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The Arneth count.--The 
morphonuclear leucocyte dev 

^ a single 
mononuclear cell (myelocyte) es through 
round nucleus. The myelocyte jj indented 
an intermediate stage with a 

^ n0 true 

nucleus (metamyelocyte), but. , therefore, 
nuclear lobulation. It is evl - J nucleus is 
that the cell with a simple r 

nUCleus and 
younger than that with an 

inden polymor- 
this form is younger than 

the d from 

phonuclear cell. Arneth (1904) ̂
 ^ a p0iy_ 

this line of thought by contending lo^e was 

morphonuclear cell with on 
p and so on. 

younger than one with two 
lo different 

He studied blood smears from ections and 
cases of acute and chronic i 

orp^0logical 
stated that very important ^ polymor- 
changes v/ere found in the nuc e^ ^ divided 
Phonuclear neutrophilic leuc0CT j;vision being 
these cells into five classes, the aterial ;? 
based on the shape of the nucleia round or 

Class I containing cells with 

indented nucleus. +wn nuclear 
Class II containing cells with 

divisions. , +hree nuclear 
, 
Class III containing cells with 

divisions. , f r nuclear 
, 
Class IV containing cells with 

divisions. fi e 0r more 

Class Y containing cells with 

nuclear divisions. 
. nrHina to the 

Each class has subdivisions acc; 
round or 

shape of the nuclear portion, whe ^ 

s-shaped, making twenty-five phonuclear 
Arneth counted one hundred polym P 

cells and arranged them in his 
five class 

this: -it 

I II III IV 
2 

5 35 41 
eth count. 

This expression is known as the ^ cells 
. Arneth stated that the percent^, mal 
*n the various classes varied only 

^ 
__ 

limits in health, but changed in infectious 
conditions, the change usually being in the 
direction of an increase in the percentage of 

classes I and II and a decrease in classes III, 
IV and V; this he spoke of technically as a 

' shift to the leftParticular emphasis was 
laid on the prognostic value of this classification 
in pulmonary tuberculosis. Arneth's classifi- 

cation did not define when a nucleus might be 
considered as divided and so allowed the 

personal factor to assert itself unduly. To 

rectify this Cooke (1914) has given a criterion 

of nuclear lobulation?'If there is any band of 

nuclear tissue except a chromatin filament con- 

necting the different parts of a nucleus, the 

nucleus cannot for the purpose of the Arneth 
count be said to be divided'; when the count 
is made according to Cooke's method the 

average normal figures vary considerably from 
those obtained with Arneth's method. Cooke 

(1914 and 1928) gives the following figures as 
the average normal : 

I II III IV V 
10 25 47 16 2 

Schilling (1920) simplified Arneth's classification by- 
dividing the neutrophilic cells into the following four 
groups. 
Group I myelocytes. 
Group II young metamyelocytes (with only the 

slightest indentation) of the nucleus. 
Group III older metamyelocytes (with deep indenta- 

tion but no true lobulation of the nucleus). 
Group IV polymorphonuclears. 
In doing the ordinary differential count of leucocytes, 

each of these types is counted separately, so that in the 
result each variety of neutrophilic granular cells is 
expressed as a percentage of the total number of leuco- 
cytes; in Arneth's method they are expressed only as a 
percentage of the total neutrophilic cells. As a normal 
figure Schilling gives neutrophilic granular cells 67 per 
cent?these are composed of 63 per cent polymorpho- 
nuclear and 4 per cent of old metamyelocytes (band 
forms). The young metamyelocytes and myelocytes 
are absent from the normal blood. 
Pons and Krumbhaar (1924) have proposed a further 

simplification in the Arneth count. They believe that 
essential.clinical purpose is served if all neutrophiles are 
subdivided into three groups as under 

(1) Metamyelocytes (very young) with round or 

slightly indented nuclei. 
(2) Non-segmented forms (young) where the nuclear 

material is connected with broad bands. 

(3) Segmented forms (older) where two or more 

groups of nuclear material are connected by 
narrow strands of filaments. 

Roberts (1927) has recently proposed a still further 
simplification of the Arneth's classification in which the 
polymorphonuclear neutrophiles are divided into only 
two groups 

' lobulated ' and 
' non-lobulated '. Roberts 

states the number of non-lobular forms to be 25 per cent. 
A non-lobular count of 35 per cent or over (except 
during menstruation when a normal count may rise up 
to 35 per cent) is indicative of an acute inflammatory 
process. 

The Arneth index.?In Arneth's count the result is 
expressed in five sets of 

_ 
figures which is rather 

cumbersome and it was desirable to replace such an 
expression by a single figure. Many ways of doing this 
have been suggested. 

(1) Arneth took the sum of the cells in the first two 
groups as the index. 

(2) Bushnell and Treuholtz (1908) proposed the sum 
of the cells in group I and group II and one half of 
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the cells of group III. This index is commonly used 
as the Arneth index. 

(3) Ponder and Flinn (1926) suggested the following: 
The cells of each group are multiplied by the number 

of the group (group I by 1, group II by 2, and so on), 
the results added, and the total divided by the number 
of cells counted. The average normal index thus 

computed is 2.7. 
(4) Hamilton-Black's (1913) index is obtained by 

multiplying the number of cells in class I by 10, the 
number of cells in class II by 18, the number in class III 
by 22, and the number in class IV by 25, 100 cells being 
dealt with altogether. Normally it is about 2,000 and 
cannot be less than 1,000. It is based on a finding that 
the phagocytic activity of the cells of various classes 
are as 10 : 18 : 22 : 25. The use of this index1 implies 
the acceptance of these figures for phagocytic ratios, 
but Ponder and Flinn (1926) were unable to find any 
significant difference between the phagocytic activity 
of the various Arneth classes of the polymorphonuclear 
cells. Ponder (1928) concluded that, so far as 

diapedesis and phagocytosis in vitro were concerned, the 
cells of various Arneth classes were indistinguishable, 
for the increase in the nuclear lobulation which occurred 
with the increasing age of the cell did not apparently 
enable the cell to pass more readily from the vessels 
and lymph spaces into infective cavities, nor did it 
render more active as a phagocyte. 
The experimental confirmation of Arneth's theory 

regarding the age of the polymorphonuclear leucocyte 
and conformation of the nucleus.?Colbert (1924) using 
vital stains confirmed Arneth's view of the significant 
relation between the shape of the nucleus and the age 
of the cell. In the films he identified several neutro- 
philes with unsegmented nuclei and repeatedly traced 
the outline of an individual nucleus for three hours. 
In no instance did any nucleus, once identified as an 
unsegmented type, became segmented under observation. 
He is of the opinion that the constant shape of the 
neutrophile nucleus in the living state for several hours 
supports the view that the shape of the nucleus was 
not an accident but bore a definite relation to life 
history of the cells. 
The study of the effect on the Arneth count of 

substances which stimulate the bone marrow to rapid 
and increased production of leucocytes provides evi- 
dence in favour of Arneth's assumption that the cell 
with a one-lobed nucleus is younger than that with two, 
and so on. Lim, Sarkar and Brown (1922) had shown 
that thyroid substanpe definitely stimulated the bone 
marrow in rabbits and this substance has been used by 
Ponder and Charipper to study the effect on the Arneth 
count when bone marrow was stimulated. Ponder (1924 
and 1926) found that in rabbits repeated injections of 
thyroid resulted in markedly increasing the percentage 
number of polymorphonuclears with a simple 
(immature) nucleus which he thought was due to 

thyroid stimulating the bone marrow, resulting in the 
increased production of an immature type of cell. A 

single injection of thyroid produced a deflection of the 
Arneth count, a large number of cells of class I being 
introduced into the circulation; subsequent changes in 
the count were followed and it was shown that the cells 
of class I developed in the blood stream into cells of 
class II, these into cells of class III and so on until 
class V was reached. Charipper (1929) showed the 
same effect of thyroid on the Arneth count of a 

perennibranchiate amphibian. 
Another substance definitely known to effect the bone 

marrow is benzol. Weiskotten and others (1915, 1919 
and 1924) have shown that subcutaneous injections in 
rabbits of an olive-oil and benzol mixture first caused 

a_ rapid decrease of leucocytes in the peripheral circula- 
tion after which a primary rise occurs, this is followed 
by a secondary fall and a secondary rise. They noted 
that the phenomenon was accompanied by a marked 
aplasia of the bone marrow following the injection with 
active regeneration occurring at the time of secondary 
rise. Hunt and Weiskotten (1930) thought that 

experimental verification of the interpretation 9 
Arneth's classification would be possible in the c0, j 

tions brought about by benzol injection. A marked 
leucopenia was followed by a large number of P? ̂  
morphonucfear leucocytes being produced rapidly an" 
passed into circulating blood, so that leucocytes known 
to be in varying stages of life cycles could be studied' 
From his study he concluded that cells with sing'e" 
lobed nuclei were young or immature forms, and that 
the number of lobes increased with the maturity of yie 
cells. According to Cooke the length of life of a poly" 
morphonuclear cell in circulation is about three weeks. 
The steady stale of the Arneth count.?The constancy 

of Arneth count in normal and pathological condition5 
is very remarkable. Ponder (1926) maintains that this 

constancy was the result of a balance between at leas 

three factors?the production of the polymorphonuclea 
cells, their removal, and their development from class 

to class. He came to the conclusion that the distribu- 
tion among the various Arneth classes was due to the 

cells remaining a short time in class I, a longer time 
iQ 

class II, a still longer time in class III and so on, the 
cells normally entering the circulation as cells of c^aS?,^ 
and leaving it from classes IV and V. The steady 
state in abnormal conditions, he thought, was due y 
the cells leaving the circulation from classes earlier 
than classes IV and V. 

Influence of various drugs, organic and inorgW1 
extracts, colloidal metals, ultra-violet and 

exposures on the Arneth count in experimental animai=- 
A shift to the left with thyroid and benzol has already 

been referred to. Ponder and Flint (1926) found tha 
the removal of the thyroid in adult rabbits did n 

influence the Arneth count. They have shown tha 

gelatin, trypsin, colchicin, nucleic acid, ether an 

thyroxin all deflected the Arneth count in the rab?> 

to the left and that pilocarpine had no effect. -?aCj 
one of these substances deflecting the count produce 
at the same time a polymorphonuclear leucocytes1 
and they concluded that the substances deflected th 

count by stimulating the bone marrow and thus causiho 
an outpouring of the younger forms of the polymorph0 
nuclears, which have simple nuclear configuration. 
Kennedy and Grover (1928) found that by a sing ? 

exposure to x-rays the Arneth count in rabbits 
deflected to the left. Kennedy and Thompson ^ p 

and 1929) found a similar shift to the left by an exposn 
to ultra-violet rays and by injections of various gOIiar 
extracts and of pituitrin, adrenalin and insulin. Danze 
(1930) found that extracts of various organs and tissue^ 
when injected into rabbits deflected the Arneth coun 
to the left, the deflection being due to the contain? 
protein. The destruction and absorption of tissue 
in vivo was followed by a similar deflection, f1 
thought that the deflection in the Arneth count afte 

injury to various tissues might possibly be explain? 
by that observation. He further suggested that th 

continual and normal break-down of tissue in the b?d)j 
was sufficient to provide a stimulus for the contimia 
and normal output of polymorphonuclears by the b?p_ 
marrow. Climenko (1930 and 1932) found that admin1 
tration of irradiated ergosterol deviated the -^-rIie+0 
count to the left in the same way as an exposure 
ultra-violet rays. He found that small doses of colloida 
preparations of iron, cobalt, tin, copper, strontium1' 
and nickel produced no significant deflection in th 

Arneth count. When these substances were given 1 

doses from two to eight times greater than the minimnin 
dose they produce a marked left-handed shift. Intra' 
muscular injections of colloidal calcium and intravenon 
injections of calcium chloride also caused the count 

t 

be deflected to the left. He suggested that the e"eC? 
of these substances was a non-specific one, due to 

deviation in the normal concentrations of the inorgan1 
constituents of the blood serum. 

Clinical significance of the Arneth count.?The narr?^ 
limits within which the count varies in health h3." 
been alluded to. Most patholojgic conditions whic 
produce any change cause a shift to the left, that is> 
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Some of the nuclear formations met with in the cells 
in various Arneth classes 

Some of the nuclear formations met with in the cells 
in various Arneth classes 
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+v?*t in all cases of 

high index. Cooke (1928) states percentage 
microbic infection there is an incre, 2 and. a diminution 
of the younger cells of classes 

1 an 'p00ke an increase 
in classes 3, 4 and 5. According , 40 indicates 
in the cells of classes 1 and - 

toxsemia. fl pted to the left in 

That the Arneth count is dell1e 
-g wen known. 

various forms of tuberculosis in . experimental 
Ponder and Flint (1928) found ieft-handed defl.ec- 
tuberculosis in the rabbit there wa disease in man. 

tion of the Arneth count, as m . tuberculosis 
The deflection to the left is so conclusion that 
that some observers have come diagnostic of the 

the appearance of the deflection , ^at this left- 

disease. Arneth for example be erculosis of active 
handed deflection occurred only m when it occurred 
nature and in such cases alone, 

a 
^hose infections 

in other infections he thought on a tuberculous 
were to be regarded as superimpo .g view had no 

basis; but Cooke (1914) showed pould be deflected 
foundation and that the Arneth cou i0us basis. He 

in a condition which had no 
tu 

anded shift as a 

emphasized the occurrence of 
a le - 

^igted that it 
constant occurrence in tuberculosis, ^one- In tuber- 

was not characteristic of the be of great 
culosis the Arneth count was t.houg v?orse was 

prognostic value, the higher the 
m 

me(i that the 

the outlook thought to be. Arnet :sta]1t than the 

cells with 1 and 2 nuclei were less 
when those 

less 

cells with 3, 4 and 5 nuclei and 
tn 

, 
ers the severity 

resistant cells were present in large 
n 

in]3er of these 

of the case varied directly as the the phago- 
cells. Hamilton-Black (1913) f?". r the cells with 1, 
cytic value against tubercle bacilli ^ -25. He 

ob- 

2 and 3 and 4 nuclei was as 10 
'- 

f?uel-culous disease 

served that in certain cases 01 x 
, count making 

tuberculin treatment improved the Arn -r^0^roy(j (1913) 
the shift to the left less marked- 

^ ^ tuberculosis 
studied the Arneth count in thirty 

ca ? 

cases with 
and arrived at the conclusion tna 

^ Qr with two 
unfavourable aspects the cells wit-h 

than normally 
nuclei were present in greater numbe 

? 

con^jon took 
and that as the improvement in gene. was not so . 

place the drift to the left of the pi _^ that the 

marked. Kennedy and Flint (1930) u^osis treated 
Arneth count in cases of surgical tuD ^ ghow s0 
by natural heliotherapy in the Alps cases treated 

I 

great a left-handed deviation as in sim might be 
in Britain. They suggested that 

the 
gs 0f that 

taken as one of the indications 01 
jue 0f the 

method of treatment. This prognosti^ much 
Arneth count in tuberculosis has o - 

an(j jriint 
disputed. As already mentioned, 0 

e_m the flnd- 
(1926) and Ponder (1928) could not c ^ between 
ings of Hamilton-Black regarding the nuCieUS. They 
phagocytosis and formation of 

, which took 
found that increase in nuclear lobula 

1 
1 ^e cell 

place with increase of the age did no 
more active as a phagocyte. urs in perni- 

. 
A low index, i.e., a shift to the ri-,h e Qf perni- 

cious ansemia. Fleming (1929) quoted eXtract, which 
cious ansemia on treatment with yve,-r+ the right 
showed an abolition of the marked 

s 
returned to 

in the count, as the total blood PlC? stooped the 

normal. When the liver treatment . 
. , 

t and was 
Polynuclear count moved over to 

tn ?ment. 
again restored to normal by the liver from 

Egroff (1926) draws the following ^e Arneth 
his investigation on a shift to the ngh 

count. . ^foout 
A shift to the right is ?^selJeconstant and 

0 Per cent of healthy persons and 
1 

stable characteristic for certain groups- ^ js a 

(2) In many sick persons a shift to 
n(jjCative of 

constant phenomenon which may nerhaps an 

certain 
^ 
diseases or functional conditio -, 

expression of diminished ability to reac 
. 

more 
(3) This form of shift is apt to be 

encountered mo 

often in stubborn and chronic processes- 

(4) Under solar or serum therapy the tendency is to 
convert the shift to the right toward a shift to the left, 
in connection with clinical improvement. 

(5) In patients normally presenting a shift to the 

right, an active process is not always accompanied by a 
shift to the left. 

The technique.?For the Arneth count 

scrupulously clean slides and thin well-stained 
films are essential. The slides should be put 
in sulphuric acid overnight and washed well in 
running water for four hours or longer to 

remove all traces of the acid. They are next 
washed in distilled water and then in alcohol 

and stored in absolute alcohol. At the time of 

using the slide is thoroughly dried with a piece 
of clean linen. 

Leishman's and Jenner's stains are not satis- 

factory for the nuclei are poorly stained and 
the granules of the cytoplasm are too prominent. 
Giemsa or Wright's stains are quite satisfac- 

tory, but the stain which is strongly recom- 
mended and which we have found very satis- 

factory is hematoxylin and eosin?this stains 
the nuclear structure very clearly whilst the 

neutrophilic granules are not stained. The 
smear is fixed in methyl alcohol and stained 
with Delafield's haematoxylin solution for 3 to 

5 minutes. The slide is washed well in water 
and as a counter-stain a 0.5 per cent solution 
of eosin is applied for a minute or so. The slide 
is again washed, dried and examined. In 
counting the number of nuclei in each cell 
Cooke's criterion should be kept in mind and 
the nuclear parts joined by more than a thread 
should be considered as one (see plate VII). 
Some experience is required in making the 
count because sometimes the lobes are lying 
in such a way that, although they may be 
separate, the whole looks like one convoluted 
lobe. 

The normals.?Arneth gives the following 
figures as a normal count : 

I II III IV V 
5 35 41 17 2 

If Cooke's criterion is adopted the normal 
reads as follows : 

I II III IV V 
10 25 47 16 2 

The normal Arneth index (Bushnell and 
Treuholtz index) is about 60. In our work in 
asthma which we report below we have always 
made the count according to Cooke's method 
and have used the Bushnell and Treuholtz 
index (see page 257). 

The value of the Arneth count in asthma 

Not much attention has been paid to the 
Arneth count in asthmatic cases. Bray (1931) 
states that many observers during the crisis 
have recorded a change to the left in the Arneth 
count (Schift noted this in thirteen out of fifteen 
cases) but he was not able to confirm this 
finding. 
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We have done the Arneth count in 143 cases of 

asthma, the results are tabulated in table I and 

Table I 

The Arneth indices in the three groups of asthma cases 

Group 

Bronchial 
Gram - negative - bacilli 
group. 

Allergic 

Total 

Total num- 
ber of cases 

79 
27 

37 

143 

Arneth 
index 60 
and below 

61-65 

11 

66-70 

20 

71-75 

28 
5 

40 

76-80 81-85 86-90 Above 90 

14 
4 

14 12 2 
3 3 4 

21 19 17 

graph I. It will be seen that the index varies 
from below 60 to above 90 in different cases, 
the index being 60 and below in 7 cases, between 
61 and 65 in 11 cases, between 66 and 70 iB 

20 cases, between 71 and 75 in 40 cases, between 

76 and 80 in 21 cases, between 81 and 85 in 

19 cases, between 86 and 90 in 17 cases, and 

above 90 in 8 cases. Taken as a whole these 

figures give no information of any value. When 
the cases are divided into the three groups 
suggested by us (the bronchial group, the 

Gram-negative-bacilli group, and the allergic 
group) we find that the Arneth index is usually 
high in the bronchial and Gram-negative-bacilli 
groups and usually low in the allergic group. 
If we take 70 as the dividing line we see that 
out of 79 bronchial cases 70 have an index 

above 70, out of 27 Gram-negative cases 19 have 
an index above 70, and out of 37 allergic cases 

21 have an index below 70, and only 16 

above 70. 
If the allergic group be further divided into 

true allergic cases and mixed bronchial and 

allergic cases (table II and graph II) we see 

that out of the sixteen cases in this group with 
an index of above 70, 14 cases belonged to the 
mixed bronchial and allergic type and only two 
cases to true allergic type. These two allergic 
cases had an index of 71, so that for practical 
purposes all the true allergic cases have afl 

index below 70. If the 19 mixed cases (bron- 
chial phis allergic) be taken out of the allergic 
group and counted with the bronchial group 
we find that out of 98 cases only 14 have 
index of below 70 and 84 cases have an index 
above 70. Of the 18 true allergic cases only 
two cases had an index above 70 (71). This 

Graph I 

The Arneth indices in the three groups of asthma cases 

6Q*be/ovi 61-65 66-70 71-75 76-80 81-85 86-90 Abort90 Ynd"^ 
~?? Bronchial cases .. .. 79 

Gram-negative-bacilli cases 
. 

..27 
1 ? ? ?????? Allergic plus bronchial and allergic cases 37 

Graph I 

The Arneth indices in the three groups of asthma cases 

Bronchial cases .. .. 79 

Gram-negative-bacilli cases .. 27 

Allergic -plus bronchial and allergic cases 37 
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Table II 

The Arnetli indices in the allergic group of asthma cases 

Group Total num- 
i ber of cases 

Arneth 
index 60 
and below 

True allergies ..18 4 
M?ed 

> bronchial and 19 1 
allergic cases. 

Total , ^ 

61-65 66-70 

6 6 
2 2 

71-75 76-80 81-85 86-90 Above 90 

IS shown in table III. Jf the ^ed bronchial Gram-negative-bacilli, and the m - 

Group 

Bronchial mixed 
bronchial + allergic. 

Wm-negative-bacilli 
A rue allergic 

Total num- 
ber of cases 

98 

27 
18 

Table III 

fcdex^O 61-65 66-70 71-75 7&-80 81-85 86-90 Above 90 

and below 

2 2 

4 

10 33 17 16 14 4 

4 5 4 3 3 4 

6 6 2 

i together (table 
-"u 

anergic cases be grouped 
, 

22 cases 
IV) we find that out of 125 cas 

have an 
have an index below 70 whi e 

xV we 
index above 70. By looking a1- 

be provi- 

can say that the asthma cases 
means of 

sionally divided into two 
classya\\ergic 

the Arneth 
count?one class co 

^ 70 or 
cases in which the Arneth index 

TABLE IV 

Group 

BgS!' mi?ed "d 

cases gatlve_bacilli 
TrUe allergic cases .. 

Total num- 
ber of cases 

125 

18 

Arneth 
index 60 

and below 
61-65 66-70 71-75 76-80 81-85 86-90 | Above 90 

14 38 21 19 17 

6 2 

below, and the other class of bacterial cases 

containing the bronchial, the mixed bronchial 

and allergic, and the Gram-negative-bacilli 
cases in which the Arneth index will usually be 
above 70. This latter class can be broken up 
into its component groups by means of the 
blood eosinophile count; we have shown in a 

paper which will shortly be published that the 
bronchial cases usually have a low eosinophile 
count; whilst the mixed bronchial and allergic 

Graph II 

The Arnetli indices in the allergic group of asthma 
cases 

?-Total allergic cases .. ..37 
??? True allergic cases .. ..18 

Mixed allergic and bronchial cases .. 19 

Graph II 

The Arnetli indices in the allergic group of asthma 
cases 

Total allergic cases .. .. 37 
True allergic cases .. .. 18 

Mixed allergic and bronchial cases .. 19 
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cases, the Gram-negative-bacilli cases and the 
allergic cases usually have a high eosinophile 
count. So that in summarizing we can state 
that:? 

(1) The allergic cases usually have a low 
Arneth index and a high eosinophile count. 

(2) The mixed bronchial and allergic cases 

with the Gram-negative-bacilli cases have 
often a high Arneth index and a high eosino- 
phile count. The Gram-negative-bacilli cases 

can be separated from the mixed allergic cases 
by the presence of the Gram-negative-bacilli 
in the sputum. 

(3) The bronchial cases usually show a high 
Arneth index and a low eosinophilia. 

Conversely :? 
(1) An Arneth index of below 70 is found 

in the allergic cases; this is usually associated 
with a high blood eosinophilia, but occasionally 
there is a low blood eosinophilia. 

(2) An Arneth index of above 70 plus a low 
blood eosinophilia is usually found in the 
bronchial cases and not often in the mixed 
bronchial and allergic cases. 

(3) An Arneth index of above 70 plus a high 
blood eosinophilia is usually found in the Gram- 
negative-bacilli cases, and in the mixed bronchial 
and allergic cases. 
The total leucocytes and the Arneth count- 

Tables V and Va show the relation between the 
total leucocyte count and the Arneth count. 

Table VI shows the relation between the total 

polymorphonuclear count and the Arneth count. 
There are two groups of cases placed within 

heavy lines in table V that require some further 
explanation. 

The first group consists of 16 cases with a 

leucocyte count of 13,000 to 37,000 per cubic 
millimetre showing no appreciable shift to the 

left. In other words in these cases a high 
leucocytosis is associated with a more or less 

normal Arneth count. 
The second group consists of 31 cases with 

a 

leucocyte count of below 8,000 per cubic mill1" 
metre, with the Arneth count showing an apprj3" 
ciable or a very marked left-handed shift. 1? 

other words in these cases a leucopenia is 

associated with a marked shift to the left. 
(1) A high leucocytosis without any appre' 

ciable shift in the Arneth count.?Table * 

shows that in all there were 45 cases with a 

leucocyte count of above 13,000 leucocytes Vev 
cubic millimetre of the blood. Out of these 45 

cases there were 16 which had an Arneth index 
of below 70. Reference to table Ya (p. 264) 
shows that out of these 16 cases eight belonged 
to the allergic group, four to the Gram-negative- 
bacilli group, and four to the bronchial group- 
We have shown that allergic and Gram-nega- 
tive-bacilli cases as a rule have a high blood 
eosinophilia, some of the bronchial cases also 

have a high blood eosinophilia and the f?lir 

bronchial cases referred to happened to have 
a 

high eosinophile count, so that we see that 
the sixteen cases in this group had a high eosino- 
philia. The high leucocytosis in these cases 

is due to an increase in the numbers of eosino- 
phils, the number of polymorphonuclear^ 
remaining the same. We have plotted the total 

polymorphonuclears against the Arneth inde^ 
in table VI. If we take the normal number 
of polymorphonuclears to be roughly 70 Per 

Table V 

Arneth index 

Total leucocytes 
under 

5,000 
6,000 
7,000 
8,000 
9,000 

10,000 
11,000 
12,000 
13,000 
14,000 
15,000 
16,000 
17,000 
18,000 
20,000 
23,000 
25,000 
26,000 
36,000 
37,000 

60 and 
below 

61-65 66-70 

11 20 

71-75 76-80 81-85 86-90 Above 90 

40 

12.. 1 5 

12 1.. 7 
2 2 

.. 13 
113 14 

113 1 14 
5 2 1 18 

3 .. ?? .. 
6 

3 2 2 
.. 

19 
1 2 

12.. 8 

111.. 7 
114 .. 

12 
3 
2 
3 

11.. 4 

1 .. 1 3 
1 
1 
1 

21 19 17 8 = 143 
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i 
? +i1Pr\ a count of 

cent of the total leucocytes tne 
9 000 

13,000 leucocytes iwill r0U? *VI we find that 
polymorphonuclears. In table 

we 1 

Total polymorphs 
under 

2,000 
3,000 
4,000 
5,000 
6,000 
7,000 
8,000 
9,000 
10,000 
11,000 
12,000 
13.000 
14,000 
17,000 
19,000 
20,000 

60 and 
below 

Table VI 

Arneth index 

61-65 

11 

66-70 

2 

20 

71-75 

40 

76-80 81-85 86-90 Above, 90 

1 1 1 

2 3 3 
2 
4 

6 
16 

1 2 2 23 

1 3 2 

1 4 I 2 13 

4 2 4 1 20 

3 1.. - 
10 

2 2 2 1 14 

111.. 5 

1 5 
1 

2 
1 

1 1 
1 

1 1 

21 19 17 8 = 143 

there j^g 
c?Unt nf cases with a polymorphonuclear 
u^re are ?V6i '??? and that out of these cases 

between 66 ?niy ^?ur an Arneth index 

ave an in,? anc^ the remaining 13 cases 

Proves that 6X] .Var^n? from 71 to 90. This 

.a low Arnotf ? ^ ̂euc?cytosis combined with 
Urease i<? w 

1 ln<^ex means that the leucocyte 

(2) rp^ 
Ue an eosinophilia. 

^rneth indpTS?-C^a^on ?f leucopenia with a high 
c?Unt to fh 

' \eP a marked shift in the Arneth 
Wgre thirtv-n' ^ shows that there 

a.total leiCn111^ cases of this group wil? had 

Millimetre ofM count below 8,000 per cubic 
as thirtv-nno u ?d' out ?f these cases as many 
reference tn + m an hidex of 71 and over. A 
0lle 

cases tn 
^a shows that of these thirty- 

S?,UP. six tn t??y, belonged to the bronchial 
atld five to +}/ , Gram-negative-bacilli group, 
^ere mixed kG a ,erSic group (these five cases 

rat all the th-?fChial and aIlerSic cases>- So 

?^ociated witi!- Jone cases in this group were 
. .the Arneth mfection. Usually with a shift 

a ,IVe bone mnC0Unt to the left> i-e-> with an 

leucocytosiq ;Pr?xT We would expect to get 

o? th* possihilN- 
the blood- In order t0 ?le 

fSes being dim ^ the leucopenia in these 

in A e Polymnr^ to a decrease in the number 

I , 
h? other +vrP 0nuclears but to a decrease 

i>J PolymnrJuGS ceHs we have plotted the 

2* in tabLPv?nUCTlears aSainst the Arneth 

renrnUcIears in o^ [.We take 5>000 PoIym?r- 
taKi0Sen^ roiip-Ki iiCU c millimetre of blood to 

?ni 
^ that* th normal figure we see in 

ymorphonnpio 6 nurnber of cases who had a ar count of below 5,000 was 

sixty-nine, out of these 69 cases as many as 

forty-five had an Arneth index varying from 
71 to 90, i.e., showing a marked shift to the left. 

So that we see that in these cases there is a 

polymorphonuclear leucopenia and yet a shift 
in the Arneth count to the left indicating thab 
in spite of the reduction of polymorphonuclear 
cells in number?young forms are in preponder- 
ance. 

Cooke (1928) maintains that in all cases of 
microbic infection there is a left-handed shift 
in the Arneth count whether the total poly- 
morphonuclears remain normal in number, 
whether there was a polymorphocytosis or 

whether there was a polymorphopenia. A 
shift to the left in the Arneth count with a 

polymorphopenia therefore must mean that the 
activity of the bone marrow cannot keep pace 
With the destruction of these cells. In the 

tropics many of these cases are subjects who 
have malaria, kala-azar or hookworm infec- 

tions. 

Piney (1927) is of the opinion that when 
an infection is intense it depresses the bone 
marrow and causes a neutrophile leucopenia 
instead of the usual neutrophile leucocytosis, 
the latter is characterized by a shift to the left 
in the Arneth count. In those cases where 
there is a neutrophile leucopenia with a shift 
to the left in Arneth's count he considers that 
there is some toxic agency causing a complete 
alteration in the process of maturation of the 
neutrophilic cell. 

Ponder (1926) stated the equilibrium in the 
percentage of cells in the various Arneth classe.3 
was in no way dependent on the number of 
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cells in the blood stream. The only essential 

thing for this equilibrium is that the number 
of cells entering the circulation be equal to the 
number leaving it. He discusses all the pos- 
sible combinations between the rate of produc- 
tion of the polymorphonuclear cells and their 

removal from the blood stream. 

Table Va 

Arneth index 

Total 

leucocyte* 
under 

5,000 

6,000 

7,000 

8,000 

9,000 

?10,000 

11,000 

-12,000 

13,000 

-14,000 

15,000 

16,000 

17,000 

-18,000 

eo.ooo 

-23,000 

25,000- 

26.000 

36,000 
37.000 

6 O 

below 61-65 66-70 71-7 S 76-80 81-85 

Z 

86-90 

1. (ordinary type)=Bronchial cases. 
11. (out-lined figures)=Gram-negative-bacilli cases. 
1. (bold-face figures)=Allergic plus bronchial and allergic 

cases. 

We can thus appreciate (a) why a leuco- 

cytosis with a normal or sub-normal Arneth's 
count is seen in asthmatics?and it is due to a 

high eosinophilia, and (?>) why, when there is 

a leucopenia, there is still a shift to the lefu 
in the Arneth count. 
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