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CHE~HCAL BLOOD STUDIES V . 

I.- INTRODUCTORY NOTE. 

The present paper is one of a series of publications on researches into the 
composition of the blood of domestic animals, both in health and during the 
course of various infections, (~+.nck diseases), occurring in South Africa. H 
embodies the results of the experimental work performed in connection with 
anaplasmosis and piroplasmosis. The aims, plan of research, methods of 
analyses used and general technique, arrangement of data, etc. , have been 
fully set out in the first paper [Chemical Blood Studies I., page. 269, of this 
Journal and in order to avoid needless repetition this aspect of the work has 
been omitted here. 

H.- ANAPLASMOSIS OF CATTLE. 

(a) SYMPTOMATOLOGY AND PATHOLOGICAL ANATOMY. 

The disease investigated is that produced in susceptible animals by an 
infection with Anaplasma ma1ginale. 

The condition is briefly described here from a symptomalogical and patho
logical-anat omical point of view for the purposes of a clearer understanding 
of the correlation between the chemical blood changes and the disease complex. 
A bibliography, listing some of the more important publications on anaplas
mosis, will be found at the end of this article. No references could be found 
m the available literature to any chemical researches into this condition. 

Anaplasmosis has been defined (Theiler, 1910) as a disease of cattle, caused 
by a protozoon, Anaplasma ma1ginale, which invades and destroys the red 
blood corpuscles causing primarily an acute o!igocythaemia accompanied by 
high fever and secondly, a degeneration of all parenchymatous organs. 
Recovery from the disease gives resistence to subsequent infections. The 
immune animal acts as a reservoir for the viru and the blue t ick (Boophilus 
decoloratus) acts as host or t ransmitter of t he parasite." Subsequ ently various 
other t icks have been found capable of transmitting the disease. 

The disease (Knuth and du Toit, 1921) can also be transmitted artificially 
through the subcutaneous, intravenous and intramuscular injection of infected 
blood into susceptible bovines. 

The incubation period varies considerably, e.g. from 16- 17 days by sub
inoculation, and 60-80 days with tick t ransmission. A fever reaction is usually 
the first symptom, followed by loss of appetite, loss of condit ion, anaemia, 
icterus, salivation and generally constipation, rarely diarrhoea. In severe 
cases the patient goes down. The urine is icteric, but very rarely blood stained. 
There is dyspnoea, an increased heart rate, and frequently muscular t remblings 
shortly before death. The sever ity of the symptoms vary considerably. They 
may be so mild as to virtually escape detection except for a slight fever reaction, 
or the patient may show all or most of the above symptoms, especially imported 
cattle. Calves show as a general rule only relatively mild symptoms. 
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H. GRAY. 

Pathological-anatomically the following changes are usually noted : 
generalised icterus, gelatinous transudation into the tissues of the neck, sternum 
and abdomen ; severe anaemia, and oligacythaemia, the blood being thin, 
watery and staining badly ; subepicardial and occasionally subendocardial 
haemorrhages ; tumor hepatis and yellow coloration due to bile stasis and 
fatty degeneration ; enlarged gall bladder containing a viscid thick dark green 
bile ; tumor splenis and subcapsular haemorrhages and impacted omasum. 

Morphologically the blood, in addition to the presence of parasites, reveals 
marked anaemic changes, such as anisocytosis, polychromasia, basophilla, 
nucleated red cells (Jolly bodies) and a decreased erythrocyte count. In spite 
of severe erythrocyte destruction, haemoglobinuria very rarely occurs. The 
severity of the blood changes may vary from a slight anisocytosis in mild cases, 
+.o the above described changes in severe reactions. 

(b) METHODS FOR ANALYSI S AN D TECHNIQUE. 

The same methods and technique as previously described in paper I of 
this series (p. 000), was adhered to. Bovine blood tends to disintegrate more 
rapidly during the preparation of " unlaked " filtrate, and as soon as sufficient 
filtrate has been obtained, the filter paper should be removed. This is par
ticularly the case with pathological bloods. 

(c) EXPERIMENTAL DATA IN A NAPLASMOSIS. 

The analytical figures submitted here were obtained from 9 cases of ana
plasmosis, of which 3 proved fatal, 4 could be regarded as severe, and 2 as very 
mild. The transmission was always by means of subcutaneous inoculations 
of 5- 10 c.c. infected blood, the animals being placed on temperature, blood 
smears examined frequently, and analyses made throughout the course of the 
disease. In all cases a " pure" strain of A. maTginale was utilised, i .e. un
complicated by the presence of the redwater parasite (P. bigeminum) . In some 
cases chemotherapeutic treatment by means of subcutaneous or intravenous 
injections of various drugs was given in an endeavour to find an effective 
anaplasmocidal agent. This aspect of the problem was under the charge of 
Mr. Parkin of this Division, and in view of his intention to shortly publish his 
results on a large number of drugs tested out, I feel constrained to omit here 
publication of his data. I have, however, with his sanction indicated on the 
temperature charts the periods at which such injections were made. In a few 
cases a definite effect of the drug as evinced by the sudden drop in the t em
perature, in others no such visible effect is noticeable. Four patients were, 
however, untreated, and the analytical data obtained from them t herefore 
represents the conditions as they are found in natural cases. 

In the arrangement of the analytical data, the same sequence as previously 
used has been followed, i.e. the temperature record, a short history of the 
animal, symptoms shown, etc. , the analytical data, followed by a brief discussion 
of the main abnormalities noted in the blood in each particular case. A 
general summary and a discussion of the findings concludes this section. 

From the morphological aspect of normal bovine blood under South 
African conditions, I would refer to a paper by Canham (1930), in which the 
erythrocyte count, differential count and the influence of various factors such 
as exercise, pregnaney, altitude, lactation, age, etc., is discussed. 
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CHEMlCAL BLOOD STUDIES V. 

CASE I. 

B . 2889. Anaplasmosis (Treated and Recovered). 

T emperature Chart I. 

108 

107 

106 

105 ~ ' 104 I 1 I J 

103 J '\ II " 102 i} v \ I l I ' - "" .I 101 ~ I .A I 
~0 0 

100 II ~ ( 
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1931 A u gust September· 

History.- B. 2889, a young ox (6 tooth), received here from the Govern
ment Cattle R anch, Messina, 15/2/29, and immunised against blackquarter in 
May, 1929. Negative for t uberculosis (tuberculin test in June, 1931). Was 
drafted into the anaplasmosis experiment, 18/8/31, receiving on even date 
subcutaneously 5 c.c. blood from B. 3056 which at the t ime was reacting with 
an A. mcwginale infection . On 31/8/31 the first few anaplasms were noted 
coinciding with the beginning of the hyperthermic reaction. The parasites 
became frequent, and the usual blood changes associated with this infection 
developed. The animal did not feed well at the beginning and showed anorexia 
for about seven days during the main reaction ; the faeces became reduced in 
amount and firm in consistency. Was treated, 3/9/31, chemotherapeutically. 
By 25/9/31, i.e. 37 days p .i. , the parasites had virtually disappeared, but moder
ate blood changes still persisted. Made an uneventful recovery and was dis
ch arged in December, 1931. 
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CASE II. 

B. 3532. Anaplasmosis (Treated and Recovered). 

Temperature Chm·t II. 

10!S 
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1931 September October 

Histo1·y.-B. 3532. A four-year old ox, received from Government 
Ranching Station, Messina, on 7/6/29. In good condition. On l /9/31 was 
injected with lO c.c. blood subcutaneously from blesbok (Damaliscus albifi'ons) 
32055, which was suffering from a pure A. ma1-ginale infection. On the 21st 
day p.i., the temperature reaction set in, the first parasites being noted on the 
17th day p.i. and becoming numerous from the 21st to 32nd day p.i. , thereafter 
gradually decreasing. Morphological blood changes became noticeable on the 
25th day p.i. beginning with a slight anisocytosis and running the whole gamut 
of changes associated with an anaplasma infection, i.e. anisocytosis, poly
chromasia, basophilia, normoblasts, Jolly bodies, etc. By the 43rd day p.i. 
only a slight anisocytosi1 remained. During the hyperthermic reaction the 
usual symptoms such as lack of appetite, dullness, staring coat and slight 
icterus could be observed. On the 24th day p.i. an injection was given for 
experimental chemotherapeutic purposes with apparently negative results, the 
temperature not being affected. Animal discharged 22/10/31. 
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CHEMICAL BL OOD STU DI ES V. 

CASE III. 

B . 2888. A naplasmosis. Untreated-died 16/10/31. 

T emperature Chm·t III. 

108 

107 

106 I 
105 I 

""' 
~ 

104 
/...., I .... -, ~~ ~ 

103 I v \ 1 ~ '~ 
102 I~ I 

~ v" ~ 
101 /1 v-1 I"' 'I' 

' 100 

99 

98 'of 
26 27 28 29 30 1 2 3 4 5 6 7 8 9 tO 11 12 13 14 15 16 

1931 September October 

History : B. 2888. A black six-tooth ox in fair condition, bred on the 
Messina Government Cattle R anch. R eceived here 15/2/29. Was inoculated 
against anthrax and blackquarter in March, 1931, and drafted into the 
anaplasmosis experiment 17/9/31, on which date it was injected subcutaneously 
with 5 c.c. blood of B. 2889 (vide). On the 14th day p.i. the temperature 
reaction set in . The animal went through a severe reaction, showing numerous 
anapla ms and severe morphological blood changes ; as \\-ell as marked clinical 
symptoms such as anorexia, dullness, icterus and severe anaemia. l t died on 
the morning of the 30th day p.i. Post-mortem was performed within 30 
minutes of death and the following pathological-anatomical changes were 
noted : poor condit ion, anaemia, generalised icterus, subepicardial petechiae, 
a distended gall bladder containing a thick greenish yellow bile, fatty changes 
and bile sta ·is of the liver, t umor splenis, impaction of the omasum and 
catarrhal enteritis-findings which substant iated the clinical diagnosis. 
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H. GRAF. 

T ABLE 3.-B. 2888. 

Date .. ... . .... . . .. . . . . ... ... .. . 

I 
22/9/31. 7/10/31. 9/10/31. 15/10/31. 

Time ... . . .. .... .. . . .. ... .. .. . . - - -- -
Temp. Reaction .... . .... .. . .. . .. P .I.N. R. R. R. 

Haemoglobin gm . %········ ···· 12·94 12·01 13·31 4 ·33 

Suga.1· mgm. % .... . .. . ..... L 43 ·30 58·82 74·07 42 ·40 
u 33·40 42·37 64·10 36 ·40 

'Po tal N . gm. %-·· · ···· · ······· 2 ·913 2·857 2·548 1·730 

N .P .N . 1ngm. %. . .... .. . .. L 23 ·17 22·73 19·73 53·38 
u 16·62 16·92 14·35 49·58 

- -----
Ooag. N . gm. N %-· . . .... . L 2 ·890 2 ·834 2·528 1·677 

u 2·894 2·837 2·534 1·680 
- -----

Urea mgm. N %-- .... .... L - 7 ·10 8·10 31·00 
, u % ..... . - 15·01 17·01 65·10 

mgm.N % .. .. . . u - 7·23 7·85 30·00 
, u % ..... . - 15·12 16·59 63·00 

Total 01·eatinine 
mgm. N % ...... L 2·54 2·85 2 ·10 2·42 

, TC % ... .. 6·86 7 ·72 5 ·68 6·M 
mgm. N % .. . ... u 2·25 2 ·50 2 ·10 2·36 

, TC % ..... 6·10 6·74 5 ·68 6·40 

Uric acid rngn1. N % ...... L 0·34 0·39 0 ·36 0·52 
, UA % .. .. . l·Ol 1 ·18 1·07 1·56 

mgm. N % ...... u 0·20 0 ·20 0 ·16 -
, UA % ..... 0 60 0·60 0·48 -

Amino acid mgm. N % .... L 7 ·12 5 ·60 6·63 10·69 
u 5 51 4·26 4·91 8·5!) 

Rest Nit?·ogen mgm . N % ... L 14·27* 6·79 2·54 9 ·75 
u 9·66* 2 ·73 1 ·33 8·63t 

Plasma .. .. . .. . . . . . . .. . .. . .. . . . n.u. n.u . slightly ict eric 
icteric 

I 
* Includes " Urea Nitrogen." t Includes "Uric Acid Nitrogen." 

Main Features of Analytical Data. 

Hb.-Severe drop within eight days from 12-4 gm. per cent. 24 hours before death. No 
haemoglobinaemia noted; bilirubinaemia distinct. 

N .P.N.-A marked increase from about 22 mgm. to 53 mgm. N per cent. in " laked " and 
from 17-50 mgm. in "unlakecl" filtrate. 

U.N.-An increase from 8-31 mgm. within 6 days. 

U.A .N .-On clay before death this fraction was highest but since only one figure is involveu 
and the increase is not beyond the normal range, a definite correlation of this finding 
with t he condition does not seem permissible. 

A .A.N.-A high figure was found on the last clay (± ll mgm. N per cent.). 
R.N.-Highest 24 hours before death. 

1'.N.-Shows a drop from 2 ·9-1 ·7 gm. per cent. corresponding to the destruction of ery
throcytes. 

Sugar and T.O.N.-Nothing unusual. 
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CHEMICAL BLOOD STUDIES V. 

CASE IV. 

B . 3053. Anaplasmosis. Untreated- Recovered. 

Temperature Chart I V . 

LOS 

107 

106 

105 

104 ' ' ' " 103 I ~) /1 .f '~~~ 
J ' 'I I• [Y ., f' ' ~ ~ j, 102 :.. 

101 1/ ~ v ~ ~ ~ ~ ll ' ~ 100 

99 

98 

4 5 6 7 8 'I 10 II 12 13 14 15 16 17 18 19 20 2 1 .22 23 24 

1932 March 

Hist01-y.- B. 3053. An ox, born Armoedsvlakte, 12/2/29. Was inocu
lated against anthrax and blackquarter 22/10/30 and t ested for immunity 
12 months later. Drafted into t he present experiment 29/1/32, being injected 
subcutaneously with 5 c. c. blood from B. 2889 (vide) on 11/2/32. From 7/3/32 
to 23/3/32 anaplasms were found in only rare numbers in blood smears, and 
only slight anaemic changes developed. The tempera ture reaction was mild. 
The animal was kept under observation until 4/5/32. 
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CHEMICAL DLOOD STUDIES V. 

CASE v. 
B. 2308. Anaplasmosis. Unt1'eated-Recovered. 

No TemperatttTe Chm·t. 

Histo1'y : B. 2308. A five-year old ox, in good condition, born on the 
station, 17/1/27. In December, 1931, it was immunised against anthrax and 
drafted on 29/1/32 into the anaplasmosis experiment, being injected subcu
taneously on 11/2/32 with 5 c.c. blood from B. 2889 (vide) . The animal was 
too wild to be temperatured, but frequent smear examinat ions revealed only 
a few parasites during the fifth week p.i., not associated with anaemic changes. 
No clinical symptoms were shown and this case must be regarded as a very 
mild reaction only, or even more probable an abortive reaction. 
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CI-IEM:ICAJ , BLOOD STuDIES V. 

CASE VI. 

B . 3132. Anaplasmosi . Untreatecl- Died, 7/5/32. 

T emperature Chart VI. 

108 

107 

106 J ~ .T 

105 ~ ~ ~ ' ; 104 J v 
103 1/ 
102 /\/' v 
101 1 ...... 

./' v V"d 

tOO 

99 

98 

25 26 27 28 29 30 I 2 3 4 5 6 7 

1932 A pro! May 

History : B. 3132. A two-year old Sussex heifer, born at Onderstcpoort, 
24/1/30. In good condition. Inoculated in November, 1930, against anthrax 
and blackquarter, the immunity against a nthrax being tested 12 months later. 
Was drafted into this experiment on 6/4/32, being injected subcutaneously wit h 
10 c.c. blood from B. 2889 (vide). The first anapla ·ms were seen on 25/4/32, 
i.e. the 20th day p.i. The temperature reaction set in on 1/5/32, 26 days after 
inoculation. The anaplasms became very numerous and marked anaemic 
changes in the blood developed. The animal ceased feeding, had a tucked up 
appearance, a staring coat, constipation, distinct icterus and severe anaemia. 
Died on 7/5/32 and post-mortemed at once. The following pathological
anatomical diagno ·is was made : (P.M. No. 11037 of 7/5/32). Severe anaemia, 
generalised icterus, fatty changes and bile pigmentation of the liver and tumor 
splenis, findings which support the clinical diagnosis of anaplasmosis 
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CHEMICAL BLOOD STL'DIES V. 

CASE VII. 

B. 2269. Anaplasmosis. Tt·eated-Died, 20/5/32. 

Temperature Cha1·t VII. 

""' 
107 

106 J 
lOS 1/ 1\ 

I" \ 104 

103 
1 

102 J~ .oJ ~ J J + 
f.l~ ~ ~ IY v 101 

100 

'19 

'18 

9 10 II 12 I 3 14 15 16 17 18 19 20 

1932 May 

History : B. 2269. A five-year-old cross-bred ox in fair condition. 
Immunised against anthrax, 4/12/31 and drafted into anaplasmosis experiment 
6/4/32, on which date it was injected with 10 c.c. blood from B. 3053 (vide). 
Anaplasms were first noted the 30th day p.i. and the temperature rose on the 
38th day p.i. The parasites became numerous and anaemic blood changes 
developed. The animal ceased feeding, developed constipation, salivation and 
icterus, and died on the 44th day p.i. Received an injection on the 14th and 
19th May. 

At post-mortem (P.M. No. 11128 of 20/5/32) the following was found: 
generalised icterus, anaemia, cholaemia, slight oedema and emphysema of the 
lungs, acute tumor splenis, tumor hepatis and pigmentation. A haemoglo
binuria was also noted (sequel therapeutic injection?). 
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CHEMICAL BLOOD STUDIES V. 

CASE VIII. 

B. 3198. Anaplasmosis. Treated-Recovered. 

T emperature Chart VIII. 

I 
108 

_107 

106 
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103 \ ~ 1'\ ~ A 

102 I v- 1 J J ·\ l ~ -
101 -~ ~ joJ' ~ '~ If ~ -
100 

99 

98 

23 24 25 26 27 2 8 29 3 0 31 I 2 3 4 5 6 7 8 9 10 II 

1932 May June 

History : B. 3198. A two-year-old heifer (born at Onderstepoort on 
5/3/30), in good condition. Was inoculated against anthrax and blackquartcr 
in November, 1930, the anthrax immunity being tested 12 months later. It 
was then drafted into the anaplasmosis experiment on 6/5/32, receiving 10 c.c. 
blood from bovine 3132 (vide) subcutaneously. Frequent smear examinations 
were made. On 21/5/32, i.e. 15 days p .i ., the first AnaplasmcL ma1yinale 
appeared. Before the temperature rose, the parasites were fairly frequent, 
and anisocytosis was noted, and by 1/6/32 marked blood changes, e.g. baso
philia, polychromasia, normoblasts had developed. The parasites in rare 
numbers continued to be present for 5-6 weeks, but the blood changes showed 
a continuous improvement, so that by 7/7/32 only a slight anisocytosis remained. 
During the reaction the animal ceased feeding, was dull , showed icterus and 
passed only small amounts of rather firm faeces. A chemotherapeutic injection 
was given during the main reaction (30/5/32). 
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CASE IX. 

B . 3126. Anaplasmosis. Treated-Recovered. 

T emperature Chart I X. 

108 

107 

106 J 
105 ll 
104 ~ 
103 ~~ .. ~ _II J. .it 
102 ~ u A. I v r---. J ~ ~ A I 

10 1 l/ !0 I) ' \.0 

"""' 
~ v 

100 v 
99 

98 

20 21 22 23 24 25 26 27 28 29 30 31 I 2 3 4 5 6 7 8 9 10 I! 12 13 14 

1932 May June 

History : B. 3126. A two year old tolly in good condition (born Armoeds
vlakte, 17 /1/30). Immunised against blackquarter and anthrax in November, 
1930, anthrax immunity being tested 12 months later. Placed into anaplas
mosis experiment on 6/5/32, being injected subcutaneously with 10 c.c. blood 
from B. 3132 (vide). Fifteen days later the first anaplasms appeared in the 
blood, the temperature rising on the 20th day p.i. The anaplasms became 
increasingly numerous and severe anaemic changes including anisocytosis, 
polychromasia, basophilia, and Jolly bodies developed. The animal showed 
clinically loss of appetite, dullness, slight icterus and constipation. Chemo
therapeutic treatment was undertaken on the 20th and 30th May, and the 
2nd J une with apparently favourable results, the parasites becoming markedly 
decreased in number. The anaemic changes in the blood gradually disappeared, 
only a slight anisocytosis persisting for another few weeks. The animal 
made an uneventful recovery and was discharged on 17/7/32. 
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CHEMICAL BLOOD STUDIES V. 

(d) THE NoR"'IAL RANGE oF VALUES oBTALNED FOR Hb., SuGAR, N.P.N., U.N., 
T.C.N. , U.A.N., A.A.N., R.N. AND T.N. IN BoviNE BLooD. 

Before it is possible to determine what represents abnormal concentrations 
of any particular constituent, the normal variations, preferably determined 
under the same environmental conditions, must be known. Fragmentary 
researches in this connection exist for most or all of the domestic animals but 
no complete range of data comprising a relatively large number of animals of 
different breeds and ages of one species on a fixed diet and representing analyses 
taken over a period of 12- 18 months to note seasonal variations, effect of 
pregnancy, diet", etc., exists. A further complication arises out of the fact that 
with different methods different results are obtained, t he variations in some . 
cases being considerable, and comparison of results obtained by different 
workers becomes difficult or impossible. Analyses taken over short periods, 
or worse still , representing one single analysis, are of little value, since the 
concentrations of various constituents may vary considerably-even on a fixed 
diet--during the course of a year, due to ageing of the animal and seasonal 
variation. This is well brought out in a series of analyses made on sheep blood 
by Hamersma (1933) over a period of about twelve months. The same ten
dencies can be observed in some of the serial analytical figures submitted here, 
particularly in those bovines for which the data collected extends over ten weeks. 

The " normal " figures utilised here represent 50- 60 analyses of " normal " 
bloods from animals of various breeds and ages and made during different 
times of the year. Some of the date are from animals not tabulated here, 
but which were intended for infection especially in connection with redwater 
experiments, but which proved refractory. In each case the minimum and 
maximum range is given; the "average" obtained by adding all the normal 
data and dividing by the respective number of analyses, and tables to indicate 
the grouping of data. The percentage variation of constituents in the " laked " 
and " nnlaked" filtrates respectively, is also given, together with the " aver
age" percentage variation. The latter has primarily been given for the purpose 
of obtaining "factors" which would enable figures obtained from " laked" 
filtrate analyse<; being recalculated in terms of "unlaked " filtrates and vice 
versa, and thus form some basis for comparison of analytical data gathered by 
different research workers using either filtrate. 

Haemoglobin. 
Minimum-maximum range: 12·1-23·2 gm. Hb. %. 
"Average" Hb. content: 17 ·1 gm. Hb. %-

gm. !lb.%· 
11- 12 
12- 13 
13- 14 
14- 15 
15-16 
16- 17 

Gmuping according 
Occurrence. 

0 
2 
2 
7 
5 
3 

to dist1·ibution. 
gm. Hb. %· 

17-18 
18-19 
19-20 
20-21 
21- 22 
22-23 

Sugar. 

Occurrence. 
7 
9 
2 
4 
1 
1 

Minimum-maximum variation " laked " 37 · 6-95 mgm. %· 
"Average laked," 60 mgm. %-
lVIininum-maximum variation " unlaked," 31 · 5- 82 · 6 mgm. %· 
Average "unlaked," 47 ·8 mgm. %· 
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H. GRAF. 

Percentage difference between " laked " and " unlaked " filtrates range 
from 4-27 % with an average variation of 20 %, the "laked" being the higher. 

G1·ouping according to distribution. 

"Laked." " Unlaked." 
mgm. %. Occurrence. mgm. %· Occttrrence. 

35-45 7 30-40 15 
45-55 17 40-50 12 
55- 65 7 50-60 6 
65- 75 4 60-70 5 
75-85 2 70-80 1 
85-95 3 80-90 1 

Total N it1·ogen. 

Minimum-maximum variation, 2·5-3·5 gm. N %· 

Average, 3 gm. N %· 

Grouping according to 

gm. N %. 
2 ·5-2·7 
2·7- 2 ·9 
2·9- 3·1 
3·1-3 ·3 
3·3-3 ·5 

distribution. 

Occurrence. 
8 
7 
4 
7 
6 

Non-Protein Nit1·ogen. 

Minimum-maximum variation " laked," 12 · 5-25 mgm. N %· 
Average "laked," 18·2 mgm. N % · 
Minimum-maximum variation" unlaked," 9·4-18·7 mgm. N % · 
Average" unlaked," 13·5 mgm. N %· 
Percentage differences between " laked " and " unlaked " filtrates range 

from 12 ·7-36·2 %with an average of 20·3 %; the" laked " concentration 
being always higher. 

G?·ouping according to distrihut1:on. 

" Laked." "Unlaked." 
mgm. N %. Ocmtrrence. mgm. N %. Occurrence. 

12- 14 4 Under 11 0 
14-16 6 9-11 9 
16- 18 9 11-13 9 
18- 20 11 13- 15 10 
20- 22 4 15- 17 7 
22- 24 4 17- 19 5 
24- 26 2 Over 19 0 

Urea Nitrogen. 

Owing to the only small difference between the " laked " and " unlaked " 
U.N. concentration no differentiation is made between the two filtrates. The 
" unlaked" U.N. is in the vast majority of cases slightly lower. 

Minimum-maximum variation, 3·0-9·0 mgm. N %· 
Average, 5·7 mgm. N %· 
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CHEMICAL BLOOD STUDIES V. 

mgm. N%. 
3- 4 
4-5 
5-6 

Grouping according to 

Occurrence. 
12 
12 
12 

clistribution. 

mgm. N%. 
6-7 
7- 8 
8-9 

Occ·urrece. 
16 
3 
5 

Total C1·eatinine Nitrogen. 

Minimum-maximum variation " laked," 1·9-2·9 mgm. N %
Average " laked," 2·3 mgm. N %-
Minimum-maximum variation " unlaked," 1·4- 2·6 mgm. N %
Average " unlaked," 1·9 mgm. N %-
Percentage difference between " laked " and " unlaked " filtrates vary 

from 3- 30 % with an average variation of 14 %, the" laked" being the higher. 

Grouping according 

"Laked. 
mgm. N %- Ocmtrrence. 

1·9- 2·1 9 
2·1- 2·3 13 
2 ·3- 2·5 3 
2·5- 2·7 3 
2·7- 2 ·9 2 

to distribution. 

"Unlaked." 
mgm. N %. Occurrence. 

1·4-1·6 2 
1·6- 1·8 10 
1·8-2·0 8 
2·0- 2·2 3 
2·2- 2·4 5 
2·4-2·6 2 

U'ric Acid Nitrogen. 

Minimum-maximum variation "laked," ·33-·73 mgm. N %
Average ''laked," ·46 mgm. N %-
Minimum-Maximum variation "unlaked," ·14-·56 mgm. N %
Average " unlaked," ·23 mgm. N %-
Percentage difference between " laked" and " unlaked " filtrates vary 

from 9-63 % with an average of 50 %, the " laked " being the higher. 

Grouping according to distribution. 

" Laked." " Unlaked." 
mgm. N %- Occurrence. mgm. N %- Occurrence. 

·33- ·43 16 ·14-·24 22 
·43- ·53 6 ·24- ·34 5 
·53- ·63 5 ·34- ·44 2 
·63-·73 3 ·44-·56 1 

Amino Ac1:d Nitrogen. 

Minimum-maximum variation "laked," 4·3-8·4 mgm. N %
Average "laked," 5·8 mgm. N %-
Mininum-maximum variation" unlaked," 2·1-5 ·6 mgm. N %
Average " unlaked," 3·8 mgm. N %-
Percentage differences between " laked" and " unlaked" filtrates vary 

from 14-50 % with an average of 34·6 %, the " laked" being the higher. 
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Grouping ctccm·ding to dist1·ibution. 

" Laked." " Unlaked." 
mgm. N %· Occurrence. mgm. N %· Occurrence. 

4·3- 5·4 15 2·1- 3·1 10 
5·4- 6·4 5 3·1- 4·1 10 
6·5- 7·4 s 4·1- 5 ·1 4 
7·4- 8·4 2 5·1- 6·1 6 

Rest Nitrogen. 

:J'Iinimum-maximum variation " laked," 2·0- 6·6 mgm. N %. 
"'\verage " laked," 4·0 mgm. N %· 
Minimum-maximum variation " unlaked," 1· 4- 4 · 2 mgm. N %· 
Average "unlaked," 2·1 mgm. N %· 
Percentage differences between " laked " and " unlaked " filtrates vary 

from 0-72 % with an average of 44 %, the " laked" being always the higher. 

Grouping according to distribution. 

" Laked." 
mgm. N %. Occurrence. 

2·0- 2·5 2 
2·5- 3 ·0 4 
3·0- 4 ·5 7 
4·5- 5·5 5 
5·5- 6·0 0 
6·0- 6·6 2 

" Unlaked." 
mgm. N %· Occurrence. 

1·4- 2·0 11 
2·0- 2·5 6 
2·5- 3·0 1 
3·0- 3·5 
3 ·5- 4·0 
4·0- 4·5 

2 
0 
1 

(e) GEXERAL SuMMARY OF PATHOLOGICAL FINDIKGS. 

As was to be expected with a disease of the nature of anaplasmosis several 
well marked features emerl!e from the mass of data collected. The intensity 
or the degree of the changes vary from practically nil in the case of mild attacks 
to very marked in fatal cases, with intermediate ranges for recovery cases. 
The strain of Anaplasma ma·rginale, which was used for all the suhinoculations, 
was a virulent one, as is evinced by the short incubation period noted in some 
of the cases, the severe reactions which in three cases out of nine proved fatal 
and threatened with extinction several others. On the other hand, there were 
two very mild cases in which the only symptoms were a slight febrile reaction 
and the presence of a few anaplasms in the blood smears. This ma,v have been 
due to the indiviil.ual resistence to infection varying, or that these two animals 
had previously had anaplasmosis and t hat the reaction here merely represented 
a yartial breakdown of immunity as a result of a heavy infection with a virulent 
strain. In this summary attention will be focussed on those constituents 
specially influenced as a sequence to this infection. 

Haemoglobin. 

This constituent of the blood shows the most noticeable alterations in 
amount in the direction of a decrease. In some instances the beginning of the 
destruction of erythrocytes would coincide with the febrile reaction, in others 
the decrease of the Hb. level could be noticed considerably before then. This 
is particularly well exemplified in Case VIII, where the Hb. had dropped from 
15- ll gm. per cent. over a period of two weeks before the hyperthermia had 
set in. 
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CH EMICAL BLOOD ST UDIES V . 

The time interval t ill the mm1mum Hb. level is reached fluctuates con
siderably, e.g. in Case I , 18 days; in Case III, t hree weeks: in Case III, six 
days ; in Case VI , eight days ; in Case VII, ten days ; in Case VIII, four 
weeks ; and in Case I X, three weeks. 

There is a distinct acceleration of destruction noted in several cases, the 
percentage destruction of erythrocytes per unit of t ime increasing towards the 
acme of t he temperature record. Case VII shows t his especially well, t he Hb. 
content dropping from 21- 12 gm. per cent. in eight days, but. t hereafter from 
12- 4. gm. per cent . within 48 hours. The mecha nism of erythrolysis (or cry
t hrorhexi8) in anaplasmosis in unknown-whether it is a simple rupture of the 
stroma due to the penet ration of t he par asite into or out of the red cell, or 
whether an erythrolytic toxin is produced, is unknown. A large number of 
infected cellB may he retained in t he spleen and destroyed. The increased 
rate of destruction, however , could he explained on the normal acceleration 
of multiplication of t he parasite. Compared with an acute redwater infection, 
however, erythrolysis is comparatively slow in anaplasmosis, normally no such 
amounts of H b. being liberated into t he plasma as to cause haemoglobinuria. 
The H b. liberated is converted into bile pigments and part ly excreted through 
t he liver and urine, and partly absorbed by t he tissues, g iving rise to t he 
phenomenon of icterus. 

Sugcw. 

In cases J , II, VII, VTII, I X there exists a tendency for a slight temporary 
increase in t he sugar concentration during t he fever reaction. Case VIII shows 
an initial slight rise stwceeded by a drop 24 hours before death. 

Non-Pmtein Nitrogen. 

The condit ions found here vary accordin.g to the severity of the reaction, 
a marked increase was noted in all t he t hree fatal cases (IJJ, VI and VII) , an([ 
in t he severe reaction in Case II. In case III t he increase towards the end 
was from ± 20 mgm. to 53 mgm. N per cent . and from 14- 49 mgm. N per cent. 
in " laked " a nd "unlaked " respectively. In the other fatal cases VI and VII , 
it. ranged up to 37 mgm. N per cent .. and in Case II up to ± 25 mgm . N per cent . 
The increase only occurred during t he actual febrile reaction and represents 
chiefly t he increased U.N. Case VIII showed only a slight upward tendency, 
t he others not accounted for remaining normal, although t hey were definite 
posit ive, even if mild reactors. 

Urea Nitrogen. 

This fraction shows the identical features a;;: the N.P.N. and is pr imarily 
responsible for t he increases mentioned above. In Case IT a rise from ± 5-
± lO mgm. per cent. is found, in Case III ± 8- ± 31 mgm. N pen'ent ., in Case 
VI and VII ± 8- l 8 mgm. N per cent. In t he otherg no increase or only a very 
~l ight temporary one is found. The increase is only met with during thr tem
perature reaction, and various suggestions as to its probable origin arise. e.g. 
a mongst others it may be ment ioned t hat the increased metabolism associated 
with any rise in body temperature may he responsible : or it may be associated 
wit h protein catabolism in t he circulating blood due to enzymes liberated by 
t he protozoan ; or may represent a metabolic excretion product of proto:wan 
activity : on the other hand, t he fatty degeneration of the k idneys found in 
severe cases of anaplasmosis, may lead t o a retention as a result of renal rlys
funet ion. Suffic ient data for an explanation is as yet not available, but t his 
fact emerges that an increase in U.N. above 15 mgm. N per cent. should he 
regarded as unfavourable from a prognostic point of view. 
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Total Creatinine Nitrogen . 

In the severe cases a slight temporary rise can be observed: in all the 
other cases nothing. The range, however, does not exceed the normal limits of 
variations and cannot, therefore, be regarded of any special significance. 

Uric Acid Nitrogen. 

In the majority of cases a definite decrease in this fraction can be recorded, 
coinciding with the hyperthermia. A notable exception, however, is one fatal 
case in which the U.A.N. remained normal but increased 24 hours before death. 

Amino-Acid N7:trogen. 

Except in the fatal cases where a marked increase is noted before death, 
no definite change in either direction is observable. The increase in fatal 
cases is recorded only before death and figures up to 14 · 6 and 11 · 6 for " laked " 
and " unlaked " filtrates respectively. Although several explanations are 
conceivable, the assumption of hepatic dysfunction due to the severe strain 
t hrown on t his organ through the increased hil e secretion, is favoured as the 
cause. 

Rest N drogen . 

A definite increase up to 14 mgm. N per cent. is only noted in t he fatal 
cases shortly before death. The R.N. represents here probably t he decomposi
tion or metabolic products of the proto:wan, and a closer investigation of this 
fraction should be of great interest. 

Total Nitrogen . 
Yiarked decreases, corresponding to the drop in haemoglobin , are en

countered in all the severe or fatal cases, the degree of diminution depending 
primarily on the severity of the erythrolysis. 

(j) CoNcLrsroK. 

}1arked blood changes are recorded in anaplasmos is, practically every 
constituent being affected. The Hb. and T.N. contents drop severely, the 
U.A.N. also decreasing. On the other hand, striking increases are noted in 
the N.P.N. and the U.N., with less marked though well defined increases in 
the sugar level. The A.A.N. and R.N. increase shortly before death in fatal 
cases. 

III. PIROPLASMOSIS OF CATTLE (TEXAS FEVER, REDWATER). 

The piroplasmosis referred to here is the infection obtained with Pi1'0-
plasma bigeminum. In connection with these researches, seven bovines were 
utilised, and after several analyses of the normal blood had been performed 
in each case, they were inj ected with infective blood. In only t hree cases 
was a reaction obtained, but with the exception of the one case given here, 
they were so mild, that they could be regarded as virtually non-reactors. An 
occasional rare parasite was found in the hlood smears, and a slight undulation 
in the temperature record. AnalyseR during t his period showed slight blood 
changes which were in the same general direction as those recorded here in 
Table I. It was then decided to repeat this experiment in the near future with 
a larger number of animals, and only to submit in the meantime the data in 
respect of the one typical severe case recorded here, primarily for comparison 
and contrast with the figures obtained in connection with anaplasmosis. 
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In a severe case of piroplasmosis the destruction of erythrocytes is so 
rapid that the liberated haemoglobin is partly excreted as such through the 
kidneys, resulting in haemoglobinuria, partly converted into bile pigments, as 
is evinced by the icterus generally associated with this infection. In t he present 
case there are, as would be expected, several bloocl changes from the chemical 
compo ·ition point of view, e.g. such as the mpid drop from the normal Hb. 
level even if compared with anaplasmosis in which erythrorhexis is also marked; 
the striking increase in the suga,r content and N.P.N. It is felt , however, 
that a detailed comparison with anaplasmosis would be more justified when 
a larger number of cases are available and t his aspect is therefore not dealt 
with at present . The normal data have, however, been utilised in drawing 
up the · · normal ranges " as given under Anaplasmosis. 

(a) ExPERIMENTAL DATA. 

CASE I. 

B. 3198. Redwater. Treated and Recovered. 

Temperature Chart I. 

108 

1()7 

106 ' 

105 lN 
104 I~ 
103 J ~ ~ lA 

102 "' ~ 1/ 
'""' ~ IJ \ o 

""""' 
101 J v 
100 ~ 
99 

98 

4 5 6 7 8 9 10 II 12 13 14 15 16 17 18 19 20 21 22 

1932 July 

Histm·y : B. 31 S\8. A two year old heifer in good condition. Inoculated 
against anthrax and blackquarter in November, 1930, t he anthrax immunity 
being tested 12 months later. During May- June, 1932, it passed through a 
·evere Ana]Jiasmosis reaction (vide) . On 28/6/32 it received subcutaneously 
75 c.c. blood from B. 3735. The parasites (P. bigeminum) were first noticed 
8/7/32, coinciding with the onset of the temperature reaction. Occasional 
A . ma1·ginale reappeared, but the P. bigeminum were very numerous and the 
symptoms, including severe haemoglobinuria, so pronounced that from a 
practical point of view the presence of the A . mm-ginale can be overlooked. 
This patient received chemotherapeutic treatment (10/7/32), the temperature 
dropping as a result from 105 · 6- 97 · 8 per cent. within 24 hours. Prior to t he 
injection the animal was down, showed salivation, icterus, anaemia and dys
pnoea, and from a prognostic point of view unlikely to recover. 
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TABLE 1. 

B. 3198. Redwater (P. bigeminum}. Treated (Recove1·ed) . 

Date ................ . . . ·I 
Tirne . . .. .. . .. .... ... .. . 

1/7/32. 8/7/32. ll /7 /32. 12/7/32. 14/7/32. 22/7/32. 

N . N. T ernp . R eaction ........... I P.-f.N. ~~-~-l-'t.--~-~ 
Haernoglobin gm. %- .... lo·35-~ 8·88 3·58 __ 3_·_4_2·-I- -5--1-8-·I---9---60-

St,ga?· mgm. %~~~~-60 ·24- 66 ·67- - 83 ·33-~-15_8 ____ 7_2_
1
_ 7_6_·-34- - 6-0--6-1-

U 53·76 59·52 77·52 147·12 68·03 52·63 
- - -------- --- - - ---1-----1----

1·660 1 ·562 2·444 Total ~~m. 'Y"'.:_·_· _· ._._·.:_ ---= ·500 _ 2 ·22~ 1 ·548 ! 
~-----· [-----[-----:----

N.P.N. mgm. %- ... L 
u 

Coag. N. gm. N %.. L 
u 

u,·ea mgm. ::-< 
, u 

n1gm. N 
, u 

% ... 
0 / 
JQ··. 

% ... 
% ... 

L 

u 

13·26 
10·38 

2·487 
2 490 

3·35 
7 ·14 
3·00 
6·30 

12·50 29 42 41·84 19 ·86 
9·37 27·21 38·48 16· 58 

2 ·207 
2. 2l.l 

4·00 
8·40 
3·65 
7·77 

1·519 
1·521 

12 ·42 
26·04 
12·07 
25·41 

1·618 
1·622 

26·60 
55·86 
26·58 
55·86 

1·542 
1·545 

9·75 
20·58 
9·31 

19·53 

16·72 
11·00 

2·426 
2·433 

3·84 
8·00 
4·00 
8·40 

-·--------------1----:- ---:,--- --- - - -----------
Tota ' Crentinine 

1ngm . N ·% ... 
, TC %-· 

mgm. N %-·· 

L 

u 

2·04 
5·50 
1·44 
3·86 

2 Ol 
fi·40 
1 ·75 
4·70 

3·48 
9·40 
3 48 
9 ·10 

2·86 
7·72 
2 -.~0 
6·74 

2·35 
6·36 
2·01 
5·40 

2·27 
6 ·16 
1·86 
5·02 , TC ~fo .. _______ _________ ! _ ___ _ ___ _ _ ______ - ---

UTic acid 
mgm. N Of ;o··. L 0·33 0·33 0·24 0·37 0·33 0·35 

, UA % .. 0 ·99 1·00 0 ·73 1·12 1·00 1·04 
n1gm . N % ... u 0·20 0·21 0·22 0·29 0·24 0·24 

, UA % .. 0 59 0 64 0·67 0·87 0·73 0 ·73 

-------- -------------:-----l-----l-----1---- -l icteric Plasma ............ .. .. . n.u. icteric icteric 

1J!Iain Featt<res of Analytical Data. 

slightly 
icteric 

n .n. 

flb.-This is initially on the low side, the animal not h aving recovered completely from its 
previous anaplasmosis infection. \Vith the appearance of the redwater parasites 
there is a very rapid dwp in Hb. level from 8 ·8- 3 ·6 gm. per cent. within 72 homs. 
This rapid destruction was reflected in the severe haemoglobinuria which occurred . 
Regeneration was remarkably rapid , the original level being nearly reached in about 
ten days' time. 

SugaT. - Shows a marked rise during t he reac tion from 66- 158 mgm. per cent. and from 
60- 147 mgm. per cent. in " laked " and " unlakecl" filtmtes respectively. 

:V.P.N.- An increase from ± 12-42 mgm. N per cent. and from ± 10- 38 mgm. N per cent. 
in " laked" and " unlaked" filtrates respectively . 

U.N.-Shows similar featmes-an increase from 4-27 mgm. N per cent. taking place. 
'J.'.O .N.-Is highest during t he reaction for both filtrates . 
.d .A.N. - This increases from ± 4·5- 8·5 mgm. and fwm .± 3- 9 mgm. for " la ked" and 

" unlakecl" filtrates respectively, the a cme being reached during the febrile reaction. 
T.N.-A drop from 2 ·5- 1·5 gm. per cent. is recorded, coinciding wi th the decrease in the 

Hb. level. 
R.N. and U.A.N.- ::-<othing unus11al. 
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(b) SuMMARY. 

Only one case being available no general deductions as to the changes in 
the blood result ing from a P. bigemimtm infection are permissive. Summaris
ing t he above case one notices marked increases in nearly all the nitrogenous 
fractions and in sugar, associated with the period of maximum erythrocyte 
destruction. The effcaey of the kidneys renders a rapid excretion of all " free " 
haemoglobin possible, hut apparently the excretion of urea is retarded tem
porarily, leading to an increase in the blood for 2-3 days. The rise in A.A.N. 
is peculiar, particularly if it be remembered that the animal ceased feeding 
just during the period in which the A.A.N. was highest. Conceivably the 
increase is due to the protein decomposition rather than an interference with 
the absorption from the intestines and deamin isation of amino-acids in the 
liver. On the other hand the liver has a severe :;;train placed on it by the 
secretion of abnormally large amounts of bile pigments as a result of the ex
cessive erythrocyte destruction and deaminosation may thereby be temporarily 
interferred with. If this is the correct interpretation the increaRe in urea 
would find its explanation not in increasecl formation , but in retention or 
retarded excretion through the kidneyR, possibly due to degenerative changes. 
More research is necessary before any definite modus vi vendi for the various 
observations can be formulated and substantiated. In the meantime the case 
is of interest in so far as it indicates some of the changes in composition resulting 
during a fulminant severe erythrolysis. 
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