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In a provieus report (Foster and Tandsberg, 1934} in which sev-
eral lines of evidence wers presenied in support of the hypothesis
that hookworm anemia is essentiallv the vesult of blood loss, we dis-
cnssed the changes in the red call picture of dogs harboring experi-
mental infestations with the dog hookworm, Ancyloslomae caninum,
1t is desived to present at this time certain of the ohservations upon
the white eoll chanoes in these same animals,  The data were obiained
eomenrrently with the red eell data previously discussed,

Standard hematological procedures were used in these studies
which have been deseribed previously in detail (loe. eit, pp. 262-263).
Tt is suffivient to note here that the blood sample, exther 2 or b ee., was
obtained by cardiae punciure and eoagulation prevented by the use
of dry potassium oxalate (2 me per ec. of blood),  From this sample
were taken dilutions for the enumeration of the total white cells, with
Turek's solution as a diluent.  The dilutions were made with a Thoma
pipette and counted in a Levy ecounting chamber, both of which had
besn eertified by the T 8. Burean of Standards. - The bleod smears
for the differential counts were made direetly from the needle tip
immediately following cardiae puneture, by use of Khrlich’s cover
slip method and Wright’s Romanowsky stain, One hundred white
cells in consecutive fields were counted. )

Routine helminthological methods nsed previously in this labora-
tory and Teviewed elsewhere (Herrick, 1925; Heott, 1925} svere
followed, '

1 From the Department of ITelminchology, School of Hygiene and Publie
Health, The Johns Hopking Usiversity, Baltimore, 3Td.
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ExpErIvESTAL RESULTS.

A comparison of the lenkocytic pictures from infection by shin aud
by mouth (D812, DR1Z, D314,

This study ineludes the data on three litter mate dogs which were
125 dawvs old at the berinning of the experiment. They had harbored
lirht experimental hookvworm infestations previously, but were treated
1o negative ahout 3 weeks hefore the present obeervations were beoun,
After two eomplete determinations, DET2 was infecta] by glkin and
D513 by mouth, The experimental procedure in these animals was
identical except for the mode of infection. The third animal, DB,
was retalned as an uninfecied control,

The data on these animals have been summarvized in table 1. Tt
is shown in this table that both of the infected animals had a slight
inerease in the total number of lenlkoeytes which was greatest daring
the 49 to 80-day period. This is supported by a few hich determina-
lions, which were masked by averaging, in both animals earlier in
ihe infestation. Thus the animal infected by skin (D212) showed

7,300 leukoewtes per emm, on the thivty-eichih day and the one by
mouth 18,400 per emum. on the twenty-seventh day. As shown in
table 1 there was & slizht, but constant Increase in the pereentage of
juvenile eells in hoth infested animals.  This lnerease, however, can-
not be eorrelated with the method of infection ov the inlestation as
the uninfected control {D514) showed a similar increase. The poly-
morphonuelear nentrophils presented a pietare just as diffieult to in-
terpret.  The animal infected by skin (D812) showed a general in-
erease, whereas D813 showed only a slight rise at the end of the ex-
periment; but these percentages in both cases were searcely above
the level, which tended to remain constant, of the uninfected control
(DS14). It is interesting, however, that DE12 had the highest in-
dividual polymorphonuelear nentrophil count which was 84 per cent
on the sixtieth day.

The interpretation of the eosinophil pleturve was diffienlt doe to
the marked variability. There was appavently & marked rise which
appeared soom after infection by month (D813 (table 1) bot it was
not present fellowing skin infection (TE12). The animal infected
by skin (T3512) showeal s constent eosinoplhil count of aboul 10 per
cent until the forty-ninth to eiplitieil: day period when the counl acta-
allvw deopped.  The nninfected control showed a high sosinophil per
pentaee ab the heginning of the experviment which geadually decreased

(table 10 There pre severa? individual determinations, higher than
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shown in the table, which warrant mention.  After the first infection,
13512 showed 19 per cent eosinophils on the thirteenth day ; following
the seeond infeetion, this animal showed 1% per cent 3 days later,
D213 showed 22 per cent eosinophils 10 days after the first infection

TapLe 1.

e total and 2 Ferentiol lukoeile cound for gach of thres bter mate dogs, fue of whick
iwere dnfected with Ancylostoma caninure.  The figurees aee
arverages for the doys inddvaled.

!' [nfroted by sk (DISLIE)
Draze Tuzal ! ’
1;5‘":1“ t:i;_,l:ﬁ 1 -l'(!:::l_l::' ;Jm'-e-n:.'.r!: :};I:'rlf;-"l. Fosino. | Haso. T":;,;:lm_ :‘T\Dﬂ_?
colls | i
I .J:.p,- gaad | perocent | per ool | e :u;-n.r “j':'-.-cr oot | per cend Ter cent
0-3 {0,300 0 1.4 45,5 104 0 310 L
5 | 4000
1118 5,925 a 4.0 447 [LIEY U 0|2 3 12
10 | 8500
2038 12,045 1.5 1 40 G 11.5 1.0 2B .3
42 | 15,000 !
4980 o0l 15 | a7 | eor | 8ol o4 | 187 | 0o
Inlested by mouth (1XELE
] T qer cemf ) per pent | e st _1-1'\'? can | per cemd | wer cent | per pert
0-3 4200 0 2.0 0.0 25 1 0 33,5 2.0
5 | 4000
11-15 10,562 0 A 4.0 16.2 0 5.7 0,5
18 3,5 ;
2035 12,467 ol 1 37 | 643 11.1 1 18.7 1.7
42 | 15,000 5
4030 12205f 04 | 33 fi0 T4 0.4 19.4 0.3
Contral {DE14)
- i 1 R wenl | perocEnk | per odid oy per gent | per cnw:_::er cenl | per cend
0-3 132,000 i Gd.n 13.0 0 21.1] in
11-18 ‘ L0247 n 24 £ 01 3.7 1] 29.0 1.0
20-33 | 11,131 01 4.4 .4 8.3 ] | 29 ny
| LLIBE | 0 50 | 632 30 | 0 | 282 0.4

ad 16 per cent on the twenty-ninth day after the second infection.
The nninfected eontrol {(DE14) had several counts of 13 and 14 per
cent during the period. It i3 alzn woerthy of note thai both infeeted
animals showed o eradnal but constant decrease in Innphoestes (tanble

1.
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The lenkocytic picture of dogs with mfesiafion of A, caninum during
iron, copper, and cobalt thevapy (D801, D03, DS04, DEGS, DE0G).

This group includes five litter mate dogs, each of which was given
1,000 larvas per os al the berinning of the experiment. They were
then 163 davs old. Three of these animals (D801, DE03, DE04) were
eiven daily administrations of irom, copper, and ecobalt® therapy,
throughout the entire course of the experiment. The two others
(DEGS, DEOS) recelved no therapy af all.

The determinations for the three dogs receiving iron, topper, and
cobalt therapy have been averaged and those for the two dogs receiv-
ing no therapy were treated similavly (table 2). The individual de-

TanLe 2.

The tofal and differentiol leukocyle cownd on five Wlter male dogs infecled with {000
larvae each by mowdh dmmediolely after the first blood deferminaiion.

Averags fndings Tor thres dogs (DE0OL, DEDE, TE04) reeeiving Foalloan * therapy

Diays
infrpted |_ - .. .--—- - = —— - -l.---- - ey
E L?;I:E\:‘E{tf :‘éj.'_:‘;k Juveniles TIF.?E‘E"[.. Eaaino, .; Razo, 1"1}‘::.1‘:‘2“- 3(\‘]:,[_;,;,
i per cent fer sunl e gand nar gend JeEr el e cend per cend
0 | 12450 56 63.3 2.3 8.6
6 | 12930 3.0 67.3 1.0 17.3 1.3
13 1 12183 R GLo 7.0 1500 2.0
17 17,433 3.0 703 LiXi] ana
20 16,453 : 4.6 G676 3.3 21.0 1.3
24 14,900 4.0 G106 .6 p{ 1.8
27 12,523 3.0 id. 3 11.6 i 2.5 1.6
a1 14,143 1.0 A G610 B0 ; 220 1.6
34 15,606 (1 fifi 3.3 3.3 i 243
45 | 12333 | 03 36 | 60.0 33 | 2.0 | 06
h 153,456 1.3 e 3 4.0 | 1.0 F0.0 3
Average Eodings for bwe dogs (D505, DS06) reeriving ne therpy
P cend oer cend g P el p e cekd p.n;v::-unt per cent jer cend
0 12,550 70 | B3 AN 24.0 2.5
i 13,33 7.0 | B0 1.5 | 24.5 1.0
13| 16,000 25 | o0 | 535 | 215 | 10
20 LGEan | O £ I S R 1 11.00 270 10
27 | 11335 | | 35 | 643 | 60 | 265 | 1.0
45 12,350 | 30 | 620 | 100 | 24.0)
30 a0 | 8’0 (3.5 2.5 4 e

10,200

* Given 2,25 pm, per oy of « 100 ;1 @ 5 mixture of fron eiteate, copper sulphate
and cobnit ehlaride,
Fiiven T34 poy por day oof a0 1002 103 mixture of iren eltrate, eopper suls

[
prhate, and cobalt ehloride,
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terminations for the animals in these groups were not materially dif-
ferent from ithe averages given in the table. The group receiving
iron, copper, and cobalt therapy showed an inerease in the total leuko-
cyte count from the seventeenth to the twenty-fourth day after infee-
tion and apparently another rise 2 weels later. The group not re-
eeiving iron therapy showed an increase in lenkoeytes ocourring only
on the thirteenth day. Tn both groups, howaver, the increase seems
te have been accompanied by a slight inerease in the percentawe of
nentrophils,  In each gronp there was an inersase in the eosinephil
count on two dilferent days but the days did not coingide. Tt is of
interest to note that unlike the previous experiment there was no evi-
ilence of & constant inerease In pereentaze of juvenile cells, There
wats nob a constant decrease in the lymphoeytes althoush the groun on
iron therapy showed low percentages on the sixth awd thirteenth days
(table 23,

Comparison of the lenkocylic piclure of en infected, o bled, and o
agrmal animeal (D30F, D&0=, DEOD),

Tor this experiment three litter mate dogs, 31 days old when con-
sipned to these studies, were used. After 32 davs of observation
DE0T was cutanepusly infected with 100 larvae. 1t was ziven o sse-
ond infeetion of 372 larvae, by the same route, 18 days later. A
third infection of 2000 lurvae was given alter 17 dayvs and this fol-
lowed 22 days later by a fourth injection of 1,000 larvas. FEleven
days later a [nal infeetion of 1,000 larvae was given. After 53 days
of observation, during which time it served as a conirol for DEOT,
13509 was given a single cral infection of 2000 larvae. Seventeen
days later it was given another 1,000 Jarvae, The third auimal
(DS808) was artificially bled by eardiae puncture. The blesding
period was started on the seventy-first day of the experiment (8507 up
to this time had received 2,472 larvae) and was continued for 62 days
with an averare blood loss of 41 ec. per day.

It will be seen (table 3) that in this experiment again there was
gome inerease in the tolal leukoeyte count after infection {13807 and
135007, but that there was actually o greater increase in the worm-free
dog {D303) which had been bled. This is further supported by a
consicleration of the individual peak determinations in ihess animaly,
After the fonetl: infection (1,008 fervaed the leukoevte count of 1DE0T
was found to be 20300 exlls per cion, . However, during the period
iowhiel THEIE seevind a5 & condeel 10 show
Iighest betng 176000 bat alter tofection this sane animal wever had

el severnl hieh connts, the
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a lenkoeyte connt above 17,500, In this experiment, the highest
leukoeyte determinations were found during the bleeding period of
DEOS when pounts of 20,600 and 22,400 were observed,

The animal cutaneonsly infected (DS07) showed an inerease in

Tamre 3
The tobal and Ffferential leukocple count for each of thres Ii!&er_ mate dogs, b _a_iF' which
were infected with Ancylostoms caninum and ons bled by cardice puncture.

The fipures are averoges for e doys fadicaled,

1 Infeeted {12507)
Thays ! m—
infeeted Tatal l
S | o | o |Juvenies i, | Besin, | Boso. i i
Lepiy
: | ok o) i
per cent | per fond | per cent | per cend | per ceind | per cent | e cend
1-258 13,110 0.6 &1 TiE 1.% 3.0 1.4
a2 L0 ;
32-50) 12,808 | 06 70 6. G 1.3 237 LR
Al 572
2364 [ R (1.5 8.3 T 4.5 19.5 0.3
67 2,000
60-85 | | 11,135 0.5 3.2 GO0 153.3 220 LR
54 i, 000 3 ’
G000 12507 0 3.0 GLS T8 2E0 |
102 1,006
102-116 L, 244 1 23 fiu.E 4.2 0.7 wan 4
113147 LTS 4.2 62,5 bR ) R Y 25,0 0.
T Talectad (509 g >
- Jer et | mer ceal | pee anad per cant | per cend | pe gent | per cent
1-81 Lizgsz|"os | "a7 | v | 15 314 | 1O
B3 Z,000
53-00 11,243 | 0.5 T 4.4 ah.a 1.6
1002 1,000 |
I02-116 13,825 23 | 633 i 7.5 01
118-147 | 12087 | Dz gz |so7 | w2} 02 {7l 05
Bled {THE0E)
co. flerd # 5 ,;.lrr.r cenl | per cent | oper -'N:'t_;:ﬂ:.?'r.mt | per cend [ por cort -pr cemd
1-71 112,414 | 0.3 4.4 353 1.2 ] 1.2
2106 98 1 13152 0.2 2.1 o2 k.4 0.5 1.0
109-116 | 130 ! 15,452 27 | 642 | 1.3 202 ) 12
T18-155 Ta | 19TE6 i LG 676 | 2.0 | 0.3

® avverapge Blood boss per day during speeifisd intecval.

eosinophils following the thivd nfection, averaging 133 per cent for
the G 1o 85-day period, during whicl time one peak of 30 per cont

wits refchiel

This was the hivhesi peal veeovdsd inoouny slhodics,
The eontrol animal (13808 when later infeeted also showed an -
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erease in eosinophils.  Moreover there were observed in this dog two
huigh individual determinations of 13 and 17 per cent, oceurring after
the first and second infections respectively and before the meneral
increase 2 the end of the experiment, A temporary inereass in
Juvenile cells was observed in one animal (D807} and there was no
- evidence of a deerease in Iymphocytes,

Dhzorzamns,

A eomparison of the animals infected by skin (D307, 13500,
DE12} and by mouth (D801, D303, D804, DR03, DENE) ravealed
that the route of infection had little, if any, influenee upon the total
white eell count. The differences hetween the toral lenkocyie conunts
of these iwo groups were so small that they may be considered negligi-
bie. Not all the animals infectad, by either ronte, showed a definite
inevease in total white cells following each separate infeetion, although
most of them showed inercased white cell counts at some time during
infestation, In addition, the animals (2801, D803, D504) receiving
iron, eopper, awd cobalt therapy exhibited a slichtly hizher lotal
lenkoerte count (table 2) thau did the litter maies with no thera Py
The total white cell count, in the artificially bled animal {T¥s03),
during the period of bleeding showed average counts (table 3) ap-
proximating (actually being higher during ene period than) those
found in the infested animals. This finding arrees with Sarles’
(1929) chservation that in young dogs a leukoeytosis was not a con-
stant oceurrence following infeetion.  Also it was noted that the dogs
with the heaviest infestations did not neeessarvily show the highest
tofal lenkocyte counts.

I all the infested animals the myelocytes and juveniles presented
about the same pieture. The percentage of these cells was fow and
they were found at scattered intervals, Their number and oceurrence
were not affected by the mods of infection or by the infestation itself.
[n the individual animals, before and after infection, there was litile
variation from the uninfeeted conlrol. This is Jdemonsirated in
tabrle 1.

In all the infected animals in which the fotal white cell counts
were inereased, the pereentages of polymorphonuslear wenteophils
vere usually dneveased alse. The absalute number of polymorpho-
auelear nentrophils when plalted with the total white cell eoung on
arilidng paper produced parcailel emrves, [t seens possible that ihe

total increaye in white cells was eveated by an inerease in thess matuee
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cells (polvmorphonuelear neutrophils) and that a definite *‘shift to
the left,” in which the number of immature granulocytic eclls is
inereased (myeloeytes and juveniles), did not ceeur.

An increase in eosinophilie eells was not the usual ocourrence after
each infection, irrespective of whether the infection was given orally
or eutaneously.  Althoueh a skin infected dog (DBO7Y showed the
highest eosinophil eount (30 per cent), the number of eosinophils did
not appear to be related to the method of infection. Nor was the
number of eosinophils influeneed by the administration of iren. We
agree with Sarles (loc. eit) that in youne dogs, infection whether
cutaneous or oral apparently does not produce a marked eosinophilia,
On the other hand, our observations do not support SBarles’ finding
that the inerease in eosinophils eoincided with the time at which the
hookworms reached maturity (14 to 17 days after infection). Our
findings also differ from those of Yamaguehi (1928) who found thas
after oral infeetion the eosinophils reached their hizhest peaks on
the seventh day and following eutancous infection in from 6 to 9
days. In cur siudies the increase in epsinephils did not ocour at any
uniform interval after infection. Tikewise we did net find, as ddid
Yamaguehi, that oral infection preduced a sreater inerease o eosinn-
phils than Jdid entanecus infections.  Ashford, Payne and Payne
(1033) in acute huran cazes found that “infestation, when sufficiently
massive, prodnees leukocylosis, and this lenkeeytosis is eosinephilic,”
This was not ¢hserved in our experimental animals, vet it must be
emphasized that the two situations are not guite parallel az our
animals were not suffering from acnte infestutions. .

In some cases it appeared that the percentage of Iymphoeytes was
decreased when there was an inerease in the polvmorphonnelear
neutrophils or the cosinophils. The mathad of infection apparently
played no rile in the reduetion of lymphocytes. These findings agree
partially with the observations of Kawanishi (1932) and Oba (19258)
in man, whe found that lvmphoeytopenia appearsd simultaneonsly
with eosinophilia.

The basophils and monocytes remained unchanged in the infested
animals. TWoewanishi (loc, eit.) found no change in these eclls in
human cases of hooloworm infestations with Neeolpr gmericanus,

It should be added that the imporiant white eell echanges did noi,
appear to coineide with the greatest red eell changes as pablished

earlier.  Winally we have been impressed during these studies with
the necessity of meking Frequent white eell determinations i1 the re-
sulls ave Lo have significan.e.
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STATMARY,

Some limited data on the white cell pieture of dozs experimentally
infected with larvae of Ancylosloma caninum are presented. A
marked leukoeytosis did not follow every infection whether cutane-
ously or orally ziven. The route of infection did net seem to influenca
the dezree of lenkoertosis, An inerease in the total white eell counts
when it oecurred, was due apparently to an inercase in the malure
neutrophilie eells, the polvmorphonuelear neutrophil.  An increase in
the eosinophils did not ecenr alter every inbection, but when it did
ooenr the maximum inereases came at varying intervals after infee-
tion.  There was little difference in the magiitiude of the eosinophilic
responses following cral and entaneosus administration of larvae.
Lympheertopenia oeetrred in some cases but was not constiant and
there was no appreciable change in the basophils or monoeyies,
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