cavaan) ()00

HUSV]) AULAODHY[

66991 "ON

‘) Ay

SSILLLOJUOD SWQUOWR [ it pajoafu]

[ dHMHS

Squaugacy fo poya g



GRAPH 6.
SHEEP No. 15699,
RecovERY CASE,
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(I studying Table 7 with its Graph 7 and Table 8 with its
Graph 8, which refer to Sheep Nos. 15680 and 11828 respectively, 1t
will be found that practically similar results were obtained when
L0000 Tarvae were administered to Sheep No. 15680 (Graph 7) in one
dose, and 20,600 larvae were administered to Sheep No. 11828, In
the latter sheep infection was commenced on 16.11.25. 200 larvae
were given every second day until 600 larvae had been given, and
thereafter 2,000 larvae were given every second, third or fourtl day,
until infection was completed on 23.12.95.

TABLE T.
SHEEP No. 15680.
Recoviery (asp,

Method of treatment - Infected with Haemonchus contortus,
10,000 larvae, from 17.11.26.

| |
Date. } Source. | R.C. | R.P. ‘ ”ff,”" r W.C. L ‘ M ] N J 12 B,
| G e i i S Y T R
. \' ‘ | \ [

16/11/26. .. | Jugular | 13-3 37 [ 99 7.200 | 87 (I 5 fi= 3 0

24/11/26. .. ‘ 14:1 | 40 | 104 | 10100 | g0 1 | 15 | 4 5
WABARGY e | 45 ‘ 11-6 ’ 35 | 93 8,700 | 80 2 TH 0 | 1

8/12/26. . 80 25 60 8,600 0 83 | ‘ 16 0 0
11/12/26, ( r G-3 | 10 ' o4 8,400 81 ( 3 16 0 0

15/12/26 . fi- i r 21 59 7300 f hHR 1 40 ] | 1

22/12/26 s 5.7 20 ‘ 57 [ 7.700 S 3 ' 15 1 i)
30/12/26 ' _, 5-1 1 19 56 14, 0(H) | 53 ’ 0 47 () ' 0
U2 T ) 6G-1 17 52 | 6,300 [ 75 2 23 0 0
11/1/27.... | o ‘ -9 19 59 ' 7,700 62 | 4 ' 33 0 ]
ARV RN G-8 | 24 G5 0700 | 69 ’ 1 30 0 0
AN e [ ] K2 ’ 25 ] 69 | 7.600 ‘ 75 3 20 2 ’ 0
3/2/27.. [ 7:9 ] 25 74 ‘ 3.700 582 (0 ‘ 16 0 2
(07272758 5 | 77| 3 ' 76 6,300 | 8] 0 1y ' 0 0
17/2/27. 93 [ 28 0| 5,500 ( 74 2 18 6 0
38,27 ‘ 5 ‘ 81| 24 i 71 ' 6,600 83 ‘ 3 1 3 ‘ 0

I |

For abbreviations, see Table 1.
For method of ealeulating colonr indices, see Table 4,

50



GRAPH 7.
SHEEP No. 15680.
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GRAPH 8.
SHEEP No. 11828,
RecoveEry (CAsE.
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In all these three cases it is not possible to state whether the
animals completely got 1id of the infection or whether the infection
remained and they developed an mmmunity as a result of which they
were able to resist or completely to neutralize the effects of the
parasites.

In view of the self cures reported by Stoll (1929). in the case of
two sheep, 1t is necessary to refer to a further recovery case that was
encountered during the coure of this investigation. This Sheep No.
L1814, haematological rvecords of which are presented in Table 11
and Graph 11, was at first used in a nodular worm expermment. The
animal became at the same time accidentally, but naturally, infected
with wireworms., This was diagnosed by means of facces cultures.
As a result of the wireworm infection, the animal developed a fairly
severe degree of anaemia, the red counts decreasing from a normal of
12-14 million to 5.5 million red cells per c.mm. of blood (16.3.26).
After this the anaemia gradually immproved.  When this was
observed, the animal was reinfected with lavge doses of /Haemonchus
contortus larvae, but completely resisted the infection. and when the
Llood was finally examined, months later (27.11.26), the animal was,
from a haematological point of view, quite normal. In this work no
attempt was made to study the question of immunity in, or resistance
to haemonchosis in sheep. This question of acquired immunity with
metazoan and other parasites in becoming mcreasingly important, as
was shown by Taliaferro (1929) and other authors quoted by him.
On referring to the differential counts (Table 11 and Graph 11), it
will be observed that an undoubted eosinophilia occurs, during the
time the animal is recovering from the anaemia. It i< noteworthy
that de Kock and Quinlan (1926), also recorded an cosinophilia in
splenectomized sheep at the time recovery from the anaemia due to
Anaplasmosis was taking place.

() CoNTROLS.

As previously stated, quite a number of uninfected control sheep
were always kept separate from the infected sheep, but otherwise
under identical conditions of housing, feeding and watering.  These
control animals remained healthy and never developed any clinical
symptoms.  The haematological records of two of these sheep are
civen below,

Table 9 and Graph 9 refer to Sheep No. 11929. This is a young
sheep free from worms. There is what is interpreted as a normal
variation and fluctuation in the red counts, the haemoglobin and the
percentage voume of red cells. In isolated cases it will be oberved
that the haemoglobin and precipitate curves do not follow the red
count curves. This is probably due to errors in the red counts.
There is perhaps a slight downward trend of the curves in Graph 9.
This is possibly due to the fact that in very voung sheep the red cells
decrease in number as such sheep grow older.



TanLe 9.

SHEEY No.

11929.

('ONTROT.
rs |
Date. |Source.| R.C. | R.P HS‘J)I)' ‘r(_(‘;:il:\,_ W.C. | L.
|
4/11/25 [Jugular 12-4 39 s1 — S.000 49
6/11/25 v 11-:6 | 32 73 — 0,500 | 51
10/11/25 11-4 34 78 = 6,100 hb
13/11/25 14-8 42 87 = 6,400 76
2001125 11-4 36 83 — 8,800 50
26/11/25 12-1 34 78 — 5,500 74
3/12/25 12:1 30 81 — 7,500 53
11/12/256 10- 6 34 75 = 5,600 H8
18/12/25 11-1 32 64 - 7.400 5l
24/12/2b 5% 120 37 S _— 9,300 51
30/12/25 , 13-6 43 a1 345 | 6,800 68
8/1/26 e - 40 79 3:2 7.000 0 6l
14/1 /26 ¥ 10-0 30 72 3.1 [ 4,800 (iF!
21/1/26 o 10-3 3l 76 4-0 4,200 1 66
23/1/26 1. 13-3 35 87 4-0 | 5,900 | 67
28/1/26 | 11-0 30 76 30 S2.0000 0 G0
3/2/26.| 11-0 31 76 2.0 [ 4,700 62
10 226 11-7 35 sS4 240 1 5,000 38
/226 12:0 36 87 33 | 6,100 h3
23,2/26 o 11-4 31 74 32 | 6,300 o8
2/3/26 . 103 29 70 2.8 | 6,100 | 54
0/3/26 T 11-1 32 73 — | 4,300 50
10/3/26 | 11:3 | 20 72 3-1 [ 5,100 | 62
26/3/26 3. 9:-8| 25 62 2.6 | 4,700 | 72
30/3/26 | ., 11-7 32 77 3-0 | 3,400 oh
0,4/26 = 10-5 28 70 2.8 | 5,600 47
16/4/26 | ,, 0-8 25 G4 2.7 | 5,200 G4
30/4/26 | 11-8 | 33 81 do1 0 4500 0 68
5/6/26 | ,, 12:0 33 It 3.0 | 6,100 03
14/5/26 | ,, 10:6 | — 73 2.8 | 6,200 | 50
21/6/26 ¥ 04 28 71 3.0 1 4,900 67
4/6/26 | 12-2 33 84 40 | 3,000 H4
t i

For abbreviations, see Table 1.

For method of ealeulating colour indices, see Table 4.

M N.
1 ol
i 43
1 44
2 22
3 42
4 21
2 4D
5 36
2 46
2 I 47
3 | 27
0 39
1 32

E] B8 A as
0 33
H 32
0 38
0 G0
0 47
1 41
2 41
(0 0
1 Ry
3 24
3 42
| 52
0 34
K 29
3 44
U 48
2 o
| 38




GRAPH 9.
SHEEP No. 11929,
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Tante 10.
CONTROL SIHHEEP No. 13601,

Date. [Source.| R.C. | R.P. ‘%‘E’Ihri;;‘("“l‘ W.C. 1 v T |
) __177 "= ‘ | B gy
6/1 26 1.]1;;:11]:11“ S§:6 | 31 79 ’ 30 8,100 | 8] 2 | s
71726 T 86| 29 81 3-2 ‘ 7400 | 70 | 2 2%
8/1/26 | : I 9-3 33 78 3:0 | 6400 | 73 5 s
11/1/26 | ' 9.0 34 | 81 | — | 6,400 | 72 L2
121,26 | 0.3 32 Sl 3:2 | 6,500 | 63 5 29
13/1/26 | ., 9-3 ' 35 89 ‘ 3-2 | 700 76 | 3 51
141,26 pe 8- 30 70 2.9 | 6,700 71 . 1 a6
18/1/26 ‘ + 76 30 79 3:3 | 7.600 | unable to count
19/1/26 4 9.2 37 84 3.3 | 7.a00 63 [ 31
1126 | ., 10-0 39 51 3-0 1 6,000 unablle to cojunt
11/26 | 9.3 | 34 B4 3-0 0 8.600 | 69 2 25
2/1/26 ' 3 e B2 s1 3.0 1 6,400 77 3 )
21026 gnc |l BEAY 27 79 | 3:0 | 5,700 76 B 2()
261 26 ' 8.4 30 ‘ i 2:0 | 5,000 | 71 3 23
2741726 0-1 a0 s 3.0 | 8.0900 (8 | 98
28126 ‘ 10-0 32 84 3:0 | 6800 | 67 5 24
201 26 ¥ 10-0 36 87 3:0 1 7.100 72 1 29
1/2/26 | ., 06 | 34 s6 2:5 0 5300 67 2 a7
22720 1 -0 92 7T 2:2 0 4,900 | 77 0 B3|
212120 T 100 37 03 2:6 | 6,200 74 3 21
4/2/28 | 0.0 | 32 | 84 | 2.4 | 6400 | 70 I 23
5/2/26 ‘ 8-5 | 43 78 2-3 | 8.500 [ 74 ] Bh)
8/2/26 | ., 9.6 | 32 S0 2.4 | 10300 | 55 0 30
0/2/26 . | 90| 32 S0 2.1 [ 10600 | 63 0 20
100226 o | 10:0 37 00 2.4 | 7300 0 unablle to count
12/2/96 | . | 10:2| 34 90 2:5 | 5000 | 4B 0 34
15/2 126 47 102 34 87 2.0 1 5,700 72 1 16
16226 . ‘ 84 | 20 706 2.9 | 6,000 | 62 2 39
17/2/26 5 O |36 S1 2:0 [ 7,300 [ 55 2 30
18/228 | ,, 9-3 | 3 84 3-0 | 8,700 [ 78 0 14
19/2/26 5 9-9 | 33 79 3.4 | 7500 | 68 2 24
22/2/96 | ,, | 10:7 ] 35 0 3-1 [ 7.000 68 2 25
23/2/26 | L | 88| 30 | T8 | 2:0 | 4300 | 68 5 | og
24 /27206 Sl 825 32 54 3-0 | 5.100 75 4 18
25/2/26 ’ w | 10:0 33 84 | 3:0 | 7,100 77 ) 921
26/2/20 -] 30 75 2.8 0 6,600 i3 0 16
1/8/26 | ., 10:0 | 36 o1 | 30 8300 | 69 ] 23
2/3/26 9:3 | 30 | 80 2.0 5500 ] iy 24
3/3/26 | ,, |11:2 ]| 33 S0 3.1 6100 | 70 2 29
4/3/26 | 11-0 | 35 0o 3.1 8500 | 66 3 26
8/3/26 | ., 9.4 | 33 | 81 2.8 | 4,000 | 71 0o | 25
0/3 20 I T 11-7 | 34 849 2:8 6000 | 68 1 23
10326 { o O-4 30 78 | 340 ‘ 6,000 | G2 2 | 34

For abbreviations, see Table 1.
For method of caleulating colour indices, see Table 4.
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Tasre 11.
SHEEP No. 11814,
Recoviery (Case.
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Date. Source.| R.C. | R.P Hff,‘l,l']" ‘(_(\Nli}‘\_
‘ [ ’ i
3/11/25 [Jugular| 13-8 ‘ 39 06
51125 . | 145 39 00 ‘ —
9/11/25 | | 12-8 | 35 01 e
11,11 -_Jsl | 14-4 | 40 a5 -
17/11/25 14:4 41 | 100 —
2311, 25 13-9 | 37 06 =
301125 14:2 40 100 =
141225 | 13:4 | 37 05 —
2812025 13-8 i 06 -
501026 10-8 | 32 71 3.2
11/1/26 | 9.2 | 27 69 | 30
18/1/26 | [ 9.7 25 65 3.0 |
1202 | | 81| 25 | 57 2.9
5/2/26 | 7-1 | 21 54 2.2
82026 74 [ BR04 57 2.9
157226 | ., ol = 58 | 2-8
2900 9 | 6:6 | 17 10 2.6
1/3/26 7.6 | 24 57 2.6
8/3/26 G4 22 ol 2.5
16,3/26 e 23 52 2.7
22 /58 /26 Tog |8 23 52 2.1
29/3/26 | 76 ‘ 23 55 2.6
8/4/26 | 73| 22 53 2.6
12/4/26 |, 7:6 | 23 50 9.7
26/4/26 | ‘ 6:5| 20 | 53 | 31
3/5/26 - 25 58 31
105,26 BN ‘ 28 63 3-4
17526 | 0:9 | 32 | 75 36
26,5/ 26 60| 23 66 3-6
0626 | . 8.6 | 26 | 65 | 84
23/6/28 |, 8.7 | 25 | 63 =
29/6/26 | ,, | 84| 27 | 60 3.6
28/7/26 | ., 10-6 | 83 | 74 344
27/11/26 i b 12-2 | 37 i 06
[

For abbreviations, see Table 1.
For method of caleulating colour indices,

Table 10 and Graph 10 refer
adult sheep also free from worms.

Hlt':lj_‘_"]l(.

see Table 4.
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to Sheep No. 15601,
The red count, haemoglobin and
precipitate curves also show a normal variation, but the fluctuations
are not o ponounced as in the case of the younger Sheep No. 11629,
and within the limits of normal variation the curves arve practicaliy
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PATHOGENESIS OF THE ANAEMIA IN HAEMONCHOSIS
OF SHEEP.

[t is obvious that the outstanding pathological effects of wire-
worms on sheep is the very severe and often fatal anaemia that is
produced, and 1t 15 of fundamental importance to establish definitely

the manner in which this is brought about.
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[t 1s remarkable that
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these parasites, spending as they do their entire parasitic life in the
abomasum of sheep, can produce such profound changes in the blood
of their hosts.

Theoretically, anaemia can be due to: (1) The destruction and
:ll-111tetmn‘mn of the red cells by (a) parasites such as ocenr in the
piroplasmoses, or (h) toxic or other ])lill( iples which can conveniently
be classified as haemolytic substances: (2) A disturbance or disease of
the bhlood-forming organs as a result of which the full ontogenitie
development of the red cells is interfered with and the nor mal replace-
ment of red cells cannot keep pace with those which are
Leing daily eliminated in the process of normal wear and tear: (3) The
removal of the red cells due to phagoeytic activity of certain cells in
the body. The anaemia is then due to excessive tl\lhmph.u-m viosis,
Since the reticulo-endothelial system plays an .uil\v part in the
disintegration of ruT cells, e.g. 1n anaplasmosis in splenectomised

sheep, according to de Koek (1923), m\lhlu]mh woeytosis could per-
Laps mmv (nnwnwnll\ have lvt'n grouped and “discussed under (1)
above: (4) The re ymoval of red cells as occurs in hae aorrhage,

Before considering in detail into which of these groups the
anaemia of haemonchosis can be placed form the known facts ol the
condition, and from the new m'i:lnntv that is presented in this work,
an attempt will be made to review very briefly, and without ph'iva_
ing to quote exh: mstively llw tremendous literature {hat has orown
around this subject, the views generally held as to the manner in
which parasites produce their effects on the hosts. In general the
1[1]t]]|()ll- effects of parasites on their hosts can he uml:[u'l mnto one

r other of the following :—

(A1) Nutritive Disturbances.—Iither by depriving the host of
food, which the gastro-intestinal ]HIHI.“E“‘.‘\ may  assimilate, lwlzm-
this can become absorbed by the host, or by producing lesions in the
alimentary canal, as a result of which }!1"“ portions of the digestive
tract are rendered valueless for digestion and absorption.

(1) Mechanical injury f”ﬂ'“ ted during the migration of the
/m.w.rwh s and bacterial mfufmn .’/Hmujfl wounds and injuries.—Such
infection may have remote effects on various organs and tissues of the

I".HI].\'.

(("Y Torie Substances.—There 15 the 1>n,-ai|Jilit.\.' that toxic sub-
stances. which are absorbed, may have a general or v specific effect on
the hody as a whole, or on [mllunl 1 svstems, suge || as the eircul; ition,
respirvation, nervous systen, endocrine organs, ete.

(1)) Anaemic.—This may be due to (1) mechanical injury inflic-
ted on the mucous membrane and underlying tissues by numerous
parasites, particularly those equipped with mouth parts such as
lancets clvw'nml for cutting, efe., and w lm h secrete substances which
prevent 1}“. coagulation of the Blood: (2) the action of toxic prin-
ciples, () hae nmhln substances secreted by the parasites, whicl,
when absorbed will produce hwmulhl“ 1'”-“-“"’1}' also the action of
]mtmnl\iu organisms which can cain entrance, through mee lmnim]

mjuries and wounds; () toxic substances which ms WV cause injury to

the blood-forming organs.
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In considering to what extent any of these conditions are involved
in haemonchosis of sheep and in some other parasitic diseases, as
reported in the literature, they can be dealt with individually.

(A) No attempt was made to determine to \\]1 it extent. 1f any,
nutritive disturbances are associated with the injurious effects of \\up
worms. It 1s not likely that this can be an important factor in
1m(‘]1101u]m-‘i~: as very often sheep \\]Jil]l are heavily infested with
wireworms are in fut condition, and it is doubtful if this deposition
of fat can be entirely ascribed as secondary to the anaemia.

(13) The l()lll]lil(lt]\ enumerated under this heululn may be
1“‘\‘(’].\9[1 ol rare U"cl‘\[”l]‘\ 1[[ 18] 1(11 a= ll[l(’]ll“!]( ]]“HI‘\ I8 colcer IN“l, .]]i(]
will be referred to when some unusual lesions associated with wire-
worm infection ave described subsequently.

(C) No such effects were observed or have heen reported in the
literature that was studied.

(D) Anaemia in Haemonchosis,

As previously stated, a systematic haematological study of the
anaemia due to wireworm infestation in sheep is not recorded in the
literature.  On the question of toxic substances secreted hy parasites,
a vast literature has, however, accumulated.

Schwartz (1921) very fully discusses what he calls hematoxins
from parasitic worms.  He gives a comprehensive review of the
literature, and mentions 75 papers. The period covered hy this review
is from 1865-1921. No attempt will he made to cover the same ground
in the literature, hut some of the conclusions in the author's summary
of the recorded investigations on hemotoxins from parasitic worms,
will be referred to. He states that: (1) certain parasitic worms
secrete harmful toxic substances, which are named hemotoxins; these
hemotoxins are in general of a non-specific nature and may be .u tlve
on the blood of animals other than their normal hosts: (2) of the
cestodes, Diplyllobothriwm latwm, definitely contains haemolytic s'l:])—
stances: (3) Sehistostoma japonicwm and worms belonging to the
genus Ascaris contain haemolysins: (4) hookworms, worms of the
genus Strongylus and Gastrophilus larvae, secrete haemolysing and
anticoagulins.  Haemonchus contortus is specifically mentioned as
apparently secreting a weak haemolysin and further whipworms as
apparently secreting a haemolvsin,

In concluding this summary, the author muakes this statement :

“Owing to the fact that the direct abstraction of hlood by parasites
appears to be inadequate as an explanation of the causes of anaemia
in parasitic diseases, and in view of the fact that in tapeworm infec-
tions, which are accompanied by anaemia due entirely to the presence
of the parasites, the' direct abstraction theory is inapplicable, the
view that haemolysins from parasites are of .lt*lml(ml(.ll significance
in parasitic diseases appeared to be entirely ]n-nfwd

In his own work on salt solution extracts of Haemonchus con-
fortus on sheep and cattle ervthroeytes, Schwartz (1921) concludes
that the weakly positive haemolytic effects obtained do not favour
very strongly the view which has heen commonly accepted as regards
the secretion of a haemolysin by this parasite.
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Hookworm disease in man and some of the domesticated animals
has been extensively studied and, although Schwartz, just previously
quoted, concludes from his study of the literature that haemolvsins
and anticoagulins are present in hookworms, Flue (1922) submits
evidence, in connection with hookworm disease of dogs, from which
he deduces: (1) the presence of anticoagulins in the cranial portions
of these hookworms: (2) the absence of haemolytic substances: (3) that
the worms are able to produce not only chronic, but also profuse,
haemorrhage, which 1s sometimes fatal. He further concludes that
these facts favour the theory of chronic haemorrhage as the cause of
anaemia in hookworm disease of dogs.

Recently Chandler (1929) states that it is generally agreed that
hookworms do not cause anaemia by the secretion of a haemolysin.
Hookworms suck blood, and as a result of the action of anticoagulins,
the wounds keep bleeding for some time after the worms have aban-
doned them: but the amount of blood in the faeces. even in severe
hookworm infestation, 15 usually very small. He concludes: *° Tt
seems fair to assume, therefore, thalt chronie loss of blood from the
intestine is at most a minor factor in hookworm disease, and certainly
cannot account for the severe anaemias so frequently seen in heavy
infestations.”” He states further that ** there seems to be little ground
for doubting that the anaemia is due primarily to a toxice effect on the
blood-forming organs.”

(‘handler quotes de Lange as stating that hookworm anaemia s
primarily an aplastic one, caused by loss of normal regenerative
power on the part of the I;Ium!—i‘u:-mlng organs, due to toxins derived
divectly or indirectly from the worms in the intestine.

Nicoll (1914) maintains that hookworm disease in dogs ** is
cgenerally accompanied by distinet thongh not profuse haemorrhage,
which is most marked in the early stages, but tends to disappear.
Evidence of blood regeneration was furnished by the appearance of
large numbers of ervthroblasts (normoblasts), which increased with

the progress of the disease.”

Mhaskar (1924) discusses the hookworm problem very fully, with
the exception of the pathology and haemotology of the condition. He
uses the Duncan Whytes Phenolphthalein test to determine the
presence of oceult blood, and finds that: (1) occult blood is absent in
cases free from hookworm infection; (2) 1t is present in 39 ver cent,
of infected cases: (3) it is present in 17.8 per cent. of cases for periods
varying from 12 days to 4 months after the complete expulsion of
hookworms; (4) the intensity of the reaction has no correlation to the
number of hookworms harboured in the intestine.

All the cases examined were carefully selected and were free from
all causes known to lead to evacuation of blood with faeces. [t was
supposed that the oceult blood detected was due to haemorrhage con-
sequent upon ulceration of the infestinal wall, brought about by hook-
worms, but the author states that he had no direct proof of this.

Seott (1930) believes that some of the acute anaemias in hook-
worm disease may be due to haemorrhage, but that the chronie
ananemia does not seem to be fully explained on the Lasis of blood
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loss.  The remaining explanation, then, is a toxic depressing action
on the bonemarrow and other hlood-forming organs, but he points out
that the pathology of these organs in chronic cases has not been
adequately studied.

Referring now to the available literature in connection with the
anaemia of haemonchosis in sheep, Hall (1920) mentions that the
stomach worms of sheep have the habit of attaching at one point for
a time and then moving away and attaching at another point, leaving
the old point of attachment hleeding for some time. This causes
anaemia, dry wool, oedematous swellings, and general unthriftiness.
The anaemia produced by stomach worms resembles that caused Ly
hookworms in man, dog, and sheep. The only way to differentiate
between the anaemia of hookworm and wireworm infections in sheep
1s hy post-mortem examination.

Donatien and Lestoquard state that anaemia of sheep and goats
may to-day be attributed to (1) worms, (2) blood parasites, (3) bac-
teria, (4) pernicious anaemia. Group (1) is discussed as parasitic
anaemia which can be caused by (a) distomiasis, (h) eastro-intestinal
strongylosis which is a progressive anaemia, with loss of appetite and
diarrhoea. The manner in which this anaemia develops is not dis-
cussed, neither is any evidence submitted in regard to changes pro-
duced in the blood by uncomplicated infection with the individual
strongvles: (¢) trichocephalosis, and () ovine bunostomiasis.

Hutyra and Marek (1926) state that the strongylidae bore into
the gastric mucosa and such blood from it. In this way they disturb
the nutrition of the host to a degree proportionate to their number.
More detrimental probably than the loss of blood is, however, the
absorption of toxic metabolic products of the parasites.

The conclusion that one comes to in studyving the literature on
hookworm disease is that in spite of the great deal of work that has
been done, it is not definitely known what the pathogenesis of the
anaemia is. It seems to he generally agreed that direct haemolysis
does not occur.  There are quite a number of workers who helieve
that the anaemia is due to haemorrhage from the intestinal tract, buf
others maintain that, although this may be a somewhat insignificant
contributory factor, the anaemia is mainly caused by the action of
toxic products from the parasites themselves, or toxic bacterinl pro-
ducts, or the combined action of these toxins on the blood-forming
organs, although it is difficult to reconcile a depressing effect caused
by toxins on the blood-forming organs with the leucoeytosis, which is
described by Sarless (1929) in some dogs experimentally infected per
os with Anlkylostoma caninwm. Wintrobe (1931) sugeests a classifi-
cation of the anaemias on the hasis of differences in the size and
haemoglobin content of the red corpuscles. The anaemias in his
(lass 1 largely comprise those resulting from chronie blood loss. The
characteristic feature ‘of these anaemias, according to this author, is
the decrease in the size of the red cells, accompanied by a relatively
creater decrease in the haemoglobin content. On this account he
suggests the term hypochromic ananemia. He found that the anaemia
in hookworm disease is of this type. With such an anaemia one
would expect to find a decrease in the colour, volume, and volume
colour indices.
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In the case of haemonchosis in sheep, the anuemin-due-to-
haemorrhage theory has its adherents.  Other workers state that
haemorrhage, as well as toxins, canses the anaemia, but no evidence
15 adduced as to how exactly the toxins are supposed to produce this
effect.

The four main causes of anaemia previously referred 1o, will
now be individually examined, with the object of determining, from
the available haematological and pathological facts that are .|l|l'.u1\
known or have been established in this investigation, into which of
these groups the anaemia of llzu_*nunu']mnh can be classified.

(1) 7he Destruction and Disintegration of the Red (ells.

If haemolytic toxins from wireworms or hacterial products he
absorbed, the degree of haemolysis that is produced will (h'[wn.] on the
haemolytic potency of the toxin and on the amount of toxin absorhed.
When haemolysis occurs the haemoglobin will be dissolved in (he
plasma and produce haemoglobinaemia and, depending on various
factors, this may lead to haemoglobinuria and pnn;hl\ to haemolyvtic
icterus., I]lt‘~])l(1|\l' of whether the haemolysis is of such o deoree
as to produce I].u-mn;ﬂnhlnlllll or 1cterus, (lc-n\.m\m of haemoglobin
such as oceurs in haemosiderosis, must he found in the tissues, espe-
cially in l}mw cases where the haematological examination li'\t‘.|l-
a marked decrease over a short period of time in the nunmber of the
red cells and in the absolute haemoglobin content.  There is 1o
evidence of an erythrorhexis or an I'I_\II[IH]'\.\I.\ such as 15 deseribed
hy de Kock ( 1923) for enzootic icterus and anaplasmosis in splenec-
tomize sheep respectively.

How do the results obtained accord with these postulates ®
('linical icterus or haemoglobinuria never occurs in haemonc Thosis,

Haemoglobinaemia has never he t‘ll.nll\'l'l'\'l‘(i If haemolysis does
oceur, one would expect, especially in those cases where the red cells

decrease to the extent of over nullums per comm. of blood, within
a weelk that haemoglobinaemia could be di wnnwcl by examining the
plasma after u-ntlllunlnn the blood. This was alwavs very (.mniull\
dunl', and on no oceasion was evidence of haemoglobinaemin observed.

In all the fatal experimental cases of haemonchosis, the liver,
lung, spleen, and kidney were specifically stained for iron hut none
could be demonstrated in these organs, with the exception of the
ﬁ]plv en. A good deal of iron-containing |nnnu~ni is normally present
in the ;-.])Il’t']l bhut in this organ, w huh In gquite a number of cases
was very much atrophied, it was even ¢]I”It|[“ to demonstrate the
presence of any iron-containing pigment at all. Tt can, therefore, he
1[0!111110]\ stated that no h.unml\ala occurs which can explain the
anaemia in haemonchosis in \-Ilu[l It 1s generally aoreed that this
holds for hookworm disease also,

(2} | ]};_\-h“-luuu'a' or /)I..\'r'rf.\'r' Hf the /)’f’nn(f—fru'HH'H‘r/ (}r.rj.'ln.\'_

Tf this occurs, one must assume that the hlood- forming oroans
will reveal some morphological evidence of such (Ilslmlmntv and
sometimes, at any rate, a compensatory myeloid metaplasia in Organs
like the spleen and the liver, as occurs in lymphomatosis, leuc aemia,
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and in carcinoma of the bonemarrow, according to Naegeli (1923),
and as occurs in l}*]nplmlir- aleucaemia in the dog, described by
tourie and Ziehn (1930). It may, however, Ietmnmhh‘ he argued
that the toxins are 1‘1111911 in the hloodstream and their effect on the
spleen and the liver would also he such as to prevent the development
of any myelond metaplasia.

In all the tatal cases of haemonchosis, the honemarrow, including
the fat bonemarrow, was carefully examined histologically and the
only changes that were observed were those not of decreased activity
but 1 ather those suggestive of increased activity.  Numerous neutro-
phile and mmnnp]ulv myelocytes, as well as 1mmature forms of
srythrocytes, were easily recognized in the sections. In the fat
bonemarrow the fat spaces were extensively replaced by myeloid
tissue, in which voung forms of erythrocytes were frequent and in
which the other usual marrow cells, such asmegakaryoeytes, neutro-
phile and eosinophile myeloeytes, ete., could be identified. The
neutrophilia, which oceurs in muul\ all cases towards the end of the
disease, 1s k‘\[(](* nce of an actively func tioning myeloid tissue. Should
the animal live long enough, with such a severe anaemia in chrouic
cases one would expect to find eventually exhaustion of the blood-
forming tissues, and the severe poikilocytosis and the *° pessar-
formen ' that occurs in some cases may be evidence that such ex-
haustion is taking place, although Naegeli (1923) points out that
poikiloeytosis is of small diagnostic significance and is probably
h-lwnrlum on changes in isotonicity of “the blood. In the cases
studied, there was a fatal termination before well defined exhaustion
oceurred.

That compensation was taking place is proved by the myeloid
hyperplasia of the fat bonemarrow, contrary to what one would
expect where such a circulating toxin causing disturbances in the
blood-forming organs is postulated, such toxin should also tend to
prevent the formation of any compensatory myeloid hyperplasia in
the fat honemarrow.

There is further definite evidence that, in a number of these
fatal cases of haemonchosis, an increase in the size of the cells
oceurs and, according to Naegeli (1923), the presence of small cells
(microcytes) is the most significant and distinetive feature of a bone-
marrow insutficiency  (Knochenmarksinsuffizienz).  Schilling  (1922)
describes microcytes as degenerative forms of ervthrocytes w hl(h -
dicate degenerative changes in the bonemarrow,

It can, therefore, be concluded that, 1n the fatal cases of haemon-
chosis studied, there is no evidence of a disturbance in the blood-
forming organs interferes with the normal replacement of red
cells, which are daily being eliminated in the process of normal wear
and tear. There is certainly a disturbance in the blood-forming
organs, but this is caused by and is secondary to the anacmia and
not the primary cause of it.

The possibility that the lesions described in the liver and other
orcans, can be caused by toxic substances, will be discussed under
section (4) helow.
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(3) ];':"r_,rff.'rup/.ruyur'_r/frmr'.\‘_

Only on very rare occasions were cells, which m\tlnnphu-m Ve
“os1s had occurred, encountered; this, as a cause of the anaemia, can
therefore be discarded.

(4) Removal of the Red Cells as occurs with Haemorrhage.

The mouth parts and the buceal capsule of wireworms are not
developed to the same extent as in hookworms, but nevertheless these
parasites cut and lacerate the mucous membrane and such blood.
One hundred live wireworms were collected from a sheep that was
destroyed, were carefully washed in saline, then hlnhh]nwl to and
washed in distilled water, and finally transferred to a third receptacle,
also containine distilled water. In this they were ground up and,
after filtration the extract was examined ~1welrn~m[m‘:lh when
typical haemoglobin bands were identified. Hall, previously quoted,
states that when the parasite detaches, as it has a habit of doimg, it
Jleaves the old point of attachment bleeding for some time. ,m(]
“]]p“ Lhundreds nI WOTlLS are prese nt in Ilt‘l\l|\ infested III(]]\qud]\
it is not inconceivable that serious effects will be produced.

[n typical and fatal cases of haemonchosis, the abomasal contents
are of a brownish chocolate colour, and are strongly positive for
haemoglobin, when tested with tincture of guaiaconic acid. Positive
tests with this reagent may even be obtained with the intestinal
contents. If one takes into consideration the large amount of foo
and water that normally pass through the abomasum a great deal
of blood must continuously flow 1nto the abomasum, in order {to
produce this discolouration of the abomasal and even the intestinal
confents.

In most cases the anaemia begins to develop from the third to the
sixth week after artificial infection.  1f 1t 15 considered that it takes
three weeks for the parasites to become adult and allowance is made
for an initial stimulating effect resulting in an increase in the number
ol red cells, 1t seems doubtful that toxins could produce the anaemia
in such a short pm]ml ol ti!nv Owing to the relatively few cases
in which a progressive anaeniia lmulnpml no attempt was made to
destroy the parasites in an animal in the later stages of the disease,
in order systematically to trace the regenerative (hlmnm in the 1 1]”.,[|
during recovery, but from practical experience it can he. stated that
infested animals nearly always recover and rapidly improve after
appropriate medicinal treatment. [t seems unlikely that a hone-
marrow, which has been so severely |lnn iged by toxins that it cannot
maintain even two million cells per c.mm. of blood, should imme-
diately the toxins arve removed he (.!]Jl]ili‘ of producing suflicient
colle to meet the ordinary requirements of the body.

[1 15 now necessary to umm‘laTm whether or not (1) the morpho-
logical changes in the red cells, (2) the changes in the various indices
recorded, and (3) the ]).ll]]n[nulml lesions described support the con-
tention, that the anaemia is due to haemorrhage along the aliment: ary

canal.
(1) Maorphological Clhanges.

These are, hriefly, poikiloeytosis, polyvehromasia, punctate haso-
philia, and ** pessarformen.
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Poililocytosis.—1t seems to be generally agreed that this con-
dition 1s of no great diagnostic value, although Piney (1927) regards
it as a more definitely abnormal mode of regeneration that is aniso-
cytosis, as it never oceurs in normal individuals.

Polyclhromasia —Naegeli (1923), Schilling (1922), Krumbhaar
(1928), and other anthors recognize this as a sign of vouth of the cell,
and as such it must be associated with an Lutneh' functioning hone-
marrow. Piney (1927) states that polvehromasia is simply a con-
dition of slight immaturity of the red corpuscles.

Punctate basophilia.—Naegeli and other authors maintain that
cells so affected are products of embryological or pathological reactions
on the part of the bonemarrow, and are clinical manifestations of
pathological regenerative changes:; but Krumbhaar states that *° it
is still doubtful if they are signs of youth or, as most authorities
believe, of degeneration.”” T'he same author quotes Lehmann, who
believes that basophile granules may be manifestations of either con-
dition.

As punctate basophilia 1s absent from the blood in aplastic
anaemia, Piney (1927) coneludes that it i1s of regenerative significance,
but the fact that these cells showing this do not oceur in embrvonic
blood indicates that they are the products of abnormal regeneration.

Pessarformen.”—These are large pale cells, which according
to Naegeli indicate degenerative forms or an insufficiency in the for-
mation of red cells in the bonemarrow. Such cells occur in the so-
called secondary anaemias, and in those stages of haemonchosis when
the limits of compensation have been reached. The presence of such
cells may possibly be explained by the haemoglobin  deficiency
developed on account of removal of blood along the alimentary canal.

(2) Changes in the Volume Indewx, Colowur Inder, and Volwme

Colowr fnder.

In a number of cases there 15 a definite increase in the volume
index and in the colour index. The inerease in these indices is due
to a nincrease in the size of the red cells. Some of these large cells
are fully haemoglobiniferous and can appropriately be classified as
megaloeytes.  Many of the macroeytes show polychromatic staining
and others contain punctate basophilic granules.  These macrocytes
must be regarded as young cells and are the output of an actively
functioning bonemarrow, which is reaching the limits of compensa-
tion, and 1s no longer capable of turning out fully mature cells with
the result that young cells must be pushed into the circulation.  That
the blood-forming organs are showing signs of exhaustion in the later
stages of the disease is confirmed by the decrease in the volume colour
index, and by the presence of pale cells, both of which indieate thaf
the cells are deficient in haemoglobin. These changes in the morpho-
logy of the red cells and in the various indices are exactly what one
would expect when internal haemorrhage occurs. On referring to
Table 12 below, 1t will be seen that almost identical changes oceurred
i the red cells of a sheep which had been bled from the jugular
vein until a severe anaemia developed.
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This sheep was bled almost every day, up to 600 c.cm. of blood
being removed from the jugular vein at a time. Although large cells
such as megalocytes were easily recognized microscopically previous
to 13.11.29 macrocytes with })()I\lhlfﬂlhl‘sld and punctate basophilia
were for the first time numerous on this date, cells measuring up to
8.1 being present. On 17.11.29, the blood was vitally stained and
numerous reticulocytes were recognized. Just belore the animal was
destroved on 18.11.29, the blood was again vitally stained, and the
reticulocytes were exe emr]ing]_\ numerous on this date. The coverslips
were removed from some of these vitally stained preparations, the
blood was spread on the slide and after quick drying was stained in

Fra. 14.
SHEEP No. 20715.

—ds

x 1350
Reticuloeytes with vital staining,.

the usual way with Giemsa. In these permanent preparations, a
microphotograph of which is reproduced (I'1g. 14), no ]iﬁ]l\'i'lll‘lllll:l.‘ltl
is present, but the reticulocytes are numerous. In the ordinary
smears, stained by Giemsa. there are numerous cells showing
polvehromasia, and it would seem that the polyvehromatic cells in
smears not vitally stained are the same as the reticuloeytes in the
vitally  stained smears.  This  would tend to support those
haematologists such as Ferrata (1909), Schilling (1922), and others
quoted by Krumphaar (1928), who believe that the ** vitally stained
reticulum is an artificial clumping of the same substance that with
2omanowsky methods stains diffusely as polychromatophilia.™
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The colour index and the volume index in this case of external
bleeding is definitely inereased. This is due, as in haemonchosis, to
an increase in the size of the red cells. The volume colour index
remains normal, whereas in haemonchosis it 1s decreased. 1f the
animal could have been bled over a longer period of time, a deficiency
in haemoglobin, with a decrease in the volume colour index would
probably also have oceurred.

[t is noteworthy that the colour index; the volume index, and
the volume colour index in some of these cases ol haemonchosis are
exactly like those of pernicious anaemia in the human subject. There
is also a similarity in the morphological changes that occur in the
red cells, e.g. anisocytosis, poikiloeytosis, polychromasia and punctate
basophilia, although undoubted megaloblasts, as such, were never
identified in cases of haemonchosis.  In pernicious anaemia there is a
leucopenia and a relative lymphocytosis and Piney (1927) regards
this as evidence of defective myeloid function. There 15, on the con-
trary, a tendency towards a leucoeytosis in haemonchosis, which would
tend to support the view that in haemonchosis the bonemarrow is nof
defective,

() Pathological Changes.

Fixcept for the myeloid hyperplasia in the fat bonemarrow and
other evidence of active erythropoiesis, the lesions in pernicious
ananemia of the human subject are entirely dissimilar to those of
haemonchosis in sheep.  The erythrophagocytosis, myeloid metaplasia,
and haemosiderosis, which oceur in pernicious anaemia, find no
counterpart in the lesions of haemonchosis. Ifrom this it can be con-
cluded that the injury to or the disturbance in the red cells must he
different in the two conditions,

The lesions that are  most  consistently  encountered in
haemonchosis of sheep ave (1) lesions resembling neerosis around the
contral veins of the liver, and (2) the presence in the cells around the
central veins of substances which stain with Sudan LTI and with Nile
Blue Sulphate, but which are soluble in alcohol: and further the
presence in some of the cells, not in‘\' of the liver, bul also of most
of the organs of the body, of peculiar crystals, which resemble those
which occur in fat necrosis.  The presence of these substances which
are not true fats but probably related substances, may be ussociated
with changes in fat metabolism in the Liver and elsewhere.  All these
lesions are probably dependent on eireulatory and  nutritional
disturbances, due to the anaemia. The peculiar distribution of the
lesions just around the central veins of the liver suggest this. Owinge
to the anaemia, the total amount of oxveen is deficient. In the case
of the liver, those parts first reached by the blood will readily absorh
much of the available already depleted oxygen, and by the time the
blood has flowed to the region of the central veins, sutficient oxveen
15 no longer available, and these peculiar lesions of characteristic dis-
tribution develop.  MacCallum (1922) mentions a number of condi-
tions of the liver, e.g., chronie passive congestion, chloroform
poisoning, ete., where the lesions are confined to the cells around the
central veins, amd he makes the statement that ** one cannot doubt
the determining influence of the bloodstream in producing these
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differences of distribution, although it is not always easy to under-
stand 1t.”"  This author believes that, in chronic venous congestion,
the peculiar distribution of the lesions around the central veins can
probably be explained on the basis of a circulatory disturbance, and
that those cells which receive the blood last are poorly nourished and
do not receive the proper supply of oxyeen. It is nevertheless of
importance to consider whether such lesions can be produced by toxie
substances circulating in the bloodstream. In this connection one
would expect that those portions of the liver, namely at the periphery
of the lobules, which ave first reached by the blood, should show, in
a greater measure, the effects of the injury; but Opie, quoted by

SHERP No. 15786: SPEC. No. 6133,
Fic. 15.

s A50,
Crystals i Cells of Liver.

MacCallum (1922), maintains that in intense imfections, and especially
where a toxic injury is combined with bacterial infection, necrosis may
occur ina part of the lobule midway between its periphery and the
central vein. It seems, therefore, that on the basis of the distribu-
tion of the lesions alone, the possibility of foxic action cannot be
absolutely excluded.

;

s Ve
The crystals deseribed are r:rtniwf'spe('iﬁr for wireworm infestation,
They are present in the cells of the livers from sheep which had been
splenectomized by De Kock and Quilan (1926), and which sub-
sequently developed anaemia due to anaplasmosis.  They are also
present in the liver cells of sheep that were bled until a severe degree
of anaemia developed. The section shown in ig. 15 is from such a
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case. Their presence seems to be consistently associated with anaemia
of the sheep, although they were also recognized in the liver of r‘-'mn‘(-
cases of heartwater, but were absent in other cases of this disease.
It is, however, not by any means certain that all the sheep which
died from heartwater were entirely free from parasitic infestation
The crystals were demonstrable in organs which were cut and examined
within a few days after formalin fixation and also when these oroans
after preliminary fixation in formalin had been kept for months 1
Kaiserling. That they are not artefacts produced in the Kaiserling
is further proved by their absence trom the cells of many other organs
that were so preserved. . e

[t can, therefore, be concluded that: (1) the wireworms incvest
blood and pierce and cut the mucous membrane and underlying {isstes
of the abomasum, as a result of which there is constant haemorrhave
into the abomasum. This causes discolouration of the abomasal and
intestinal contents,

(2) There is a rapid production of the anaemia in severe cases of
wireworm infestation, with prompt and complete recovery when the
parasites have been destroyed. ]

(3) The anisocytosis, the polyvehromasia, the Jolly bodies and
probably also the punctate basophilia, the active ervthropoiesis with
myeloid hyperplasia, the plus colour index, and the plus volume index
indicate active regenerative changes and must he associated with an
actively funetioning bonemarrow.

(4) The poikiloeytosis, the pale cells (pessarformen), and the
decrease in the volume colonr index indicate commencing exhaustion
of the blood-forming tissues.

(5) The lesions in the liver and elsewhere are probably due to
circulatory  and nutritional  disturbances  and w]l;lng'a-s' i fat
metabolism, dependent on the anaemia, but the possibility that toxins
may produce such lesions cannot he entively excluded.

() With the exception of the lesions, like those of necrosis,
oceurring around the central veins and the decrease in the volume
colour index, identical haematological and pathological changes are
present in acute cases of Haemonehus contortus infestation in sheep,
as also in sheep bled daily from the jugular vein until a severe degree
of anaemia has heen produced.

[n view, therefore, of the facts that: (a) there is no haemolysis,
() there is no evidence of a primary disturbance in the blood-form-
ing organs, which interferes with the normal replacement of red cells
daily eliminated in the process of normal wear and tear, (¢) there is
verv little, if any, ervthrophagoceytosis, and () there is positive
ovidence that the worms ingest blood and undoubtedly cause con-
ciderable haemorrhage into the abomasum, it is justifiable to conclude
that the anaemia is due (1) to the haemorrhages which oceur at the
points where the worms attach and detach, and (2) to probably a

much smaller extent to the ingestion of blood by the parasites.

When numerous parasites arve present, a marked anaemia can be
produced 1n a relatively short period of time.  The mitial effect of
this removal of blood 1s to stimulate the blood-forming organs to

-
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1ncreased ;u'l_f“it}'. resulting in a temporary Im].\'(-.\'lh;wmi;a or
erythroeytosis.  Very soon, however, a progressive decrease in the
number of red cells takes place and when the bonemarrow can no
longer meet these enormous demands for red cells, a compensatory
myeloid hyperplasia, which also involves the fatty bonemarrow,
takes place. Eventually a state of affairs is reached when the blood-
forming organs cannot supply sufficient adult cells for the circulation.
and young tmmature forms are released into the cireulation. This
explains the anisocytosis, the polyvehromasia, the Jolly bodies, the
plus volume index, the plus colour index, and probably also the
punctate basophilia. During the further course of the disease. how-
ever, the bonemarrow gradually becomes exhausted. degenerative
forms, such as poikilocytes and pale cells, make their appearance, and
with the enormous elimination of haemoglobin along the alimentary
canal, there is eventually also a haemoglobin dificiency in the cells,
as is indicated by the decrease in the volume colour index. As o
result of the anaemia there is probably a disturbance in the fat
nietabolism of the body. This leads to the appearance of related fatty
substances and crystals in the cells of various organs, but particulaly
of the liver. Further, lesions like those of necrosis, dependent
probably on circulatory and nutritional disturbances due to {he
anaemia, develop around the central veins of the liver.

That somewhat similar lesions and practically identical haema-
tological changes oceur when sheep are bled from the jugular vein
until a severe degree of anaemia develops is very strong confirmatory
evidence that the changes in the hlood picture of haemonchosis in
sheep are not due to a primary disturbance in the bonemarrow, hui
are the result of, and secondary to, the anaemia.

SOME UNUSUAL LESIONS OF HAEMONCHOSIS.

On three oceasions infarcts were found to he present in the hearts
of sheep that had a severe wireworm infestation. In the one case an
embolus or thrombus was located in the left coronary artery, in which
it formed a nodule that could easily be felt with the finger. On the
vessel being opened and embolus or thrombus removed, two smaller
Eranches of the left coronary artery were found to he completelv
occluded at this point, and that portion of the myvocard supplied hy
these two branches was of a dark ved colour. The area involved in
the infarction measured 5 by 2 cm. ['ig. 16, No emboli or thrombi
could be detected in the lungs. The valves and endocardium of both
the left and right portions of the heart were in no way diseased. In
this case the origin of the emboli could therefore not be traced.
Fven theoretically it is difficult to conceive in what wiay the wireworm
infestation, or even the anaemin produced by it, could cause the
formation of emboli or thrombi in the coronary arteries.

In this same animal there were numerous ulcers in the abomasumni.
In many cases, as will he seen from the accompanying photograph
(Iig. 17), numerous wireworms are attached to these ulcers. In some
cases the ulcers are elliptical and measure as much as 3 by 2 ¢m., in
other cases they are very irregular in outline. The depth to which
the ulcers extend into the wall of the stomach, varies very much :
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['1G. 16.—=PECIMEN No. 9461,

1. Lelt coronary artery.
9 Branches ol left coronarvy artery completely occluded.

9. Infarction resulting from ocelusion of vessels.  (See 2.)
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Fic. 17.—SPECIMEN No. 9461,

1. Wireworms attached to ulecers,
2, Ulecers.

1. Wireworms Attached 1o Ulcers,

2. Ulcers.
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sonte are superficial while others penetrate deeper into the submucosa,
and in the more severe cases they may even extend through the mus-
cular layers and are then apparently only limited by the serosa.

1 am not aware that the view has ever been advanced that wire-
worms can be uw‘pnnaihlo for ulcers 1n the abomasum. It seems
]mnhthlu that the injury inflicted on the mucous membrane by these
parasites may, in some cases, upset its normal protective mec hanism,
and t]u e may then develop peptie digestion of the stomach wall; or
cert: vin hacteria may he 1m1m11~11n1c- for the destruction of the issues
in a secondary manuner. That the worms themselves destroy the
tissues and cause the ulcers, 1s most unlikely. It is more difficult to
understand the pathogenesis of the infarction of the heart. No
thrombi could be detected in the lungs, nor were the valves and
endocardium in any way diseased. 1t is possible that hacteria eained
entrance to the circulation through the ulcers in the abomasum, and
were able to produce injury to the intima of the coronmy artery,
with thrombus formation in a heart whose resistance was decreased as
a result of the anaemia. In anaemia the heart is undoubtedly called
upon to do a great deal of extra work, as the smaller number of ved
cells must cireulate so much more frequently in order to supply the
necessary amount of oxygen. This would oceur in spite of the
presence of certain compensatory factors. It is. for U\,m],h, well
known that sheep with severe anae mia from wireworm infestation are
easily fatigued; and the probalitiy is that these animals are less
active than normal, and consequently do not require the same amount
of oxveen as do normal animals.

SUMMARY.

(1 hllu]l Lhlood takes longer to ]Ht'tlp]idlp than horse blood.
When ce ntllkunmn normil citrated sheep blood in an electric centri-
fuee 11|nn:n” at 1,000 revolutions per minute, one obtains constant
readings in G0-70 minutes innu [ ruh: similar conditions, the hlood
of slnep with severe anaemin will give constant readings in 20-30

minutes.,

(2) Uniform relative results are obtained when haemoglohin
determinations on sheep blood are made in a Dubosq colorimeter,
using a Newcomer dise as standard.

(3) In order that reliahle colour, volume, and volume colour
indices may be caleulated, it 1s advocated that normality for each
individual should first of all be established during the pre-infection
period.

() Of 38 worm-free sheep that were artificially infected with pure
faeces cultures of Haemonchus contortus larvae, 9 developed a fatal
Progressive anaemia, and 6 developed anaemia from “]”..], thev
recovered without any medicinal treatment (so-called ** recovery
cases ). Une |l|1“l€‘l recovery  case resisted ]('[)U,]{g\(] tl“l‘lll]b{s %
infestation with large doses of wireworm larvae. The remaining 23
sheep either resisted infection or did not show any effects of infesta-

tion
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(9) In haemonchosis there 18 (a) no icterus, haemoglobinaemia or
haemoglobinuria, because haemolysis does not oceur; (b) no evidence
of a primary disturbance in the blood-forming organs, imnterfering
with the normal replacement of rved cells which daily are being
eliminated in the process of normal wear and tear. Any disturbance
that 1s present in the bonemarrow is secondary to the anaemia: and
(¢) very little, if any, erythrophagocytosis.

(6) The wireworms ingest blood and cause haemorrhage into the
abomasum, resulting in a chocolate discolouration of the abomasal
contents.  This haemorrhage and the ingestion of blood by the
parasites is the cause of the anaemia, which shows the following
characteristics: (a) there is probably an initial polvevthaemia or more
particularly an erythroceytosis due to the stimulating effect produced
by the haemorrhage, ete. (0) Regeneralive forms of ervthrocytes are
present, e.o., cells showing anisocytosis, polychromasia and Jolly
bodies. Punctate basophilia is also present and can probably also be
included with regenerative forms.  When such regenerative forms
and megalocytes predominate, there is an increase in the colour index
and the volume index, due mainly to the inerease in the size of the
red cells. (¢) Degenerative forms are present, e.g.. pale cells
(pessatformen), poikiloeytes, and possibly punctate busophilic cells.
These indicate commencing exhaustion of the blood-forming organs
and associated with them is a decrease in the volume colour (satura-
tion) index, pointing to a velative deficiency in haemoglohin.

(7) No lesions which can be regarded as specific for haemonchosis
are present. A myeloid hyperplasia is present which also involves
the fat honemarrow, and is secondary to the anaemia. Lesions like
those of necrosis mmediately around the central veins and the
presence of related fatty substances and crystals in the cells of the
liver, as well as in cells of other organs, are probably due f{o
circulatory and nutritional disturbances, and to disturbances in the
fat metabolism of the body as a result of the anaemia.

(8) With the exception of the lesions, like those of necrosis,
occurring around the central veins of the liver, and the decrease in
the volume colour index, identical haematological and pathological
changes are present in acute cases of flaemonchus contortus infesta-
tion in sheep and in sheep bled daily from the jugular vein, until a
severe degree of anaemia has heen produced.

() There is a neutrophile leucocytosis towards the end of the
disease,

(10) The eolour index, the volume index, and the volume colour
index of haemonchosis are exactly like those of many cases of
pernicious anaemia in the human subject. The morphological changes
of the red cells are very similar to those of the latter disease except
that, in the fatal cases of haemonchosis studied, no megaloblasts were
identified.  The lesions, however, are entirely dissimilar, and
haemosiderosis, eryvthrophagocytosis, and the myeloid metaplasia of
pernicious anaemia are not present in haemonchosis. Irom this it is
evident that the nature of the injury in or the disturbance to the red
cells must be different in the two conditions.
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(117 Some unusual lesions, e.g., infarcts in the heart and ulcera-
tion of the abomasum, were on rare occasions found in fatal cases of
haemonchosis.
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STELLINGEN

Ii

De toediening aan vee van oplosbare phosphaten in het drink-
water, in phosphor-arme streken van Zuid-Afrika, heeft vele voor-
deelen boven andere methoden van toediening van deze stoffen.

ERRATA
Page 12, 3rd last paragraph, 3rd last line read of for on.

Page 15, 2nd paragraph, 3rd line read conjunctival and anal for con-

Junctivat and anae.
Page 37, last line read as for at.

Page 54, 2nd paragraph, 3rd line read course for coure; 8th last line
read is for in before becoming.

Page 61, 2rd paragraph, 5th line read onfogenetic for ontogenitic.
Page 66, last paragraph, 3rd line, read interfering for interferes.

Page 72, last paragraph, Ist line read not for most.

121) WT UTualuciiiy vall pParesc vdill ug VOOTIAgen van nee runa
is de toediening van ammoniumcarbonaat en nux vomica van bij-
zondere waarde.

VI

De nieuwere physiologische gegevens omtrent de slokdarmsleuf
(Wester) kunnen dienen als uitgangspunt voor een rationeele be-
strijding van gastro-intestinale wormziekten bij de herkauwers.
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STELLINGEN

I.

De toediening aan vee van oplosbare phosphaten in het drink-
water, in phosphor-arme streken van Zuid-Afrika, heeft vele voor-
deelen boven andere methoden van toediening van deze stoffen.

I1.

De aanwezigheid van morphologisch niet van Koch'sche lichaampjes
te onderscheiden vormsels is niet altijd een zekere aanwijzing voor

QOostkust-koorts.

I11.
Een sporenhoudende miltvuurentstof is in het algemeen meer
betrouwbaar en doeltreffend, dan miltvuurentstoffen, die bestaan
uit de bacillen.

IV.

In sommige gevallen van aleucaemische lymphatische leucose van
honden treedt niettegenstaande een uitgebreide vernietiging van
beenmerg, slechts een geringe anaemie op. Dit is het gevolg van
een myeloide metaplasie in de milt, met overwegende vorming van

erythrocyten.

V.

Bij de behandeling van parese van de voormagen van het rund
is de toediening van ammoniumcarbonaat en nux vomica van bij-

zondere waarde.

WAL

De nieuwere physiologische gegevens omtrent de slokdarmsleuf
(Wester) kunnen dienen als uitgangspunt voor een rationeele be-
strijding van gastro-intestinale wormziekten bij de herkauwers.



VIL.

De functioneele toestand van het maagdarmkanaal is van princi-
pieele beteekenis voor de werking van therapeutische clysmata bij
de oesophagostomiasis van schapen.

VIIIL.

De optimale doseering van een sporenhoudende miltvuurentstof
kan beter bepaald worden langs biologischen, dan langs morpho-
logischen weg (tellen der sporen).

IX.

De normale ontwikkeling van Oesophagostomum columbianum
bij het schaap verloopt in de darmwand vrijwel zonder reactie.
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