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Preface

The preparauon of this volume has been prompted by the behef that
there 35 a widespread need for a color atlas of hematology partcutaddy
among medical sodents baboratory workers snd general pracumentrs of
medicine The varions works hitherto avaiable s thus field have enher
onginated 1n foreign countrres or have been incomplete because of coveraye
of only certain phases ot the subject.

All the color plates 1n this volume have been taken from my larger work

Diseases of the Blood  Although this valume 15 prmanly a color athas st
hlood diseases brief chimical deseriptions of the sanous blood diseases have
been wncosporared ‘These indlude descripuons of the anemias 2 discussion
of the hemorrhagic syndromes and general treatment of the feuhemtas There
will also be found 2 chapter on blood pirasites wncluding matarial parasues
new matensal on the Rh factor and s chmieal sizmficance a chapter on defim
tions of hematologic terms a descripuion of the ongin of blood cells a chapter
on the leukapentc syndromes and 3 chapter on muscellineous blood discases
such as mfectious mononucleons polycythermia vera and Hodyhn s dusease
There 15 lso a chapter on the sp} gabic disesses and sph One
secuon of impe stance particulardy for techmians 1s a descuiptian of modern
hematologie technical procedures One color plate 15 wncluded atso a de enp-
uon ot blod of the various laboratory ammals

The Last section ynorporates 1 summadtion of the hematalog o findines
awide vanety of diseases and conditions

1 hope thor this volume will be of use 1o medical students {abaratory
techmanns and generit pratitonees and that & will find 2 place i hospstal
and chinical labortores of vanous types -

Funally ¥ wish 1o ack nowledse the help recened in the prepiraton of
thi word from my assorte Dr William Ruiser Jr R5socuate divector of the
Hematological Laboratory at the Medica) Collent of Alahamz, who prepared
the secon on Summary of Findings in the Vagou Thseases from Miss
Helen Holt techmedl director of the Hemaolo_ical Laburatars who pre
pared the section on Hematologic Techmic and teosr Mrs € race Thompson
our effivient secretary who totled oxer the manuscript

Roy R hasene M
Birnngham dladama 1o MD
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Definitions of Hematologic 'L'erms

Absolute Increase of Cells

This term usually refers to an
crease 10 one of the leuhocytecell
types Thus with a count of 10000

differential count and all cell types
are increased

Agranulocyte
A 1

cells and 70 per cent phils the

g leuhocyte or one
without cytop: I

absolute umber of 7000 phal
would be an absolute increase rather
than 3 relative one

Achresut Anemia

A macrocytic hyperchromuc anemsa
with a blood prcture 1dentical with
permcious anemua except that it does
not respond to treatment with anu
anemic factor presumably because of
nability of marrow to wtulize 1t
Achromia

A condition 1 which the red cells
are depleted of or wathout, hemoglo-
bin Hypochromia 1s a better term

Agranulocy tosts
(Malignant Neutropenia)
(Essential Granulopema)

A disease charactenzed by a defi
aency of neutrophils 1n the bleod
In severe cases the lymphocytes and
the monocytes alsa decrease m
number

Aleukemic Leuhermia
(Aleukemic Myelosis)
(Aleukemic Lymphadenosis)
The leukemic state characterized by
leukopemia The total leukocyte count
because of

n the var

Acdocyte ) 1s decreased presumably
Same  as ph dophs! |, ell d

cosinocyte 10us tissues

Addssontan Anemia

Same as pernicious 1nema,

Agglutnogens Aand B

The two agglutinogens found m
the red cells of blood groups A B
and AR
Agonal Leuhocytosts

An murease in the total number of
leukocytes in the blood just preceding
death Theress usually no shift in the

Amphophil

Referting 0 2 granular leukocyte
that has affimty for newther acid nor
basic dyes The neutrophil of the
rabbut

Avermes

A condition 1 which the blood 15
reduced 0 amount or 1s deficient 1n
red blood cells or 1n hemoglobin A
chineal term






Defintions of Hematologic Terms 3

Basophilia
{Basophilic Granulanon)
{D1ffuse Basophulia)

A condition 10 which basophuls are
increased 1n number
Biermer s Anemia

Same as perpiious anemra.
Blackwater Fever

A condition 11 which the urine of
a febrile patient contains free hemo-
globin 1n sufficient amount to color
1t dark or black
Bleeder

One who bleeds very easily Vicum
of hemophilia
Bleedimg Trme

Refers to the nme that blood wall
dop from an ear or a finger puncture.
Blood Crists

The appearance of large numbers
of nucleated red cells 1n the periph
eral blood frequently accompansed
by reticulocytosts
Blood Dyscrasia

A disease of the blood or the blood
forming organs
Blood Platelet

Same as thrombocyte
Bone Marrow Crists

A condivon which usually comes
from the Jong standing destrucuon of
red cells The bone marrow becomes
functionally unable to produce cells
the result being a shower of erythro-
blasts 1nto the peripheral blood A
sign of marrow erythroporetic ex
haustion
Cabot s Ring

A ninglike or figure of-c1ght baso-

philic structure found 10 some red
cells 1n severe anemuas

Capillary Resistance Test
(Rumpel Leede Test)

A test designed to determne the
tendency of a pauent to bleed m the
shin A blood pressure cuff 1s placed
round the arm and inflated to a point
rmdway betw een the diastolic and the
systolic pressures for five minutes
after whach the forearm 15 exammed
for petechuae

Chemotactic Factor

The hypothetical substance that 15
suppased to be responsible for attract
sng neutrophuls from the bone mar
sow and also attracung them to sites
of inflammation

Chloroleukema

A leuherma ke blood picture asso-
cated with marrow tumor growths
of bnght green color

Chloroma

Green tumor masses 1n the marrow
not necessarily associated with a len
Lemc blood prcture

Chlorosis (The Green Sichaess)

A severe anemna of puberty 1n girls
charactenized by low hemoglobin and
a low color index A classic example
of wron-deficiency anemia

Clot Retraction Time

Refers to the length of tme re
quired for a blood clot to retract
from the wall of a test wbe 1n which
the specimen 15 placed
Coagulation Time

Refers to the ume required tor
blood to coagulate



2 Defintions of Hematologic Terms

Angina Agramufocytic
Same as malignant neutropenta

Anisocytosis
A condwon 10 which the red cefls
are not umiform in size

Antianemic Factor

That substance which governs the
orderly maturation of the red cells
n the hone raarrow espeaally at the
megaloblastic level

Anticoagulant

A substance that prevents coagula
uon of blood Coromonly used ones
are potassium oxalate sodium oxa
late heparin and many others

Aplasia
Incomplete or defectne develop
ment A wessation of regeneranon

Aplasuc Anemia

A rare 1 fital anemia of obscure
ewolo,y which 1s apparently the re
sult of more or less complete fulure
of blood formation

Arneth Index

An index dertved by computing,
the number of ncotrophifs 1nto five
classes depending on the number of
nuclear lobes

Auto agglunnins

The preseace of agylutmns that
anglutinte the pruent s own red cells
at hody temperwure Cold aylats
mins are those that agglutinae at
lower temperatures

Ayerza s Discase
Polvcythernin vera assoctated with
stenosts of the pulmonary artery

Azurophitic Granules

Granules that stun well with red
aniline dyes Small red granules that
appear 1n the cyroplasm of lympho
cytes

Band Forms

Neutrophuls that show 1nd:
of the nucleus in the early sthge of
nuclear fobulation

Bant1 s Disease

A syndrome  characterized by
splenomegly hepatic cirthosss bem
orrhages from the upper gastroin
tesunal tract and oftentimes a leu
hopennn

Basal Leukocyte Count

The number of leukocytes per cu
bic millimeter airculating, 10 the bioad
at 1 ime when the patent 15 resting
under basil conditions

Basket Cell (Smudge Cell}
(Degenerated Leuhocyte)

A cell charsctenized by a network
of hibnis wregular 1n shape and non
pucleated thaught to be an ofd de
generated leukowyte

Baso erythrocyte

A ved cell showing the changes of
b lic  deys fud
basophiic stppling,  punctate baso-
phila Cabats nng bodies Howell
Jolly bodses etc

Basophit (Basophile)
(Basocvee)

A grnubir Jeuhocyte having an
affioity for basic stan 1 the cyto-
plismic pronules someumes catled
mast el



Definiions of Hematologic Terms &

Erythremia
(Polycythemta Vera)

A disease entity charctenized by a
marhed increase tn the number and
the volsme of the red blood cells,
with cyanosis splenomegaly and usu
ally hypertension
Erythroblast

A nucleated red blood cell includ
1ny, all nucleated types
Erythroblastemia

The presence of nucleated red cells
1 the penipheral blood
Erythroblastosts Foetalis

A condition of congenual gener
alized edema enlargement of hver
and spleen jaundice and large num
bers of erythroblists 1n the blood A
severe form of hemolytic anemia of
the newborn
Erythrocyte

The red blood corpuscle The non
nucleaterd hemoglobin-catryiny, cor
puscle of the blood
Erythrocytometer
(Hemocytometer)

Aninstrument for counting the red
blood cells but sometimes used to
designate an instrument to measure
1ed eell diameters
Erythrocytopenia

Decreased numbers of red cells
the blood
Erythrocytosis

An merease m the number of red
bload cells
Erythron

A term used to designate all the air
culaung red cells and the erythro-

potetic tissues from which they are
derived

Erythropolests

‘The process of production of red
blood cells in the bone marrow

Estivo autumnal Fever

The type of malanal infecuon
caused by the parasite Plusmodium
falaparum
Extrinsic Factor

‘That hypothetical dietary substance
presumably protein n nature which
umtes with the gastric intrinsic factor
to form the antianemua factor which
governs orderly red-cell maturazion

Fibrinogen

“The precursor of fibrin 1n the blood
clot
Filament Nonfilament Count

A dflerential count of the number
of neutrophils showiny, nucler di
vision and those that do not shaw
such division A divided nucleus 1s
one that contains two or more lobes
connected with slender strinds of
chromauc material known as fila
ments
Fragiliey Test

A test devised to determine the
fravahity of red cells by plicing stand
ard amounts of red cells 1n seral d
lutions ot hypotonic sakt solution
Fraglocyte

A red cell that 1s unusually tragile
when subjected to action bv hypo-
tonic salt solution as seen 1n the cells
of congenial hemolyuc 1cterus

Gessbock s Disease

Polycytherma vera associated with
hypertension



4 Definhions of Hematologic Terms

Cold Agglutinins

A type of awto ygelutmn that g
glutimates the patient s own cells best
1t low temperature

Color Index

The ratio between the amount of
hemoglobin 1nd the number of red
corpuscles It 15 obtuned by dividing
the per cent of red cells 1nto the per
cent of hemoglobin

Cooley s Anemia

An old term used to desipnate
hemolytic nemia seen 1 chiddeen of
Greeh Ttalian and Sicihan parentage

Concentratson of Leukocytes

The process of centnifuging a sym
ple of the blood to which has been
added 2n anucorgulant and remov
1y, the layer of concentrated leubo
cvtes for study

Crenation

A mulberry ke appearance of the
red cells of the blood They are char
actenized by serrations on the surface
of the fected celfs Caused by celfu
T loss of flnd

Crenocyte

A red cell with serrated  notched
edges
Cross Matching of Blood

The techmc of micing, donor s cells
with recipient s serum i reapient
cells with donor s serum to determine
compibilny of the o bloods for
purposes of transfusion
Cyroporess

Refernng to the formon of cells

Degenerative Index
A term used to indite the pro-

portion of granulocytes that show
toxic granules in the cytoplasm

Depressed Bone Marrow

A bone marrow with lowered ceffu
lar output or lessened funcuonal ac
uvity

Digestive Lenkocytoss

A term used to describe the leuko-
cytoss that 1s supposed to occur after
ng,estion of food

Dorothy Reed Cells
(Sternberg Cells)

The lirge muolbnucleated acido-
philic g1int cefls seen 1n the ussues in
Hodghins discase

¥ndothelial Lenhocyte
(Endotheltocyte) (Monocyte)
(Transiuonal Cudl)

The largest normal white cells
charactenized by varability in size
turge eccentnicilly phiced nucler with
an abundant reticulated cytophism
The nucleus mw belobulated deeply
ndented horseshoe shiped round or
oval Cells ansing from the retculo-
endothelal system

Eosinophil (Eosinophile)
{Eosinocyte)
{Eosinophilic Leuhocyte)

A granulir levhocyte m which the
cytophismue granules stan readhly
with cosin and are large red shiny
and refracnle

Eosinophthia (Acidophilia)
(Oxyphilhia)

A relunve feukocytosis in which
the mun ancrease 15 i the eosin
ophuls



Definitions of Hematologic Terms 7

simple prote:n and hematin on hy
drolysis

Hemoglobinemia

A condwion in which the heme-
globin 15 dissolved out of the red cells
and 15 1 solution 1n the plasma Such
blood 1s sud to be lahed

Hemoglobinometer

An instrument for estimating the
amount of hemoglobin indicated 1
per cent of the normal or in grams
per 100 cc of blood

Hemoglobinuria

The presence of hemoglobin 1 the
urnne To be disungushed from
hematuria whach s the presence of
red cells 1n the urine

Hemogram
A systemauc descripuion of the
findings 1n 2 blood exarminanon

Hemolysis
Destruction of red cells by dissolu
ton or lysis

Hemolytc Anemia

That type of anerma characterized
by excessive intravascular destruction
of red cells

Hemophilia

A hereditary disease characterized
by prolonged coagulanon of the
blood and repeated hemerrhages oc
curring only 1n males and

Hemorrhage Intravascular
The destruction of excessive num
bers of red cells i the vascular
system
Hemorrhagic Diathests
A syndrome characterized by a

tendency to  spomtancous  hem
orrhages
Hemosiderosis

Infiltration of fixed tissues with the
ron pigment hemosidertn which 1s
derived from hemoglobin

Heterophil Antibody Test

A test performed by mixing normal
sheep cells with sersal dilutions of
human serum followed in positive
tests by aggluunation of the cells
Useful 1 dugnosing  infections
mononucleosis

Hiatus Leukemicus

A term first used by Nageli to 1
dicate a condition m which the blood
shows extremely immature leuhocytes
with no intermediate forms the re
mainder being mature types Thought
to be charactenistrc of leukemia

Histiocyte

Same as reticulo-endothehal cell
Histoplasmosis

An infectious disease caused by the
orgamsm  Histoplasma  capsulatum
and characterized by enlarged liver
spleen and lymph glands with a {e

d

only by females and affected males

Hemotrhage Extravascular

The loss of blood from the vascular
system 1nto surrounding tissues nto
body caviuies or externally

brile course with leuho-
pemia

Hodghin s Disease
A systermc fatal disease of un

known etiology characterszed by pro-
gressnve lymph gland enlargement



&  Defimtions of Hematologic Terms

Glandular Fever
(Infectious Mononucleosis)
(Benign Lymphadenosis)

Hemagglutinin

An agent that causes agg lutinauon
or clumping of red blood cells

A disease in which there 15 wide
spread glandular enlargement asso-
cated with a relative and an absolute
ncrease of atypical fymphocytes
Granuloblast

The precursor of a granulocyte

Granulocytes

Hematoblast

The immature form of all blood
cells
Hematocrt

A centnfuge for separanng the
solid elements of the blood from the
plasma

Whate blood cells that contain cyto- Hematocyte
P{i“lm‘c g"““‘ﬂ"’s I“C‘I”d° | feutro- A term that includes all cellular
phils nd m the blood 1ncluding
Granulocy tosis :n,:hmcytcs leuhocytes and throm

The presence of increased numbers
of granulocytes 1n the blood stream

Granulocytopenta
A decrease in the number of granu
focytes 1 the blood stream

Granulopoetic

Pertaining to the tissue which takes
part 1n the formation of granulocytes
Under normal conditions this 1s lo-
cated 1n the red marrow of the flat
bones and 1n the epiphyses of the
lony, bones
Halometer

An nstrument designed for the
purpose of esumating the aserage
dameter of the red cells 1 a blood
smear
Hem Hema Hemato Haem

Prefixes denoting blood

Hemocy tometer

(Hematometer) (Hemometer)
An instrument for counung the

number of carpuscles in the blood

bocytes

Hematologist

One who mahes a speaial study of
the blood and the blood forming or
gans and 1s shilled 1n the technic of
blood examinations and the diagnosis
and the treatment of blood dtscases

Hematology

The branch of medicine that has to
do with the blood 1n all 1ts relations
A studv of the blood and the blood

forming organs

Hematoposesis
The formanon or production of
blood cells

Hemoconra (Blood Dust)

Minute colorless hichly refractive
spheroidal shaped bodies constantly
preseat 10 normal ar  pathologie
bleod Apparently they have no sig
mficance

Hemoglobin
The coloring matter of the red
cells a comugated protein yieldinga



Defintions of Hematologic Terms ¢

Leukemord Reaction

A conditon 1n which the granulo-
potetic tissue 15 subject to stumulation
to the extent that large numbers of
1mmature cells are found m the pe
npheral blood simulatng leubemia
Lenkoblast

The stem cell of all leuhocvtes

Leukoadin

A substance that 1 destructive to
leubocytes such 1s some products of
bactental growth
Leukocyte

A white blood cell
Leukocytogenests

Referring to the formation of leu
Kocytes
Leuhocytosts

An increase 11 the number of ar
culating, leukocytes
Leukon

A term that refers to all arculating
leuhocytes and the leuboporetic tis
sues from whi b they are demved
Analo,ous to the erythron of the red
cells and the thrombon of the blood
platelets
Leukoperua

Refernny, to that condition 10
which there 15 a decreased number of
arculating leakocytes
Leukopoiesis

Referring to the formation or pro-
duction of leukocytes

Lymphatic Leukema

A fatal disease characternized by
neoplastic proliferation ot the lymph
od ussues with generahzed lymph

adenopathy a high whitecell count
and assouated anemia
Lymphoblast

‘The immature form of the Iymph
oeyte
Lymphaoblastosis

The presence of lymphoblasts m
the perspheral blood as seen 1n acute
lymphatic leukemia
Lymphocyte

A rounded mononuclear cell de
rived from the lymphoid tissues usu
ally classified mto lirge and small
forras
Lymphocytosts

An 1ncresse mn the number of
Iymphocytes 1n the blood
Macroblast

A large crythroblast,
Macrocyte

A lacge ted blood cell of any type
with a dameter larger than normal
Macrocytie Anemia

An anemuc state characterized by
the presence of macrocytes n the
blood

Macrocytoss
"The presence of macrocytes 1n the
bloed

Macrophage

The large phagocytic cells derived
from the reticulo-endothelal systen
Malarial Parasite

The parasite transmuteed by the

mosquito to man whi h1s responsible
for the disease malana



8 Defintions of Hematologic Terms

Howell Jolly Bodies

Small basophihic parucles probably
nuclear remnants sometimes seen 10
stde red corpuscles

Hyperchroma

Referning, to that state 1n which the
red blood cells contun more thin
their normal mount of hemoglobin
The color index 1s above one

Hypochromsa

Referning, to that condition 1n
which the red cells contain less than
thete normal amount of hemoglobin
Such cells show a central pallor and
the color index 1s below one

Hjypoplastic Anemia

Anemn resulun,, from bone mar
row nsufficency or mbihity to pro
duce sufficient numbers of red cells

Icterus Index

A term used to designate the
amount of bilirubin 1n the blood
plasma

Infectious Mononucleosts

See plandulir feser A febnle dis
ewse chiricerized by peneralized
Ivmphidencp thy ind by ncresed
numbers ot abnc rmal lvmphocytes m
the blood

International Classification
of Blood Groups

A chiss hiction of the four blood
groups bised upon ay; futino,en con
tent of the red cells m which the four
groups arc classtfied as AB A B
and O
Intrinsic Factor

Thu hypothetical substance pre
sumably ansing from the mucosa of

the stomach which forms with the
extrnsic factar to produce the ants
anema factor

Iron deficiency Anemma

Any anemua charactenzed by de
creased amounts of hemoglobin 1n
the red cells Such anemuas are hypo-
chromuc

Jansky s Classtfication
of Blood Groups

A classifirition of the four blood
groups as 4 3 2 wnd 1 analogous to
the Internationif Groups AL A B
and

Juvenile Granulocyte

The same as 1 metamyclocyte A
young neutrophdl with indented nu
cleus that has not yet divided mto
two lobes

Lederer s Acute
Hemolytuc Anemia

A rapdly developing  hemolync
anemua charactenized by red-cell de
struction reticulocytons elevated 1
terus wmndex and accompanied by a
febrile reaction

Leukemia (Myelosis)
{Lvmphadenosis)

An ultimately fatal disease of the
blood fcrmuin, organs charactenized
by increised numbers of leuhocytes
and assoctated anemia

Leukemic Reuculo
endetheliosis

A nype of moneartic leuhermin 1n
which the cell prohferavon 1s re
stricted to the  reticulocndothelil
tissues



Definthons of Hemastologic Terms 11}

‘Monaocyte (Latge Mononuclear)
{Endotheliocy te)
{Transitional)

(Endothelial Leukocyte)

A large mononuclear cell with pale
blue cytoplasm containny, a fine dust
Iike granulation with a large irregn
lar nucleus

Monocytic Leuhemia

A type of leukerma 1n which the
neoplastic prohiferating cells are those
gving nise to monocytes There are
twa types—leukemic reuculo-endo
theloss from the reticulo-endothelial

Mjyeloblastic Leuhemia

The type of leuhemia characterized
by the presence of myeloblasts 1 the
blood

Myelocyte
The parent cell of granulocytes

found 1n the bone marrow

Myelogenous Lenhema
{Myeloid Leukemia)
(Myelosis)

A faral disease characterized by un

system and monocytold myelogenous
leukemia from the bone marrow

Monocytosis
Increase 1n the number of mono
cytes m the perrpheral blood

Mononuclear

Any cell that has a single nucleus
Usualy refers to the monocyte

Moss s Classification
of Blood Groups

A classification of the four blood
groupsas 1 2 3and 4 corresponding
to Janshy s Groups 4 5 2and 1 and
Internavonal AB A B and O

Myeloblast

One of the large nongranular cells
of the bone marrow which finally de
velops 1nto a myelocyte and a granu
lar leulocyte The nucleus contains
from one to three nucleolt

Myeloblastemia

The presence of myeloblasts 1n the
peripheral blood

restratned  prolif of myelard
nissue and by increased numbers of
mature and immature granulocytes
mn the blood with depositon of
these cells 1n the various nssues and
organs

Myeload

Relating or pertamning to cells of
the myelogenous series
My elomatosts

The appearance of numerous mye
lomas 1n the myeloid cavity
Mjelophthists
(Aplastic Anemia)

Atrophy and aplasta of all cellular
elements 10 the bone marraw
Myeloporesis

Term refernng to formation of
blood cells in the bone marrow
Neutropema
(Neutrocytopenia)

A deficiency 1n the number of neu
trophils 1n the blood
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Malignant Neutcopenia

A chimcal entity characienized by a
mathed decrease tn the aumber of
aurculating wbite cells mamly neutro
phuls Caused by various drugs chem
1cals and tovins

Mast Cell
Same as a basophi]

Maturanon
The process of cells matunng to
thesr aduk forms

Maturation Factor
‘That substance wiuch causes cells
o come {o matunty

Mean Corpuscular Hemoglobin
A term to express the amount of
hemoglobin tn the aserage red cell

Mean Corpuscular

Hemoglobin Concentration
Refers to the per cent of hemo-

globun 1n the averape red cell

Mean Corpuscular Volume
Refers to the volume of the average
red cell 1 2 given blood sample.

Meduifa
Refers to marrow The soft center
of a part

Megahatryoblast
The precursor of the megaharyo-
eyte

Megaloblast

A large pudcated red blood cell
with a cort wheel snd a reucubr
nuclens when staned A nucleated
precugsor of the normoblast

Megalocyte
An abnormally large red celf swhich
1s pathologie 10 orgin

Memscocyte {Sichle Cell)
A sichde or crescent shaped red cell,
as seen in sichle cell anemu

Memscocs tosts
{Sichle Cell Anemia)

‘The presence of memscocytes 1n the
blood

Mertamyelocyte

A wansiwonal form of granulocyte
wtermediate betsveen the  mature
myelocyte and the two tebed granular
feukocyte Called by Schilling the ju
vemile type of neutrophil

Microcyte
A red blood cell with a chameter
smaller than normal

Microcyic Anemia
An anemna charactenzed by the
presence of mucracytes 1t the bload

Microcytosts
The presence of microcyies i the
blood

Micromyeloblast

A small myeloblast someumes the
predommating welf i some cases of
myelablastc leubenna

Mucrospherocy tosis

A state of the blood characienized
by excessive aumbers of red cells wish
small dameters but more globular
than normal as seen 1n congemital
hemolytic scterus

Monoblast
“The parent cell of the monocyte.
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Monocyte (Large Mononuclear)
{Endotheliocy te)
(Transitional)

(Endothelial Leukocyte)

A large mononuclear cell with pale
blue cytoplasm containiny, a fine dust
like granulation with a farge wregu
lar nucleus

Monocytic Leukemia

A type of leuhemia 1n which the
neoplastic proliferating cells are those
gving rise to monocytes There are
two types—leuhemic r:nculo{nda
thehosis from the renculo-endoth

Myeloblastic Leuhemia

The type of leuhermia characterized
by the presence of mycloblasts in the
blood

Myelocyte
‘The parent cell of granulocytes

found mn the bone marrow

Myelogenons Lenhemia
(Mjyeloid Leukema)
(Mjyelosts)

A fatal dlss;\sc charactertzed by un

system and monocytoid myelogenous
Jeuherma from the bone marrow

Monocytosis
Increase 1n the number of mono
cytes m the peripherat blood

Mononuclear

Any cell that his 2 single nucleus
Usually refers to the monacyte

Moss s Classification
of Blood Groups

A classification of the four blood
groupsas 1 2 3and 4 corresponding
to Jansky s Groups 4 3 2and 1 and
International AB A B and O

Myeloblast

One of the large nongranular cells
of the bone marrow which finally de
velops 1to a myelocyte and a granu
lar leubocyte The nucleus contans
from one to three nucleals

Myeloblastemia

The presence of myeloblasts 1n the
peripheral blood

of myelad
tissue and by increased numbers of
mature and ymmature granulocytes
m the blood with deposition of
these cells i the vanous ussues and
organs

Myelod

Relaung or pertaining to cells of
the myelogenous series
Myelomatosss

The appesrance of numerous mye
lomas 1n the myelod cavity
Mjyelophthists
(Aplastic Apemia)

Atrophy and aplasia of all celtular
elements 1n the bone marrow
Myelaporesis

Term referning to formation of
blood cells 1n the bone marrow
Neutropenia
(Neutrocytopenia)

A deficiency 1n the number of neu
trophils m the blood
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Neutrophil (Neutrocyte)
(Poly morphonuclear)
(Polymorph) (Polinuclear)
(Polymorphonuclear leuhocyte)
The white blood cell of bone mar
row ongm having a diffuse neutro
philic eytoplasmic granulation with
nuclens seymented 1nto two or more
lobes

Neutrophtlra
Refernny, to an ncrease in the
number of neutrophils 1n the blood

Normoblast
The nucleated precursor of the nor
mal exythracyte

Normochromia
Refers to a normal hemoglobin con
tent of red cells

Normocy te
A red blood cell of normal size

Oligemia
A state 1n which the total quanuty
of blood 15 dimimshed

Oligocythemia

7he state 1n which there s a de
creased number of all blood cellular
clements

Osteosclerotic Anemia
(Marble Bone Disease)
(Osteosclerosis)

An anemua caused by proliferation
of connective ussue or formation of
solid bone encroaching on the mar
row cavity

QOvalocyte
An oval shaped nonnucleated red
Blood cell

Ovalocy tosis

A hereditary condstron seen rarely
i the human in which there are
ovalocytes ain the peripheral blood
Ovalocytes are seen under normal
conditions only 1 the camel

Oxalated Blood

Blood to which has been added one
of the oxilate preparations to prevent
1ts coagulation

Oxygen Tension

The amount of oxvgen 1n the bone
marron which regulates the produc
non of red blood cells

Permcious Anemia

A classic type of hyperchromic,
macrocytic apenua characterized by
achvha gastnca varous neurolome
diserders and a fatal outcome unless
treated by the antanerma factor 1
the form of lever extract

Peroxidase Reaction

A reacton obtaned by treating
blood cells with alphanaphthol and
then with  dimethviphenvlenedia
mine Useful in differentiating grana
lar leuhoovtes from the hmphod
series
Photelometer

An 1nstrument designed to esu
mate the amount of hemoglobin by
photo-electric methods

Plasma
The flnd part of the blood

Plasma Cell

A lymphocvticlike cell with ec
centrically placed deep stuming pu
cleus appeanin., 1 wheel ke Fish
1on seen rarely 1n the periphars]
blood
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Plasmodium Faleiparam

The parasite causiag human ma
farsa of the sstvo-autumnal type
Plasmodiam Matarsae

The parasste causing human ma
lania of the quaran type
Plasmodsum Vivax

The type of parasne causing hu
man malania of the tertan type.
Plateler

Same as thrombocyte
Plummer Vinson Syndrome

Dufficalty m swallowmng o dys-
phaga  frequently assonated with
mcrocyue achlorhydric anemia
Poikslocyte

A red blood cell with an atypical
shape The condition 15 referred to
as pothilocytosts
Polycytherma

A state of the blood characterized
by wncreased numbers of red cells
Polycythemia Hypertonsea

Same as Gessboch s disease Poly
evthema sera asscctated with iy per
tension
Polycy themia Vera

A chocal enty characterszed by
wcreased and sustained output of the
bone marrow wuh respect to produc
uon of red cells Assniated wih
splenomegaly hypertension and cy
anosts
Polymarphonuclear Lenkocyre

Same as neutrophsl

Premelocyte
The precursor of the myelocyre.

Price Jones Cune

A name apphed 1o the curve de
mved by plottng the dumeters of 2
barge number of erythrocytes

Primary Anemia

An old hematologic teers which 5o
ferzed manly to pernicious anema
Prothrombin

The mcuve precursor of thrombin
which 1s formed i the Iiser and de

peads upon adequate miake of vits
mn h for s preducton

Pseudo-agglutination

Refers to rouleaus formauon or
staching of red cefls
Punctate Basophilia
(Basophslic Supphng)

Sce basophiha
Purpura

The condstion of bleeding 110 the
shin or bencath the shin

Reuculocyte
(Reuculated Eeythroeyte)

A red blood eell show mg & reticy
lum or networh when stamed with
vual dyes The precursor of the nor
mal red blood cell A stage between
the nucleated red cell and the normal
red celf

Renculocytosis

The condition 1n which the normal
aumber of renculocyres (from 2>000
10 50000 per cu mm ) 1n the blood
18 exceeded

Retsculo-endothelial Cel}

The cells which mclude haupffer s
cells 10 the hver the spleen  the
Lymph glands and the bone marrow
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Neutrophit (Neutrocy te)
{Paly morphonuciear)
(Polymorph) (Polvauclear)
(Polymorphonutiear leukocyte)
The white blood cell of bone mar
ron origin having a diffyse neweca
phihe eyroplsmic grinuhon with
nudlens sepmented mio two or more
labes

Neutrophilia
Referriag, to an ncrease m the
aumber of peutrophils 1w the blaod

Normoblast
The nuclested precurser of the not
mal erythrocvte

Normochromit
Refers 1o 2 norml hemoglobm con
teat of red cells

Normocyte
A red bluod el of normal size

Qligemia
A stte n which the total quanuty
ot bluod 15 dmmnished

Ohgocythenua

The state 1 which there o5 2 de
creased number of it blood el
clements

Qsteoscleronc Anemia
(Marble Bone Disease)
{Osteosclerasss)

An anema caused by proliferation
of connecine ussue of formation of
solid bope encroauhss, ©n the mar
oW cavity
Ovalocyte

An oval shaped nonnudeated red
blood cell

Ohvalocytosss

A heredutary conditton seen sarely
s the human 1 wiuch there are
ovalocytes sn the penphecal blood
Ovalacytes are seen under normal
condinons vnly 1 the camel

Ovalated Blood

Blood to which has been added one
of the ovilate preparations to present
1s coagulation

Ovygen Tension

‘The amount of oxygen sn the bone
marron which regulates the produe
tion of yed blood wells

Pernicions Anenua

A chsic type of hyperchrome
mncreeytic anemua charactenzed by
achvhy gastrica varrous neurolegic
disorders and o fatal outcome unless
treated by the anuanemea factor sn
the form of lever extrict

Peroxidase Reacuon

A rexuon obtuned by treating
blood cells with alphansphthol and
then with  dimethyIphenylenedia
rome Useful i dufferentiann, grans
I lenhocytes from the lymphotd
seres
Photelometer

An nstrumest dessgaed to ost
mate the mount of hemo,lobin by
photo-electrsc methuds
Plasma

The flwd part of the Blood

Piasma CGoli

A lymphocvic Bhe cell with ec
centrically plwced deep stumng pu
cleus appearin, m wheel khe fish
on seen rarely i the pecipheral
hlood
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Plasmodium Falaparum

The pasasste <ansng human me
lana of the estva-cutumnat ype
Plasmodium Malariae

The parasue causing human ma
larma of the quartan type
Plasmodium Vivax

The type of parasie causing hu
man malaria of the tertan type
Platelet

Same as thrombocyte
Plummes Vinson Syadrome

Difficulty i swallowing or dys
phagn frequemly assoctated with
mucrocytic schlorhydric anemisa
Poshalocyte

A red blood celt with an atypical
shape The condition 15 referved to
as pothalacytosis
Polycy themta

& swie of the blond characterszed
by snereased numbers of red cells
Polycy themsa Hyperronsca

Same 2s Gesshoch s disease Poly
cythesma vera assoclted with hypes
tension
Polycytherma Vera

A chmeal entry characterized by
mereased and sust uned output of the
bone marrow with sespect to produc
tion of red cells Assocand with
splenomegaly  hyperteosion and oy
anosts
Polymorphoauctear Lenkocyte

Same 25 newtrophl

Premyelocyte
The precursor of the myclocye.

Price Jones Cunve

A same apphed to the cune de
wmed by plotung the dumeters of a
large number ot erythrocyes

Primary Anemia
An old hematologic term which e
ferred mainly to permicicus anemia

Prothrombin.

“The 1nacuve precussor of thromhm
which 13 formed 1n the Iner and de
pends upon adequate ntake of wua
mun K for 1ts producton

Pseudo-agglunnation

Reters to roulesux formanon or
stichan,, of red cells
Puncate Basophila
(Basophulic Suppling)

Sce hasophilia

Purpura
The candstion of bleeding into the
shan or beneath the shin

Reticulocyte
{Retsculated Erythrocyte)

A red blood celt showing a retcu
lura or network when staned with
wital dves The precarsor of the nor
mat red blood cell A stage between
the nucleated red cell and the normal
red cell

Reucnlocytons
The condition i which the normal
number of reuculocytes (from 25000

to 50000 per et mm ) 1n the bload
1s exceeded

Reticulo endothelial Cefl

The cells wiuch include Kupffer s
cells m the hver the spleen the
lymph glands and the bane marcow
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Ther chuef function 15 phagocyrosis
of foreign material

Retculo endothelat System
The system of cells that funcuons
as a macrophage system

Rh Factor

A recently discovered factor or ag
glutinogen m the red blood cells of
85 per cent of humans making such
cells  suscepuible to  apglutinavon
when broughtin contact with anu Rh
agglutimns

Routfeaux Formauon

The stacked arrangement of red
cells in the blood 1o which they ap
pear as figures resembhing stacks of
comns

Schuihing Index

A method of chssifying neutrophils
based on their age ‘The newtraphls
are counted and classified as mye
locytes  metamyelocytes  (nnemie
forms) band forms and segmented
types
Secondary Anema

An old hematologic term  now
abandoned which usually refers to
hypochromic or won-deficiency ane

mas

Sedimentatson Rate

The rate ot which red celis will
fall n thesr own plasma 10 @ gven
fength of bme

Serum

A clear strawcolared hquid whick
1s that part of the blood plasma re
maming after the blood has coagu
lated

Shuft to the Left

A term used 1o designate that con
dition 11 whach the smmature forms
of the neutrophils ave mcreased above
their pormal number
Sichile Cell Anemua

A famdb disease affecing Ne
groes chiefly and charactenized by
blood showing the presence of large
numbers of sichle shaped red cor
puscles {meniscocytes)

Sechling Trar

A condition seen chiefly mm Ne
groes where a teast toward the sich
Iing of red cells 15 observed yet not
sufficient to cause chirueal sichle celt
anemia
Spherocyte

A red cell with a tendency toward
a globular or rounded form The nor
mal red ceff 1s a brconcas e dish whike
a spheroeyte 15 more globular and bt
conyex with a smaller drameter
Spherocytic Anemia (Congen
1tal Hemoly tic Anemta)

An anerua characterized by the
preseace of large numbers of sphero
cytes
Splenectomy

Removal of the spleen
Splenic Anesa

Same as Banu s syndrome
Splenomegaly

Enlargement of the spleen from
any cause
Stab Forms

A term synonymous with band
forms as used 0 the Scluthog classifi
cation of peuwrophils.
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Srernal Puncruce

The process of punciunng the outer
wble of the sternum with a large
needle and aspraung matenal from
the sterpal marrow for examnation
Supravital Stain

Used to st cells while they are
stifl alive so that thesr vital and func
ucnal processes may be sedied
Thromboblast

The precursor of the thrombacyte
Same as megaharyocyte
‘Thrombocyte (Blood Platelet)

A arcatar ar ovil dish. from one
to three micra 1n dsameter found i1n
peripheral blood to the extent of
about 300000 per co mm Formed m
the bane marrow and smportant in
the process of cesvavon of hem
arshage
Thrombocytopensa

A deereast i the number of blood
platelers below normal
Thrombocytosss

Axnerese 1w the number of blood
platelets above normal
Thrombon

A term used o desinare all oren
lstmg thrombocytes and the tssues
from whuch they anse
Thromboplasun

The subsnce that imuates the
process of blaod clorung
Thrombopoietc

Pertarmn,, vo the yssue which tahes
part sn forming thrombocytes
Transional Cell

Same as monocyte

Turh s Cell

An atypical form of lymphocyre
characterized by a durk blue eyto-
plasm mt the center of which 15 a
chasactersstic nuclens  Perhaps the
same as # plasma cell

Urobitmogen

The end product of red<ell de
struction which ss found i the urne
mncreased amounts i patients with
hemolytc anema

van den Bergh s Reaction

Desigred 1o dutinguish between
twotypesof bifirubin n bleod plasma
Venepuncture

The att of punctunmg a vem it
order ta remove a sample of blood
Vitamin K

A witarmn of normal et requining
bile salts for activation which finally
15 conserted by the hver mto pro-
thrombin  The precucsar of pro-
thrombin
Volume Index

A term used to dessgnate the vol
ume of the prcked cells as compased
with the pormal

Volume of Pached Cells

Refers to the refatve volume oecu
pred by the blood cells after they have
been packed (o the bottom of 2 tube
with hyh speed cennfuganon (In
men 4 per cent 1 women 2 per
cent ot the Ll blood valume )

von Jahsch s Anemia

An anesma of childhoad character
ized by levkacytosss sndd large num
bees of nosmoblists with renculecy

tosis Toois a gpscal erythroblaste
hemolytsc anerma
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Therr chief funcuon 1s phagocytons
of foreign material

Reticulo endothelial System
The system of cells that funcuons
as a macrophage system

Rh Factor

A recently discovered factor or 1g
glutinogen 1n the red blood cells of
55 per cent of humans making such
cells  suscepible to  agglutination
when brought tn contact with ant1 Rh
agglutnins

Routeaux Formation

The stached arrangement of red
cells in the blood 1n which they ap
pear as figures resembling stachs of
cotns

Schilling Index

A method of classifying neutrophils
based on their age The neutrophils
1re counted and classified as mye
locytes  metimyelocytes  (juvenile
forms), band forms and segmented
types

Secondary Anemra

An old hematologtc term now
abandoned which usually refers to
hypochromic or tron deficiency ane
mias

Sedimentation Rate

The rate at which red cells will
fall 1n their own plasma 1n a given
length of ume

Serum

A clear straw-colored liquid which
ss that part of the blood plisma re
maining After the bload has coagu
lated

Shuft to the Left

A term used to designate that con
dition 1n which the immature forms
of the neutrophils are 1ncreased above
their normal number

Sichle Cell Anemia

A familal disease affecting Ne
groes chiefly and charactenzed by
blood showing the presence of large
numbers of sichle shiped red cor
puscles (meniscocytes)

Sichhing Trait

A condition seen chiefly 1n Ne
groes where a temt toward the sich
ling of red cells 1s observed yet not
sufficient to cause chmcal sickle cell
anemua

Spherocyte

A red cell with a tendency toward
a globufar or rounded form The nor
mal red cell 15 a biconcave dish while
a spherocyte 15 more globular and by
convex with a smaller diameter
Spherocytic Anemia (Congen
1tal Hemolytic Anemsa)

An anemia characterized by the
presence of large numbers of sphero
cytes
Splenectomy

Remosal of the spleen
Splensic Anemia

Same 1s Banti s syndrome
Splenomegaly

Enlargement of the spleen from
any cause
Stab Forms

A term synonymous with band
forms s used 1n the Schulling, classifi
cauon of neutrophils
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lakes that have a low oxvgen content
which 1s the single most 1mportant
factor 1n stmulation of production
ot erythrocytes On the other hand
production of granulocytes seems
greatest when there 1s dilaton of
sinusoids In general low oxygen ten
sion and hi,h temperature sumulate
production of red cells
The earliest recognizable red cell in
the bone marrow 1s the megaloblast
Ths develops into a macroblast and
then nto a normoblist which 1s a
normal sized nucleated red cell After
solution or disappearance of the nu
cleus 1t 15 converted 1nto the reticulo
cyte which after losing 1ts reticulum
1s discharged into the penpheral
blood as a normal erythrocyte
The granular leukocytes 1ncluding
il phils and baso-

There 15 also found m the bone
marrow 2 considerable number of
large multinucleated cells known
as megaharyocytes which have a
light blue hihly granulated cyto
plism  small porttons of which
become pinched off and escape 1nto
the blood where they then become
Rnown as thrombocytes or blood
platelets

Lymphocytes are dertved from the
widespread lymphord tissue the earh
est recogmzable cell being the lymph
oblast which develops first 1nto the
Jarge form of Iymphocyte and finally
1nto the small lymphacyte as the mast
adule type

Monocytes apparently have therr
ongn from the widespread reuculo
endothelial elements the earliest rec

phils arise from a single stem cell
the earliest recogmzable form betng
the myeloblast and after the cyto
plasm becomes faintly ganulated the
cell becames a premyelocyte At this
pomt 1t shows the first evidence of
differentiation 1nto the three types of
myelocytes The myelocyte develops
mto the metamyelocyte or so-called
juvenle form  with fusther develop-
ment its nucleus becomes band
shaped and 1t 1s referred to as a band
and yust bevond this stage fter shight
segmentation of the nuclens 12 1s re
leased 1nto the peripheral arculation
(see Plate 6)

ble cell being the bl

this 10 turn becomin,, the fully de
veloped monocyte as seen tn the pe
ripheral blood

It 1s important for the chnical
hematologist to remember always
thatall granulocytes erythrocytes and
thrombocytes are formed 1n the red
marrow that lymphocytes anse from
lymphoid tissue and that monocytes
arise from retictloendothelium This
basic concept offers the most satisfac
tory worhing basis for the solution of
practical hematologic problems For
1 study of the eytologic pattern of the
bone marrow and methods far 1ts re
moval and study see Chapter 17




2

Origin and Development
of Blood Cells

(See Phee 1 pp 13 19)

Although there has been consider
able controversy with regard to the
ongin of blood cells this has centered
i the problem as to whether all cells
anse from a single polyvalent celt
Lnawn as the hemarocvtoblast or
whether there are twa or perhaps
three cells of ongin The former con
cept 15 usually referred to as the
monophyleuc theory and the latter
1s the polyphyletic theory In any
event there 1s general agreement that
erythrocvtes granulocytes and throm
bocytes anse trom pissue of the bone
marraw  that theVlymphocytes anse
from the gcncré\zcd fymphaid ussue
and that the fnonocytes have ther
ongn  from  reticuto-eadothehum
whatever 1its location

THE BONI MARROW

‘The bone marrow 1s the largest or
gan in the body consising of nearly
S.1er cept of the 1wtal body weight
All together 1t weighs nearly 4000
grams almost twice as much as the
Iner It 15 2 widespread organ lo-
cated 1n many anatormic sites The ac
uve ted cell producing marrow s
faund 1n the Hat bones such as ster
num rbs vertebrae shull and pelvis

1n addwron to the eprphyseal ends of
the long, bones Therefore the mar
row produces blood cells 1n literally
hundreds of different locations

At birth all the marrow 15 red and
active but during childhood there 15
pradual fat replacement m the dia
physis of the long bones Later in bfe
this yellow marross can become actne
agan 1f more blood cells should be
required The marrow therefore has
a great reserve power for the produc
nion of blood cells should the nme
ever come when greater than normal
producuon 1s necessary
chllow bone marrow consists sim
ply of masses of round, fat cells sup
ported 1n fine strands of connective
ussue In such marrow there is a very
small amount of potential hemato-
poretic elements Acmc/éd marrow
cousists of 1 network of mtercom
municating but large vessels which
are lincd with endothelum and are
Lnown as snusords Thus results i a
vascular system that 1s of the closed
type In this marrow pttern the

verythrocytes are produccdantravasca
larly the {€ukocytes extravascufarly
The blood flow through the marraw
1s extvemely sluggish since the blaod
flows very slowly formuny, pools and
16
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PLATE 1

ORIGIN AND DEVELOPMENT OF BLOOD CELLS
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Monoblast
Large monocyte with azure
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Young Lymphocyte  2[

BAND OR STAB NEUTROPHIL

In this cell the differentiation has
proceeded to the pount where the nu
cleus becomes a curved or wrregular
shaped band This 15 yust prior to 1ts
division into lobes Cytoplasmic gran
ulation has become similar to that
seen 1n the adult form

SEGMENTED NEUTROPHIL

‘When nuclear segmentation occurs
the cell 1s then considered o be a
young adult and 1s ready for delivery
1nto the blood streamn The lobes vary
from two to five and are connected
by a single fine chromatn s!rand}
I ol 1 1

abscure The basophilic myelocyte 1s
seldom seen 1n the penipheral blood
except in cases of leukerma and when
they occur 1 leukenua 1n Jarge num
bers 1t 15 thought to be a bad prognos
e sign The function of the basophil
15 not hnown but it 1s not seen 1n re
sponse to infectious diseases Some
believe that the basophilic granules
may be the source of heparin In con
trast w1th neutrophils and eosinophils
this cell 1s not seen 1n fixed tssues i
histologre sections since the granules
are water soluble

LYMPHOBLAST

hobl

4 is disp
throughout the cytoplasm
EOSINOPHILIC MYELOCYTE
This type of cell ts simtlar to the
neutrophilic myelocyte except that
the cytoplasm contains many large
coarse orange ted granules which are
scattered over both cytoplasm and nu
cleus Someumes they appear bronze
or dirty yellow because of some slight
basophilic tint The cell then develops
through the typical stages of matura
ton to the fully segmented adult
eosimophi

BASOPHILIC MYELOCYTE

Ths cell 15 simlar to the neutro
philic myelocyte except that 1t ap-
pears to bg smaller with a drameter
of from 10 to 12 micra only as com
pared with from 15 to 18 mcra for
the neutrophilic form It develops tn
the usual pattern of maturation until
complete nuclear segmentation has
occurred with the cytoplasmic grann
lation being dark blue or dark purple
and the granules frequentlv séfnu
merous that the nuclear outhines are

The Iy 15 a large mono
nuclear cell which cannot be distin
guished with certamnty from  the
myeloblast except that the nuclear
chromaun 1s,coarser and less homo
gencous and the number ofjucleolt
usttally range from one to three in
contrast with from three to five 1n the
mveloblast There 15 usually 2 clear
Dennuclear zone which 15 not found
1 the typical myeloblast These cells
are seen 1n large numbers m acute
lymphatic leuhemia occisionally 1n
chronic  lymphatic leuhemua  and
rarely 1 other condions such as
acute infectious mononucleosis

YOUNG LYMPHOCYTE

As the lymphoblast develops s
next phase 15 that designated as the
young lymphacyte 1n which the cell
1s sull farly large with the nuclear
chromaun less dense than s the ma
ture form The sky blue cytoplasm
shows a pennuclerr pallor and 1t
may contain a few scattered bright
red granules which are known as
azure granules
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Morphology of Blood Cells

(See Plites 2 and > pp 2223)

MYELOBLAST

All granulocytes anse from the par
ent stem cell, the myeloblast, which
15 the earliest recognizable precursor
seen in the bone marrow  The myelo-
blast 15 usually an extremelv large
cell It does not have granules i ats
cytoplasm and bears 2 close resem
blance to other leuhoblasts particu
larly the lymphoblast When staned
with polychrome dyes such as
W rnight s stain the nucleus 1s reddish
purple 1 color and uswally round
but occasionally oval 1n shape The
nucleus contamns from three to five
nucleol and 1s quite homogeneous 1n
comparison with that of the lympho
blast There 1s no defimite nuclear
ymembrane The cytoplasm 1s usually
light blue without thesperinuclear
zone It cannot be 1dentified by the
use of perowidase stains When large
numbers of myeloblasts are seen as
i leukerma other more mature
forms are usually seen and aid m s
wdenufication For the different types
of myeleblasts see Plate 4

PREMYELOCYTE
The morphology of this cell 1s sim
Jlar to the myeloblast except that the
i nucleol are less disunct and there are

20

a few cytoplasmic granules Because
of the granulatton 1t 15 possible at
this pount to determine what type of
granulocytic cell 1t wall eventually
become

NEUTROPHILIC MYELOCYTE

Ths stage of development 1s char
actenzed by large numbers of neu
trophilic granules v hich are scattered
throughout the cytoplasm and appear
o cover the nucleus as well The
granules are wine-colored and some
umes appear to be a mrvture of blue
and r

NEUTROPHILIC METAMYE
LOCYTE (JUVENILE
NEUTROPHIL)

In this cell the differentinuion s
more advanced the nucleus has be
come shightly indented or even horse
shoe shaped and shows a sharp nu
clear membrane The chromaun
material 1s moreedense than m the
myclocyte and the nucleols have com
pletely disappeared The granules are
very small and stamn a lavender pink
This cell normally does not appear
in the peripheral blood but 1s found
there enly under conditions of 1n
tense marrow stimulation
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PLATE 2

MORPHOLOGY OF BLOOD CELLS
(GrANLLOCYTES)

GAOLOLE,
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10
1 Myeloblast 7 Eosmophitic myelocyte
2 Premyelocyte 8 Juvenile eosinophil
3 Neutrophilic myelocyte 9 Segmented cosinophil
4 Juvemle neurrophil 10 Basophili. myelocyte

11 Juremle basophil

5 Band neutraphil
12 Segmented basophul

6 Segmented neutrophil
Cells drawn on Jarge scale to show parucularly the indpvedual cellulac
tmorphology af the typreal cell For sanations in morphology see other plates
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MOLPHOLOCY OI' BLOOD CFLIS

(LYMPHOCYTES MONOCITES  ER\THROCYTES)
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Lymphobl st

Large lymphacyte without azure ,ranules
Small lymphocyte

Monoblast

Immature nongranular menocyte
Mature granular monocyte
Plasma cell

Primutive cell {stem cell)
Megakariocyte

Megaloblast

Normoblast

Retculocyte
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fine azure granules Small portions of
this cytoplasm are thought to become
broken off and flow into the periph
eral blood as blood platelets or threm
bocytes Seme megakaryocytes show
muluple nucles giving 2 cytologic ap
pearance simular to Dorothy Reed
guant cells

MEGALOBLAST
The megaloblast 1s the largest
Lnown reco nizable precursor of the
1

normal size from seven to nine micra
1n dumeter and the small round
deep purple staining nucleus may be
seen either n the center or near the
peniphery of the cell The cytoplasm
15 blue pink 1n color and even before
the nucleus 1s lost the cytoplasm be
comes pink because of hemoglobint
zation of the cell

RETICULOCYTE
The retculocyte 1s thought to be
the stage between the

normal red cell Tt 15 fi ly diffi
cult to disunguish from some types
of myeloblasts The chromaun ar
rangement 1n the nucleus 15 simular
to that of the myeloblast but the cell
1s usually smaller Another feature 15
the distinctness of the nuclear mem
brane The cytoplasm 1s grayish blue
1n color and frequently ircegular 1n
outhne Megaloblasts are found 1n the
peripheral blood 1n those conditions
1n which there 1s an arrest of matura
tion at the megaloblastic level in the
bone marrow as seen 1n pernicious
anema and other simular macrocyuc
anemias

NORMORLAST
The normoblast 1s the next stage
mn the development of the red cell
Ths nucleated red cell 15 usually of

nucleated and the nonnucleated
forms of the erythrocyte When
stained with vital dyes such as bril
Liant cresyl blue 1t 15 charactenized by
the presence of a fine shemnlke reticu
lum which however cannot be seen
when staned by ordinary staiming
methods (See page 160 for techme
for reticulocyte counts ) Retculocvtes
comprise norm lly from ¥ to 1 per
cent of the erythrocytes 1n the circu
laung blood The presence of in
creased reticulocytes 1n peripheral
blood always means a very active
bone marrow so far as erythroporesis
1s concerned Large numbers of them
are seen especially in cases of active
bone marrow regeneration 1n various
hemalytic anemias and 10 instances
of cell regeneration dunng active
treatment of macrocytic anemias
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MATURE LYMPHOCYTE

This cell which vacies in size fram
7 to 12 mucra in diameter, shows the
nucleus to have a greater affimty for
basic dyes than the more immatuce
types It 15 usually small round m
shape the nucleus frequently'in
dented and 1n many of them the cy
toplastn 15 so reduced 1 Amount that
1t occurs only as a small thin nm

MONOBI AST

This 15 a very large mononuclear
cell someumes as much as 25 mucea
in diameter It has 1 large purple red
nucleus and deep blue cytoplasm and
cannot be distin,uished with cer
tanty from the mycloblast and the
lymphoblast Its reco_mtion 1s based
trequently on ats assoctation with
other types of monocytes

NONGRANULAR MONOCYTE

Thus 15 the intermediate sta e be
tween the monoblast and the fully
developed yranulated monocyte The
nucleus 1s pale lavender and shows
much finely woven chromitin reticu
lum The nucleus 1s indented con
voluted often eccentric 1 posiuon
nd frequently gives an impression of
overfolding  The cytaplum 15 a
cloudy biue color

MATURE MONOLYTE

The mature monocy e remuns s
Inr.e 15 1ts younger form i many
cases but st may be smuller The au
cleus 15 charicterized by a marked
sndentinon and contolutions and 15
sometimes horseshoe shiped this giv
ig, nise to the older designition of

transicional cell ‘The hghtblue cyto-
plasm 1s filled with small azurophihic
granules that are finer than those of
the farge [ymphocyte and pinker than
those of the neutrophil The cyto
plasm muy show 1rregular extrusions
of vanous types such as thase of an
ameba This cell 15 frequently con
fused with the yuventle type of nen
trophul

PLASMA CELL

The charactenstic plasma cell 15 a
large on¢ with an intense violet blue
color “The nucleus which is typueally
cccentric 1n position vsually 1s round
and sometimes appears to be almost
extruding, from the cytaplism The
chromatin material 1s coarse and has
an arrangement which suggests the
spohes of 1 wheel The, perinuclear
sone 15 quite pronounced The eyto
plasm 15 dark blue and frequently
contansivacuoles The plasma cell 15
probably a form of Jymphocytic cell
and no doubt has its ongin from the
tvmphod tissue

THE PRIMITIVE CELL

This lirge cell may be an atypical
type of the vanous blast forms It
has a very loosely woven pale Lwen
der nucleus and a prle halo-blue cyto
plasm Such cells are seen only in rare
mstances of the acute forms of leu
hemra

MLGAKARYOCYTE
This extremely larye cell which 1s
the largest one seen 1n the blood or
bone marrow 15 the precursor of
blood platelets It 1s quite srregular
has a lavender nucfeus and a pile
blue cytoplasm which contains many
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cells of the mare mature granulocytic
| 1

leuhocytes the myelocytes and the
1

types suchasan premy
cyte or myclacyte that idicates the
nature of the blust cell in question
which bears out the old adage that
sometmes a cell can be idennfied
anly by the company it heeps

</ Mycloblasts are never seen 1n the
penpheral blood under normat con
dimons and even in severe mnfections
diseases with the most intense mar
row sumulation 1t 15 rare to sec a cell
as immiature s the myeloblast They
are found 1 large numbers tn the
spleen and the liver during embry
ome hfe and for some tme after
tirth compnise the preater part of the
marrow cefls They seem to be more
numerous 1n the marrow of children
than adubs The Gnding of an occa
sional myeloblast 1 the penipheral
blood of a chuld does not have the
same Lrave § rognostic 1mport 1s docs
the finding of the same cell m the
blood of an aduit

In some cases of myeloblasuc leu

Lemia the penpheral blood pattern
may consist munly of numbers of
myeloblasts and miture torms of
sranufocytes without any nterme
dute forms between the two This
situton appears to be brought about
by a rather sudden inabibty of the
leukemic bone marrow to produce
mature granulocytes with 2 comct
dental cessation of cell maturation on
the myefoblastic fevel This 1s known
asyhititus leuhemicus and 15 md by
Nageh to be pathoynomonic of the
leukerme state

MYLLOCYTES
(See Plate 5 pp 32 33)
In the maturation of ranulocytic

premyelocy p intermediate
stayes between the myeloblasts and
the mature functiomng granulocytes
Cells 1 to 3 1n Plate 53 show the var
10us types of premyelocytes that may
be found 1n normal bone marrow and
occasionally 1 the penipheral blood
tn response to_stmulation by mnfec
tious disease’These cells differ hutle
trom myeloblasts 1 therr puclear
framework and cytoplasmic colar,
but the cytoplasm contains a few scat
tered wiaered granules The pre
myelocyte has the potentality of de
veloping, 1nto any one of the three
myelocytes that is the neutrophilic
the eostnoptulic and ¢he basophilic
types Cells 4 10 12 varv 1n detatls of
cytoplasmuc colae distinctness of nu
clear ontline and size of granules in
the nucleus but all hive the common
<haractensstic of having wine-colosed
or lavender granulaton scaurered
densely throughout the cytoplasm
and as a vule over the surface of the
nucleus sometimes to such an evtent
that the nuclear outlines can barelv
be determined  The granules are
neither basic blue nor eosin red 1n
color but are thought to be a com
binaton of the tho

The three cosmophilic myelo
cytes shown 1n this plate are charac
tenized by mdistinctness of the nu
cleus a rather hight basic color of the
nucleus and the presence of large
numbers of red and orange colored
granules  Somctimes  eosinophilic
granules are so closely packed mto
the cell that the entire cell appears
to be bronze 1 color Cells 16 to 18
are basophilic myelocytes 1n which
there are varable numbers of dark
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Myeloblasts and Myelocytes

MYLELOBLASTS
(See Plate 4 pp 30 31)

Many different types of myelo-
blasts are shown on Plate 4 because
1t 15 smportant that the student recog
nize the varous atypical forms in
which thus cell may occur. Since e

P

drawn from vanous cases of acute
myeloblastse  lenhemia  and  were
chosen 1o show some common aryp
tcal vartations from the normal The
first s1x cells can be classified as mac
romyeloblasts because of ther size
Ogne of them shows distinct Auver
bodies mn the cytoplasm  Apother

loblasts are so
with lymphocytes by :ludcms and
techsucians the result 15 chat many
cases of myeloblaste leukeria gdun
recogmzed particularly of the blood
15 studied in the aleuhemic p}msc
Myeloblasts are found i !

numbcrs under normal conditions
the bone marrow where they un
dergo @ definte pattern

shaws app protrusian of the cy
toplasm  Suill another shows a fandy
common type of atypcal cell division
which may be seen 1n the cells in the
peripheral blood Cells 7 to 9 are
myelablasts of approvimately normal
size and can be designated as normo-
myeloblasts Cell 9 15 a mycloblast
with a [azrly typrcal nuclens but the
has matored

smto the grasulocytic cells but i
feuherma thus pattern becomes atyp
cal and disorgamzed resulung in
many morphologic deviatsons from
the normal

A typieal myeloblast 15 a cell that
that has a round or an oval nucleus
with a finely woven nuclear actwork
showing from three to five nucleols
without basichromaun c!umpmg at

apmrtnzly b:) ond the myeloblast
stage Such disordered types of matuy
ration are seen frequently sn vartous
{forms of myeloblastye levhemia The
last s;x cells are Gnicromyeloblasts
and 1t 15 this type of cell that so often
resembles the lymphocyte in size and
e stumng properties and because of
this becomes a difficult dfagnostic
problem for the mnexperienced stu
dent ar lab y techmican When

the edges Yt has na

membrane and usually has a sy bluc
cytaplasm wathout a hght pennuclear
halo In contrast the lymphoblast has
coarser chromaten and fewer nucleoh
a marked nuclear membrane and a
distinctive pernuclear padior  The
myeloblasts shown on Plate 4 were

28

they are present m large numbers
they may give the false unpression
of chrome lymphatic lewhemsa Perox
1dase stans wall not 2xd wn identifying
these cclls In many cases of acute
myeloblastie leukemis a sign of con
stderable value 1s the finding of other
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cells of the more mature granulacytic
types such as an occasional premyelo
cyte or myelocyte that indicates the
nature of the blast cell in question
which bears out the old adage that
sometimes a cell can be identified

leuhocytes the myelocytes and the
premyelocytes represent intermediate
stages between the myeloblasts and
the mature functioning granulocytes
Cells 1 to 3 in Plate 5 show the var

only by the company 1t heeps

\/ Myeloblasts are never seen in the
penipheral blood under normal con
ditions and even 1a severe infectious
diseases with the most intense mar
row stimulation 1t is rare to sce a cell
as smmature as the mycloblast They
are found 1n large numbers 1 the
spleen and the liver during embry
omc Lfe and for some ume after
birth comprise the greater part of the
marrow cells They seem to be more
numerous 11 the marrow of children
than adults The finding of an occa
sional myeloblast 1 the peripheral
blood of a child does not have the
same grave prognaostic tmport as does
the finding of the same cell 1n the
blood of an adult

In some cases of myeloblastic lea

hemta the penipheral blood pattern
may consist manly of numbers of
myeloblasts and mature forms of
granulocytes without any interme
diate forms between the two This
situation appears ta be brought about
by a rather sudden inability of the
leuhemic bone marrow to produce
mature granulocytes with a coma
dental cessation of cell maturation on
the myeloblastic level Thas 15 known
as,hnatus leukemicus and 15 sud by
Nageli to be pathognomonic of the
leuhemic state

MYELOCYTES
(See Plate 5 pp 32 53)
In the maturauon of granulocyue

1ous types of p ytes that may
be found 1n normal bone marrow and
occasionally 1n the peripheral blood
1n response to stimulation by nfec
tious disease”These cells differ Little
from myeloblasts 1n therr nuclear
framework and cytoplasmuc color
but the cytoplasm contains a few scat
tered wine red granules The pre
myelocyte has the potentrality of de
veloping 1nto any one of the three
myelocytes that 1s the neutrophihic
the eosinophilic and the basophilic
types Cells 4 to 12 vary in details of
cytoplasmic color distinctness of nu

clear outline and size of granules in
the nucleus but all have the common
characteristic of having wine-colored
or lavender granulation scattered
densely throughout the cytoplasm
and as a rule over the surface of the
nucleus sometsmes to such an extent
that the nuclear outhines can barely
be determined The granules are
neither basic blue nor eosin red n
color but are thought to be a com

bination of the two

The three cosnophulic myelo
cytes shown n this plate are charac
tenized by indistinctness of the nu
cleus a rather light basic color of the
nucleus and the presence of large
numbers of red and orange-colored
granules  Sometimes  eosmophilic
granules are so closely packed into
the cell that the entire cell appears
to be bronze 1n color Cells 16 to 18
are basophihie myelocytes i which
there are varable numbers of dark
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PLATE 4

MYELOBLASTS
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Macromyeloblast wath round auclevs and shy blue cytoplasm
Macromyeloblast with oval nucleus and Auver bodies 1n the cytoplasm
Macromyeloblast wuh mtense blue cytoplasm

Macromyelablast wih wregular pucleus 2nd protrusion of cytoplasm
Macromyeloblast with vacuoles m a decply staining cytoplasm
Macramyeloblast i divasion

Normomyeloblast

N foblast with srre,ular p of cytoplasm
Normomyeloblast in wbich the cytoplasm stains more acdaphudic than normat
hut the nuckews bas not desetoped

Normomyetoblast with a pennuclear area of azurephslic pro,ranulation
Normamyeloblast with a large nucleus and only 2 remnant of cytoplasin—
Normarmefoblast with atypical lobulation of audeus

14 and 15 Micromyeloblast ponding sn size to wtarmediate fympho

cytes
17 and 18 Mcromncloblasts corresponding tn stze to small lymphocytes
{Cell 17 has no eytoplasm)
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1 Premyelocyte with scanty ¢ ranulation and centrally placed nucleus
2 Large premyclocyte
3 Premyclocyte with eccentric nucleus
45 6 7 8and 9 Early neutrophilic mmvelocytes with blue cytoplasm and bl
Lantly stained granules (Myelocyte C of Sabtn)
10 1) and 12 Late neutrophilic myelocytes with more delicately staned gran
ules and cytoplasm (Myelocvie C of Sabin)
13 Early cosnophihe myelocyte with dark bronze granules and blue cytoplasm
14 and 15 Late cosinophrlic myelocytes with numerous brilliant granules
1¢ Farly basophilic mjyelocyte with blue cytoplasm and only a few granules
17 and 18 Tate basophilic myelocytes with numerous granules and sndisunct
nudlear outhmes
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blue-colored granules arranged in the
same way as those 1n the eosinophilic
ypes
.~ Neutrophilic myelocytes comprse
\ the largest number of myelocytc cells
seen tn normal bone marrow Under
normal conditions thev are never seen
n penipheral blood However myelo
cytes 1 small numbers may be seen
i penipheral blood only dunng se
vere bone matrow stmulation par
teulsrly 1 the leukemord reactions
Chronic myelogenous leuhemta 1s
the only condition 1n which onc 1s
Iikely to find all three types of myelo
cytes present 1n the peripheral blood
In rare mstances of eosinophiha the
bone mirrow reactton may be so
marhed that there may occur mma
ture eosinophils which are difficult to
distinguish from eosinophilic myelo
evtes Rare cases of chronic mye
logenous leuhemia may be character
17¢d by large numbers of eostnophilic
or basophilic myelocytes 1 which
case the condition 1s designited as
eostnophilic or basophilic myelog
enous leuhemra

DeveroryvesT or 4 MyELocyTE anp
CrasstrrcaTton oF NEUTROPHILS
(See Plate 6 pp 36 37)

Thus plate 15 destgned to show the
development of a myelocyte throu h
its vartous stages mnto a fully seg
mented and then hyperseymented
neutrophil It also shows the various
types of cells that may evolve m this
process which should d the student
in phang these cells i the vartous
chissifications that have been devised
to record degrees of cell imm stunity
The classifications most widely used

are those of Schilling Arneth Pons
and krumbhaar Coohe and Ponder,
and the filament aod the nonfilament
count All these classifications have
the same purpose 1n view that 15 to
devise a system whereby cellular 1m
maturtty may be recorded and tabu
lated The Schilling classification 15
preferred by most laborasory workers

As the myelocyte develops as seen
mcells1to3 the development reaches
the point where indentation of the
nucleus becomes sufficient to classify
the cell as a metamyelocyte or 1n the
Schilling classtfication as a juvenle
cell As nuclear indestavon pro-
gresses and cytoplasmic granulation
becomes less marked the cell then
becomes hnown as a band a stab or
a staff form m Schilling s clissifica
tion Such cells are seen 1n Nos 10 to
12 Cell 12 shows the nucleus appar
ently extending 1n length and even
though stil band shaped 1t has as
sumed an S lihe form Thus stage 1s
usually that preceding segmentation
of the nucleus As development pro-
ceeds as seen n cell 13 the nucleus
becomes divided inte two or more
lobes and the cell 1s then hnown as
a segmented neutrophil somenmes
called a segmenter All cells subse
quent to that period of development
are of course scgmented types It 1s
only at the stage of scgmentation that
the cell 1s released into the peripheral
blood

The hist six cells shown on this
plite are those ordmmanly found 1
normal blood The neutrophi after
relerse from the bone marrow func
tions for a period of from four to six
davs before 1t becomes fully seg
mented nd ready for removal from
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the blood stream It 15 thoughs that
some pauents with prraicous ancmd
show an unusual number of neutro-
phuls sn which thereas a greatncrease
11 the number of lobes Thus 1s catled
nuclear hypersegmentation 33 scen in
cells 16 to 18 In general, hyperseg
mentation probably hss no diagnosue
sigruficance

The Schubing chsafication dovdes
these cells into myelocytes, yrenmle
forms, bands and segmented types
As shown 10 this plate cclis 1w 3
are myelocytes oclis 4 10 6 are
senile types, cells 7 10 @ are probably
yonenles with cell 9 possbly bewng
2 band, 2nd cells 13 10 18 are segment
s Pons and hrumbhaac have sug
gested a clasification based on the
number of filaments betwcen the seg
mented lobes of the pudeus Sccord
mg to thew chssfication, cells 1
through 12 are confitamented cells
and celis 13 through 13 ace 6la
mented Coohe and Ponders classt
fication 1 based upon the number of
lobes m the nucleus, and according
10 this cells 1 through 12 show one
tobe cell 33 shows twa Jobes, cells
14 and 15 show faur lobes ccll 16

shows five or si lobes, and cells 17
and 13 show soven lobes Arneths
classificanon atterapts the same thing
by desigoaung all single lobe nuclet
a3 class 1 and then dnadimg all scg
mented celle e elasses 2,3 4a0d 5
depending upon the number of lobey
sn the nucleus. The Schulling elasss
ficaiom 15 much supenor fo the oth
ers sinee 18 designates 1 the most
aceurate wav the exant stage of de
sefopment 1 the process of matura
won The Schilling cassificouon ap-
phed w normal blood shows all
arculating nevtrophils 1o be seg
mented nupes, wath the excepton of
from 310 4 per cent of band forms.

When the bane marrow 15 subyrct
to mirnse sumulsvon as seen o
many imfectous dsseases Jarger num
bers of the more ymmature forms
appear These snclude consderable
numbers of bands and yureniles, and
peasionally even myelocytes Thus
shift tow ard immaturity 15 geoeraliy
referred o as x shuft 1o the feft, and
1s thought to be charscensue of all
conditians 1 which the bone marrow
15 subject to sumulition with regard
o 1ts granuloporetic elements
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bluecolored granules arranged 1n the
same way as those 1n the costnophihic

types
v Deutrophilic myelocytes comprise
¥ the largest number of myelocvuc cells
seen 1n normal bone marrow  Under
normal conditions they are never scen
mn peripheral blood However myelo-
cvtes in small numbers mav be scen
1n penipheral blood only during se
sere bone marrow sumulation  par
ticularly 1n the leukemord reacuions
Chromic myvelogenous leuherma 1s
the only condiion in which one 1s
Iikels to find all three types of myelo-
cvies present n the peripheral blood.
In rare mnstances of cosinophilia the
bone marrow  reaction may be so
marhed that there may occur imma
ture cosmophils which are difficult to
distingish from cosinophihic myelo-
aovtes Rare cases of chronsc mye
logenous leuherma may be character
17ed by large numbers of cosiophilic
or basophibc myelocytes 1n which
case the condition 1s designated as
cosmophilic or basophilic myelog
enous leuhemra

Deverorvest ofF 4 MieLoaiTE AND
CLassIFIcAaTION OF \ilnf)PHILS

(Sec Plate 6 pp 36 37)
Ths plate 1s designed to show the

development of a myeloovte throu,h
its vanous stages into a fully seg
mented and then hvpersegmented
neutrophil It also shows the vanous
npes of cells that mav evolve in this
process, which should aid the student
in placing these cells 1 the vanous
classifications that have been devised
1o record degrees of cell immuatunit
The classificaions most wideh used

are those of Schilling Arncth Pons
and Krumbhaar, Cooke and Ponder
and the filament and the nonfilament
count All these classificaions have
the same purpose 1 view that 1s 10
desise a system wherehy cellular sm
maturity may be recorded and tabu
lated The Schilling classification 1s
preferred by most laboratory workers

As the myelocyte develops as seen
mcells 103 the development reaches
the point where indentation of the
nucleus becomes suffiaent to classify
the cell as a metamyelocyte or in the
Schilling classtfication as a jurenile
cell As nuclear indentauon pro-
gresses and cytoplasmie granulauon
becomes less marked, the cell then
becomes known as 2 band a stab or
a staff form in Schilling s classifica
ton Such cells are scen 1n Nos 1010
12. Cell 12 shows the nucleus appar
ently extending n length and even
though sull band shaped 1t has as-
sumed an S-hhe form This stage 1s
usually thar preceding segmentation
of the nucleus As development pro-
ceeds as seen mn cell 13 the aucleus
becomes divided into two or more
lobes and the cell 1s then known as
a segmented neutrophil sometsmes
called a segmenter All cells subse
quent to that period of development
are of course segmented tvpes It s
only at the stage of seymentation that
the cell s released into the peripheral

it

The last srx cells shown on ths
plate are those ordinanily found m
normal blood The nevtrophl after
release from the bone marrow func
tions for a period of from four to six
davs before 1t becomes fully seq,
mented und ready for removal from
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the bleod stream Ji s thought that
some patients with perniqous anemma
show 2n unusual number of neutro-
phils in which there s a greatancrease
tn the pumber of fobes Thus 15 called
nuclear hypessegmentation as scen 1n
cells 16 to 18 In general hyperseg
mentatien peabably has no dugeasuc
signsficance

The Schlling classification dvwdes
these cells mto myelocytes, yunenie
forms bands and scgmented types
As shown 1 this plare cells 110 3
are myclocytes, cells 4 w0 6 are ju
vetle types, cells 7 10 9 are probably
pemles with cell 9 posably beng
aband and cells 13 to I8 are segment
ers Pons and Rrumbhaar bave sug
gested 2 classification based on the
number of Rlaments betw ten the seg
mented jobes of the poclens Accord
wg to thar dassficauon colls 1
through 12 are nonfilamented cells
and cclls 13 through 1 are fila
mented Cooke and Ponders classi
fication 15 based upon the number of
lobes ta the puclens and according
to this cells 1 through 12 show one
lobe cell 13 shows tvo Iobes cells
14 aad IS show four lobes <l 16

shows fise or sx Jobes, and eclls 17
and 18 show seven lobes. Arneths
classification accmprs the same thing
by dessgnating all stagle lobe mucler
as class 1 and then diuding all seg
mented cells snto clagses 2,3 4and 5
depending upon the number of lobes
wr the nucleus The Schufhing chisst
ficzuon 15 much supenor to the oth
€rs, stce 1t dengnares w the most
accurate way the evact stage of de
velopment m the process of matura
uon The Schulling classification ap-
pled to normal blood shoms alt
arculatag seutrophuls to be seg
mented types, with the excepion of
from 3 to 4 pee cent of hand forms

When the boae mastow 1s subjece
to wiense stmulanon a3 seen
many infectious diseases hasger num
bess of 1br more ymmnure forms
appear These include considerable
numbers of bands and yuveniles, and
occasonally even myelocytes Thes
shift toward immaturity 15 generally
refesced o as a shuft to the left and
1s thought 1o be charactenstic of afl
conditrons 1n which the bone marrawe
ts subject to sumulation wih regard
to ¢ granuloporene elements



PLATE 6

THE DES ELOPMENT OF A MYELQCYTE
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1 toung myelocyte with Blue cytoplasm and butham granulanen

2 and 3 Later myelocytes

4 ard 5 Youny jureates with shght indentation of nucler and a reten jon of
blue n the cytoplasm

& 7 8and ¢ Ju eniles maturing by imdentation of nucles and development of
2 more delicate tupe of granolaton

10 Baad {staff or stab form of Schulline)

1 Hand showmy narrowin,, and curkng of pudens

17 Band just preceding se,meniation

13 Segmenter with two Jobes separated by a filament of chromatn

14 Se menter with chree labes separated by o filaments

15 Sepmenter with four lobes separated by thsee Flaments

16 Segmenter with five lobes separated by four hlaments {(hvperse, mented)

1" Segmeates ssath six lobes separated by hne tlaments fihe senile nestsophit)

18 Segmenter nith seven lob s eparac 1 by six filameats
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Lymphocytes and Monocytes

See Plates 7 and 8, pp 40-43)

LYMPHOCY TES

Because of morphologie vartation
m the hymphocyuc cells Plate 7 15
designed to show the various types
that may be seen not only under nor
mal condittons but i vanous dis
eases Cells 1 to 6 could be classified as
ymphoblasts  since the nucler of
these show either clear nucleokt or
suggestons of nucleoh varyng from
one to three in number Celf 4 showns
a large vacuote i the cptgplasm Cells
7 to 12 are classified ascarge lymph
ocytes 1n which the amount of cyto-
plasm s rehaely abundant usually
sky blue m color nucdlear chromaun
arranged in coatse [oose and deep
stasnmg masses and a suggestion of
a rather clear pennuclear halo The
young type of lymphocvte as shown
m these larger forms 15 thought to
be a precursor of the srpoller types as
seen 1 cells 13 to 18y pical forms
of both large and small lvmphecytes
are seen n vanous disesses accom
pamed by lymphovync sumulation
Infectsous mononucleosss 15 the best

ample of this
fUndtr sormal condions lympha
cytes have thewr orgn from the retic
wlar cells of Iy mph follicles but under
abnermal conditions  such av feu
Lemuz they probably anse also from

the primitne frge cefls 1 the bose
marrow  The Yunction of lympho
cytes scems to be chiefly a mechameal
one They are especially sctive 10
walling off chrote imflammatory foar
and are found 1o be imncreased
chronte inflammatory  states Al
though they consutute from 20 to 30
per cent of the arculaning leuhocytes
and are somew hat mouie they play
lutle part 1 phagacytosis It has been
suggested that they are actve 1 anu
body production

Both large and small lymphocytes
are found normally n the blood
stream  Infchiddren there 15 2 pre
dommnance of large lymphocytes and
even lymphoblasts may be found w
considerable numbers n condinons
characienized by marhed lymphacy tic
cellular response In the uswal differ
entsal count thete 1s no need to seps
rate large from small lymphacytes
since ncreases of both have the same
significance

MONOCYTES

Plate 8 shows the sanous types of
moncevies thay may be scen i pe
nipheral blood and ilustrates the var
wus cviologic parterns and exereme
morpholegie varability of monacytes
which frequently lead 1o confusion
with ather celf types Cells 1103 can
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be clasfied as monoblasts They
show either one or o disunct ny
cleolt 1n the nucleus The other mono-
cytes on this plate can be considered
10 be aither young or adult forms
that may be found . penpheral
blood These cells are charactenzed
by marked vanation 1 shape because
of thew srregular cytoplasmic protru
sions There 15 also variaton 1a the
nudear structures since the ﬂUC}Cl are
wregular . shape and frequently
show oxcrfoldmg marlcd sndenta

hocytes endothelial cells transitional
cells large mononuclears et Some
wnters beleve that monocytes are
derived from myeloblasts others that
they are derned from lymphord ele
ments and sull others that these cells
anse from thest ow n specific cell type
“This accounts to some extent for the
fact that monocytic leuhermua has
been devided sato two cellular cate
gones—one that appears to be a
monocytoid phase of myclogenons
leulena and the other a retsculo-
Jothel

won and
There 15 also xrmgul;xmy m cyto
phsmuc  granulaten  since  some
monocytes are apparently free of
granules while others show a heavy

fine azure hhe granuktion thmugl;/pod

out the cytoplasm and sull othe
show small groups of sumar granula
ton i wsalated cytoplasmic areas
w"Monacytes have been called by a
sancty of aames ncloding endothe

Maracytes are the chief phagoeyuc
cells of the blood They are capable
of ingesuon of foreign debris and
particulte matter by the process of
extrunon of cytoplasmic  pseudo-
ha and mgeston of the materal
They serve an important foncuen i
walling off nflammatory foa of 1
fecnon Monooytes are perondase
positive and are frequently confused
with the juvenale types of nevtrophils
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Lymphocytes and Monocytes

(See Plates 7 and $ pp 40-13)

LYMPHOCYTES

Because of morphologic varation
m the lymphocyuc cells, Plate 7 1s
desiyned to show the vartous types
that may be seen not only under nor
mal conditions but in various dis
eases Cells 1 to 6 could be classified as

Aymphoblasts since the nucler of
these show euther clear nucleol or
suggestions of nucleolt varying from
one to three i number Cell 4 shows
a large vacuole in the cytgplasm Cells
7 to 12 are classified asdarge lyraph
ocytes i which the amount of cyto-
plasm 1s relatnvely abundant usually
shy blue 1n color nuclear chromatn
arranged 1n coarse loose and deep
staiming masses and a suggestion of
a rather clear perinuclear halo The
young type of lymphocyte as shown
in these larger forms 1s thought to
be a precursor of the smpaller types as
seen 1n cells 13 to 18 Z(yplc.xl forms
of both large and small [ymphocytes
are seen 1 varrous discases dccom
panted by lymphocvtee stmulaton
Infectious mononucleos:s s the best

ample of this
/‘Under normal conditions lympho-
cytes have their origin from the reuc
ular cells of lymph follicles bue under
abnormal condinons  such as leu
Lemua they probably arise also from
38

the prmitive qu;‘f cells 1 the bone
marrow The dunction of lympho
cytes seems to be chiefly a mechanical
one They are especually 1ctive i
walling off chronic inflammatory foct
and are found to be increased
chronic inflammatory  states Al
though they consutute from 20 to 50
per cent of the arculating Jeukocytes
and are somewhat moule they play
Little part 1 phagocytosis It has been
suggested that they are active 1n anti
body production

Both large and small lymphocytes
are found normally in the blood
stream Infchildren’ there 1s a pre
dominance of large lymphocytes and
even lymphoblasts may be found n
considerable numbers 1n conditions
characterized by marked lymphocvtic
cellular response In the usual differ
ential count there 1s no need to sepa
rate large from small lymphacytes
since wcreases of both have the same
significance

MONOCYTES

Plate 8 shows the various types of
monocytes that may be seen mn pe
ripheral blood and illustrates the var
1ous cytologie patterns and extreme
morphologic vartability of monocytes
which frequently lead to confusion
with other cell types Cells 1to 3 can
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be classfied as monoblasts They
show either oag or two distinct nu
cleols i the nueleus The other mone-
cytes on this plate can be consdered
to be ether young or aduk forms
that may be found in penpheral
blood These cells are charactenzed
by marked varwatron m shape because
of thear seregular cytoplasmic protey
stons There 15 alse vavation i the
nuclear structures since the nucterare
ssregular mn shape and froquently
show evesfolding marhed indenta
tion and pseudopodial projections
There 15 also srregulanty 1 cyto-
plsmic  granslaon  since  some

free of

hocytes endothehal cells transitsonal
cels large mononuclears etc Some
wnters beliese that monocytes are
dersved from myeloblasts others that
they are dernved from fymphoud ele
ments and still others that these cells
arse from their own spearfic cell type
This accounts to some extent for the
fact that monocytic leuhemma has
been diwided 1nto two cellular cate
gones—one that appears o be a
mofiocytord phase of myelogenous
leuhemsa and the other a renculo
endotheliosis

Morarytes are the chief phagocyue
cells of the blood They are capable
of ingestion of foregn debrs and

are app
granules while others show a heavy
fine azure hhe granulenon throngh
out the cyoplasm and sult othe:
show small groups of smular granula
von 1 ssolated cytophispuc areas
fonocytes hase been called by a
sariery of names cluding endothe

p late matter by the process of
extrusion of cytoplasmic  pseudo-

ta and sngeson of the materal
They serve an important funcuon m
wallmng off mflammatory foc: of m
fecton Monocytes are perovidase
posirve and are frequently confused
with the jusendle types of neutrophuls
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1 2 3 and 6 Lymphoblasts drawn from a case of acute lymphatic leukemia
4 Large Iymphocyte with lobulated nucleus and vacuole 1n the cytoplasm drawn
from a case of micctions mononucleosss (Lymphoblast?)
5 and 7 Large lymphocytes with azure granulatron
89 10 Iland 12 Larye lymphocytes
13 14 15,16 17and 18 | and small lymph
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PLATE 8

MONOCYTES
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Monoblast with one nucleolus and Iight blue cytoplasm
Monoblast with two nucleolt

Monoblast with dark basophit plasm and one vacuole

Young, monocyte with indented nucleus and no cytoplasmic granules

Young monocyte with four vacuoles in the cytoplasm

7 and 8 Monocytes with slightly indented nucler and azure ,ranulation
Monocyte with mature nucleus and no cytoplasmic granules

Monocyte with a fong overfolding nucleus a cytoplasmic pseudopod and 2
granular cytoplasm

Monocyte with excessive granulation

Monocyte with two pscudopodia and no granules

and 16 Monocytes with blue non_ranulated cytoplasm

and 17 Monocytes with azure granulation near the Hof of the nucleus
Monocyte with grregular order

Mature monocyte with horseshoe nucleus and small azure granules scattered
over the surface of the cytoplasm
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The Red Cells

(Sce Plates 9 and 10 pp 46.49)

ERYTHROBLASTS
(NUCLEATED ERYTHRO
CYTES)

Plate 9 shaws vanous types of nu
cleated red cells that may be found
the bone marron and rarely 1 the
penpheral blood Cells 1 through 4
show various types of megaloblasts 1
stages of division Such cefls are seen
only in the bone marrow except 1n
rare condmons such as leuhemua
where an occasional one may be
found m peripheral blood Cells 5
and G are megaloblasts and cells 7
through 11 ate macroblasts the re
mamder bung normoblasts of var
wus types wocuding small forms
which are known as microblasts

The erythrocytes have ther ongm
from the endothehum hning the ca
piilary sinuseuds of the bone marrow
Condivons most favorable for normat
erythropoienis include a collapsed ca
pillary bed 2 shugmsh blood flow and
low ovygen tenston Under pormal
condisons this state of affars pre
vails withtn the bone marrow to a
sufficient extent to maintamn the air
culaung erythrocytes at a norrmal
jevel The beginmng of red-cell ma
turation 18 apparently swelling of the
blood vessel endothehum  followed

by division The result s that che

44

outer cell becomes the endothehal
wall and the mner celf 2 megaloblase
the earhest stem cell of the erythro-
cyte The maturation order there
fore extends from the endothelia cell
te the megaloblast then to the early
smacrobiast the lfate macroblast the
normoblast  the retsculocyte and
finally the erythrocyte

When the megaloblastc stage has
been reached 1ts development seems
0 be governed by the presen ¢ of an
adequate amount of so-caffed ann
anemuc factor or & heratoposetic fac
tor which s fackhing in pernicious ane
mua and 15 found i hser evtract
Lack of this factor m the bone mar
row waii resudt in a macrocytic ane
sxe and 2 marzow that 15 crewded
with refatively large number of meg
oblasts At any pent durng this
cycle from the megaloblastie 10 the
normobl istic stage the nucleted red
cell 15 capable of repeated dissmons
and there 15 evidence that normo
blasts reproduce themselves at a morse
rapid rate than the mote immature
forms Beginnimng at the normoblastc
stage the cefl begins to develop hemo
globin within ws cytoplasm and 2t
this posnt 1ron 15 the most important
factor responsible for the continued
mosturaton of the cefl

Megaloblasts are present sn small
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aumbers 1n normal bone marrow
but they never appear in normal
blood They are found in the penph
eral blood enly 11 conditions where
the hematopuetc principle 15 lack
1ng or the normal maturation of the
cell 1s arrested 1n the marrow Thus
they may be seen 1n peripheral blood
1n permcious anema n relapse and
other macrocyuc anemuas of a um
slar type

Macroblasts and normoblasts con
sutute from 80 o 90 per cent of the
bone marrow  erythroid  elements
‘These cells may appear 1n peripheral
blood when the erythraid elements
have been subjected to intensive
sumulation  wsually by reason of
bloud loss or blood destruction Un
der ordinary condmons the bone
marrow responds to this sumulation
by producing mncreased numbers of
reticulocytes but under unasual con
dwons 1t produces notmoblasts
such number that they appear 1n the
peripheral blood

Normoblasts are frequently found
i the so-cilled bone marrow crisis
when the marrow has become phys-
wlogically exhausted and red-ell
production 1s unable to heep pace
with red<ell destruction or 1n cases
of estreme hyperplasia of the
TTRATIOW

Microblasts owcur only 1n those
situations 10 wh h there 1s functional
exhaustion of the marrow combined
with sron deficiency so that the re
sulng, nucleated red cell 1s micro-
cytic an character The presence of
nucleated red cells 1n the blood 15
nerly always ac ompanted by reticu
locytosis except when the nucleated
cells are chuefly megaloblasts

ERYTHROCY TES

Plate 10 shows the various types of
erythrouytes that might be encoun
tered 10 a study of hone marron or
penipheral blood Erythrocytes can
be classfied according to size the
larger ones being hnown as macro-
cytes the normal ones as normocytes
and the smaller ones as microcytes
They are also classified according to
hemoglobin content those contarn
1ng more than the normal amount of
hemoglobin being referred to as hy
perchromic  those with 1 normal
amount being norme hromuic and
those with less than normal being
called hypochromic  Some erythro-
cytes may show distortion from their
normal pink color and such a condi
ton 15 seferred to 1s polychromato-
philia

Cells 1 to 4 are macrocytes showing
varations 1n color based upon hemo
globin content Cells 13 10 16 are
retrculocytes or young red cells Cells
17 to 24 show vanous types of baso-
philic degenerauon Cells 25 to 28
show arregular shapes this condion
being spoken of as poralocytosis
Cells 29 to 32 are sickle cells as seen
1n sickle celt anemua These are some
umes called memiscocytes and the
condiion memscouytosts Cells 33 to
35 are oval cells seen 1n the condition
referred to as ovalocytosts If red cells
are found to vary considerably in
s1ze some being small and others
large the condion 1 seferred to as
anisocytosis

The normal arculating erythro-
cyte of the human being 15 about
seven and one half mice2 1n dameter
and 1s a biconcave disk from two to
three mucra 1n thickness "Thus it 1s
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The Red Cells

(See Plates 9 and 10 pp 46-49)

ERYTHROBLASTS
(NUCLEATED ERYTHRO
CYTLS)

Plate 9 shows vanous ypes of nu
cleated red cells that may be found
the bone marrow and rarely m the
penpheral blood Cells 1 through 4
show various types of megaloblasts in
stages of divssion Such cells are seen
only n the bone marrow except 1
rare condions such as leukemna
where an occasional one may be
found n penpheral blood Cells 5
and 6 are megaloblasts and cells 7
through 11 are macroblasts the re
mainder being sormoblasts of var
wus types including small forms
which are known as macroblasts

“The erythrocytes have thewr ongn
from the endothelum hinung the ca
pallary sinusoids of the bone marrow
Conditions most favorable for normal
erythropotesis mclude 2 collapsed ca
pillary bed a stuggish blood flow and
jow owygen tension Under normal
condions this state of affars pre
vatls withen the bone marrow to a
suficient extent o mamntatn the cir
culating erythrocytes at a normal
jevel The beginmag of red<cll ma
cusation 13 apparenty swelling of the
blood vessel endothehum  followed
by dission The result 15 that the

44

outer cell becomes the endothehal
wall and the mner celf 2 megaloblast
the earliest stem cell of the erythro-
cyte The maturation order there
fore extends from the endothehal cclf
10 the megaloblast then to the early
macroblast the fate macroblast the
normoblast  the reuculocyte and
finally the erythracyte

Whes the megaloblute stage has
been reached us development seems
to be governed by the presence of an
adequate amount of so-called ann
anemic factor or A hematopotetic fac
tor \Vthh is IJCLlng mn pCfnlaOUS ane
rua and 15 found sn Inver extract
Lack of this factor i the bone mar
row will result i a macrocyuc ane
mia and a marrow that 15 crowded
with relatsvely large number of meg
aloblasts At amy pomt dunng ths
cvcle from the megaloblasuc to the
normoblastic stage the nucleated red
cell 1s capable of repeated dwisions
and there 15 evidence that normo
blasts repraduce themsehes at 2 more
rapsd rate than the more immature
forms Begmnning 2t the normoblasuc
stage the cell begins to develop hemo
globin within 1ts cytophism and at
this poant tron 15 the most smportant
factor responstble for the continued
maturaton af the celt

Mcgaloblasts are present in small



Erythrocytes 45

numbers 1 normal bone marrow
but they never appear mn normal
blood They are found 1 the periph
eral blood only 1n conditions where
the hematopotetic prinaiple 15 lach
ing or the normal maturation of the
cell 15 arrested m the marrow Thus
they may be scen 1n pertpheral blood
m permicious anemna tn relapse and
other macrocytic anemias of a sim
slar type

Macroblasts and normoblasts con
stitute from 80 to 90 per cent of the
bone marraw  erythroid  elements
‘These cells may appear 1n peripheral
bload when the erythroid elements
have been subjected to ntensive
sumulaton  usually by reason of
blood loss or blood destruction Un
der ordinary conditions the bone
marrow responds to this sumulztion
by produ ing 1ncreased numbers of
renculocytes but under unusual con
ditions st produces normoblasts
such number that they appear in the
peripheral blood

Normoblasts are frequently found
1 the so-called bone marrow crisis
when the marrow has become phys
wlogeeally exhausted and  red-cell
production 1s unable to keep pace
with red=e¢ll destruction or 1n cases
of extreme hyperplasia  of the
marrow

Mcroblasts occur only 1n those
situations 1n whuch there 1s funcuonal
exhaustion of the marrow combined
with 1ron deficiency so that the re
sulung nucleated red cell 1s mucro-
cytic 1n character ‘The presence of
nucleated red cells 1n the blood 15
nearly always accompanied by rencu
locytosis except when the nucleated
cells are chicfly megaloblasts

ERYTHROCY TES

Plate 10 shows the various types of
erythrocytes that might be encoun
tered 1n a study of bone marrow or
penipheral blood  Erythrocytes can
be classified according to size the
larger ones bemng known as macro-
cytes the normal ones as normocytes
and the smaller ones as microcytes
They are also classified according to
hemoglobm content those contan
1ng more than the normal amount of
hemoglobmn bemng referred to as hy
perchromic those with a normal
amount being normochromic, and
those with less than normal being
called hypochromic. Some erythro-
cytes may show dustortion from theie
normal pink color and such 2 cond1
tion 1s referred 10 2s polychromato-
philia

Cells 1 to 4 are macrocytes showing
varzations 1nt color based upon hemo-
globin content Cells 13 to 16 are
renculocytes or young red cells Cells
17 to 24 show various types of baso-
philic degeneration Cells 2> to 28
show wregular shapes this conditon
being spohen of ‘as porhilocytosis
Cells 29 to 32 are sickle cells as scen
i sichle cell anemia These are some
umes cafled menscocytes and the
condition meniscocvtosts Cells 33 to
36 are oval cells seen 1n the condition
referred (0 as ovalocytosis If red cells
are found to vary considerably
size some beng small and others
large the condition 1s referred to as
anisocytosis

The normal circulaung erythro-
ayte of the human bemng s about
seven and one half nicra 1n dameter
and 15 a brconcave dish from two to
three mucea 1n thrchness Thus 1t 1s



PLATE 9

NUCLEATED ERYTHROCYTES (ERYTHROBLASTS)

1 2 3 and 4 Megaloblast m dinision

5 and 6 Early megaloblasts

7 8 and 9 Early macroblasts

10 and 11 Late macroblasts

12 Erythroblast i process of haryorrhews with basophilic suppling, 1n cvtoplasm
13 Normoblast

14 Normoblast 1n division

Normoblast with nuclear extension or eccentric nucleus

16 17 and 18 Microblasts

o)
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PLATE 10

ERYTH ROCYTES

'&@a@z@aoeo@
@)

QB
wou( POOHTO Nor'®,

soR(eQROs@0-O~-O
) REQROBO SO e

W
[

13 1415 and 16
fyromic Macrocyte 17 18 19 and 20 Erythr

macrocyte pasophihe sU

tulic macrocyte 91 and 27 Cabe

mic normocyte 23 and 24 How
¢ normocyte 25 76 and 27
28 Polychroma
79 30 and 31

33 3% and 35

48

tophilic

cytes)
3 Palychromataphitic sickle ©

36 Polyuhromnmph:



PLATE 10

O Lo
 (

; S
N - ]
J ) £

ST iF

et B :
[d P

e FERRS - "*)
\ DY

N.n { a (\‘,}
- —



50 The Red Cells

sa desi ned as to hne 1 maumum
surface area ta facutate the exchange
of gases Since the central portion of
the cell 15 thinner than the edye this
accourus for the central pallor seen m
normal red cells and called achromsa

The red cell consists of an orgame
stromt with hemoglobin the most
umportant  constituent, comprising
1bout 30 per cent of 1ts bulkh which

\/1& about 30 micromicrograms per celf
Is has an outer semipermenble celt

/{x’xcmbmnc It contains quanunes of
phosphatdes  cholesterol  glucose
urez creanmine glutathione nucleo.
udes and various morganic chem
tcals includimg small quantties of
copper and tron The total sohd con
stituents are protemns 4 per cemt
hematn 43 per cent and globin
%95 per cent The cell acts as a pas-
stve vehicle for the transportation of
hemoglobin, which carries oxygen to
the ussues and removes carbon
dxomﬁ/

Thedlife span of the red cell 1s
about 30 days Red cells are pro
duced and flushed mto the blood
streamm 1t the rate of about two ar
three tnlhion each day or nearly two
bilhon per munute An equal nurnber
of cells are destroyed under normal
condiions  probibly by the process
of hemolysis and eventual phagocy
tosis by the renculo-endothelum
Many undergo fry mentation in the
blaad strewm and fragments are re
moved by reuculo-¢ndothelial phago
avtes Hemnglobin as ser free and
brohen dow a 1t globin and hema
nn The hemwn loses 1ts wron con
tent and 15 fnally chunzed into
mhirubin and cemzdlv o bile
mgment The spleen plays the impor
ant role 1 this destrucusve process

‘The number of red cells mereases
with exeraise since many of them
we swored m the splenc resenvor
normally They increase quichly dur
g passage from low to high alu
tudes and the count may wncrease as
much as one miflion per cubse mulls
meter 1 24 hours under such conds
tions When red cells are suspended
1 thar own plasma or secum they
stach up on each other This 1s
tnown as rouleaux formation This
1s most marhed m saline concentra
tons of about 7/10 of 1 per cent
When red cells 1te placed 1 hypo
tonie salt concentrations they un
dergo swellin, and hemolysis and
eventual destrucion If placed i hy
pertomic sofutions of salt they be
come sheunhen and crenated

Thtﬁlculﬂgy(c 1s the mterme
dhate stage between the nucleated red
cell and the adult nonnucleated cell
Fram about} to1per cent of the nor
mal red cells are reuculocvtes The
reuculocyte 1s shy htly laryer than the
mature red cell and uts duranon of
hife ts thought to be about five days
When the reticulum disappears the
aext step mn red cell development 35
the appearance of 4 single highly re
fracuve granule which apparently
precedes the tully matured cell

Reticulocytonss 15 always a sign of
red-ell regencravon wnd increased
marrow activity It fways precedes
1 general rise in the total erythrocyte
count For this reason eet calocytoss
15 considered the most 1ccurate m lex
as to the efficacy of lner therapy
Reticulocytes are normally increased
10 the newborn n pregaancy and tn
M anermins charactenzed by exces
sive bone marrow acinvuy They are
markedly decreased it conditsans of
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bone marrow aplasia and also in per
rucions anermut and other macrocyuc
anemuas 1n relapse

Retculocyres should alwiys be es
umated and stated 11 total numbers
rather than n percentage of cells
present If the normal ltd{t“ count
15 nive million per cubic

there should be about, fifty thousand
reticulocytes per cubic mullimeter in
a case of severe anemn if the total
red-cell count 1s one rullion per cubic
millimeter and 5 per cent of these
are reticulocytes this wall result also
wa total of ﬁfx) lhous:md per cubc

and 1 per cent of these are reticulo-
cytes then under normal conditions

vie counts as
fugh as 9> per cent of the total num
ber of red cells have been recorded
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Normal Blood

{See Plate 11 pp 54, 55)

The hematologic system consists of
all arculaung blood and afl blood
forming nssues This collective group
of argans and tissues 1s hnown as the
hematon It 1s divided funcuonally
o three organs or unus hnown as
the erythron the fevhon and the
thrombon 'The erythron includes the
arculaung erythrocytes and the fixed
erythroporetic tissue of the bone mar
row smusoids The feuhon consists
of the myeloid elements of the bone
marrow and the granular lenhocytes
the lymphoid elements and the
{ymphocytes and the retculo-endo-
thelum and the monocytes ‘The
thrombon ncludes all thrombocytes
wud their precursors the megakaryo
ytes of the bone marrow

The total cefiular elements of the
blood comprise about 45 per cent of
the total blood volume in the male
and about 42 per cent in the female
and wonversely the bload plasma the
fiquid 1n which the cells are suspend
ed compnses about 55 and 38 per
cent of the total blood volume re
spectevely This can be determened in
any case by adling 2 quanuty of
blood to a sutable anticozgulant
centnifuging the speamen at high
speed and notn, the degree of cell
paching that results This 15 Fnown
as the hematocnt reading The total

blood volume of the body depends
upon body weight and surface areas
and varies somewhat with the meth
od employed tor its measurement
The volume 15 cansidered to be abc ut
one twelfth of the body weight so
that the adult of average size has
about six thousand cubic centimeters
of blood

NORMAL HEMATOLOGIC
STANDARDS
Apurrs

Hemoglobin
Men 14510169 Gm per 100 cc of

bload
Women 12510150 Gm per 100 cc
of blood

Ervthrocytes
Men 45 to 55 muthon per cu mm
of blood
Women 40 to 50 muthon pec cu
mm of blood
Leuhocytes
Men and women 5000 to 10600 per
cu mm of blood
Dufferential Count

Absolute
Relative salues
calues  {perew mm
(per cent)  of blaod)
Neutrophils 60 70 000 6000
Basophils 651 a100
Eosunophuls 13 50 300
Iymphocytes 204G 0004000
Monocytes 26 200 600



Chemical Constituents of Blood 53

Color Index 10
Volume of Pached Cells
Men 45 cc per 100 ¢ of blood
Women 42 cc per 100 cc of blood
Volume Index 10
Mean Carpuscular Hermoy lobmn
7 10 37 micromicrograms
Mean Corpuscular Hemoglobin Con
centration
33 1o 38 per cent
Mean Corpuscular Volume
80 to 94 cubsc micra
Reuculocytes 05 to 10 per cent of
erythrocytes (25 000 to 50 000 per cu

mm
Platelets 250000 to 330000 per cu
mm of blood (Fonio s method)
500000 per cu mm of blood (Olef’s
method)
Coarulation Fime
2 to 6 munutes (slide method)
3 to 8 minutes (captllary tube
method
5 to 8 minutes {Lee and White s
metho
Bleeding Ttme 2 to 3 munutes
Clot 1etraction Time Beginmng 1
traction 10 from 1 to 6 hours
Pesistance of Erythrocytes to Hypotome
Salt Solution
Beginning hemolysis from 044 to
047 per cent NaCl
Complete hemolysis from 0.34 1o 0.32
per cent Naf
Icterus Index 1 to 5 umts
Van den Bergh Peaction Indirect nor
mal serum contawns from 01to 03

myg bilirubin per 100 cc of blood

New rorn Inrants

Hemoglobin 100 to 130 per cent

Erythrocytes 5 to 75 million per cu
mm of blood

Leohoeytes 15000 to 25000 per cu
mm of blood

Platelets 200000 to 400000 per cu
mm_ of blood

Within the first three months of
Lfe there 1s a physiologic decrease
red cells and hemoglobin This 1s
caused apparently by decrense 1n
marrow activity because of hih oty
gen tension of extra uterine life and
a destructon of red cells by hemol
ysis ‘They level out to about the not
mal fi_ure at the end of the snth
month Immediately after bicth there
1s neutrophilic leuhocytosis which de
clines to about 50 per cent neutro-
phils at the end of the first three or
four weeks During childhood there
1s 1 relative lymphocytosis wath the
lymphocyte percentage bein., around
50

Hemo lobin and red cells are
slightly hugher i normal people Liv
ing 1n high alutudes In the Unued
States at 1000 feet above sea level the
average hemoylobin 15 1503 gm per
100 cc of blood and the average red
cells 51 mullion per cu mm of blood
‘There are no si,mficant differences
between aty and country residents
not between men working out of
doors and withm doors and none be
tween healthy male Negroes and
whites Red cell values are the same
m all races

CHEMICAL CONSTITUENTS
OF BLOOD

Nonproten Nitroven
per 100 cc ot bload
Urea 17 to 15 my, per cent
Uncaad 1to3m,, per cent
Creaumine 1to 7 mg per cent

Sugar 80 to 170 mg per 100 cc of
blood

75 to 30 mg

Chiorides
Inpla ma 570 to 600 mg per cent
In cells 285 to 300 mg perfcem
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Normal Blood

{See Plate 11, pp 5% 55)

The hemntolo_se system consists of
all arcuhwng, blood and all blood
forming tissues Ths collectine group
of organs and tssues is hnown as the
hematon It 15 divided funcuonaily
into three organs or umts known as
the ervthron the levhon and the
thrombon The erythron includes the
arculating erythrocytes and the fixed
erythroposetic tissue of the bone mar
caw stusords The leuhon consists
of the mveloid elements of the bone
marrow and the grinuler leuhocytes
the Ihvmphod elements and  the
fymphocytes and the reticulo-endo-
thelum and the monacytes  The
thrombon includes i thrombocytes
wnd thetr precursors the megaharyo-
«yies of the bone marrow

The touil cellulie elements of the
blood comprise about 45 per cent of
the total blood volume 1n the mafe
and about 42 per cent m the female
and converselv the blood plisma the
hiqnd 1n which the cells are suspend
ed, comprises about 55 and 38 per
cent of the tatal blood volume re
spectively This ¢an be derermined 1n
any case bv addin, 2 quanuty of
blood to a swtable anticoapulnt
centrifuging the specimen ar high
speed and noting the degree of cell
packing, that results This 1s known
as the hematocrit reading The total

blood volume of the body depends
upon body veight and surfrce areas
and vanes somewhat with the meth
od employed for its measurement.
The yolume 1s considered to be about
one tnelfth of the body weght so
that the adult of averige size has
ahont six thousand cubic cenumeters
of blood

NORMAL HEMATOLOGIC
STANDARDS
AbULTs

Hemoglob n
Men 13510169 Gm per 100 cc of
bl

1
Wamen 125t 156 Gm per 100 ¢
of bl
Erythrocytes
Men 45 ta 55 muillion per cu mm
of blood
Women 40 to 5O mlhon per cu
mm of blood
Leuhocytes
Men and women 5000 to 10000 per
cu mm of blood
Dnfferential Count

Absola ¢
Pelatroe values
calues  (perce mm
{percent)  of bload}
Neutrophtls 6070 3000 6000
Rasophils 0s1 0100
Eosinophils 13 50 300
Lymphocytes 2040 2000 4000
Monocytes 6 700 600
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PLATE 1

I\OR\(M LLOOD

| Neuwrophits
2 Lymphootte

Bood finding® (ncrm:\ adult)

Hemoglo™® 1o N omer s method)
1 BC Slonon0 yer ¢ mm
wBC 200 per mm
Platclers 350 000 pef <® mm

» hromi and normocyiit

Eryxhrou(cs norme

5%

Dxﬂerenm\
Afyclocytes 050
Junemies
Bands

Se. _,mcnl:r 6:
Totid nemmph\\a
Lymphoet tes
Mono V€S
Ensmophl\s

6
33 %
27%
1

Ge
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Leukocytosts

(NEUTROCYTOSIS
MONOCYTOSIS

LYMPHOCYTOSIS
EOSINOPHILIA)

{See Plates 12 13 14 15 pp 58 59 62:65 68 &9)

NEUTROPHILIC
LEUAOCYTOSIS

Leulocytosis 15 that condiuon in
which the toral number of crculat
g leuhocytes exceeds the normal
This may be caused by an merease
1n any one of the vanous feulo-
cytes The most common tvpe 1s
neutropiutic feubocytosis or neutro-
cytosis or 1f cav ed by the lympho-
cytes it is 3 lymphocyuc lenkacytons
or lymphacytosis or 1f caused by an
ncrease in costnaptuls 1t 13 an cosino-
philic Jenhocytosis or cosinophiha

Many factors govern the number
of leuhocytes 1n the normal person
The range of normal varies between
5000 and 10000 cells per eu mm
‘The cell caunt varies in the same per
son on different days and 1 the
stme person at different tumes of the
same diy The average 1s about 8000
per cu mm 10 healthy medical stu
dents and from about 16000 to 12,
000 i infants because of the larger
number of fymphceytes It 35 impor
unt to estimate numbers of white
cells not only i percentage but
total numbers per cubac mulhimeter

of blood s

PHYSIOLOGIC
LLUROCYTOSIS

There 1s a dwrnal ude of leuhacy
tosts because there are mwo penods
duning the day when the feuhocytes
are increased sughtly in number—
from 100 to 1100 A M and from
1100 0 1200 P M Also the levho-
cytes are delnered from the bone
marsrow o the peripheral eircula
ton 1bout twice each hour The
number of leuhocytes 15 influenced
by food ntake Usually afrer mtake
of 2 heavy meal duning the period of
digesion there 15 a so-called diges
uve leuhocytosts  However—it- as
thought that a feuhopema exists 1
some people at that time parucularly
if they have ingested food to which
they may be sensiive and in order to
determine this the onginal measure
ments of leuhocytes should be ar the
basal or resting state

There 15 a physiologic leulocytoss
of pregnancy The full term preg
nant woman has a leulocyte count
of from 10000 to 20000 cells per cu
mm, pirucalardy n the thid tn
mester ‘There 15 also neutrophilic
leuhocytons of the newborn infant,

57



56 Normal Blood

Calewnr 910 11 my per cent m the
plasma of adults shpitly Iagher
m that of children
Scrum Protern total 6 to 8 Gm per
{00 ¢c of blood
Albumn 451055 Gm per cent
Glabuhis 151030 Gm per cent
LO Combn, Power of the Plisma
55 10 80 cc of carbon diovde per
300 o of plasma
Cholesterol 150 10 200 my, per 100 ec
of blood

TLNAMINATION OF BLOOD

The prehmnary e<imination of
the blood of a panent with a sus
pected blood diserse should nclude
the followny, procedures

Lstmation of hemoplobin
Lrythrocyte count
Levdocyte count
Dufferental count
Color 1nden
Volume index
Reticulocyte count
Fragshty test (1n cases of
spletarmeg,4ly)
Coagulstion ume
Clot reteaction ume
Platelet count
Wassermann or habn reactian
Ieterus tnde
Tor the technic of carrying ot the
abose pracedures see chaprer on
technics



PLATE 12

59



PLATT 12

NEUTFOPHILIC I FUNOCYTOSIS

Sepmented neutrophils (normaf granuliton)

1 Juienile neutrophit
2 Band neutiophils (toxic grinulation)
3 S, mented neutrophils (tovie pranulation)
4
> Iymphacite
Pload tin lings (§anent with lobar pneumonin}
Hemo, lobin 15 Cm (New coner s method
KBC 48>0 000 per cu mm
WEBC 40700 per cu mm
Platelets 740 000 per v mm

Lrythroct wd i

Differential

My clocytes 1
Juventles 10
Bands 31
Sepmenters 467

Total neutropluls 88 o
Lymphocytes 9%
Monocytes 3%



Lymphocytosis 61

ence of band forms of neutrophils
and one juvenile Of even greater im
portance than the total leukocyre
count 1 the shift to the left as indi
cated by the Schilling classification
(see page 34) The marked left shift
toward granularcell immatunty n
dicates a rather intensive and severe
bone marron  stmulus A marked
left shift with a total low lenhocyte
count would appear to have more
serious pronostic import than a sim
thr left shift with a igh leuhoeyte
count A fow total count probably
means that the avaifable arcolaung
cells have been drawn to the sue of
mfecton In the usual infection this
15 only temporary and the count will
rise as soon 1s the marrow output be
comes adequate

LYMPHOGYTOSIS (See Plate 13)

The normal number of arculating
lymphocytes 1s between 2000 and
4000 cells per cu mm 1n adults and
between 4000 and 600D per cu mm
1 children~Bince lymphocytes are
cells whose major funcuon is me
chanical in walling off inflammatory
processes they are wsually increased
m all conditions charactenized by
chronic inflammation and 1n condy

undulant fever chromc malana
smallpox chichenpox and measles
In whooping cough the lymphocyue
response 15 especially severe
Lymphocytosts 15 not seen as a re
sult of 1mvason with pyogenic or
ganisms since this 1s nearly always
followed by a neutrophihic response
Lymphocytosis may follow vanous
«rvacanauon procedures It 1s seen 1n
the socalled roscola mfantum or ex
anthem  subtum of chuldren A
Iymphatic reaction 15 frequently en
countered 1 exophthalmic  goter
and hyperthyroidism and lymphocy
tosts mav precede the nvolutional
changes in the 3 land The lympocytic
response 1n 1nfectious mononucleosis
1s especally marked with vanous
atypical forms seen 1n the perspheral
blood Any discase even though 1t
be a pyogemic one 1n the beginning
that requires  fong penod for heal
1ng and 1s charactenized by chroniaty
may present a lymphocytosis often
called postinfectious’ lymphocytosis
In tuberculosts a predominance of
hymphocytes usually indicates a heal
g process  whereas  diminished
lymphocytes and increased mono-
cytes indicate a period of relatwve ac
tvity This has resul ed in the devel
opment of the so<alled monocyue

uons ch ed by lymphod hy
perplasia Thus there 15 lymphocy
tosis 1 such diseases as glandular
tuberculosis pulmonary tuberculosis
n the more chrome phases second
ary syphibs  Hodghins  disease
tymphosarcoma and infectious mono-
nucleosis Ceneral lymphad nopathy
from whatever cause may pove nse
to increased numbsers of lymphocytes.
It 1s seen in many discase entities
such as typhoud feser typhus fever

hocytic ratio which 1s used as a
cniterion to evaluate the progress of
a tbesculous patent The fympho-
cytes seen n these conditions are
usually of the small adult type and
younger forms are rarcly encoun
tered In lymphatic leukemia the 10
tal number of arculanng lympho-
eytes reaches extremely high levels
and the cells mav show sarving
grades of immatunty depending, on
the type of leuherma



&0 Leukocytosis

which my be s high as 20000 cells
per cu mm The leuhocytes are in
crewsed because of muscular actvaty
This may be caused by incrersed
adrenahn output or by muscular
contractions by which leukocytes are
mechantcally forced into the periph
eral anulanon Lenhocytes are n
ereased dunng  penods of fright,
an,er emational upsets ete Thes 15
probably crused by sumulation of the
sympathetic nervous system with re
lease of adrenalin When thss occurs
there s very httle change in the
ferentual cell count It 1s probably
crused by overactnay of the adrenal
ghinds followed by dilaation of the
viscular bed  constricuon of the
spleen and the foramng, of the leuko
evtes mto the peripheral arculon
Aruficial feser will cause mcereased
numbers of white cells but anly for 1
short time and at 1s possible that 10
creased temperature as such may be
responsible for leuhocytosss

PATHOLOGIC
LLUROCYTOSIS

Since the neutrophil 1s the most ac
tively amebard cell of the body and
ws chiet function 15 to ward off bac
tertal imaston these cells therefore
constitute the first line of defense in
many mfectious diseases They not
only help wall off infection and re
lease proteolytic ferments  which
breal down bacterts and cellular ma
tertal 1o necrotie debrrs bue mgest
and devour bacteria by phagocvic
action ‘The Jeuhocytes that are hilled
in such conditrons form a muss of
dead cellular debris known as pus
In thes situations the neutrophils are
uswally increased m the blood and

there 1s nearly alwags 2 shift to the
left toward granulocyuc mmaturity
mdicaing that considerable bone
mrrow sumuhton accompantes the
process Any discase that 1s cavsed
by mfection with 1 so-called pus pro-
duang, or pyogenie orgamsm will
call forth a newwrophihic euhocvioss
Thus vanable degrees of leuhocy
tosis are seen 1 such infections as
single or multiple abscesses whatever
therr location  particularly  those
caused by staphylococar and strepio-
cocCl poeumoma  peritamus  otits
media mastosdius memngius fu
runcles  solnary abscesses  scarlet
feser, diphthersa eryspelas otc Fur
thermore  the mnjection of rrrtating
chemicals will produce leukocytosis
as for example the formaton of 2
stertle abscess i the muscle by the
mjection of turpeptine

There 15 evidence that dead and
necrotic tssue ttself will produce len
hovytosts as seen for example after
myocardial mfarction from coronary
thrombosis where no nfecuous ele
ment is imolved Leukocytosis may
follow acute hemorrhages parucu
tarly sf the blood loss 15 considerible
It 15 the rule m vanous mahy,nanaes
particularly 1n those that are far ad
vanced regirdless of their location
There 1s a postoperative leuhouytosts
that 15 probably caused by wssue
damage and trauma duning, the oper
amve procedure Neutrophihe output
will follow the injecton of many 1n
ert materrals such as carbon dead
bacterra  preparivons  of varous
metals stenle mlk, ete

Plate 12 shows a typical neutro-
philic leuhocytosis 1o which there 1s
considerable evidence of cellular 1im
maturity as indrated by the pres
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LY\II’HOC} Tosts

I Lymphocy oy
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Plasma Cells 67

such condiions the nasal and the
oral secretion of allergic patients will
show more eosinophils than normal
The flwrd of blebs and wheals in the
allergic phenomena becomes filled
with eosinophils Eostnophilia may
be a consistent finding in 2 namber
of shin diseases including, psortasis
pemphigus vanous types of prunits
and diferent forms of eczema There
»s usually a marked eosinophilia
after the bite of the blackh widow
spider Eosinophils may be increased
during the healing phase after acute
nfections Appendicitis 15 somet mes
designated as subacute because of
eostnophulic infiltrations inte the sub
mucosal appendiceal layer  Also
there may be cosinophtha i other
infectious discases 1n the chronic
stages It has heen observed fre
quently 1n certain types of arthnns
1t 1s seen 1n some cases of periarterius
nodosa and also has been reported 1n
cases of chromic benzene poisomng
Increased cosinophils may occur 10
the blood 1n the later stages of paeu
moma and this has been stated to
be of good prognostic import Many
observers have noted the eosinophilia
that follows the treatment of patients
with various preparations of Iiver ex
trace particularly 1f the hver estract
1s given by oral admumstratton

INCREASED BASOPHILS
Appuently there is no such condy

tion as a basophilic Jeuhocytosis and
there 15 no infectious disease that 15
charactenized by basophiha or
creased basophuls  These cells are
seen 1n substantal numbers only in
cases of chronic myelogenous leuke
mia 1p which they may be mncreased
i certan cases  Furthermore the
function of the basophil 1s unknown
although at least 2> different hy
potheses have been suggested

PLASMA CELLS

Under normal condwons plasma
cells are not found m the blood
These cells are probably atypical
forms of lymphocytes and have their
ongmn from lymphod tissue Al
though seen quite commonly 1 fived
ussue 1n response to subacute nfec
tious diseases they are remarkable
because of their rare appearance in
the blood No doubt their function 1s
sumilar o that of lymphocytes They
have been reported to be increased 1n
German measles mn some cases of
muluple myeloma and i rare cases
of plasma cell leukemia they may be
present 1n large numbers Fucther
more they have been reported in rare
smstances of syphils Even though
they are notably increased in the us
sues 1n such diseases as lupus various
grinulomata of the shin n tubercles
plisma cell muelomata etc, these
changes are rarely reflected 1n the
bluod
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MONOCYTOSIS (Sce Plate 14)

Monogytes comprise from 5 to 10
per cent of the arrcuhiung white eclls
or from abous 500 to 1000 cells per
cu mm The function of monocytes
ss pramanily phagocytic and they are
screased 1 various conditions
which  phagocytoss 15 required
Monocytosis may be seen 1 pigeons
after the njection of tuberscle bacills
and n certain anginal condttons of
the soft ussues of the mouth Mone-
cytes are usually mncreased in the
more actine phases of malaria

T here 1s usually a monocytosts
pracucally any type of infectious dis
ese that might be designated chim
cally s subacute Thus monacytes
are seen m vanous stages of lympho
granulomata, s\philis  tuberculosis
dunng the acane and progressne
phase tphoid fever m the early
staces Hodghins diseise o the
chronic stiges of amebic dysentery
and posssbly 1n infectious mononu
cleosis Also there 15 usually mono
ctosts after remaval of the spleen
‘The number of monocytes may reach
extremely fhugh levels i cases of
monocvtic leuhemsa

It should be emphasized that
monocytosts 15 not characteristic of
any certain dhsease that 1t occurs in
many diseases at varous times and
that 1t 15 a phagocyuc response for
the wpgestion and the removal of
large bivin, and dead orgamisms and
foregn material Furthermore cer
tain diseases n the acute phises may
be characterized by newrophific leu
Lacytosts 1n the Liter stages by mono-
cytosis and m the more chrom
forms by lymphocytosts The tvpe of
cellular sesponse that 1s secn 1 the

bload 1s dependent upon the type of
wfection and the type of tissue re
sponse provohed by the mfectious
agent

EOSINOPHILIA (See Plate 15)

The total number of arculaung
cosinophils varies from 1 to 2 per
cent of all white cells or from 100
to 200 cells per cu mm The eosino-
phul contamns a type of cytoplasmic
granulavon 1t which the granules
are large very shiny and refracule
more aerdophihic i character and
stan a bright orange red The granu
favon s perouidase possuve  The
granules do not show the character
sstics of fat

There 15 evidence to indicate that
cosmnophds may on rare occasions be
increased in indivsduals who are nor
mal Furthermore there are many
records of chssic famihal hereditary
costnophiliz in which the total num
ber of eosinophils reaches extremely
high levels in indinviduals presumably
otherwise normal Certan diseases
are hnown o be accompamed by
eosinophilia  these tncluding intes-
umal 1nfestanon with vanous para
sites such as hoohworms tapeworms
mcluding the fish tapeworm the
roundworms the pmworms and
others Eosinaphthia is scen to an ex
weme degree m inchintasts and 15
found n certain stages of amebiasts
and flariasis It mas be found 10 the
heahing phase of scarler fever

Pracuclly all types of the so-called
atlergic diseases are accompamed by
costnophilia so that 1t is seen in such
condinons as asthma hay fever
angioneurouc cdema and other at
lergie ar hypersensiive states In
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PLATE 15

EOSINOPHILIA

1 Lcanophils {showing color vananon 1n cytoplasmic granulauon)

2 Neuwophil

Blood findin,s {patient with trchimasts)
Hemoglobin 176G (Newcomer s method)
B 4330000 per cu mm
wBC 11800 per cu mm
Platelets 320000 per cu mim

Frythrocytes shihtly hypochromic and nosmeo
cvuc

Dnflerential
\yclocytes 0
Jurenles 3%
Fands 57
Segmenters 4%
Total newtrophils 477
Limphocvtes 0"~
Eosinophils 8%



Malignant Neutropenia 71

destroyed 1n excessive numbers by the
spleen and the resulung syndrome is
called primary splenic neutropenia

pema therefore may be dietary

ongn The feeding of sucainylsulfa

thuzzole to laboratory amimals will
I

Severe leukopenta can be p
1n experymental animals by the mntra
muscular 1njection of small daily
doses of benzene and when given in
very small doses the chemical seems
to exert a selectve afbmty for lewho-
potctic elements so that study of the
marrow shows leuhoporeric aplasia
with other elements relatively unaf
fected Since benzene 1s the central
nucleus for so many drugs and chem
icals 1 current medical use any
preparauon which contains 1t must
be under suspicion with re.ard to its
ability to produce leuhopenin i oc
casional individuals Thus 1t 15 now
definitely established that amidopy
rine and all 1ts vanous combinations
arsphemmune dinstrophenol the vae
1ous sulfonamtde drugs the benzene
ring containiny, gold salts and certain
organic arsemcal preparations are ll
capable of producing severe prades
of leuhopenta In every case of leu
Lopema a careful hustory should be
taken to exclude or establish the 1n
gestion or exposure to these various
dru_s

Physical agents such as radimnon
can also damaye the marrow to the
point of leukopenia s seen 1n such
conditions as radution osteitss from
radium and excessne exposure to
roentgen rays can 1lso produce severe
leukopema Grinulocytic leuhopenia
has been observed 1 monkeys after
prolonged feedin, wuth diets defi
aent i viamin C Similar leudo
[ enue states with ulceratne stomatius
huve been praduced in doos fed on
a deficiency diet that produces black
tongue Some nstinces of leuho-

produce leukopenua 1nt
spite of the fact that this parvcular
sulfonamude preparation 1s not ab
sorbed from the intestinal tract to
any considerable extent If 1t can be
ascertained that leukopenta s the re
sult of admumstration of dru.s or
exposure to chemicals the patent
should be removed at once from
these influences

MALIGNANT NEUTROPENIA
{(AGRANULOCYTOSIS)

Several thousand cases of this dis
ease have occurred since 1t was first
reported 1 1922 Most of them have
developed on the basis of admimstra
tion of amidopyrine and uts various
compounds More recently the var
1ous sulfonamide drugs have been re
sponsible for the syndrome Clinical
ly the disease shows 2 wide varety
of mamfestations but 1n general 1t
runs a severe rapidly fulmmatng
course the panent soon being over
whelmed by various types of infec
tious processes because of the loss of
cellalar resistance

Severe neutropentt 1s the outstand
1y, hematelogic finding and the red
cells and the plitelets are seldom af
fected The most effective treatment
for the typical case of malienant neu
tropenin 1s the usc of therapy to con
trol 1nfecion ind pemialin has
come to be the reatment of choice
The awents used to sumulate the
bone marrow have very little value
Such 1 ents have included radsation
byver extraet  pentnucleotide  and
many other products The prognosis



Teuhopema 1s that condion 1
which the number of airculaung leu
Locytes 1s below normal wathout ref
crence to the tvpe of leuhocyte 1
volved Thus leukopenia may exist
at the expense of the neutropluis 1
which case 1t 15 a pentropenn of af
the lvmphocytes are decreased tt 1s a
fymphocytopema Since most leut o-
penic syndromes are caused by a de
creased number of neutrophils near
ly all patents with leuhopema may
develop various secondary bactenial
infections because of loss of neutro-
phihe resistance

Yeuhopena may come about be
cause of several mechamisms

1 By simple snhibinon of bone
marrow output of granulocytes from
bactertal toxins ete

2 By arrest of granulocytic matu
rabon  usually 1t the mveloblastic
level as seen in aleuhemy jeukemia

3 Ry nfiliration of the marrow
with vanous tumors as 1n mulnple
mieloma or metastatic caranoma
10815

4 By elmmnaton of white cells
from the vascular sysiem o large
infected areas as o the peritoneal
cavity in generahzed perttonsts

5 By increased destrucuon  of
white cells 1 peripherad  blood
Though theoretically  possible  no
inical example of ths s av nhible

6 By redistnibution of cells 1 the

9
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e

vascufar system, as seen after the in
jectian of foresgn protetn or adren
alin

7 Bv redistnbution of white ceffs
throughout the entire body as seen
in aleuhemic leuhemn

1n most of the Jeukopensc states the
bone marrow fails to produce a suffi
cient number of cells This may be
because of maturatan arrest or dam
age to the marron by vanous toxins
drugs and chemicals Certua nfec
tious diseases are charactenzed by
jeuhopema which 15 usually muld
with the total cell count bemng
around 3000 cells per eu mm with
a low percentage of neutrophils

Leuhopena 1s commonly observed
1n the early stages of many infectious
diseases such as measles Germn
measles mumps nfluenza malzra
undulint fever and typhus fever and
during, overwhelming pyogenic
fections Leuhopenia 1s also seen in
such diseases  as  hustoplismosis
Banus syndrome and the relapse
phases of permicious anemia 1 aleu
Lemic Jevherma and usuallv i aplas
ue or hypoplasic anermas where
other elements of the bone marrow
show a correspandingly severe de
pression

Severe leufaperia may afso de
selop because of excessiee fun tonal
actuvity of the spleen In such in
stances the leuhocytes are presumibly
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The Iron-deficiency Anemias

(See Plate 16 pp 74 75)

CLASSIFICATION OF
ANEMIAS

The most 1mportant objective of a
laboratory and clmical study m the
evaluation of anv anemu 1s to clas
sify 1t with particular reference to the
exact nature of the deficiency

All anemuas should be classified
1nto one of four large groups These
are 2s follows

1 Iron-deficiency anemmas

2 Deficiency of anuanemia factor

3 Hemolyuc anemias

4 Anemus of bone marrow dam
age

If the anemia ts not properly classt
fied 1nto one of these four major
categories 1t 15 practically impossible
to treat the condwion 1ntelhgenty
The alder classification of primary
and secondary anemuas should be dis-
carded In nearly esery nstance any
ancmia can be classified 1nto one of
these four groups by carcying out 2
certain group of liboratory proce
dures which should 1aclude the fol
lowing  Red<ell count whitecell
count hemoylobin estimation duffer
ental cell count reuculocyte esuma
ton  pached-cell volume computa,
tion of volume index computation of
color ndex and fragility test 1n the
hemolytic types After these proce

3

dures have been carried out 1t s
possible to determine exactly the type
of anemra and to place 1t 1n one of
the four categories mentioned

After preliminary studies 1t may
be necessary to mahe further deter
minations depending upon what re
sults are obtained from the ongmal
studies The studies outlined above
will enable one to classify the ane
mua into 2 hematologic classification
which 15 based upon the number of
red cells, hemoglobin content of cells
and size of cells If the red cells ace
normal 1n number such an anemua
1s said 10 be pormocythemic 1f the
hemoylobin content 35 normal 1t 15
referred to as normochromic and 1f
the average cell size 15 normal 1t 1s
then called normocytic If these val
ues are decreased 1t 15 referred to
by the terms hypocythemic hypo
chromic and mucrocyuc If these val
ues are increased the corresponding,
terms  are  hypercythemic  hyper
chromic and macrocytic Thus by
Lnowing these three factors—number
of red cells average hemoglobin con
tent and average cell size—it 15 pos
sible to classify any anemu at once
by ueng the termunology described
abose Some anermas therefore are
hypochromic and microcyue others
hyperchromsc and macrocytic ete.



72 The Leukopenic Diseases

18 much better now since peniailbn
can be used nd nearly Al patients
recover from the discase

CHRONIC NEUTROPENIA

The syndrome of chronic neutro
pema has been described s 1 condi
uon in which here 15 a prolonsed

but moderte decrease 1n the number
of cireulating neutrophuls below nar
mal It is assoutated with some weak
ness fuugue a tendency to uire easily
nd a predisposition to nfections In
tramusculte Inver extract 1s probably
the hest therapeutic agent for this
partcular syndrom.
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The Tron-deficiency Anemias

{See Plate 16

CLASSIFICATION OF
ANEMIAS

The most important objectrve of 2
laboratory and chmcal study 10 the
evaluation of anv anemsa 1s to clas-
sify 1t with particular reference to the
exact nature of the deficiency

All anemias should be classified
1nto one of four large groups These
are as follows

1 Iron-deficiency anemias

2 Defictency of antianermia factor

3 Hemolyuc anemias

4 Anemmns of bone marrow dam
age

If the anema 15 not properly classi
fied 1nto one of these four majer
categortes 1t 1s practically impossible
to treat the condinon itelligently
The older classificaion of primary
and secondary anemias should be dis
carded In nearly every instance any
anemua can be classified 1nto one of
these four groups by carrying out a
certamn group of laboratory proce
dures which should include the fol
lowing Red-cell count  white-cell
count hemo,lobin esumauon differ
ential cell count reuculocyte estima
von pachedcell volume  computa
ton of volume index compurauon of
color index and fragility test 1n the
hemolyuc types After these proce

s
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dures have been carned out 1t 1s
possible to determene exactly the type
of anerma and to plice 1t in one of
the four categories menuoned

After prelmmary studies 1t may
be necessary to make further deter
rmnauons depending upon what re
sults are obrained from the ongial
studies The studies outhned above
will enable one to classify the ane
mia 1nto 1 hematologic classification
whuch 1s based upon the number of
red cells hemoglobin content of cells
and size of cells I the red cells are
normal 1n number such an anemsa
1s said to be normocythemic if the
hemoglobin content 1s normal 1t 1s
referred to as normochromic and if
the averace cell size 1s normal 1t 1s
then called normocytic If these val
uves are decreased 1t 15 referred to
by the terms hypocytherme hypo
chromic and mucrocyuc If these val
ues are increased the corresponding
terms are hypercythemic, hyper
chromic 1nd macrocytic. Thus by
Lnowing these three factors—number
of red cclls aserage hemoglobin con
tent and average cell size—it 15 pos
sible to classify any anerma at once
by using the terminology described
above Some anemias therefore are
hypochromic and microcyuc  others
hyperchromic and macrocytic ete
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15 much better now since pemallin
e be used wnd nearly all pusents
recover from the discase

CHRONIC NFUTROPENIA

The syndrome of chrome neutro
pemnt his been deseribed 15 a conch
ton w wheh here 15 1 prolonged

but moderate decrease 1n the number
of arculting, neutrophuls below nor
mal It s assocrated with some weah
ness fau,ue 7 tendency to tice easily
and 1 predisposiion to infecnions In
tramusculr Iner extract 15 p ohably
the best therapeutic went for this
paruculy syndeom
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The Iron-deficiency Anemias

(Sec Platc 16 pp 74 75)

CLASSIFICATION OF
ANEMIAS

The most important objectrve of a
faboratory and chinical study n the
evaluation of any anemta 1s to clas.
sify 1t with parncular reference to the
exact pature of the deficiency

All anemias should be classified
1nto one of four large groups These
are as folloy s

1 Iron-deficiency anemias

2. Deficiency of antumemnia factor

3 Hemolyue anermias

4 Anemuas of bone marrow dam
age

1f the anemua 15 not properly clisst
fied mto one of these four major
categonies 1t 1s pracucally impossible
to treat the conditon inrelhgently
The older classificauon of pnmary
and secondary anemias should be dis.
carded In nearly every instance any
ancriua can be classified mnto one of
these four groups by carrying out a
cerann group of laboratory proce
dures which should snclude the fol
lowing Redcell count  whitecel]
count hemoglobin estimation duffer
enual cell count, reticulocyte esuma
ton, packed-cell volume wmputa
uon of volume mdet computation of
clor index, and fragility test 1n the
hemalyue types After these proce

i3

dures have been carmed out, 1 1s
possible to determine exactly the type
of apenua and to place 1t 10 one of
the four categories mentioned

After prehimunary stucies 1t may
be necessary to make further deter
mugpatons depending upon what re
sults are obtained from the onginal
studies The studies outlined above
will enable one to classify the anc
mua into a hematologic classificanon
which 15 based upon the number of
red cells hemoglobin content of cells
and size of cells 1 the ved cells are
normal 1n number such an anema
1s said to be normocythemic 1f the
hemoglobin content 1s normal 1t 1s
referred 10 15 normochromic and if
the average cell size 1s normal 1t 15
then called normocytic I€ these val
ues arc decreased it 15 referred to
by the terms hypocythemic, hypo-
chromic and mucrocyuc. If these val
ues are increased the corresponding
terms  are  hypercythemic, hyper
chromi and macrocyuc  Thus, by
Lnow ing these threc factors—number
of red cells average hemoglobin con
tent and average cell size—it 15 pos-
sible to clasaify any anema at once
by using the terminofogy described
above Some anemuas, therefore are
hypochromic and microcyuc others,
hyperchromic and macocytre, ete.
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MICROCYTIC HYPOCHROMIC ANEMIA
{SECONDARY ANEMIA)

Sepmented neutrophil
Band neutrophil
Lymphocyte
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THE IRON DEFICIENCY
ANEMIAS

Iron deficiency anemmas may de
velop because of hemorrhages either
acute or chromic varous nutrtional
deficiencies  pregnancy, varous in
tesunal drsorders such as chronic
diarrhea and ulcerative colins, and
intesunal parasiusm of all types They
may be a result of 1nfectious diseases
of pracucafly any type if the disease
15 prolonged, of inadequate diet far
advanced malignant tumors and a
great many other condions They
compnise well aver 90 per cent of all
anemc states

Thas type of anemia 1s pracucally
always hypochromic and the average
red cell does not contamn ats normaf
quota of hemoglobin with the colar
index below onc whereas anemias
caused by defiaeney of anttanemia
factor are usually macrocyuc in type
ind nearly always hyperchromsc
with a color index above one

Plate 16 shows a typical example
of microcytic hypochromuc wron defi
ctency anemia which 1n older termi
nology was referred 1o as secondary
anemua ‘The outstanding characterts
tie of this group of ancmms 15 the
fact that the red cells do not have
therr normal quota of hemoglobin
Microcytosis  usually 15 associated
with the hypochromi iron defiuency
anemias particularly when the proc
ess 15 a long standing and chrome
one The colar index s shoays low
and the number of red cells may be
normal or below normal

A classie hypochromie, microcviie
apemua 1s charactenized by microcyue
cells show ing variable degrees of cen
tral pallor widna the cells There 15

also some shy ht variation m size and
i shape of the cells and some of
them may show varable degrees of
basophikc  tppling The platelets’
and the white cells are wsually not
altered Such anemuas as shown
this plate may develop as a result of
an acute hemorrhage nvolving, large
amounts of blood chronic blood loss
regardless of the cause acute nfec
uous diseases of vanaus types chron
1c infectious states such as typhoud
fever, malarn tuberculosis syphilis
prolong ed febrle diserses nfluenza
subacute bacterial endocardms  ul
cerative cobtis and many other sim
tlar conditons  Such anemuas are
Iikely to develop 1n vanous types of
mahignancies and sn practially all
types of parasiuc infestation if the
process 15 sufficikntly prolonged It
15 the classic anemra of malana and
it oceurs frequently m pregnint
women Furthermore 1t 1s the type
of anemua resulung from dietary re
striction and s seen in hvpothvrod
1sm or myxedema It s the anemin
described 1n the older Mterature as
seen 1 chlorosis

A great many people have vanable
degrees of hypochromic mcrocyte
anemta and it seems unusually prev
alent among women being caused by
a combination of factors including
dietary restricion chrome menstrunl
blood loss perhaps associated with
hidden foct of infection

TREATMENT OF
HYPOCHROMIC ANEMIAS

The most important therapeuuc
measure 1 any tron-deficiency ane
mua 1s to discover its ciuse and re
move 1t 1f possible The anemua wself
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however 1s the type that responds
to the admimstration of adequate
doses of a smtable 1ron preparation
Laver extract providing the hemato
potettc factor 15 not required 1n this
group of anemias

Iron s the most mmpertant factor
10 bulding the hemoglobin molecule
and a well balanced dict contains suf
ficent won for average demands
Nearly every case of hypochromic
anemia can be corrected by the ad
munistration of won alone without
the use of other supplementary met
als which are sometimes used as so-
called catalytic agents The admnss
travon of from 10 to 15 grans of
ferrous sulfate datly by mouth s
adequate for the correction of prac
tically every case of hypochromic
anemmua The use of copper and ather
such agents 15 not indicated Iron has
very httle value when given by par
enteral methods since the amount
of 11on that can be given by injection
1s so small’ that it seems useless
Futhermore the reactions are not
always favorable Ferrous sulfate
should be given three times dmly
after meals or 1f 1t 15 not well toler
ated 1t can be dided 1nto stll
smaller doses and given 1n a larger
nurber of doses during the day

A severe case of hypochromic ane
muz usually responds sausfactorily
with as much as 2 2 per<ent increase
1n hemoglobmn daily and if a 1 per
cent daily increase 1s mantmined this
1s considered to be a sausfactory re
sponse Duning treatment of severe
cases there may be an associated mild
renculocytosts as high as 5 per cent
following 1ron therapy Some pa
tients show achlorhydna along with
their 1ron defictency anemia  Even
though correction of anemia 1s not
followed by correction of the achlor
hydna 1t 1s not necessary to use hy
drochloric acd 1n the treatment of
such patients

Supplementary measures to iron
therapy include the use of blood
transfusions particularly f the ane
mia 15 quite severe An occasional
patient may require one or £wo trans
fusions 1n the early part of treatment
which males the iron more effective
duning the later days or weehs of
treatment Transfusions are not 1n
dicated however except 1n unusually
severe forms of 1ron-deficiency ane
mias Some believe that a weekly 1n
tramuscular mjection of from five to
ten umts of liver extract 15 a valu
able supplementary measure 1n the
treatment of iron defictency anerma
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THE IRON DETICIENCY
ANEMIAS

Iron-deficiency anemias may de
velop because of hemorrhages eiher
acute or chrome  vanious nutntional
deficiencies, pregnancy various in'
testmal disorders such as chromic
diarthea and ulcerative colius, and
itestnal parasiusm of all types They
may be a result of infecudus diseases
of pracucally any type if the disease
15 prolonged of madequate diet far
advinced malgnant tumors and a
great many other conditons They
comprise well over 90 per cent of all
anemuc states

This type of anerma 15 practically
alwiys hypochromic and the average
red cell does not contamn 115 normal
quota of hemoglobin with the color
index below one  whereas anemias
caused by deficiency of antianemia
factor are usually macrocytic m type
and nearly always hyperchromic
with a color index above one

Plate 16 shows a typical example
of mucrocytic hypochromic iron-defi
crency anemia which ig older term:
nology was referred to as secondary
anerma The outstanding charactens
uc of this group of anemias s the
fact that the red cells do not have
therr normal quota of hemoglobin
Microcytosis  usually 15 associated
with the hypochromic ron-deficiency
anemias particulatly when the prac
ess 15 a Jong standing and chromc
one The color mndex 15 always Jow
and the number of red cells may be
normal or beJow normal

A dassie hypochromie, microcyuc
anemia 15 charactenzed by microcytic
cells showing varable degrees of cen
tral patior within the cells There s

also some shyht varation m size and
in shape of the cells and some of
them may show varable degrees of
basophlic stipphng  The platelets
and the white cells are usually not
altered  Such anemuas as shown 1n
this plate may develop as a result of
an acute hemorrhage mvolving large
amounts of blood chrontc blood loss
regardless of the cause acute 1nfec
uous discases of various types chron
1c mfecuous states such as typhod
fever malana berculosss syphibis
prolonged febnle diseases snfluenza
subacute bacterial endocardins uf
ceratve cobius and many other sim
ilar condiions  Such anemas are
likely to develop 1n various types of
malignancies and 1n practcaily all
types of parastie infestation if the
process 15 sufficeently prolonged It
1s the classic anemia of makara and
1t occurs frequently i pregnant
women Furthermore 1t 15 the type
of anemia resulting from detary re
striction and 1s seen 1n hypothyroid
1sm or myxedema It 15 the anema
described 1n the older literature as
seen 1 chlorosis

A great many people have variable
degrees of hypochromic mucrocyuc
anemma and it seems unusually prev
alent among women being caused by
a combination of factors including
dietary restricuion chrome menstrual
blood loss perhaps assocuated verch
hudden focr of snfection

TREATMENT OF
HYPOCHROMIC ANEMIAS

‘The most important _therapeutic
measure 0 any sran-deficiency ane
mia 15 to discover its cause and re
mose it of possible The anemia sself
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the bone marrow 1s able to compen
sate for thus destruction by increased
output of reticulocytes then the pa
tent will not develep anemea It 1s
only when this compensation 1s
broken that the patent s likely to
develop the chinical signs of the dis-
ease In the meantime however be
cause of accelerated cell destruction
the patent may show a subchinical or
chineal jaundice which usually has
been present for many years Exam
inanon usually reveals the presence
of the jaundice and an enlarged
spleen

Examunation of the blood reveals
a large number of renculocytes a
classic picture of small 1ntensely
stamned mucrospherocynic cells  fre
quently an associated leuhocytosis
which ‘may even be a leuhemod re
action the presence of escessive
amounts of bilirubin 1n the blood an
elevated icterus mndex and ancreased
amounts of urobilinogen 1n the urine
1nd urcbilin 1n the stools The cells
show increased fragility when placed
mn hypotonic saline The condition
can be cured promptly and perma
neatly by splenectomy After splenec
tomy the cell values are soon restored
10 normal reuculocytes decrease
number the spherocyes persist but
apprently are able to funcuion as
oxygen carriers and are not destroyed
1n large numbers as before splenec
tomy Even the increased fragihty
persists but the patient becomes cha
scally cured The patient neverthe
Tess 1s capable of transmutung the
disease to his proeeny It 15 some
times difficult to transfuse these pa
tients because of unfavorable reac
tons from blood thit appears to be
perfectly matched so the patient

should be watched carefully for ev1
dence of accelerated blood destruc
ton after transfusions

OTHER CAUSES OF
HEMOLYTIC ANEMIA

Although congenital hemolytic 1c
terus 15 the classic type of hemolyuc
anem there are many agents nd
diseases that can cause accelerated de
struction of red cells These include
certain types of generalized septice
mua  paruculacly those caused by
hemolyuc streptococet Rare hemo
lytic anemas are seen 1n syphilis and
1 severe malara” and cell destruc
ton may be sufficient to give hemo-
globnuria or so-called blachwater
fever A number of drugs chemicals
and posons sncluding phenylhydra
zine  acetylphenylhydrazene  potas-
stum chlorate sulfonamide drugs
phosphorus  dinitrophenol  sapomin
ricn snahe venom arsentcal com
pounds etc are capable m ceran
people of causing accelerated blood
destruction ‘The type of mass cell
destruction following  incompauble
blood transfusions 1s also on the same
basis On rare occasions paneats have

1 a hemol

a
mn therr own blood There are cer
tun chinical entities that are charac
terized by intravascular cell destruc
tion including sichle cell anemma ¢
Lederers acute hemolync aremm
and the varous erythroblastic ane
muas of childhood such as Cooley s
and von Jakschs anema The syn
drome of newborn infants usually
called erythroblastosis foetalis s 2
severe hemolytic anemsa based on 1n
compaubility of the Rh factor be
tween mother and infant.

Various disease syndromes charac
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(See Plates 17 18 19, pp 8083 86 87)

ANEMIA OF CONGENITAL
HEMOLYTIC JAUNDICE

(See Plate 17)

The hemolytic anemnas are caused
by excesstve mntravascular destruction
of red cefls When ths occurs there 1s
usually adequate bone marrow com
pensation for the destruction as man
fested by evcessve production of
retculocytes In this type of anemia
1t 1s 1mportant to discover the cause
of the excessive cellular destruction
and 1t 15 necessary to study the prod
ucts of cell destruction, such as bilt
rubin content of blood plasma and
urabthnogen and urobihn n urine
and stools Classic examples of this
anemia include chronic  famihal
hemolytic anemta acute hemolytic
anemia of Lederer certain anemias
of syphulis paroxysmal hemoglob:
nuria anemia of sulfonamide-drug
adminustraton anerma of lead pot
soming sichle cell anemia hemolytic
anemia of the newborn etc

Plate 17 shows the type of bleod
picture seen 1n congemtal hemolytic
scterus which 1s a classic example of
hemolytic anerma This 1s an nher
sted famthal disease characterized by
prolonged attacks of jaundice with
variable degrees of anemra and sple
nomegaly It 15 a type of true hemo-
lyuic anemia which 1s caused by the

destruction of excessive numbers of
red cells This cell destruction tahes
place because 2 large number of them
are inheremtly defectne the defect
consisung of an excessine fragihty
which renders the cells unable to
withstand  the normal factors of
trauma i the vascular system so
that they are subsequently destroyed
by the spleen 1 large numbers

The disease 15 transmutted accord
ing to the mendelan law of mhen
tance It occurs tn any race of either
sex 1n pracuically all countries It oc
curs 1n no specific age group but
most cases are discovered carly i
Iife It 1s not hnown why the mndi
vidual produces the small micro-
spherocytic red cell which 1s biconvex
rather than biconcave 1s more glo-
bular and rounded has a smaller
dameter and 1s no doubt partally
hemolyzed and more fragile when
placed 1n hypotonuc salt solution The
wherited defect whatever 1ts nature
causes swelling and spheniity of the
cells

In this condition the red cells may
be normal or below normal 1n num
ber The renculocytes are always cle
vated semctimes to an astonishing
degree and the rate of destruction
governs the amount of retrculocyto-
sts If the cells are destroyed i large
numbers by the overacuve spleen and
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PLATE 17

(SECONDARY ANEAIA)

ANEMIA OF HEMQLYTIC JAUNDICE

Blood findings
Hemo, lobin
RBC

WBC
Platelets

Color mdex
Volume ndex
Icterus index
Reticulocytes

Neutrophils
Microcyte
Macrocyte
Porhalacyte
Polychromatocyte

VBt

78Cm (Newcomer s method)

2600000 per cu mm
7800 per u mm
306000 per cu mm

130%

Dufferential

Myelacytes 0%
Juventles 2%
Bands 6%
Segmenters 575
Totl neuteophtls ~ 65%
Lamphocytes 28%
Eostnophils 1
Basophils 2%
Monocytes 47

0 glli‘raxsxlg o[d:ry::n]acyxes 314P’J1yrpown1c salt solutions Hemolysis begmming at
49%¢ NaCl and complete at

Erythrocytes mucrocytic and hypoch swith marked
cytosis and polychromatophihia
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tertzed by hemoglobinura are on the
sume bwis  these including  cold
hemo,lobinura which 35 probably
fuctic 1 orgn murch hemoglob
nuria seen after prolonged muscular
everase following tmactvty  noc
wurnal hemoglobnurin in which cefl
destrucion @ curs munly  dunng
sleep  allergic bemoglobimurnn as
scen 1 posomng wn the disease
fiismus  myoglobinuen ere Al
these have the same hematologse
charactenistics 1 common—massive
weelerated cell destrucnon imcreascd
products of ceft destruction m the
blood unne and stools and com
pensatory reticulocytoss by the bone
marrot  An amportany feutute
any hemolytic aperma ss to study the
paaent cuefully for exposure to dan
gerous chemicals or W mn,eston af
drugs that mught be responsible for
the conditton

ANIMIA OF LEAD
POBSONANG
(See Plate 18)

Plate 18 shows the characternsuc
blond picture seen 1a cises where the
terd posomng 15 severe and of lung
sondg and where the expasure to
le2d has bren considershle This ane
ma s hemolyte althouyh assoctsted
wuth 1t 15 much evidence of won deh
aency because of the vather marked
hvpechromia of the red cells that s
so frequemly seen Basopbibic stp-
phing may be seen m a considerable
number of the red cells

Lead powomag may occur when
the metal gawns access 1 the body us
sues m excessise quantuwy  whether
5t be by oral wwestion tmjecion an
halagon or shin contact k& 15 fre
quently scen m ndustrial worhers

who are worhing with fead Ris 2
comman finding m punt chippers
those who re working 1n close quar
ters usually on booard ship and it &
oftess seen tn house pamnters It has
been reported mn wnfants who gnaw
ar the punt on thew tnbs and mgest
sufficient lerd for possomng

The outstanding chnwcal featores
of the acute form nclude marked
pallor due to the anemia severe ab
dormnal cramps usudly constipation
and sanous palsies of the penpheral
nerves Furthermore there may be
found a blue lead Ine at the junction
of the gums with the teeth The de
prec of anemia 15 vanable and de
pends upan the amount of lead 15
gested and the duraton of exposure
The anema 15 usually hypochronic
the hemoglobtn bemy, lower than the
red-cell values There 15 cansiderable
achromua usuatly varble degrees of
bisophilic supphoy, some increase i
renculocvtes and  frequently some
vantion n size and 1n shape of the
red cells If the rate of cell destrucuon
15 severe theee wall be evidence of
accelerated cell destructon - the
bload ncluding an elevated wcserus
sndex and urohiino,en m the urine

SICRLE CELL ANEMIA
{Sec Plate 19)

Thus condition 15 3 true hemolyuc
wemia which 15 hereditary  and
rrapsmussible according to the men
delian hw It 15 seen chuefhy
“epraes but op ocison m wite
people It 1s charactenzed by the pres
eme of crescenshaped or sichle
shaped red cells called menscocytes
which are destroyed 11 excessive num
bers 101 the vasculw system and prob
ably 10 the spleen
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The disease occurs m all parts of
the world and 1s practicatly confined
to the Negro race A great many Ne
groes who do not extubit the disease
clinically show what s referred to as

> the sichling trart Relable fi, ures in
dicate that 7 per cent of all Negroes
1n the southern Unrted States exhibit
the sichlin,, traxt_but that enly 1 out
of 1> of these develops the disease
clintcaily It 15 not known why the
red cells have this pecuhar deformuty
but 1t 1s hnown that sichling occurs
much more readily in the absence of

“oxygen and that the amount of sich
hing vanes directly with increased
carbon-dioade content

A typical patient with the discase
1s 2 young Negro adult who presents
a hustory of weakness prolonged sll
health vanable degrees of anemia
casy fatigue and other sigas referable
to anemiz Many have disturbances
1 the mtesanal tract includmg pain
nausea and vomting Some have
jornt pains and a common finding
11 cases of long standing 1s the pres
ence of ulcers on the legs near the
ankles There may be shight jaun
dice The spleen 15 usually enlarged
and easily palpable The diagnos:s 1s
realy established by the finding of
numerous sichle cells 1n the blood
The total number of red cells 15 usu
ally low and the hemoglobm lower
1n proportion with a low color index
‘The reuculocytes are usually
creased and the blood may show
signs of acuve marrow regeneration

tcduding large numbers of nucleated
red cells and a marked leukocytosis
The charactenstic finding, 1s the sick

Ling of the red cells It s best demon
strated by examimng the blood in the
wet state obtaning the specimen
after a tourmquet has been placed
round the finger in order to deplete
the oxygen content 1n the specimen
(sce page 160)

‘The treatment of sichle-cell anemia
15 unsuccessful  Splenectomy has
been given a thorough trial but st
apparently 15 without value Treat
ment usually consists of muluple
transfusions and 15 largely sympto-
matic The use of symptomatc ther
apy and suppertive measures during
the acute exacerbauons of childhood
sull offer a2 good prognosts since
there 1s a natural tendency to remus
sion as the patient grows older

OVALOCYTOSIS

Ovalocytosts 1s that condwron
which a varuble percentage of the
red blood cells are found to be el
hptcal in shape This too appears
to be an wnherited anomaly since 1t
has been reported frequently n
members of the same farmly Some
umes as many as 40 per cent of the
red cells may be ellipucal i the
stamned smear These cells show no
evidence of sichling and the ovalocy
tosis 15 not affected by varyins, de
grees of otygen or carbondiouide
tension 1t 1s seen 1n exther white or
colored people and 1n most patents
there 15 no anemu whateser It 1s
merely an iwherted anomaly and
apparently 15 not 2 disease 1§ hen the
condition 1s found 1 should give nse
10 no parucular concern



1 Juvenjle Neutroph,}

Segmented Acutrophyls

3 Normob]asu
4 Microblag
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PLATE 19

SICRLE CELL ANEAMIA

(uzwscucyros:s)

Erythmcylc With Caboe rin, body
Ery:hrocy:: with basophlye
Stppling
8 M.zcruc)tc (n
“Beneration)

6
7

ote endoglobyls

Blood fingyy, Differentya)
Hlemoglobin ™ ;4 Gm (Newcomer 5 method) Myelocyres 1o
RBC 2000 0o Percu mp, Juveniles 8
WEBC 19000 Percue mm Bands 16z
Platelers 550000 Percu mpm Segmenters 60°%

Toza] neutroph, s &

Color indey 1l L»mphocylcs 67

\ olume tndex 1o onmaphnls rer

Ieterus tndex 39 asophyls 3%

140 Monocy tes 17

Rencu)ocylcs

Erythroqlcs shghuy
Phiha tumerong o
sichhing phenomenon 1

Y
40

AMsocytosys polychmmxto

hypeschrome y Marked
¢t preparangp shows

s sickle cells and formoblages v
of erythrocytes
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Anemuas of Matrow Damage

(See Plate 20 pp 90 91)

In wnemns of bane marrow dam
age the clissic picrure 15 usuilly one
of reduction of alt cellulsr clements
produced 10 the marrow These ane
mis have varuble deyrees of red

euolo,te agent aan be demon
2 Primary whoprthuc aplstic 2

SECONDARY APLAST
ANEMIA

This o ow be caw

cell depl with corsesg 5
hemoplobin loss  thrombocytoperut
and neutropemt Bone marrow stud
jes dre very valuable an confirming
an ancrna 1s berng n this group

Aplastic snenma s the term appled
10 a group of anemsis charictenized
by 1 partsil or total jnfubivon of
bone mirrow outpur resulting n se
vere anemsy newntropentt tad throm
bocytapentt thus bewny, followed by
a progressively dechning course 1nd
fat] ourcome 1n most prtrents The
term aplastic wnema imphes that the
bone mirrow 1 nonfunctiony| 1o the
pant where 1t no Jonger 15 able to
supply the requisite number of cells
to the peripher blood Some of these
pavents show hypoplasii or hypo
plistic agemin m which the boge
murrow has lost only 1 put of ns
function nd sull continues ro supply
adequate numbers of cells tn one or
more of the three cellubir sertes pro
duced in that orpn

Aplastic anemua may be divaded
into two Jarge groups 1 Secondary
aplastic anemma that 35 that group
of bone marrow aplasias i which 1a

83

exposure of the macraw ta
that are hnown to be capable o
agmng that orgin Natible
these 1s benzene Benzene nr
aphissy has been reported tn
il workess exposed to that
scal sn the course of thetr we
can paduce mrrow aplasa w
15 inhaled ingested by mouth
jected o the tssues It ss the
chemical wath which aphisuc a
can be conssstently produced ;
expersmental animat Marrow 1
has been reposted m andiy
worhing m the dyetng and cle
ndustry when benzene and
7ene bhe sohvents e used 1n
work The time of exposure t
taxic agent 15 varble

Among other pents capab,
producsng, hypophsia or aplastac
marrow e the wsenicsl pre
nans as mdicted by the rare ¢
opment of 1plastic anemit from
use wn the treatment of 3y phibs
ridition  exther from  radws
roemgen rays 1s capable of pro
my, severe marrow aplista Thus
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be found in people who have handled
radioactne materials or who hase
beea exposed to to ntgen rays with
out adequate protection The smpor
tant posnt 1n any cise of aplastic ane
mua 15 to tzhe a careful hstory and
determine whether or not the pauent
has been exposed to or has ingested
any of the above named agents A
punal mhibition of marrow output
1s seen 1n an occasional efderly per
son Its cause 15 unknown but 1t has
been attributed to physiolo,ic agny,
of the marrow Treatment 1s not ef
fecuve and the patients are usually
supported by transfusions unul they
succumb from some complication

PRIMARY IDIOPATHIC
APLASTIC ANEAMIA

“This 15 a disease entity of unhnown
cause o curan, mamly m young
adults Tt 1s charactenized by anema
neutropenia  thrombocytoperma and
the complications that result from
these cellular deficencies The chin
real findings 0 aplastc anemia de
pend to a larpe extent upon the de
ree of bone mirrow  depression
Usually there 1s 2 history of msidious
development of palfor weakness and
faugue Some pauents may show 1
svndrome of hemorrhagic’ disorders
because of the thrombocytopenia
thers may become overw helmed by
vanious infectious complications be
cause of their neutropenta  The
hematalygic findings are fairly char
weenstic since there s always a var
sable degree of anemu whih 1
st me Lases may be quite severe with
the hemoplchin reduced i propor
twn 1nd there ate also severe granu
locytopenia and thrombacytopenia

The blood picture does not show

any outstanding characteristic that
enables the dianoss to be made ex
«ept a decrease of thrombocytes , ran
ulocytes and erythrocytes The ane
mua 1s usually normochromic and the
red cells are usually normal i size
On the starned film the red cells may
appewr to be surrounded by a thin
barely pinh staniny, zone of mate
nal as seen 1n Plate 20 The dia, nosts
can readily be confirmed by aspira
non of sternal bone marrow i which
there will be found to be an aplas:a
of all cellolar elements and 1n some
nstances considerable fat<ell replice
ment of hematoporetic ussue
Treatment of all marrow aplasias
includes the remaval of the patient
from the offending, agent if the avent
can be discorgred If not the treat
ment 1s only palliatine usually 1n the
form of lirge numbers of blood
transfusions Frequeady the marrow
15 so aplastc and s cellubar output
so low that the pauent lterally has
to Ine on borrowed blood n the
form of transfusions W ith nearly all
cases the outlook 15 hopeless unless
something, happens to reswore the
marros to its normal funcuon s
yet there 1s no speafic 1gent that
seems to be capable of doin,, this

OSTEOSCLEROTIC \N\EMIA

Another type of aplisuc 1nemia
has been called marble hone discase
or osteosclerotic anemia This disease
15 caused by thickening of the cortical
layers of the various bones with en
croachment on the marrow cavity
In some instances there 1s complete
ohlteration of the medullary caviy
There 15 no effective treatmear
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Anemias of Marrow Damage

(See Plate 20 pp 90 91)

In anemus of bene marrow dam
age the classic picture 1s usually one
of reduction of all cellular elements
produced in the marrow These ane
muss have varable degrees of red

3 2

etologic agent cin be demonstrated
2 Prumary hopathie aplastic anemny

SECONDARY APLASTIC
ANLMIA

1

This o cn be caused by

cell  depl with corresp
hemoglobin foss  ahrombocytopena
and pevtropena Bope marrow stud
tes are very valuable i confirming
an anema Jas bewng n thes group

Aplastic anermsa 1s the term appled
to a group of anemuas chircterized
by 1 partl or total mhbon of
bosie marrow outpur resulting m s¢
vere anesmy neutropent + 1pd throm
bocytopenit this buang followed by
1 progressively dechnm,, course an:
ftal outeome 1 most patents The
termy Aplastic wnemet imphes that the
bone marrow 15 nenfunction o o the
pont where 1t no longer 1s able to
supply the requisite aumbicr of cells
to the peripheral blood Some of these
patients show hypophusw or fupoe-
plastic anerua s which the bone
marson has lost only 1 part of s
function and stll continues to supply
adequate pumbers of cells 18 one or
mare of the theee cellulie seres pro
duced in thar organ

Aplustic anemix may be divided
into two lasge groups 1 Secondary
aplistic ancrax that 15 that group
of bone masron aphisis i which m

evposure of the marrew 1o agents
that are known to be capable of dam
1,i0g thit or,an Notwble among
these 18 benzene Benzene marrow !
aplasin s been reported m wndus
tr1ak workers esposed to that chem
seid s the course of thor sork It
can produce marrow aphsia when 1t
ss inbled ingested by mouth ar m
jected nto the tssues It is the only
chemmal wah which aplastic anemia
can be consistemtly produced i the
experimental apimal Marrow aplasa
has been reported m ndviduals
warking mn the dycag and cleantng
industry  when benzene and ben
zenc fihe solvents are used m thesr
worh The tme of exposure to the
tavic agent s varnble

Amony, other agents capable of
producia, hypoplasia or aplasia of the
marrow  dre the arsenicaf prepire
tons as indicared by the rase devel
opmcnt of aplistic anemia from their
use in the treatment of syphshs Also
raditon  enther from radim or
wear,en rays s capble of produc
g, severe marrow aplasia This may
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PLATE 20

APLASTIC ANEMIA

1 Lymphocyte

2 Normacyre

Blood findings Dnflecenteal
Hemo, fobin 3Gm (Newcomers method) Neutrophils
RBC 900 600 per cu mm Lymphocytes
WBC 1656 percu mm

Platelers 8000 percu mm

Color mndex 10

Volume ndex 10

Reticulocytes None

Erythrocytes normocytic and normochromie
Note absence of platelers and charactenstic halo round red cells
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15 well over 3 year before the pavent
usually consults a phymaan The
symptoms are eferble w three ma
jor  systems——the gastro-intestinal,

hematoporetic prinaiple m adequste
amouns to restose the hematologse
values 10 normal and afier that the
use of this panaple in adequate
amount 1o the blood values

the neurdlo e and the 4
The usual diagsosuc triad 15 weak
ness sere tongue and numbness and
unghing of the extremities The bloed
findimgs 1M permQOus anCmUA Ar¢
farrly charactenstic with an extreme
Iy low ted-cell caunt bur the hemar
wlobsn s not reduced m_ proporuon
and the colar mdex theetore s
above one Manv of the cclls are
macrncytes tesutlng in @ MACEORYLG
hyperchromic anemia The bl
picture shows connderable varmation
m the size the shape and the st
ing quality of the red cells referred
o as upsacyscsis pothilocytoss and
polvchromatophbn respectnely Meg
aleblasts are scmeumes scen 1 the
blood The levhocyre count 1s uss
ally low the decrease being at the
cepense of the ncutrophds Hyper
segmentauon «f newtrophihic levho-
cutes has been seported us ome of
the characterisues of the blod There
15 afwavs gastric achlorhydna or gas
wa whyln esen wrh lstamine
sumulatian

The dingnosis of prrrcous ane
mia 15 usually based on the deselop
ment of pafler faugue wealness
scre tonyue plossius gastrontestsnal
wmplunes vanous aeuse logie find
tns 1 taf achylia of the storrach amd
the heroar kg Brdings of anema
me e cvtosis hyperchr ma and m
wressed eo ¢ amd valume sndices

Trearvent

Treavment of permoous wnemia
wnssts of the ad oy of

at pormal This s usually done by
the snjection of huer extrack daly
aver a pesiod of approumatcly o
weehs from 15 10 20 unts baag used
at each dose Then the intenal be
theen wgections 1s tncreased gradu
ally unul finally the patent can be
successfully matntained on 3 single
njection of potent hver evract oace
every three to four weeks

The use of liser preparanons by
mouth 15 hardly worth while A new
effectise agent i the wreatment of
permcious anemua and other macro-
cytse anesias 15 the oral admratstra
von of wiamn M complex (L caser
factor) (folw aod) n as small
amounts as ten mulligrams per day
This agent scems to be equally as
effectsve as amjectable Inver prepara
vons i the treatment of the disease
and mantenance of remussions Ade
quate treatment s followed by 2 re
tculocytosis  begmmng  about the
Ovad o7 fourth day winch may reach
a peak as hugh as from 30 0 40 per
e and continue wntl the hemn
wlo te salues return 1 normal Such
2 renculocyons 1s shawan m Plae 22

OTHER MACROCYTIC
ANEMIAS
Simshar types of blood pictures may
be found m the macrocytic anemits
aof sprue pellagra certan anemias of
preghancy  various gastro-ntestinal
dysfuncrions anemuas of widespread
tnver damage tropical  macrocyuc

the wrasemia factor or socalled

anerma By fewhemua and
w the disease achresuc anemn i
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The Macrocytic Anemias

{See Plates 21 and 22 pp 9497)

PERNICIOUS ANEMIA

Macrocytic anemias develop be
cause of a defiuency of the 1ntiane
mia factor and are seen frequently
N Pre,,Nancy, Pernicious anema ear
anoma of the stomach far advanced
Iiver disease certan forms of trop
1cil anemia sprue and pellagra be
«ause of faulty absorption of the ant
anemia factor and probably others
Thus type responds to treatment with
the spectfic factor m the form of liver
extract

Pernicious anemia 15 1 disease of
unhnown etiolo,y charactenized by
achlorhydrna  vanable gastro intest:
nil and neurologic disturbances and
a classic type of 1nemia resulung
from dysfunction of erythroporesis
because of a lack of the hematopor
euc factor and by periods of spon
taneous rermssion and relapse It 1s a
fatal disease unless treated with spe
afic anuanemia factor 1n the form
of liver Liver extract stomach prepa
ratons etc

The immediate cause of pernicious
anema seems to be a lach of the
hematopotetic prinaple reaching the
bone marrow Therefore the basic
pathalogic finding 15 an arrest of the
normal maturauon patterr of red
cells sn the marrow at the megalo

90

blastic level Even though maturation
proceeds from that level the result
1ng cell discharged 1nto the blood 15
usually 2 large macrocyte well filled
with hemoglobin

It 1s known that the hematopaetic
factor 1s formed by mteriction be
tween the extrimsic factor 1n the diet
and the ntrnsic factor produced by
the ghinds of the normal stomach and
the upper duodenum The unon of
these results 1n the antianemna factor
which 1s then absorbed stored in the
Inver and other tissues and released
by these tissues as needed and utl
1zed by the bone marrow 1n sufficient
amount to mantan orderly matura
uon of red cells In view of this per
nicious anemia seems to be a disease
resulung from a deficiency of the 1n
trinsic factor tn the stomach It 1s
therefore primnily a disease of the
pastro intestimal trace

The disease occurs mainly in white
people of the blond or Nordic types
It usually appears first 1n late 1dult
hfe or 1n old age It 1s thought not
to occur 1n children and rarely
the Negro It predominates in males
There 1s some esvtdence to indicate a
tamuly predisposition to the discase

Syarronss
The average durauon of symptoms
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PLATE 21

PERNICIOUS ANEMIA IN RELAPSE
(rriviary ANEAMIA)

I Hyperseymented neatrophsl 5 Racquer erythsocyte
2 Me, aloblase € Erythrocyte wyh Howelt folty
Macrocyte bodies

4 Taded erythrocute - Pcdhhromatocytc
Blood findmgs Difesenura
Hemoglobin 58Cm (New comer s metho 1) Ses,menters 497
KBC 1100000 per cu mom (157 Boper ey menred)
WBC 300 per cu mm Lymphocytes 50
Platelets 40000 per cu mm Eosnophils 1
Color index Is
Volume index 14
Keterus indey e
Reuculocy tes 01

Fragdity of entiirocyes 1n hypotonse sale sofutions  Hermolysis beginning at
0385 NaCland complere ar § 3
Gastric analysis—achy i X
Enythrocytes_macrocy e and hyperchiam with marked porkilocytosss mod
erate polycheomalophilia mack ed amsecylasts occastonaf H@%’]EH;‘&;W and
pronounced megaloblasterma
91
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PLATE 22

} PERNICIOUS ANEMIA DURING REGENERATION

Lo}

1 Newrophat 4 Normoblaw

2 Lympbacyte 3 Pohilocyte

3 Reuculocrie € Macrocyte (pohchromatophihic)

Tlood findings (same cast ay shown m plate 24
dunn,, regeneration follown,, loer theapy)
Hemoylobin 126Gm {Newomer s method )

REC 3400800 pez cu mm
WwEBC 9608 per cu mm
Platelers 0000 per cu mm
Lolor index It
L ofume mdex 10
fetesus ndes 70
heuculocytes 390

Disferentiaf

Neutrophils 67
Lyriphogytes 497
Eastnophils 47

Trthrocytes shiphthy hwpmhmmu and normouytic with imsogytosss shight

poskdocytess palvehron

and marked reticolo

cytosis
Gasteae anabysis—achyha
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The Leukemias

(See Plates 25 24 25 26 27 28 pp 102105 105 111 114 117)

Leuhemia 1s a progressively fatal
discase It 1s characterized by wide
spread hyperplasia of the hemato-
potenc tissues which resulis i the
production of excessive numbers of
immature white blood cells These
etther arculate 1n the blood stream
or become deposited 1n the fixed s
sues or both There are three forms
of leukemia depending upon the
hematopotene tissue 1nvolved These
include the myelogenous the lymph
atic and the monocytic types On
rare occastons a plasma cell type and
a megakaryocytic type have been re
porte

Leuhemia 15 widely distributed
throughout the entire animal hing
dom It has been reported in chich
ens mue pigs horses cattle birds
and dogs It occurs spontaneously m
these amimals and there 15 hutle to
disunguish 1t from the disease seen 1
man Leukem:a has also been studied
widely 1n fowls where 1t has been
transmutted from one fowl to another
of the same specses by the use of cell
free matersal the causative substance
therefore beins, a filter passing agent
Fortunately Jeuhemia 1s rare 1n the
human Males appear to be affected
more frequently than females the
ratio being about three to one There
seems to be no racal susceptibabiy

99

The disese 1n s chronic form 1s rare
1n childhood but the acute forms are
far more common 1n childhood
Chrome lenkermas a disease of md
dle life but 1t also occurs 1n the aged
It occurs with equal frequency n
nich and 1 poor alike There 1s no
indication that occupation plays any
role 1n 1ts development There s lit
tle to indicate a familial tendency in
leuhemia although 1n rare instances
rwo cases have been reported 1n the
same farmily There 1s nothing to sug
pest that the disease 15 enher con
genttal or mnhented A question of
some practical importance 1s the pos-
sthality of trauma contributing to the
development of leukema but there
has never been ample evidence to
tusufy the correctness of such an as

sumption Most evidence indicates
that leuhemia 1n all 1ts forms 1s neo-
plastic tn nature Thus 1t grows un

controlled 1t estabhshes secondary
merastatic foa and 1t termnates fa

wally with cichexsa The cells are of
the neoplastic type nd there 1s no
wndication of a bacterial euology The
most acceptable view 1s that leukemia
1s a form of malignancy of the blood

forming tissues In both chromie and
acute forms of leukermia the process
ss one of widespread and uncon

wofled maturanon of the hemato-



98 The Matrocyhe Anemas

which apparenily the bone murrow

1s unble to uuhze the hematoporenc

prinaiple even though 1t may be

present 1 adequate amounts These

conditions usually do not respoend s1t
f

Supplementary teatment of the
macrocytsic anenmas includes the use
of blood transfusions when sndicated
the use of iron preprrations of there
s a coeusung hypochrormia and

ssfactonly to the won of
the antnaemia factor n the form of
fiver extract

ather symy treatment such as
sutamin B complex and a high pro-
tern diet



Chrome Myelogenaus Leukemia
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in the arrculating blood with mfiltra
non of these cells mnto the various us-
sues Thus form of leuhemua 1s rarely
seen before adult hfe 1t .s chiefly 2
disease of muddle age

Syvrronss axp Parvsicar Fraoises

The onset of the disease 15 1
sidious Early symptoms are usually
caused by slowly developing anema
and include faugue weakness an
wereasteg, pallor In some patents
the first sign may be a large spleen
with a sense of fullness and pressure
in the abdomen If not scen tll late
stages there will be extreme faugue
and pallor usually accompamed by 2
febnile course First symptoms may
be those suggestne of an inflamma
tory process or of abdommal or car
diac disease Some symptoms may
suggest bone or jont disease  an
then some are seen with shin changes
the outstanding features If the plate
lets are decreased the original symp-
toms may be those of hemorrhage

The phystcal findings are vanable
The skin 1s pale because of anemia
and there may be purpuric spots over
the body A large hard spleen 1s usu
ally found In some cases this extends
as low as the crest of the thum A
systolic murmur may be present be
cause of anemia and there may be
generalized  lymphadenopathy  1p
volving the superficial groups of
glands Tenderncss tn the bones 15 a
commen finding

Blood findings 1 chrome myelog
enous leukemia_are usually quite
charactenstic - The  feuhocytes are
uswally tremendously elevated 10
number somecumes as hugh as 300
000 or 400000 cells per cu mm., and
the red cells are usually depleted in

number O casionally the leukocyte
count may exceed the red-cell count
m far advanced cases A study of the
cellular pattern of the leuhocytes
shows a marked degree of cellular
immaturity which 1s mamfested by
the appearance of all types of cells m
the granulocytic sertes ranging from
myeloblasts to fully segmented neu
trophils In general the greater the
number of immature cells the more
acute the lenbemee process il be o
its cinical course If the blood pre
ture includes large aumbers of such
immature cells as eosmophilic nen
trophilic and basophilic myelocytes
this s sard to be 2 bad prognosuc
omen If atany ume the cellular pic
ture shifts toward greater immatu
ity this indicates a fauly early term
nation of the illness The typical
pretare of chromec myelogenous len
Kenua 1s shown mn Plate 23 and the
same blood 1s shown stamned with
peroxadase stain in Plate 24

TREATAENT

The treatment of chronic mye
logenous leukemna 15 concerned
mamly with the judicious use of
radiatton and perhaps arsenrc. It 1s
agreed that radution therapy prob-
ably does not prolong Lfe but 1t does
reduce the number of arculatng leu
Kocytes reduces the size of the spleen
—sometimes to a nermal level—and
certanly mahes the pauent more
comfortable  Arseme 15 2 valuable
agent and 1t can be used 1n the form
of Fowlers soluton beginamg with
two or three drops daily and increas-
ing by one drop daily unul the point
of tolerance 1s reached It s a valu
able preparaton to use between the
tmes when radation 1s emploved.

-
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poretic tissues and when these neo
plastic blood cells are discharged mto
the arculation esther they conunue
to airculate or they become rapudly
depossted 1n fived tssues Therefore
the total number of leuhernic cells 1
the blood vares considersbly In
some pasents the white cell count 15
extremely high n others the total
<efl count may be below the normal
fevel Such nstances are refecred w
as alenhemic leubemia or the alen
Lemic phase of leuhema

EXPERIMENTAL PRODUC-
TION OF LEUREMIA

Many efforts hane been made to
produce the diseise 1 a lower ang
mal by the rmjectsion of wndole 1n
mice the mecton of tar into che
marrow of youn,, wiue rits the i
jection of benzene into mice the
feeding of benzene into mice and
rats and the exposure of ammals ta
radum and roent,en rays In no
tnstince have the attempts been um
formly successful although there re
occstonal reports of the development
of leukemic like processes as a result
of same of these pracedures Lew
heruc blaod from the humas has
been ngected o nosmal wediduals
with no development of the disease
Many efforts hate been made to
ransfer st from the humn mto mon
Leys dogs rabbus wnd other lower
ammals  but without sugcess The
S ble type of fowd feud
previously seferred to 15 the sinle
vurstanding example of consistent
succewsful transnussion of Jeuhermia
from one ammal to arother

Lenhemua can be transmtted be
tween muce of the same stram by the

transmussion of living leukemic cells
i the moculum In general leuhe
ma progresses without exceplion to
a fatal termunation
Many agents have been used for |

is treament  Treatment of the
chronic farms of leuherma has been
fairly successful sn that the disease
15 held 1 abeyance for brief peniods
of nme paracularly by the use of
roentgen radation and more recenkly
by the use of radwoctne matesals
such as radioactve phesphorus No
type of trewment has proved to be
effective 1 acue feuherma Al these
panents die without excepnon All
patsents with feukemia are supported
mamly by blood transfusions Many
of them recerve inyections of Iner ex
wact large smounts of sron vitamun
preparations of one type ar another
and radsation therapy to the affected
spleen lymph glands wnd other wreas
that show evidence of being tvaded
by leukemuc cells The duranon of
hie expectancy 1 the fevhemue proc
esses vares with the type of leuke
mia In the chronic forms the hfe ex
pectancy 1s usually from one 1o four
or five years while 1a the acute forms
1t 15 usually only 1 few months at the
best It would appear that a success
ful treatment for Jeuhemut will pot
be developed unul a successful treat
ment for mabignancies m general s
available

CHRONIC MYFLOGENOUS
LEUKEMIA (Sec Plates 23 and 24)

Chrome myefogenous leskema 152
fatal distase charactessred by marhed
hyperplama of the pranulocytic ele
ments of the bone marrow aad usw
afly by high numbers of leuhocytes
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PLATE 23

CHRONIC MYELOID LEUKEMIA

1 Myeloblast 6 Juvenile neutrophils
2 Premyelocyte 7 Band neutrophils

3 Neutrophthe myelocytes 8 Se,mented neutrophls
+ Eosinophihic myelocyte 9 Macroblast

5 Basophilic myelocyte 10 Porhilocyte

Bload findings Differentsal

Hemoglobin 101 Gm (Newcomer s method)  Myeloblasts 2%

RBC 3050000 percu mm  Premyelocytes 2%

WEC 270000 percn mm  Newtrophilic myelocyzes 1877

Platelets 190000 per cu mm  Eostnophilic myelocytes 8%

Basophilic myelocytes ¢

Color 1ndex 10 Juvemle neutrophils 19¢¢

09 Band neutrophils 21¢

Volume 1ndex

Reticulocytes 120% Se,mented neutrophils 22
I ymphocytes 1%

Tosinophuts 2%

Basophils 1%

Monocytes [

Erythrocytes normochrom:c and shghtly microcytic with potkilocytosis aniso-
cytosis polychromatophilia and occastonal normoblast and macroblast
102
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PLATE ¥4

CHRONIC MYE! OID LEUREMIA
{Pruounass STRIN)

Non, ranular mycloblast
Nongranular <l {ewher 1 lymphocyte ar a mucromyeloblase)
Fumly granuler cells (typeal rescuon of premyelocytes)
Heavily granulated myclmd cells (myelocytes jusendes bands and segmentess)
Envthrocyee
Clustey of platclets

This plate represents a peroxidise stam of the case shawa m Plate 23 A
differential count shows 97€0 peroudase posse yranvlar celfs and 350 of the
nongranufar (ypes

D e s £ e
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and weahness generahzed lymph

adenopathy and the presence of large

numbers of lymphocytes mn  the

blood It has to be differentiated

from any cause of‘ l? mph.]d'cnop?lhy
Tud, 1

Hodglins discase  nflammatory
lymphademmis lymphosarcoma syph
shs infectious mononucleosis  etc
The marked lymphocytosis has to be
differentiated  from  that seen wm
whooping cough and occasionally 1n
tuberculosis There may be aleuke
mc phases in chronte lymphatic leu
Kemia
TREATMENT

The weatment s usually the ju
dicious employment of roentgen ray
directed toward the masses of en
larged lymph glands and spleen
Fowlers solution can also be used
between peniods of radiauon treat
ment The disease 1s progressive and
extends over a period of some three
or four years but a fatal termination
15 mevitable

MONOCYTIC LEUREMIA
(See Plte 26)

Monocytte leuhemia may occur 1n
chronic subacute or acute forms Be
cause of the controversy over the
ongin of monocytes some of these
cases have been desynated as leu
Remuc reuculo-endotheliosis and oth
ers as monocytord forms of myelog
enous leukerma This type of leuke
muz occurs infrequently since not
more than some two hundred cases
have been reported 1 medical licer
ature The onset of this disease 15
usually more sudden than the lymph
atic and the myelogenous types
There may be a Early capid develop-

ment of severe anemua  assocated
with a hemorrhagic syndrome or
there may be an acute febrile attach
Sepsis of the oral tissues and bleeding
from the gums are frequent findings
m monocytic leuhemia  The wsual
symptoms arc fever “sore throat glan
dular enlargement pain 1n the joints
weipht loss purpura and occasion
ally jaundice Pauents with mono-
e leuhemuia are wsually more
acutely 11l than those with the Ivmph
auc and the mvelogenous types
There 1s usually a palpable spleen
Many of these pauents first consult
a dentist because of bleeding gums
and gigivias

The blood findings are quite char
actertstic, since there 1s usually an 1n
cre1sed number of monocytes which
may be as hegh as from 200000 to
500000 cells per cu mm,, but there
are also aleuhemtc phases There 15
a predominance of cells designated as
monogvtes  and  occasionally  there
may be considerable numbers of
monoblasts The degree of anemua 15
varble and the platelets are usually
reduced 1 number resulung in a
hemorrhagic state The Lfe expect
ancy 15 considerably less than i
lymphatic and 1 myelogenous leu
hemia since the disease usually runs
s course 1n 2 few months Occasion
ally a patient may be seen with what
appears to be monocytic leukemmua
but mn reality 1t 15 the myelogenous
type

TREATMENT

‘Treatment 15 of little value n this
form of leuherma If 1t ts character
1zed by sufficient chromenty radia
von treatment may be employed
espeanally of the patient has consider
able enlargement of the superficial
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Ryduwon directed to the enlarged
spleen wd glands 1s the most popu
bar type of trearment

In occasional instances  chronic
myelo,enous feukemia will not run
ats course 1n 1 short ime and the pa
vient will hve for a great many years
The average duration of hfe after
chagnous  however 15 from about
three to four years During this time
the pauent remuns  a farly pood
state of health carrying on us asual
normal wtnities Even though the
leuhemc pient muy be unustally
susceptible to ntercurrent mfections
when this does happen the infection
stself scems to exert a benchial m
fluence on the diserse process in that
+ wildly disordered cellulre pattern
may apparently be brought under
wontol for 2 brief period duning the
course of the mfectious diseise

CHRONIC LYMPHATIC
LEUREMIA (Sce Plue 25)

Ths type of leuhermua s also fatal
1t 35 characrenized by widespread hy
perplasi of the lymphoid tssues ¢
companied by generalized lymph
wdenopathy of both superfical and
deep pland proups and by mncreased
numbers of lymphocytes mn the blood
and thesr depossiion i the virtous
nssues This form of leuhemi occurs
i rmuddle and laze hfe and predom
imtes 1 the mde It accouats for
abour 20 per cent of aft cises of leut
hema

Svaeronts ane Povsicar Finorves

The disease has an mnsidious onset
The first syns may be weahness
fatigue and pallor and some paents
qote the panless enlargement of cer
vical lymph glands as the first sign

In the far sdvanced cases the symp
toms may be those refecable to ane’
mta Lyammnanon usually reveals a
marked pallor of the skin and the
mucous membrasies genertd ¢Jands
lor enlarpement of all superfical
proups of fymph nodes sncludin,”
servical pallry and wguinal glands
The glands vary from small ones
birely palpable to very massive en
largement several centimeters in &t
uneter They are usually freely mov
wble and not attached to the shin
The spleen 1s 1lso enlarged 1n chrome
fymphatic Jeuhemrs but not to the
evtent usually seen 1n the myelog
enous type In this 1s i other leu
hemas there may be some enlirge
ment of the liver probably caused by
cell infiltratians

Blood findin.s n chrome lymph
atic Jeuhemua present lude difficulty
wn dignoss The levhocyte count
usually reaches + hugh level and the
predominating cells are small adult
lymphocytes mived with fewer num
bers of large tymphocytes Lympho
wytse cells may comprise as muny s
99 per cent of all white cells Along
with the lymphocytes are Jarge num
bers of socalled basket cells o
ralled smudye cells This same type
of smudge cell as seen also n other
forms of leukemnia The red cells are
nsunlly depleted 1 number depend
ing upon the extent of the anemud
Platelets may also be redused
number but this doss not happen
the extent seen 1n myclopenous lew
kemia nor as frequently The bl
metrbolic rate 1 usuafly hih m
lymphate feuhemia

The dagnoss of chronic lymph
atic leukernia 1s based usually on
slowly develoming, anermia  fotigue
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PLATE 3

CHRONX\C LYMPH:\T!C 1EU REMIA

1 L)mph

7 Lam cy( \mh azure gmnu\:s

pho
3 Nuclet wath
4 smudpts (d

ymp asm

Blood fadings
Hcmob\obm g4Gm (Neweom mer s mclhod)
RBC 3 500 000 per €@
wBC 390 000 pef cp mm
Platelets 247 000 per ¢ mm
Cotor 1de 06
Volume ndex 07

357

Emhqucs hypocbmmm and microcyte

10%

ing 1y mphocyt:s)

D ﬂ:r:nun\

Large hymphoo
Senall 1y p ocytes

4 men! ted nculmphﬂs
Numcrous smudst orms

Peroxidase reactiot

Granular € u 2
Ronprand Vs 987



PLATE 76

m



PLATE 26

SUBACUTE \MONOCYTIC LEUKEMIA
(MONOLYTOID MYELOGENOLS LET KEMIA)

000
Q06
OO
Q0

The cells 1n ths plate were drawn from a case of leukemia designated as the
monocytic type based upon the predommatin,, cells m the blood samples of which
are shown on this platc. These cells p d ch: tics of 1n both
the stained smear and supravital reactions This patent finally died with a blood
prcture and autopsy findings of typical myelogenousleukemia Cells 1 2 and 3 are
smaller forms of monocytic cells showing the charactenisuc folding lobulated
srregular nucler with vanatons in cytoplastmic color and granulaton Cells 4
and 6 are larger forms of sumilar cells Cell 4 shows one large nucleolus and two
smaller ones Cell 5 shows a sinle large nucleolus and cell 715 a heavaly granulated
monocytic cell with one large nucleolus and one smaller one Cell 8 shows some
nuclear fragmentation and a single nucleolus Cells 9 10 11 and 12 show further
varauons of the predominating levhemic cells

"o
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derness over the sternum and other
bones Some pauents show signs of
memngeal wntation

Broop Finvines

As seen in Plates 27 and 23 the
blood Andings depend on the type of
Jeuhoblast predominant 1 the pe
ripheral blood Since most of the pa
uents apparently have the myelo-
blastc type the usual blood picture
will be that of lar,e numbers of mye
lublasts 1n the bloud Afycloblists
may be large middle sized or small
guang, 11se to the teems macromyelo-
blast normomyelobfast and mucro
myeloblast (see Plate 4)

The mycloblast 12 a cell that 1t 1s
someumes difficult to recogmize with
certainty and the smaller forms are
frequently  confused with  small
Iymphocytes This difficulty of 1den
ufung  myeloblusts  especrally 1
cases where the total cell count s
low frequently results 1n an erro-
neous drgnosis and the true conds
tion may go d for consid

based upon the presence of substan
tual numbers of leuhoblasts particwt
larly mycloblists 1 the  blood
stream and confirmitory evidence 1s
secured by the examunanon of bone
marrow 1 which the marrow 1s
found to be cronded with leuho-
blasuc cells with diminuation of
envthropoietic tissues.

Acute leuhema may be confused
with vartous types of sepsis purpuri
hemorrhagica  stomanus  Vincents
wfecuon diphthena agranulocytosis
tuberculosis Hodghins disease and
any other acute febrile sllness

TrREATMENT

Ireatment of acute leuhemia 1s en
urely unsavsfactory ‘There 1s no
agent as yet employed that scems to
affect the course of the disease The
usual treatment consists of repeated s
transfusions fthough 1t 1s done with
a sense of funlity in the hnowledge
that 1t 15 prolongmng the patient s bfe
only a short ume ar best Radiation

crable periods of ume There 15
usually a rather marked anemn
which in some cases may be quite
prefound

The diagnons of acute leuherma 1s

pp 1y 1s entirely without effect
and 1ctuaily 1s contraindicated since
the patients frequently have severe e
actions Radioactve phosphorus has
been used 1n acute Jeuhemias but
without any success whatever
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lymph glands or spleen If radiation
treatment 1s emploved 1t should be
done with considerable caution nd
very small doses should be used
Fowler s solution and the use of mul
uple transfustons re other meisures
that are helpful

THE ACUTE LEUKEMIAS
(See Plates 27 and 28)

Acute leuhemia 1s 2 rapudly fatal
malady of unhnown cause It1s char
acterized usually by a sudden onset
a febrle course considerable ulcera
ton of the oral ussues multiple hem
orrhages from skin and mucous
membranes the development of a se
vere anemia the presence of consid
erable numbers of immature leuho
blasts in the blood strexm infiltration
of the various organs with these cells
a progressive course unaffected by
treatment and death 1n every case
There 1s lintle to be guned in know
ing whether acute leuhemia 1s mye
logenous lymphatic or monocytic
except that the question 1s one of
acadernic interest The types of acute
leuhemta include acute myeloblistic
leuhemia acute Jymphatic leuhemta
and acute monocytx leuhemra Some
writers refer to the entire group s
acute leucoses which 1s just as well

The acute leukemms comprise
about one thy d of ll leukemias The
disease (s rare 1n rdults especially in
later hfe and most cises occur n
ctuldren and tn voung 1dults How
ever the discase may be seen 1n mud
dle Iife It predominates 1in mtles in
a rauo of two to one It s seen in all
races 1nd has no pecubiar geographic
or occupationil ncaidence Some huve
suspected that the acute leukemias

may be infectious tn ongin because
of the sudden onset out of full health
the rather 1ctive febnle course and
the periods of leukopenia that fre
quently alternate with the leukacy
therma However no organism has
heen ssolated that would tend to con
firm this The acute leuhemias show
marhed hyperplasia of the hemato
potetic tissues 1nsolved In the mye
lo.enous form the bone marrow 15
cronded with myeloblasts and ap-
parently the cells e unable to ma
turate beyond that level They then
are poured into the blood stream
large numbers and are deposited
various tissues throughout the body

Syurrows

The onset of symptoms may be
sudden or gradual Somectmes pre
ceding infecuous states such as re
spirttory diseases  sore throat and
gastro-mtestintl upsets may appear
to imtate the process One never
hnows however whether the leu
Kerma was present before these ep1
sodes developed Common early si_ns
are vlcerattons of the mouth bleed
ing, yums v irtous hemorrhages from
a vaniety of sources extreme weah
ness marhed pillor profound ane
mit and a febrile course There may
or may not be enlargement of the
Ivmph glinds and the spleen may or
mw net be pilpable A common on
set i children 1s thit of cervicil
lvmphadenopathy 1 mild  febrile
course over a pertod of some weeks
during which ume possible Hodg
Lins disease lymphosarcoma infec
tious mononucleosts tuberculosis or
stmple lvmphadentus are usually sus
pected The pauent usually has v sys
wolic hemie murmur and some ten
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PLATE 27
ACUTE
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PLATE 28

ACUTE MYELOID LEUKREMIA

{\MIZRO\IYELOBLASTIC TYPE}

O 0 ©

O O o
O O o

7 8 9
10 u 2

Celts 1 4 7 and 8 are myeloblasts of imtermedsate stze They shov. varble
nucleotar structuzes ranging from one fo three m number with only a shight funge
of cyteplastm Cefls 2 5 8 and 11 an misromycloblasts showng a sli,he cytoplesmic
fring e with nucieob from one to three in sumber Celis 3 6 9 and F2 are aypueal
small mycloblasts sometsmes confused with small hmphocytes
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« of thromboplastn rarely evists De
ficency of blood platelets causing
thrombocytopenic purpura 1s by far
the most common cause of hem
orrhages and puipura Thcn' there

thrombocytopenic A careful history
should exclude all possibihines with
regard to drug ngeston and ex
posure to chemical 2,,ents Other con
dions that mught be responsible for
n

may be q or g
alterations 1n the effectiveness of the
various agents concerned 10 coagu
laton such as are beleved to eust
1n_hemophilia

In the evaluauon of a purpuric
problem 1t 1s important that certun
laboratory procedures be folloned in
order to classify properly the exact
defictency responsible for the pur
puric state All hemorrhagic states
should be dunided wmto three large
groups as follows

1 Those caused by decreased num
bers of platclets

2 ‘Those caused by a failure of the
clot to form

3 Those caused by weahness of
the capiflaries

‘The hemorrhagic states character
17ed by dimimshed numbers of plate
lets include such condinions as spleme
thrombocytopenic  purpura  where
platelets are apparendy bemg de
stroyed tn excessive numbers aplastic
anemm where platelets are not pro-
duced sn adequate number 1n the
bone marrow  leukemua of various
types septicemias  arsenuc, benzene
and radwm poisoning affecung bone
marrow  output  megabaryocytic
aplasia m the marrow and the ac
tion of druzs on the marrow such as
the thrembocytopema produced by
the analesic agent sedormid and in
scme nstances by the sulfonzmide
drugs

When a defiacncy of platclets ex
1sts, the purpura 15 then sud to be

bocytopenia are usually ex
cluded 1 a rouune blood examina
non Bone marrow studies are mm
portant 1 mdrcating any impairment
of function m the producnen of
platelets In all cases of purpura cer
tain laboratory procedures should be
carnzed out including the following

Redcell count

W hatecell count

Hemoglobin esttmation

Dufferential cell count

Platelet count

Clot retraction ume

Prothrombin esumation

Coagulation ime

Bleeding time

Tourniquet test —n some instances

Fibrinogen determination—in rare
cases

Only after this informaton s as-
sembled 1s 1t paswible to determune
whether the purpura 15 thrombocy
topenic, whether 1t 1s caused by pro-
longed coagulauon whether 11s on
the brsis of prothrombin deficiency
or whether it 15 caused by weakness
of the capillanies 1f the purpura 1s
on the basis of prolonged coagul
tion of the blood with a normal
platelet count the exact nature of the
defect will most It ely be revealed i
the results of the above studies In
this way the hemorrhagic disorder
can be classified aceurately and treat
ment directed _ntelheently toward
the exsting deficrency In those cases
1n which no 1bnormality 1n the elot
tng factors or in the blood platelets
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The substances necessary for
proper coagulation of blood and ces
sation of hemorrhage are the follow
mg
Fibrinogen 1s formed 1n the ver
and 1s found 1n the blood 1n con
centratton of 4/10 of 1 per cent
It s the precursor of fibrin strands
Prothrombmn  the inacuve pre
cursor of thrombin 15 also formed
i the Iiner The precursor of pro-
theombin 1 vitamin K which
must be tahen in the ordinary diet
m sufficient amount 10 maintain
normal prothrombrn levels
Antsthrombin or heparin 1s also
formed 1n the hiver and 1s released
mn amounts sufficient to prevent
the activation of prothrombin un
der normal conditions
Culetum salts are present 1n whole
blood to the extent of about 10
mg per 100 cc
Thromboplastn or  cephalin
(thrombohinase) s not present 1
blood plasma but 15 derived from
tissue juices and to some extent
from blood platelets This sub
stance mtates the clotung process
Blood platelets or thrombacvtes
are present 1n normal blood to the
extent of about 300000 per cu
mm and pliy therr most smpor
tant role 1n causing the clot to re
traet gving strength and firm
ness to the clot
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Normal coagulation of bleod takes
place through a mechanism of mnter
action of these substances as follows

Thromboplasun plus antithrombin
= the release of prothrombin

Prothrombin plus calaum = for
mation of thrombin

Thrombin plus fibrinogen = for
mation of fibrin strands

Fibrin strands plus the cellular ele
ments of the blood = the completed
clot

Hemorrhage does not stop at this
pomnt smce the completed clot must
then be acted upon by platelets and
its retraction produced and this re
sults 1 cessation of hemorrhage

Based upon the above considera
uons a deficiency of fibrinogen could
exsst 1n far advanced diseases of the
hver such as atrophc cirrhosis and
Bantis disease Contrary to older
belief defisency of calerum 1s rot
important m prolongation of the co-
agulation time Defictency of pro-
thrombw or s precursor vstamun
K eusts i nadequate detary m
tthe of this vitamin the absence of
hile 1 the tatesunal tract (since bile
1s required as the agent by which the
vitammn 1s transported through the
intestinal barner) 1mpatred absorp
tive intesunal surfice and tmpur
ment of Iiver function to the extent
that 1t 1s unible to consert the vita
min mnto prothrombin A defictency
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Infectious Mononucleosts

(See Pive 29 pp 122 125)

This disease which is sometumes
called bentun lymph denosts or glan
dulir fever 18 charcterized by a tela
tnely sudden onset out of full health
—usully a sore throat genenhzed
lymphadenopathy 2 febrile cous e
and 2 fauly chatacensue type of
blood prcture with ulumate recorery
m newdy all cases The enolopy 15
enurely unknown but evidence inds
cates that 1t 1s a virns disease trans-
mtted probibly from person to per
son It1s seen wsually 1 duldren and
sn youny, «dults although no age 1s
mmmune Tt occurs 10 both sporadic
wd mild epidenuc forms and che
onset may be sudden or gradual

Pauents usually complun of fa
tiwue headache and general maluse
followed by low grade fover sore
throw and varnble degrecs of lymph
wlenopathy  In severe cases there
mav be jo ot puns chills and sweat
my, In nearly all pinents the cervicat
the avilary and the inguinal glands
we enfwged Some miy show only
sare throw headache and malmse?
with no hvmphadenopathy  others
vl present generalized himphade
nopathy as the chict and perhaps the
only cemplant sulf others will show
gisteo-intestinil symptoms manly
wd a fos wall show sumprorns that
are referable to uigns of memnyeal

1n

srrtavon The spleen s enfarged m
about 40 per cent of the cses A con
siderable number show an outbreal.
of body rash very similar to that scen
in German measles

HEMATOLOGIC FINDINGS

In nearly every patient the duag
nosts can be made by the character
1stic blood prcture The red cells the
hemo,lobin and the thrombocytes
are usually unaffeced The total
whitecel} count 15 nenher constant
nor typicil 1 this disease Many of
the pwents develop 1 leuhopenit
usurily in the earlv stage of the dis
exse at which ume the toral number
of cells may be only 5000 or 000 per
cu mm However later in the illness
there s psually a definue leukooy
tosts wath the cell sncrease being
caused by the presence of a high per
centage of atypical lymphocytic cells
The averape levhocyte count i m
fectious manonucleosss 15 probably
15000 cells per cu mm

The duflerential count s the strrk
g feature of the blood pictare The
\anous types of cells that may be
seen i thus disease are shown m
Plate 29 The cells appear 16 be
fymphocstc 1n character they vary
ernsidersbly m size and m shape
the nucler show very srsegular par
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ss found, the purpunc state can be
presumed to cust on the basis of
capullary weal ness This 1s frequent
ly allergic 1 nature because of focal
mfection nutrttional vitamin C, de
feiencres susceptibilizy to mgcsnon
of drugs and infections’ of various
types givng rise to various purpurle
disorders such as Henoch s syndrome
and Schonlemn s purpura If no cause
can be determined for the thrombo

cytopenta then splenectomy 1s the
treatment of choice When the pur
pura 1s characterized by prolonged
Cmgulmon a famly hlswry usu.JUy

for which no spccxhc trcarmcnx 15
efective except blood transfustons or
supportive measures  JE the pro
thrombin 15 nadequate  the defi
ciency can be adequately treated by
the use of vitamm ko
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INFECTIOUS MIONONUCLEOSIS
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Fies 16 Pathologic leuhocytord matare Iymphecytes from case of Type 1
Clinteal preture o this pauent was almost sumilar to that ot acute leukerna but
blood contamed na immature clls

Fic 7 Charactenistic cell ot Type 2 Nucler of these cells frequently resemble
those of plasma cells dersved from Tvmphacytes Cytoplasm 1s not so basophilic and
not so vacuolated as tn Type 1

Fios 811 Cells from Type 3 Ia general cells rescmble tho e of Type ! but
some of them show leukemic teatures such as azurophi rod n the large vacuole
of [y ure 2 narrow bodied cells wuh indented nucler (nat allustrated} 2nd cells
with nucler which are more or less immature re with diffuse sicvelihe arrange
ment of chromatn and nucleols (Figs 8.and 9)

Fics 1214 Immature ceits from ca ¢ ot acute lymphatic levhemra These are
1ncluded o facilitate comparison of infectious mononucleosis with acute Iymphate
leuhemia Total count and lvmphocyte pereentage an this case were simitar to
counts w Case 1 (Figs 16) \fter Downey and Mckanlay

T e Hal ed  Handbook of Hematolagy New York Hocber )
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Marrow

{See Plate 50 pp 126 127)

In recent years examination of the
bone marrow has assumed consider
able importance as an aid 1 the more
difficult dragnostic problems of hema
tology Tt 15 not necessary that the
bone marrow be examined m all
blood dyscrastas ssnce a diagnosis
can usually be established by exam
maton of penpheral blood alone
when taken 1n conjunction with the
history and the chinrcal findings In
rare nstances however examination
of the marrow provides addiuonal or
confirmatory mformation of great
value tn establishing an accurate
duag posts

The bone marrow 15 responsible
for the production of threc of the
magor cell types of blood that 1s the
pranulocytes  the erythrocvies and
the thrombocytes These cells and all
their precursors  therefore can be
scen m the bone marrow Thus the
marron 15 an excellent tissue for
study of the vanous undifferentiated
cells mcluding myeloblasts, premye
locytes muelocytes, promepaloblasts
megaloblasts megalaryocytes reticu
lum cells endothelal cells etc The
distribution and the relative percent
ages of these cells are of some 1m
portance 1n cvaluating the bone mar
row picture A dhfferenual count for
normal marrow 1s shown 1n the fol
lowing table

1o

THE D'FFERENTIAL COUNT

Cell types to be listed n perform
ing a differential count of bone mar
row are as follows (figures indicate
normal range m per cent)

Undifferentiated cells 00
\fveloblasts 00 12
Premyelocytes

Neutrophit 05 90

Eosinaphil 01 20

Ba ophil® 00
\Myelocytes

Neutrophl 100346

Eosmophil 03 20

Basophit 00-03
Metamyelocy tes

Ncutrophil f 148330

Eosinoptul 0337

Basophil 00 03
Segmented forms

Neutrophil 30174

Eosinophil 01 10

Basophit 00 10
Promegalablasts 00
Megaloblast on
Erythroblasts 42182
“Normoblasts 133700
Megaharyoblasts 0002>
Megaharyocytes 02> 0%
Peticulum cells 02 20
Endothelial cells 01 0¢
Lymphocytes 0018
Plasmocytes 00 10

Esphl are nat o neesed m pa ot
r

FM um locyees nclud beth 1 and
wbfem of the Sh iny o uﬁum:
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wrns some being round and some
showing nuclear projections the ¢
toplasm wn many cells ss rather darh
blue paruculardy at the penphers
but s many mstances i shows a
rather marhed clear perinuclenr zone
Fusthermore vacuohization of the oy
tophsm 15 @ furly constant fearure
i some cells The leubocytes may be
so atypucal that frequently they are
copfused wnh blast cells thar may be
seen o cases of leshent and m
deed many cises of wfections mono-
pucleosis have been thought to be
leukenntz durmg the hehe of the
cellular changes In nearfy every case
1t 13 possible to make the diagnoss
wvath fawr certamty on the bras of
the blood picture pasucularly of the
white cell count 15 hugh In the keuho-
pemsc cases however there 1s usually
mare difficulty an disgnosis

THE HETLROPHIL
ANTIBODY TEST

Dragnoss i all cises can be made
with pracucal certanty by the use of
the heterophid anubody test This
cansists . prepaning, senal difuttons
of the pauent s serupy and into these”

are placed standsrd quontties of sor
mal sheep cells approumately four
days ofd The blood serum of the
pitient with snfectious monanucleo-
ss widl show strong auglumnauon
uters agamst these sheep cells In
some cases the test may ot be post
anve n the early stwes of the discase
but 1t may become sa fater duning the
eourse of the illness A posnre het
erophi} antsbody test of 1 64 or sbose
indicates that the dhsease 15 snfectious
mononucleosss

Approsumately 20 per cent of the
pattens with chis desease will show
+ posine serologic test that s A
posive hahn or Wassermann reac
ton This positne test as well as
the heterophil anubody twst dsip-
pears within a few weebs after ter
minanon of the illness One should
use evtreme care to avord labehag
such a patent as syphufine. The prog
nows of mnfecions mononuckosts 15
rery good Fatahues ase so nfrc
quent that they are never expected
There 1s no specific treatment for the
duease and symptomatic tresument
1s all that s pecessacy Fulf recavery
usuafly tehes place 1 from two ©
three weeks

5
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The Bone Marrow

(See Plate 30 pp 126 127)

In recent years exarmnaton of the
hone marrow has assumed consider
able 1mportance as an a1d 1n the more
difficult diagnostic problems of hema
tology It 1s not necessary that the
bone marrow be examined i all

THE D'FFERENTIAL COUNT

Cell types to be hsted 1n perform
ng a differental count of bone mar
row are as follows (figures mdicate
normal range i per cent)

blood smce a d Und d cells 00
can usually be established by exam l‘,’ﬂ‘ﬂbh“s 00 12
mnation of penpheral blood alone ';m)d"qh“l‘ 90
when taken in conjunction with the i_::mmph'l 05 3
stnophi 01 20
hustory and the chmical findings In Pa ophil* 00
rare instances however esamunation \Myelocytes
of the marrow provides additional or Neutrophit 100346
confirmatory information of great  Eosinophil 03 20
salue 1o establishing an accurate  Basophil® 00- 03
diag nosss Metamyelocytes
The bone martow 15 responsible  peutiophilf 148330
for the production of three of the  oonoP™ N
major cell types of blood that 1s the Sc,,me:led forms
granulocytes the erythrocvtes and  Neutrophit 30174
the thrombocytes These cells and all Eosinophil 01 10
their precursors  therefore ¢in be  Basophil® 00 10
seen 1n the bene marrow Thus the  Prome, aloblasts 00
marrow 15 an excellent ussue for ickatoblast 00
study of the varous undsfferentiated E’g::‘ﬂjlis: 1;3 lgé
cells including myeloblasts premye
locytes myclo%u:z prum:g"il;uhhsy!s :Fg‘tmo{’hm 000>
egaharyocytes 02> 08
megaloblasts mepiharyocvtes reticu Recculum cells 07 20
lum cells endothehal cells etc The  Endothelial cells 01 06
distnbution 1nd the relative percent  Lymphocytes 00-18
ages of these cells are of some ym  Plasmocytes 00 10

portance in evaluaung the bone mar
row picture A differential count for
normal mrrow 1s shown m the fol
lowing table

Paopt] ar nt cout od n paafin

ot
FMam fxvtesan [ d both g

l
wbfrms £th Schll 1 n

d

o



PLATT 30

BONE MARROW®
(NORMAL IVPERPLASTIC APLASTIC)
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Top Normal Bone Marraw
Myeloblast
Premyelocyte
Neutrophihic myelocvies
Eoswophnlic myclocyte
Joremle neutrophuls
Band neutropinl
Segmented neutrophit
Lymphocyte
Morocyee

10 Megakaryocyte

11 Macroblasts

17 Normohlasts

13 Prumstsse free celt ()

ey

WeN N Lo

* Drawn from serum spreadd

Center Hypesplastic Bone Marrow with
Maturation  Asrest at Mycloblaste
Level (from Patent with Acute
Myeloblastic Leuhemia)

Myeloblasts

Mycloblast 1 diison
Premyelocyies

Myelocyte

Megalablasts

Macroblast

Normeblasts
Bottoms Aplastic Bone Masron {froms

Panent with Aplasuc dnesma)

1 Lamphocytes

2 Pomitse free eel) {*)

3 Degencrating cells

NNV YNy
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128 The Bane Marrow

Fic 1 Showing position for imection of large bore needle
with stylet (15 gauge average) The needle s thrust through the
locally anesthetized shan and fasca thea through the ventral plate
of the sternum 1nro the myeloid cavity

Under normal condtuons there 1s
great vanauon 1 the relatve per
centages of the immature cell tvpes
encountered int the marrow This 1s
because one can never be sure as to
exactly what type of speamen 1s re
moved through the aspirating needle
Furthermore  certn parts of the
marrow may be relanvely acellular
while others are comparatnely cellu
lar Also the point of the aspirating
needle 1n many instances does not
dislodge adequate preces of marrow
ussue so that the real cytologr pat
tern can be studied Quanutative
studies of marrow cells  therefore
have hitle value Itisonly when there
are signsficant qualtatve alteranons
m the macrow cellular prcrure that
the findings have true and reason
able significance

In general bone marrow may be
removed by one of twa methods
First and most popular 1s the aspira
ton of mirrow from the strusordal
spaces of the sternum A large bore
needle with a stylet (average 15
gauge) 1s thrust through the anesthe
tized shin and fasoa then through
the ventral plate of the siernum snto
the myelard cavity The sulet s
withdrawn a synn,e is attached and
bone marrow mixed with blood 1s
sithdrawn Smears are prepared at
once by expressing a small amount
of blood on glass shides and smear
ing as wih penpheral blood The
materul can be squirted into 2 watch
crystal small flechs of marrow ussuc
removed with a pair of forceps and
imprint preparattons made on the
surface of a glass shde Aspurated
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marrow should nat be mived with
any type of anticoagulant since this
distorts the cellular picture to 2 con
siderable extent and renders the ma
terial considerably less valuable Ex
ammation of material removed 1
this way has very defimite hrmitations
and a method of greater value 15 the
trephine method of removal of z
Dbutton of bore and atrached marrow
so that preparanions can be studied
by the usual methods of histologic
sectioning and staming with hema
toxln and eosin Only 1n this way
15 it possible to obtam a speamen
adequate for histologic examnation
However this 15 a major-operating
room procedure and for this reason
1t has not come 1nto wide popularity
Plate 30 shows three types of bone
marrow as follows The upper third
of the plate represents marrow that
can be considered to be normal be
cause of the distribution of the var
tous types of immature cells while
the mud porton shows a type of mar
row that 1s usmally encountered 1
cases of acute myeloblastic leuhemia
and also s some cases of agranulocy
tosis—that 15 arrest of maturanon of
myeloblasts at the myeloblastic level
The lower third of the plate shows
the type of pattern that may be scen
e a typrcal case of aplistic anema
which 1s 2 gross diminution 1 the
number of cells with practucally com
plete absence of the precursors of
granulocytes erythrocytes and throm
bocytes
In general the type of pathologic
change found m bone marrow can
be expressed only in 2 rather broad
and gencral way In 3 study of the
marrow one may find changes that

can best be described under the fol

lowing headings

1 Normal marrorw with 2 type of
cell distribution that includes all
types of immature normal cells of
the granulocye the erythrocytic
and the thrombacytic series 1n
cluding megaloblasts megakaryo-
blasts and vartous myeloblasts
and all cells betseen those stages
and the adult forms Normally
the erythrord myelaid rauo varies
from one to two to one to six In
healthy adults These cells to-
gether comprise from about 90 to
9> per cent of the total cells

2. The Erythroblastic Marron This
15 scen 1 amy type of anemia
which there 15 an adequate bone
marrow response It merely snds
cates that the bone marrow 1s quite
acuve and capuble of responding
1e2 a normal fashion It 1s found m
sartous types of hemolyuc ane
muas  after acute and chromic
blood loss and 1n treated cases of
tron-deficiency anema ‘The mar
row 1s characterized by predom:
nance of the erythroblastic ele
ments of all types

3 Megaloblastic Marrow This type
of marrow 15 one 1n which me,alo
blasts predominate almost to the
exlusion of normoblasts This
tvpe 1s seen most often n per
maous anemua and 1 other types
of macrocytic anema as those of
sprue pregnancy fish tapeworm
snfestation pelfagra and achrestic
anemu Adminsstration of specific
antanerma factor wsually causes
the m galoblastic patrern 1o be
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come normoblastic within a few
dys

+

Leukenic Marrow The marrow
vehronie myclo enous Jeuhemia
shows merely n 1nceewse 1n the
grinuloporetic elements with the
orderly muturtton of cell types
very little disturhed About the
stme type of cellular pattern 1s 1s
scen 1n the peripheral blood cin
< observed in the marrow In the
cute leuhemias the murron usu
ally 15 crowded with myeloblists
reg irdless of whether the leuke
mua 15 1n 0 tleuhemic phase or
mn 1 phase of hih peripheral cell
cotnt

Other Conditions In Gauchers
disease the outstandin, findin,, 1s
the presence ot hirge fat liden
typical Gaucher cells 1ssocited
with a murow pattern that ap
pers to be normal or vperplastie
In mvelom tosis the marrow may
show considerable numbers of the
typrctl phisma cells charwteristic
ot that diserse In Rala war there
muy be found an acaistoni] hrge
endotheli: cell that contains typ
11l Leishmin Donovan bodies In
fecuous mononucleosis wall show
consider thle numbers of the atyp
wal lymphocvtes charctensie of
that diseise  The marrow 1
agranulocytosts usually shows ma

v

turation arrest at the myeloblustic
level similar 1o the prcture seen
m acute leuhemras ‘The marrow
a1 sickle cell anemia Cooley s anc
mtt von Jahsch s anema familial
hemolyvtic scterus erythroblastosis
foetalis and other types of hemo-
ytie memma 15 charactenzed by
erythrocyuc hyperplasia The mar
row an polycythemra vera 1s not
characterisic The marrow 11
aplastic anermia shows a simple
decrease tn the number of mature
and immature forms of the three
types of cell series The marrow
findings i the vinous types of
purpury are not very helptul In
some cases of thrombocs topenic
purpura the megaharyocvtes ap
pear to be quite normal and are
present 1t normal numbers
It should be emphasized that bone
marrow studies should be made only
by an expertenced hematolo,ist one
who 1s capible not only of mter
pretn,, cell types but of wnterpreting
the findin,s and applying them
their proper rehtonship to the pe
nipheral blood findings and the clin
11l findin, s Bone marrow findings
are simply an adjunct to snformauon
dernved from study of the patient as
a whole Ankibsolute diignosis can
not be mide from the study of the
bone marrow except i the most rare
and 1solated nstances
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Blood Parasites

{See Plates 51 and 52

MALARIAL PARASITES

Plate 31 shows the vartons tspes of
malanial parasites with the bottom
row of cells showing blood platelets
1n order that they may be compared
in mosphology with the nng forms
of the parasite Untrained workers
may at umes make the serious mis
take of mnterpreting blood platelets
Iying on top of red cells as being
malarnl parasites

Prasviopiins Vnax

‘This parasite which causes tertan
malana requires 45 hours to under
go complete schizogony It 1s seen
first in ring forms the nings haung
1 dameter of about three micra
With polichrome dyes the nucleus
of the nng stams red and the cyto-
plasm a blnsh color As the parasite
enlarges 1t assumes manv shapes
within the red cell After six hours
most of the nngs have become ame
boid 1n shape and contmn a shght
amount of pigment The parasiized
erythrocyte 1s larger swollen and
paler and may show granular dots

After 36 hours the parasie begtns
o divide 1nto teo four erght and
finally 2 number of nu le: ranging
from 12 10 24 By thes tume the ery
throcyte s quite larce Each of the
nucler 1s then known as a merozorte

1

pp 132, 1as 156 1s7)

and the red cell 1s about ready to rup-
ture Rupture takes place which 1s
accompanied by a clull.

Prasstoprunt Marariae

The cycle of thus parasite which
causes quartan malina requires 72
hours for completion and s devel
opment 1s stmilar to that of Plismo-
dwm ynax The ning forms are ap-
proumatels the same size but the
cytoplasm 15 denser However 1t s
extremely difficult to disunguish be
tween Plasmodium winax and Phs-
modium malarme One outstanding
charactensuc of this parasite during
the stace of growth 15 to strerch
across the erythrocyvie in the form of
a bind The mfected red cells appear
to shnnk rather than enlirge The
nucleus of this paraste divides to
form eight or ten daushrer nucler ar
ranged round centrally located prg
ment VWhen fully mawred the
merozones make a rosette form com
pletely filing the erythrocyte.

Prasstopruyt Farerrare
Thus type of parasite which causes
estivo-autumnal malarta does no
have the regulanty of schizogony of
the two preceding oncs, but appar
emtly 1t occurs 1 varable perods
from 5 to 45 hours The nng forms



PLATE 31

MALAKIA PARASITES
(Blood Platclets on Bottom Row )
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Plasmodwm Faleiparum (Esuvo

Plasmodium 1 nax (Teruan)
Autumnnal)

1 Ring form
2 Amebord form and Schuffners dots 75 Ping, form

1n the erythrocyte 26 Double infection of erythrocyte
3 4 and 5 Amebord forms 27 Rung form wath two chromatn dots
6 7 and 8 Schizonts 78 Tople intection of erythrocyte
9 10 and 11 St menung stages 29 and 30 Microgametocy tes
12 Liberated merozontes (crescent)
13 and 14 Micro ametocytes 31 and 37 Macrogametocytes
15 and 16 Macrogametocyees (crescent)
Plasmodum Malanae (Quartan) Blood Plarelets
17 Ring form 33 34 3> and 36 Blood plarelets su
18 19 and 20 Schizonts penmposed  upon  crythrocs tes
21 and 22 Se,menttng, stages Shown n thes plate becanse they
23 Microgametocyte are trequently confused with ma
74 Macrogametocyte laria parasites by the untrained lab

aratory worher

132
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are much smaller and muluple 1n
fections 1n 1 stn,le red cell are quite
common The nucleus often shows
two red chromatn dots rather than
1sin le one Usually the blood shows
only nny forms within the para
siized red cells and the crescent
shaped gametocytes The presence of
the crescent shaped gametocytes or
the socalled estivo qutumnal cres
cents s the single findiny, that mdt
cates most strongly that the paraste
1s of the faletparum type The adule
schizont 1s much smaller than the
erythrocyte The merozoites vary m
number from 8§ to 24 For details of
the chntcal symptoms physical find
ings and treatment of malana the
student should consult works m
swhich these subjects are treated more
extensively

RAT BITE FEVER (Sce Plate 32)

The ciuse of rat bute fever 1s the
Sprrillum minus It usually measures
from three to six micra 1n length
and two tenths mucron n thichness
It cin be demonstrated 1n fresh blood
by darkfield lumavion where the
ofganism 1s scen as 1 rapudly motile
organism The best method of diag
nosis 1s to et the patients blood
ntraperttoneally into white mice
and the orgamsms then demonstrat
ed 1n the tail blood shout four or five
days after moculation

RELAPSING FEVER
(See Plate 32)

The cause of this discase is the
Spirochet1 recurrentis The organ
1sms 1re from 20 to 30 mucry 1o
length and twenty five hundredths
mucron i thichness The spirals are

quite coarse and the organisms usy
ally move 1n enther direction with 2
sprral rotation They are more easily
demonstrated by darkfield sllumma
ton int a drop of fresh blood under
a cover slip They usually occur mn
the bload 1n the early stage of the
disease, particularly duning febrile
periods

TRYPANOSOMIASIS
(See Plate 32)

The three species of trypanosomes
are responstble for the diseise try
[ — the Tryp
gambiense for it 10 West Africa the
Trypwmosoma rhodesiense 1 East
Africa and the Trypanosoma cruztin
South America All may be found at
umes in the perspheral blood 1n as
pirated lymph node material and
spinal flud They wre most often
found early in the disease and dem
onstrated best by darkfield examina
tion of fresh blood under a cover
shp As 1l other blood parasites
the best chance of demonstraing
these organtsms 1s by theh film
methods

LEISHMANIASIS
(See Plate 32)

The two chmeal types of lessh
mamasts the cutaneous type (trop
1c1l sore) and the visceral or systemic
type (haliazar) are caused by
Lershmama tropica and Leishmimd
donovans respectively They mvade
phagocytic cells primartly but if such
cells burst then they escape tnto the
blood stream The Leishman Dono
van bodies are rarely found n ordi
nary thin blood films but more read
ily in thick fitm preparations Cen
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trifugation of blood will wsually
throw the hetvier parastized cells to
the bottom of the tube where they
can be remaved and thick films pre
pared Lesshman Donovan bodies are
oval from two to five mucra 1
length The or,amsms can be dem
onstrated best by matenal from sple
nic puncture rather than from exam
mation of blood

FILARIASIS (Sce Plate 32)

Filarrasis 15 usually caused by the
orgamsm Wucherena bancrofti
which the mcrofilartae may be
found n the peripheral blood under
ordinary fresh blood cover slip prep
aranons  They are quite actnely
motle and since they are quute
large they thrash about causing great
disturbance amongst the bleod cells
Therefore they can be searched for
using the low power objective They
are found more often m perpheral
blood at mght and the patents
should be examined at that nme

LEPTOSPIROSIS*

This discuse 15 caused by the Lep.
tospira  1cterohaemorrhagiae It s
sometimes called Weil's disease The
orgamsm 1s a spirochete of from 7
to 14 micra 1n length and tnenty five

h L R R,and Park
Wihka 1940

F P ATetbook of € 12l Pth gy Balumo

hundredths micron 1n thickness The
spurals are small_ measunng only five
tenths micron from crest to crest.
They are best demonstrated in fresh
blood by darkfield llumination
They may be found 1n the blood up
to the tenth dzy but 1n the drine as
long as up to the hundredth day
Thev can be demonstrated best by
mjecting blood or unne into guinea
prgs On suspicion of this disease
ag lunnation tests can be done if
blood 15 sent to the Natonal Tnsts
tute of Health Washington D C

HISTOPLASMOSIS (See Plate 32)
This disease 15 caused by the Histo-
plasma capsulatum which s a fun
gus belonging to the Cryptococcus
group The orgamsm as found
man closely resembles the Leishman
Donovan body It 1s oval about three
micrain size When seen n the blood
1t shows a refracule cell membrane
under which 1s a clear zone and then
2 small erescent blue mass surround
mg a small vacuole It 15 usually
found 1n phagocytic cells 1 the
blood but can be scen 1n monacytes
and can sometimes be found n mar
row cells when apparently absent 1n
the blood The disease 15 character
1zed by wntermuttent fever enlarged
lnver and spleen and leukopenia

Wllam &



PLATE 32

Blood parasites Photomicrographs of specimens staned with Giemsa s stain

Fios 1 and 2 Spinllum minus orgamsm of rat bite fever X2000

I'e 3 Spirochaeta r:currcnm organism of relapsing, fever X 1500

Tic 4 Hustopl 1n a large lear leuhocyte in perrph
eral blood Vanderbile Um\crmy Hospstal case Note thick capsule crese ntic
nuclear chromatin and vacuole "There 1s 7o parabasal rod as m Leishmaniz
Giemsa stamn X 1500

Fic 5 Try rhod g of East African trypanosomuasis
X 1500

Fic 6 Trypanosoma cruzi organism of American trypanosormaasts X 13500

Fic 7 Tryp lewist of rat tryp X 1500

Fie 8 Leishmania tropica Lesshman Donovan bodies m large mononuclear
phagocyte from onental boil X 1500 Morpholo ieally similar to Leishmania
donovant of kala azar

Fic 9 Larva of Wuchereria bancrofti in peripheral blood X500 Note sheath
stamed red with Giemsa s stain

Adapted from Rracke and Pather Testbook of Clinical Pathology Balt
more Williams & W lkins
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PLATE 32

Blood parasies Photemicrographs of specimens stamed with Gremsa s stain

Fics 1 and 2 Spirllum minus organism of rat bute fever X2000

l‘m * Sparochaeta rccu":nns organism of relapsing fever X 1500

Histopl m a large lear leuhocyte tn penph

eral blood Vandcrbr]z Unncrsuy Hosputal case Note thick capsule cresc ntic
auclear chromaun and vacuole Theee 15 no parabasal rod as mn Leshmanta
Gremsa stain X 1500

Frc 5 Trypanosoma thodesiense orgamsm of East African trypanosormiasis
X 1500

Fio 6 Trypanosoma cruzi ofganism of Amertan trypanosomiasts X 1500

Fic 7 Trypanosoma lewssi organism of rat trypanosomtasts X 1500

Fic 8 Leishmama tropica Leishman Donoyvan bodies i large mononuclear
phaocyte from orental boil X 1500 Morpholo,cally similar to Leishmamz
donovani of kala azar

Fic 9 Lana of Wucherena bancroft i peripheral blood X500 Note sheath
stamed red with Giemsa s stain

Adapted trom Krache and Parher Textbook of Clinwcal Pathology Balt:
more Williams & Wilkins
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upon the extent of the discase uts
chramaty or acuteness and the type
of lymphgland structure involved
It has to be differentiated from such
condimons as hymphosarcoma retic
ulo-endotheliosis retculum cell sar
coma and even infectious mono
nucleosts  The dugnosis 15 best
estiblished by biopsy of ane of the
affected lymph glands

POLYCYTHEMIA VERA

This 15 a progressnve and ulu
mately fatal disease of unhnown
cause Tt 15 characterized by excessive
numbers of red blood cells marked
splenomegaly mncreased blood ol
ume and the symptoms resulting
from these altered states It1s a dis
case of rmddle and late hife occurnng
in both men and women Rusman
Jewish people seem to be more sus
ceptible to 1t than others It occurs
more commonly 1 males The fun
damental cause of the disease 1s
probably lowered oxygen tensien
the bone marrow over a long penod
of ume due to partial obliteration of
the lumina of the nutrient artenies to
the marrow It s therefore a disease
of the viscubir system and could be
called thrombo anguus ebliterans of
the bcne marrow

SyarTons

The onset 1s sidious and the
symptoms develop slowly but pro
gressnely The usual first symptoms
are weikness and fatipue accentuat
ed cyanosis of fice hps and mucous
membranes headaches dizziness and
sarious types of paresthesia Abdom
mal and gastne disturbances are

commoan The patient may hase hem
orrhages sn the gastro intestinal tract
1nd peptic ulcer 15 commanly scen as
1 comphecation of the disease The
spleen 1s enlarged i pricucally 0t
cases When assacrited with high
blood pressure the disease 1s usually
cilled polycythemia hyvpertomea or
Gesbuck's discase  The diagnostic
triad 15 the cyanouc color splenomes,
aly and the excessive number of air
culting red ceils

Broop Finpines

The red cells 1re usually incresed
above seven mullion per cubic mille
meter and the hemo,lobin 1s 1n
creased 1 proportion  Viscosity of
the blood 1s from five to el ht tmes
normal Crossly the blood 1s very
dark suchy nd even wiscous The
total blood volume s increased from
50 to 100 per cent above normal
‘There 15 an associated leuhocytosts
which 1n some cases 15 quite severe
and even leuhemond so that the proc
ess may simulate leukemia

TRrEATAENT

‘The most satisfactory treatment 1n
cludes methods to reduce the number
of red cells This can be done by de
stroying the cells through the admin
istratton of acetylphenyihvdrazine or
by remeving them  mechameally
through the process of repeated vene
section The latter plan of treatment
1s preferred More recemtly the use of
radioactive phosphorus has met with
general success and appacently this
agent s capable of mmntaining the
disease 1 prolonged periods of re
mission
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Miscellaneous Diseases of the Blood
and the Blood—Formmg Organs

HODGRIN 8 DISEASE

This 1s 2 systemuc febrile disease Tt
15 charactenized by pamles lymph
gland enlargement, with a specfic
hustologic st ucture

The cuology of Hadglun s disease
15 entirely unhnown Some believe it
to be ciused by a virus others that 1t
ts an wnfectnne type of granuloma and
stll others that 1t 15 an atypical form
of wberculoss More recently 3t s
suspected o be a form of brucetlosts

The disease 15 characterszed by a
primary mvolvement of the reticulo-
endothelial system 10 which the chief
lesions occur 1n the lymph nodes the
spleen the liver and the bone mar
row All or only past of the lymph
od nssues miy be mmolved The
nodes are firm large usually discrete
but finally become matted together
Microscopically Hodghin s disease 1s
charactenized by a pleomorphic cyto
logie preture in which characteristic
monenuclear and multinuclear grant
cells occur  among  lymphocvtes
plama cells  ecasinophds  probf
erating, endothelum and varying
amounts of fibruus tissue  These
charactensue grant cells are known
as Sternberg ar Dorothy Reed cells
The histologic picture depends upon
the chromaty of the process

The blood has been extensively
studsed 1 Hodghin s disease but no
blood changes occur with sufficient
onsistency to be considered charac
tenisuc Practically all cases are char
actenzed by progressve hypochrome
anerma The total leuhocyte count 1s
msually elevated In some msan es
extremely high counts have been r¢
corded but even Jeuhopenta may ex
st The leuhocytoss 15 usvally neu
trophihc In other pauents there 15 2
lymphocytic increase and in sull oth
ers the monocytes are considerably
mureased  Eostaophidia 15 accasion
ally obs~rved and may be quite ugh
In some patients

The disease 15 scen mamly 1
young o muddle aged people but
may occur at any age Jt i3 more
common 1n males The spleen 15 en
larged m most mstances, and 1 oc
castanal cases the disease seems 1o be
restricted to the spleen Shan mant
festauions are farly common prurn
tus bertg, the most common disorder
Bone marrow lesions are frequently
found They are destructve lesions
and sometumes perforate the cortex
There 15 frequendy a mild clevated
temperature and vanous degrees of
cachexia The symptoms and the phys
teal signs vary widely and depend
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Rh Factor in Repeated Transfusions
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hematologic findings are thase pre
viously described When the condi
von 15 suspected the mother s blood
and the fetal blood should be tested
for the presence or absence of the Rh
factor and the mother s blood should
also be tested for the presence of anu
Rh aggluumns (sce page 165)

TREATMENT

If Rh agglutination 1s found to be
the basis of the condition then treat
ment 1s usually directed toward grv
ng the infant muluple transfusions
and only of Rh negative blood The
blood of the mother should never be
used suice 1t merely transfers more
of the agglutinmns to the mfant and
the blood of the father should not be
used as he 1s always Rh posive
Furthermore the mother should not
be permitted to feed the child at the
breast since breast mik also con
tamns ant Rh agglutnins The prog
nosts 1s usmally faely good when
proper treatment 1s promptly 1nstt
tuted Normal blood findings are
usually not established untl about
the second or the third month since
some tume 1s required for the disap
pearance of antt Rh aggluunins from
the 1nfants blood

Rit FACTOR IN REPEATED
TRANSFUSIONS
Since 85 per cent of the white pop

ulation have the Rh agrlutinogen in
their blood cells and 15 per cent do

not have 1t 1t 1s important that the
Rh negative patient be transfused
only with Rh negative blood paruc
uvlarly of 1t appears hhely that he 1s
to recerve more than one transfusion
The transfusion of Rh posurve cells
mto the Rh negatne patient results
m the formanon of anu Rh agglun
mns whith tend to destroy the next
transfusion of Rh posive cells giv
ing nise to post transfusion reactions
massive cellular destruction chaical
jaundice and 1n general loss of the
blood that 1s transfused 1nto the pa
tient For that matter it 1s recom
mended that all Rh negative female
patients who receive transfusions for
any cause should always be given
Rh negative blood

In Rhnegauve pregnant women
1t 35 parucularly smportant that only
Rh negative blood be used for trans-
fusions In order to be safe especually
10 those areas where R factor deter
minations are not done routnely 1t
18 important that every pregnant
woman who requires a transfusion
be transfused only from an Rh nega
tive donor and a pool of Rh negative
donors should be established 1n all
communities so that a supply of such
blood may be avarlable

Potent Rh typing sera may be ob-
tained from the Boston Blood Group
g Laboratory 300 Longwood Ave,,
Boston Mass Lederle Laboratories
New Yorh 20 N Y and the Cern
fied Llood Donor Service 14616
Hillside Ave, Jamaica 2, N Y



i40

Miscellaneous Diseases of the Blood

Procnosis
Polycythema vera ts meurable but
the Ife cxpectiney in the averace
case 1s many years The blond of poly
cythemic patents ts suntable for use
s donor s blood

ERYTHROBLASTOSIS
FOETALIS

This condition 15 better termed
hemolytic anerma of the newbarn of
which the chinical state erythroblas
tosis foctalis s only the extreme man
estation This disease occurs hate m
fets} fe at the time of btk or
shortly after birth It 1s charactenzed
by excessne destruction of erythro
eytes reflected 1n the perspheral blood
by the presence of numerous erythro
blists 2 high renculocviosss and a
severe anemma wth the chncat find
mngs of edema cxtreme pallor and
vaunble degrees of jaundice This
chinical picture 15 sometsmes called
fetal hydrops universal edema of the
fetus fambial seterus grasts or con
gemtat anemis of the newborn

Rare or R Fuacror

The cause of hemulvuc anemia of
the newbarn wis enurely ueknown
unil 1931 shen st was noted chat
these infants sere born of Rh nega
tse mothers wnd the nfants were
Rhpostine The medinssm as pro
posed by Levine and subsequently es
tiblished 15 1o the effect thu che
cells of the Rh positine fetus escape
through placental defects ato the
Rh negative materst asrculition and
antt Rh anubodies m high tter de
velop 10 turn  the mother s blood
Thes, hubodies are then diffused

through the placental airculation tnto
the fetus and large numbers of the
fetat Rh posive cells thus destrosed
This stuatson results therefore 1n
profonged and ntensive destrucnon
of the fetal cells by the anuRh
agalutimns and m sesere hemolyue
anemia of the mfant

Although 15 per cent of females
are Rhneyative envthroblastosis oc
curs only once i from about three
hundsed to four hundred bisths
when actually m approvimately 12
per cent of Il pregnancies there 1
an Rh negane mother and an Rh
posise fetus Certamn other candh
uofis must be necessary for produc
nion of the disease ncluding inpury
to the placenta and the face that i
many cases the Rh 2 gluomas neser
reach sufficiently high nter to pro
duce cell destrucnion’ The condition
occurs more frequenddy i Later preg
nances than o fist 2nd second pres,
nanctes sndicweng that some buwild
up of anuRh agglounms 1w the
maternl bloed may be necessuy
Although 90 per cent of the cases of
erythroblastons can be expluned on
this basis the remaimng 10 per cent
may be caused by newly discovered
Rb factors and perhaps cven my
ternal and fetal mcompaability of the
ap lutinogens A and B

Sysirvos

The symptoms of ervthroblistosis
foetalss e those of a very severe
hemolyc anemis The nfane is pro
foundly anemc with edema and
sometimes generdlized anasarca nd
shows a deepening jaundice The
spleen and the Iner ore frequents
enfarged and eastly palpable and the
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a slow and gradual compensation for
this nssue Joss occurs i the form of
generahized lymphadenopathy within
a few months after splenectomy The
phagocytc funcuion 15 taken over by
other endothelial elements 1n the
capilfary endothehum  the Iymph
glands and the liver stnusoids

"The spleen 1s not essential to bfe
as has been demonstrated by the re
moval of hundreds of traumatized
normal spleens Also congemtal ab
sence of the spleen ts not an unusual
finding 1n a normal mndividual Ap
parently there are no immeduate or
remote 1ll effects from splenectomy
Pauents who have been splenecto
mzed can be regarded as normal peo
ple 10 every respect The immediate
effect of splenectomy on the blood 15
an increase of hemoglobin and red
cells 1n the vascular system In cases
of essential thrombocytopenic pur
pura there 15 an immediate increase
of blaod plarelets and oftentmes a
marked thrombocytosis The white
cells also show an immediate 1ncrease
after splenectomy regardless of the
reason for which 1t 15 performed

The spleen should be removed 1in
all cases of congenital hemolytic ac
terus where 1t appears that th organ
1s incompatible with the well being
of the patient Some patents with
this disense go throu h their entire
lives without the necessity of splemc
removal However when the spleen
1 removed there 1s pricucally always
1 chrucal eure

The spleen should be removed 1n
renfied cases of essential thrombo-
cytopemuc purpura since the clinical
result from this procedure seems to
be far more sausfictory than the tem

porizing measures sometimes em
ployed to contral the hemorrhages of
that disease

The spleen also should be removed
11 2 considerable number of cases of
so called Bant s syndrome This syn
drome which 15 characterized by
splenomegaly  varous  degrees of
liver damage signs of portal obstruc
ton mamfested by abdominal su
perfical collateral arculanon  eso
phageal vances with hemorrhages
and leukopenia 15 sufficient 1ndica
tion to consider seriously the question
of splencctomy Frequently the dect
ston to remove the spleen should be
mde at the operatng table after the
liver has been examined In any case
1f the removal of the spleen does not
exert any curatve influence 1t pro
vides the pawent with considerable
relief from symptoms of the enlarged
organ

Recent indications for splenectomy
raclude the syndrome kaown as pey
mary splentc neutropenia described
by Doan and hus associates 1n which
1t 15 assumed that the spleen has an
excessive lvtic action for neutrophils
This syndrome ts charactenzed by
enlargement of the spleen marked
neutropenia for which no ether cause
can be discovered and a bone mar
o that must be demonstrated to
be normal and capable of producin.,
adequate numbers of granulocytes
This syndrome 15 adequate reason
for splenectomy

The condion recently described
by Doan as panhematocytopenia 1s
o apparently relieved by splenec
tomy In this syndrome the spleen
1s enlarged the bone marrow func
uons normally or 1s capable of nor
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The spleen 15 enlarged 1n a num
ber of conditions Some e closely
related to blood diseases and others
are more relited to various disease
processes such as infectons Com
mon causes of splenomegaly are ty
phoid fever genertlized septicemia
solitary abscess of the spleen sub
acute bactertil endocarditis splemic
tuberculosis congemtal syphilis ma
larin histoplasmosts  schistosomiasis
and echinococcus disease The fol
lowing causes of splenomegaly are
more closely related to diseases of the
blood furming ussues Banus syn
drome congemitrl hemolytic anemia
acute and chronic acquired hemolyuc
ancmm——mrc]v pernicious  anema
the Mediterranean 1nemias erythro
blastosis foetalis  chronic myeloge
nous leukemia chronic lymphatc len
hemua polycythemia vera infectious
mononuckosis  solitary neoplasms
such as hemangioma lymphosarco-
ma and follicular lymphoma Hodg
kins diseise Gaucher s disease Nie
mann Pich  disease  Schuller Chris
ums discase amvlodosis  primary
splentc neutropenia splenic panhem
atocytopenia  Felty s syndrome
hemosiderosss and essental throm
bocytopenic purpira in some cases
¢ hen one 1s confroneed with 1 prob
lem of splenomegaly consideration
thesefore has to be given to the large

number nd the wide vanety of dis
T

case processes which include infec
tious  diseases  metabolic disorders
arculatory  disturbances  neoplastic
conditions and the various blood
diseases
SPLENECTOMY

Removal of the spleen 1s clearly
indreated 1n a small number of blood
diseases and in 2 few other cond
tions as well The indications for re
moval of the spleen are 15 follows

1 Ruptured spleen with sertous
hemorrhage

2 Primary tumors of the spleen
such 1s hemangroma

3 Congenttal hemolytic wcterus

4 Essentin] thrombocytopemc pur
pura

5 Bants syndrome

6 Primary splenic neutropenta

7 Splemc panhematocytopenta

The spleen 1s an organ that consists
chiefly of phagocytic revculo-endo-
thelium 1nd lymphoid tissue support
ed by a fibrous nerwork It contains
lirge vascular channels that promote
i very sluggish flow of blood en
abling, the process of phagocytoss to
be carned out efficently It has been
esimited that removal of a normal
spleen removes about one third of
the lymphad 2nd the endothchal s
sue of the body The effects of sple
nectomy therefore are only those of
removal of this amount of tissue as
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2 slow and gradual compensation for
this uissue loss occurs 1n the form of
generalized lymphadenopathy within
a few months after splenectomy The
phagocytic function 1s taken over by
other endothelial elements 1 the
capillary endothelum the lymph
glands and the Liver sinusosds

The spleen 15 not essential to Life
as has been demonstrated by the re
moval of hundreds of traumatized
normal spleens Also congental ab-
sence of the spleen 15 not an unusual
finding 1n a normal individual Ap-
parently there are no immediate or
remate 1ll effects from splenectomy
Patients who hase been splenecto-
mized can be regarded as normal peo-
ple 1n every respect The immeduate
effect of splenectomy on the blood 15
an 1ncrease of hemoglobm and red
cells tn the vascular system In cases
of essenttal thrombocytopenic pur
pura there 1s an tmmediate increase
of blood platelets and oftentimes a
marked thrombocytoss The white
cells also show an immediate 1ncrease
after splenectomny regardless of the
reason for which 1t 15 performed

The spleen should be removed 1n
all cases of congemtal hemolytic 1c
terus where 1t appears that th organ
1s mcompauble with the well beiny,
of the pavent Some panents with
this disease go through therr entire
lives without the necessity of splenic
removal However when the spleen
15 semoved there 15 pracucally always
 chinseal cure

The spleen should be removed 1n
venhed cases of essential thrombo-
cytopenic purpura since the clinical
result from this procedure seems to
be far more sausfactory than the tem

porizing measures sometumes em
ployed to control the hemorrhages of
that disease

‘The spleen also should be removed
1 a considerable number of cases of
so0 called Banti s syndrome This syn
drome which 15 characterized by
splenomegaly various degrees of
ltver damage signs of portal obstruc
ton manfested by abdominal su
perfiaal collateral arculaton  eso
phageal varices with hemorrhages
and leukopeniz s sufficient indica
tion to consider seriously the question
of splenectomy Frequently the deat
sion to remove the spleen should be
made at the operating table after the
liver has been examuned In any case
1f the removal of the spleen does not
exert any curative influence it pro
vides the pauent with considerable
relief from symptoms of the enlarged
oran

Recent indications for splencctomy
include the syndrome hnown as pre
mary splentc neutropenia described
by Doan and his assocrates tn which
1t 1s assumed that the spleen has an
excessive Iytic acton for neutrophuls
This syndrome 15 charactenized by
enlargement of the spleen marked
neutropen1a for which no other cause
can be discovered and a bone mar
row that must be demonstrated to
be normal and capable of productng
adequate numbers of granulocytes
This syndrome 15 adequate reason
for splenetomy

The condiion recently described
by Doan as panhematocytopenna 1s
also apparently reheved by splencc
tomy In this syndrome the spleen
1s enlirged the bane marrow func
tions normally or 15 capable of nor
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mal function and two or more of the
marrow cellular elements are sertous
ly depleted 1n the bloed It 15 1 con
dition 1n which the overactive spleen
destroys too many white cells red
cells plaelets or any combmations
of these cells It therefore, 15 1 com
bination of hemolytic anemia throm

bocytopenic purpur and splenic neu
tropen1 As in pnimary  splenic
neutropera, before the spleen 1s re
moved 1n this syndrome 1t should
be determuned defintely by marrown
studies that the cellular depleton 15
not on the basts of marrow hvpo
plasia
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Blood Pictures 1n Various
Laboratory Animals

(See Plate 33 pp 146 147)

Plate 5> shows the blood prctures
found 1n vartous laboratory amimals
and also the blood of the camel and
the human These types of blood, ex
cepting that of the camel represent
the ones usually employed i the
course of expenmental work The
followiny, average figures are repre
sentative of the hematologic findings
1o be expected 1n the various types of
ammals sndicated

THE RABBIT
Erythrocyte count Normal range from
4300000 to 7000000 average 5€0
000 The erythrocytes are sumilar to hu
man red blood cells with considerable
amisocviosts  porkilocytosis and  poly
chromatophuha but no nucleated cells
Hemoglobn Normal range from 60
to 90 per cent (Sahh) Merage 7> per
cent (Sahl1)

Leukocyte count Normal range from
4000 to 13000 average 7900
Differential count

Range  frerage
(per cent)(per cent)
Neutrophils 3050 434
Lymphocytes 300 418
Monocytes 216 90
Fosmophils 05 5 20
Basophis 23 +3

Flatelets Narmal ranee from 700000
to 1000000 avera e 400000

H

THE GUINEA PIG
Erythrocyte count Normal range from
4500000 to 6300000 average > 750
000 In general th~ erythrocytes are
simiar 1o human red blood cells with
considerable amisocytosts and polychro-
matophilia and no nucleation
Hemozlobin Normal range from 80 o
100 per cent (Sahlz)

Leuhocyte covnt Normal range from
600D to 20000
Dafferenual count

Range  Ascrage
(per cent)(per cent)
Pscudocostnophls
(Ncutrophils) 350 418
Lymphocytes 353 93
Monocytes 120 $4
Eostnophils 215 48
Pasophils 02 07

Platelets Average about 500000 per

cu mm

THE MOUSE
Enythrocvte count Normal ran, e from
8000000 to 11 000000 average 9700
000 The erythrocytes are round bicon
cave disks generally nonnucleated with
shght amsocytosss and marked poly
chromatophilia
Hemo, lobin From 0 10 100 per cent
(Sahh)

Lethocyte count 8450



PLATE 33
BLOOD PICTULES IN VARIQUS LABORATORY ANIMALS

Upper left Normal human blood show ng red s as round beon ¢ 1 ks nonnucleated av rage d am
eter 72mira Celt 1 lymphocyee cell 2 a monocyte cell 3 a mult lobed neutroph | cell 4 a normal
red el €11 S a2 group of thron b eyt or blo d ylatelets Monk y blood 15 wdent 2l

Upper right Blood of a 1 ge white rat, one £ Wit swan for faboratory pu pos s Red cclls round
biconca ¢ dsks a in human A crage diameter 63 mca N utrophils 2/ lympbocytes 65
Whie ¢ s smlar to human Simil 1 blo d pictur scen 1n m ¢ other rats gune pgs cat 1 gs
horses mules 3 pgs cows and oxen e cept for percentage  natons m whie cell  Cell 1 large
aregulae limphocyte cell 2 a mall lymphocst cell 3 a normal sed cell No platelets sh wn s nce
they are scarce

Center lefs Blood pcture of a normal  bbit (Ne v Z aland) used for laboratory purposes The r d cclls
arc round biconca ¢ d ks av  ge diameter 67 m 3 and ylent al wth human Rabbit d ¢ nt
ha ¢ ypical neutrophils buth s 4% c lls with mubriob d nucer and pscudo o nophlc cvt jlasm
granules Thesc are called amph phils 2 scen i cell | Cell 2 1s a basophil ¢ 1] 3 2 n rmat red cell

and cell 4 a group of platelets
Center right The blood of a camel {awn from actual sm 2 Shown because the camel and members
‘of the camel fam ly are the only anmals with o | n naucleated 1d cell A ¢ age cell z¢ 5 x 8
micra The sheep and the goat ha e m nl rund be na ¢ disks wth 2 few o al n_anud ated < II
Cell 12 fymph cyte cell Zan eomn ghal el 3eh 5o mal red celt ¢ 11 4 a group of platel ts sim lar

n
L;“::‘;':;: Bload of a ch cken and sim 1ar to other fowl  Most red cells ar oval and nucleated A erage
size 7 x 12 miera A few round cells may be seen No tvpr al neut ophsls  About 3097 of white ¢ ¥l

are multil bed with sp ndle sh ped cyt flamc coin t ned bod 5 25 1n cell 2 Cell 1 a group of

T e < Tomphocate cel 4 2 norm 1 cd cell € 115 an cos nop

platclets el 3 8 b ok Red cells 0 st a 1 cleatcd  Av rage 82¢ 9 x 18 micra_ N utroph !
Loser Mgl S 1 a hmphooste ccll 2 p ob bly a lympbocyte (407 were of this tpe) €11 3 th

» rmal red celt 16
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Blood Pictures in Laboratory Amimals

THE MOUSE (Cont )
Differentzal count
Range Arerage
(per cent)(per cent)
20 40 262

Neutrophils 6.

Lymphocytes 5575 678

Monocytes 115 75

Eosmophils 15 20

Basophils 01 05
THE DOG

Erythrocyte count Normal range from
5500000 to 8000000 average 7,220
000 The red cells are round biconcave
dishs rather pale often appeanng as
ring forms There 1s considerable ant
socytosts and nucleation
Hemoglobin  From 90 to 100 per cent
(Sahli)
Leuhocyte count Normal range from
6000 to 20000 average 11840
Dafferential count
Range Arerage
(per cent)(per cent)
6075 690

Neutrophils

Lymphocytes 1030 200
Monocytes 212 61
Eosinophils 210 50
Basophils 02 07

Platelets Average about 350000 per
cu mm

THE MONKEY
Erythrocyte count Normal range from
5000000 to 7000000 average 5590
000 The red cells are biconcave disks
showing some ianavon 1n size with
moderate  polychromatoplulia  but no
nucleation
Hemoglobin 90 per cent (Sahl)
Leuhocyte count Normal range from
8000 to 25000 average 16000

Differentral count
Range Average

(per cent)(per cent)
Neutrophils 3050 422
40-60 528

Lymphocytes

Range Average
(per cent)(per cent)
112 15

Monocytes
Eostnophils 15 37
Basophils 0105 03

Platelets Average about 25,000 per cu
mm
THE RAT

Erythrocyte count Normal range from
7000 000 to 10600000 average 83500
000 The red cells are biconcae disks
showing moderate amsocytosts marhed
polychromatophiliz and ‘an occasional
nucleated cell
Differential count

Range Average
(per cent)(per cent)

1540 270

Neutrophtls

Lymphocytes 50 80 679
Monocytes 27 53
Eosinophils 04 21
Basophls 015 07

Platelets Average from 600000 to 700
000 per cu mm

THE CHICKEN
Erythrocyte count Normal range from
2800 000 to 4500000 average 3440
000 The red cells are osal and nu
cleated However there are a few round
nucleated and nonnucleated forms
Hemoglobin 60 per cent (Sahli)
Leukocyte count Normal range from
20000 to 40000 average 2>000
Dufferenuial count

Range Average
(per cent)(per cent)
Neutrophils 2040 311

Lymphocytes 4060 516

Monocytes 515 100

Eosinophtls 210 59

Basophils 14 26
THE FROG

Eryvthrocyte count Normal range from
400000 to 600000 average 460000
The red cell of the frog 15 aval and bi
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convex with an oval nucleus Some of Average
the cells are small with a small nu (per cent)
cleus Nonnucleated forms may also be  Eosinophuls 27

found Basophils 7

Hemoglobn 80 per cent (Sahli) Note All the figares gnven 1 this
Leukocyte count  Average 18310 summary of the blood picture of labora
Dufferenuial count tory ammals have been taken from Scar

Average boroughs Monograph  (Scarborough

(percent) R A~ The Blood Picture of Normal
Neutrophils 7' Laboratory Ammals New Haven
Lymphocytes 59 Conn Yale 1927)
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Blood Pictures in Laboratory Ammals

THE MOUSE (Cont )

Dufferental count
Range Average
(per cent)(per cent)
20 40 262

Neutrophuls 6.

Lymphocytes 5575 678

Monocytes 115 75

Eosinophils 15 20

Basophuls 01 05
THE DOG

Erythrocyte count Normal range from
5500000 to 8000000 average 7220
000 The red cells are round biconcave
dishs rather pale often appeaning as
nng, forms There 1s considerable ant
socytosis and nucleation
Hemoglobin From 90 to 100 per cent
{Sahli)
Leulocyte count Normal range from
6000 to 20000 average 11830
Differential count
Range  Average
{per cent)(per cent)
6075 690

Neutrophils
Lymphocytes 1030 200
Monocytes 212 61
Eosinophils 210 50
Basophils 02 07

Platelets Average about 350000 per
cu mm

THE MONKEY
Erythrocyte count Normal range from
5000 000 to 7000000 average 5590
000 The red cells are biconcave disks
showing some varation n size with
moderate polychromatophulia  but no
nucleation
Hemoglobtn 90 per cent (Sahl1)
Leukocyte count Normal range from
8000 to ?>000 average 16000

Differential count
Range Arerage

{per cent)(per cent)
Neutrophils 3050 42
40-60 528

Lymphocytes

Range Average
{per cent)(per cent)
112 15

Monocytes
Eostnophils 15 37
Basophils 0105 03

Platelets Average about 25000 per cu
mm
THE RAT

Erythrocyte count Normal range from
7000 000 to 10000000 average §500
000 The red cells are biconcave disks
showing moderate amisocytosis marhed

lych hilia and ‘an !

poly P
nucleated cell

Dufferential count
Range Auerage

(per cent)(per cent)
0 270

Neutrophtls 15 4

Lymphocytes 50 80 679
Monocytes 27 53
Eostnophils 04 21
Basophils 015 07

Platelets Average from 600 000 to 700
000 per cu mm

THE CHICKREN
Erythrocyte count Normal range from
2800000 to 4500000 average 3440
000 The red cells are oval and nu
cleated However there area few round
nucleated and aonnucleated forms
Hemoglobin 60 per cent (Sahli)
Leuhocyte count Normal range from
70000 to 40000 average 75000
Dufferential count

Range Arerage
(per cent)(per cent)
2040 31

Neutrophils

Lymphocyses 4060 516

Monocytes 515 100

Eosinophils 210 59

Basophils 14 26
THE FROG

Erythrocyte count Normal range from
400000 to 600000 average 460000
The red ccll of the frog 1s oval and bi



PLATE 34

A sutable tray for hematologic work constructed of Tight wood size ap-
proumarely 12 x 14 inches Note bottles for alcohol diluning flusds and tourny
quet 1n first compartment sterile wrapped synnges 1 sccond compartment
durty synnges and solled cotton 1a third compartment Also note rach for
holding pipettes stestle peedles hept 1n cotton plugged tubes The holes are
perforated 1n three different sizes Slide slots are at ane end 1r which two shides
ate placed back ta back clean catton beneath small pad on corner
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Hematologlc Technic

Although there are many techmes
for the various hematologic proce
dures this section outlines only ane
for cach test this being chosen on the
basis of relability ease of execution
and accuracy The tests described
herein are those used 1 the Hema
tology Laboratory at the Medical
College of Alabama

1t 1s better for the student or techau
cian to become thoroughly shilled
the use of one test than to learn less
about a larger number

METHODS OF OBTAINING
BLOOD

Fincer Puncrure

Materials and Equipment
1 Instrument for puncture
(A) Bard Parker knife blade size
11 wuh projected up
through a cork stopper
(B) Hagedorn ncedle
{C) Automatic blood hincet
Needle making a round wound
should not be used as 1t seals 100
quickly
2 Sponges gauze 2w x2m or
led,.cts of cotton
3 Alcohal 70 per cent.

Procedure
1 Cleanse the end of the finger with
70 per-cent alcohol and allow to

dry

150

2 Make puncrure with a2 quich
strohe deep enough to llow blood
to flow freely Hard pressure will
dilute the blood with ussue flud
Wipe with a dry sponge

Press finger gently and the blood
will form a round drop

Collect 1n order (1) Hemoglobin
(2) Leuhocyte count () Eryth
rocyte count (4) Smears for dif
ferential count

When collectng blood from an
mnfant stich either the heel or the
great toe Collect the specimens 1n
reverse of steps hsted above as the
blood flows better a few seconds
mmediately after the puncture 1s
made

Vo oaw

o

VENEPUNCTURE

Materrals and Equipment
Sponges gauze or pledgets of cot
ton

lodine uncture of

Alcohol 70 per cent
Tourmquet laboratory tubing 18
m long

Swerde dry synnge and needles
trom 19 to 22 gauge from 1to 1%
n an length

HEWR =

w

Procedure

1 Apply 1odine to the area Allow
to dry Remove with alcohol

2 Place a tourmquet about 2 1o
above the sie of puncture so that
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A sutable tray for hematologic work constructed of hght wood size ap-
proximately 12 x 14 inches Note bottles tor alcoho! diluting Rurds and tournt
quet in first compartment stenle wrapped syninges in second compartment
dirty syrines and soiled cotton 1n third compartment Also note rack for
holding pipettes stenle needles hept 1n cotton plugged tubes The holes arc
petforated 1 three different sizes Shide stots are at one end 1n which two shdes
are placed back 1o back clean cotton beneath small pad on corner
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it may be released easily Do not
constrict enough to cut off arteral
arculation
Have the patent open and close
fist 1 few umes and then close fist
tghtly
Pull back on the plunger of the
syringe 1o make sure that the
needle 1s open Be sure that the
needle 1s on tight then push the
plunger back to 1ts closed position
With the bevel up msert the
needle under the shin and then
1nto the vein
Withdraw quichly the amount of
blood needed but do not hemo
Iyze 1t by withdrawing 1t too fast
Release the tourmiquet and then
remove the needle When the
needle 15 withdrawn apply pres
sure at the point of entry
‘Tran<fer the bload immediately to
the proper contuners
9 Rinse synnge and needle with
4 cold water immedhately

When obtamning blood from an
adult the median cephalic or the medt
an basilic vein 1in the bend of the elbow
1s usually used Invery vouny, children
and infants 1t 1s sometimes necessarv
to draw blood from an external jugu
lar vein or longitudinal sinus

w

ES
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ERYTHROCYTE COUNT

Materrals and Equipment

1 Equipment for finger puncture

2 Water alcohol and ether for clean
ng pipeties

3 Diluang flurd (see solutions)

4 Counting chamber (Bright hne
Spencer preferred)

5 Diluting pipettes certified

6 Microscope

Pipettes (clean by suction)

1 Run water through

2 Run aleohol through to remove
water

3 Dry by running ether through and
then allow arr to evaporate the
ether Pipettes must be dry

Counting chamber

1 Wash with water

2 Dry with clean soft cloth Do not
scratch

Procedure

I Clean the finger or the ear with
leohol 70 per cent
2 Puncture the clean area and wipe
off first drop with 1 dry sponge
From 1 second drop draw the
blood exactly to the 05 mark of
the red pipette Remove the ex
cess blood from the np of the
pipette
Draw the diluting fluid to the 101
mark without allowing the bleod
to run out Twirl the pipette slowly
while filling 1t
5 Take pipette 1n hand between
thumb and middle finger Shake
sideways for 2 minutes
Place the cover shp in correct po
siion over the ruled area of the
counting chamber
Discard the first 5 or 4 drops leav
in,, the prpette and as quichly as
possible touch 2 drop to the edge
of the platform of the counting
chamber allowing 1t ta (low under
the cover slip but not mto the
moat round the ruled area of the
counting chamber There must be
no bubbles
5 Allow to settle for a few mrnutes

[

EN

EN

~
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°

Examine under the mucroscope
Lower the substage 1 hutle and
focus with the Iomm olyecuve
When the ruled arer 1s found
turn to the 4mm objectne to
count

Calculation

The luge contral squire (1 mm
X 1mm) (1 pnmary square) of
the counting chamber contuns
2> seconduny squires  each of
which contun 16 tertiary squares
Count 11l the red cells 1n 5 sec
ondary squires includin,, the cells
which touch the top and the nght
hand line of each of the secondiry
squares covnted Counts of these
squares should not vary mare thin

—

~

15
3 Total these cells

Shorter Method To the tatal of
the 5 squyres add 4 zeros

Example Total in 5 squares 1s 421
To this wWdd 4 zeros . vin a red
count of 4210000 per cu mm of
blond

Explanation of Calculation

1 Depth of counting chamber
1/10 mm
2 Primary square area == 1 X1 mm
(the [wpe corner squires)
Volume of primry square ==
110 cu mm
(X1 X110=1/10ca mm)
3 Scconduy squire =14 £ Ymm
(larg,c conter square 15 ruled n 23
secondary squaires)
Velume of secondary square =
1/1¢6 cu mm
(%% X 'y X 1/10 = 1/1€0 cu

mm )

¥ Termary square = 1/20 % 1/20
mm

(sccondary squire 1s ruled n 16
tertiiry squares)

\ olume of secondry squire =
1/4000 cu mm
(1/20 ¢ 1720 X 1/10 == 1/4000
cu mm)
Since 5 sccondary squures are
counted thisis 5 X 16 or 80 ter
try squires
6 1f \ == number of RBC counted 1n
S0 tertary squares then 1/%0 of
x or x/\0 = numher of KBRC
counted 1n 1 tertian squire
Cubic contents of a tertniry squire
15 174000 cu mm  the number
of RECin 1 cu mm = 4000 X
VAU
Since the blond 15 diluted 1200
the cilenlation s therefore 000
X /N0 X 200 == 10000 which s
the sume as annexing 4 zeros In
cleuhting eddd chlutions  substy
tute the difution to be crlutated 1n
plice of the 200 and work out the
factor
Duluton of the pipette may be
caleahted by divding the tenth
muh t which the blood wic
drwn nto 100 (Txample I
bleod a5 drwn to the 10 murk
wnd diluted to the 101 mick <
wide 1m0 100 The diduton 1s
1100)

Normual red cells

v

~

»

©

Men 4 500 000-5 500 000
Women 4000 600-5 000 000
Children 3500 000-7 000 000

LLUKROCYTIL COUNT
Matcrials and Equipment
The sume s for erythrocyte count
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it may be released easly Do not
constrict enough to cut off arterial
arculation

Have the patent open nd close
fist a few tmes and then close fist
tightly

Pull back on the plunger of the
syrmue to make sure that the
needle 1s open Be sure that the
needle 1s on tght then push the
plunger back to its closed position
With the bevel up, msert the
needle under the shin and then
into the vein

Withdraw quickly the amount of
blood needed but do not hemo
lyze 1t by withdrawmy, 1t too fast
Relerce the tourmquet and then
remove the needle When the
needle 1s withdrawn applv pres
sure at the pownt of entry
Transfer the blood immediately to
the proper containers

Rinse syrninge and needle with
cold water immediately

When obtuning blood from an

adult the median cephalicor the med:
an basilic vern in the bend of the elbow

15

usurlly used In very youny children

and infants 1t 15 sometimes necessary
to draw bload from an external jugu
lar vein or longitudinal sinus

ERYTHROCYTE COUNT

Matersals and Equipment

(PR N

a

Y

Equipment for finger puncture
Water alcohol and ether for clean
10, pipettes

Dnlutang flud (see solutions}
Countng chamber (Bright line
Spencer preferred)

Diluung pipettes certified
Micrascope

Papettes (clean by suction)

1 Run water through

2 Run alcohol through to remote
wter

3 Dry by running ether through and
then allow ar to evaporate the
cther Pipectes must be dry

Counting chamber

I Wash with water

2 Dry with clean soft cloth Do not
scratch

Procedure

1 Clean the finger or the ear with
alcohol 70 per cent
2 Puncture the clean are and wipe
off first drop with a dry spenge
3 From a second drop draw the
blood exactly to the 05 mark of
the red pipette Remove the ex
cess blood from the tip of the
pipaite
Draw the diluting flurd to the 101
mark without allowing the blood
to run out Tl the prpette slonly
whife filling
5 Take prpette m hand between
thumb and muddle finger Shahe
stdeways for 2 minutes
Place the cover slip m correct po
sition over the ruled arca of the
counting chamber
Dhscard the first 3 ar 4 drops leav
ing, the pipette and as quichly as
possible touch a drop to the edge
of the platform of the counting
chamber allowing st to flow under
the cover shp but not 1nto the
moat round the ruled area of the
counting chamber There must be
no bubbles
Allow to settle for a few minutes

-
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4 Then treat as new shdes

Coter shps

1 Same as for new shdes but do not
flame

Procedure

Shde Method

Puncture finger as for count

? Take a clean shde and gently
touch 1t to the drop of bleod Do
not touch the finger

Place the shde between the third
finger wnd the thumb of the left
hand with the drop of blood on
the top surface

Take a second shde and place the
narrow edge of the shde n front
of the drop of blood with the
spreader shide angled toward the
r1oht hand at 2 50 degree angle

5 Pull the spreader bach unul 1t
comes 151 contact with the drop of
blood Let the blood spread until
1t almost reaches the outer edges
of the spreader shde

Then with a firm steady move
ment (not too rapid or too slow)
smear the blood toward the oppo
site end of the shde mn the left
hand The thichness of the smear
will depend upon (1) the angle of
the spreader shde and (2) the
rapidity of spreading movement
The smaller the anle of nclint
tion the thinner the smear

The quality of the smear will de
pend upon (1) the cleanhness of
the shdes (2) the use of a small
drop of blood 1nd (3) the 1ngle of
the spretder shde as well as the
smoothness with which the spread
1s made

3 Amdry

w

Es

o

Coter sip Method

1 Puncture finger as for count

2 Tahe a clean cover shp and touch
it to a very small drop of blood
Drop a clean cover ship on the one
with the drop of bloed on 1t so
that the blood spreads faiely thin
Let blood reach maxumum spread
‘Then pull them apart 1n a plane
parallel to the surfaces holding
them by diagonal corners
Anedry

Cover ships give a thinner and
more even distribution of the leu
hocytes but they are harder to
handle and are more Likely to be
spotled by a beginner

w

-
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Stuning Method

1 Place shde on a rach with the
blood side up A cover slip may be
placed on a small cork stopper

2 Flood the surface with Wright's

stan and allow to stand from 1

to 3 minutes depending on the

staim

Flood with buffer (see solutions)

until the shide 15 covered and =

greenush metalhe sheen appears on

the top of the stain Allow to stind

3 or 4 minutes

Wash with distilled wter Be sure

to fleod the stain from the prep-

arttion because pouring it off wall

cause a preciprtate to be found on

the smear Once there 1t cannot

be washed off

5 Dran with the thin end of the
preparation pointed upward

6 A dry

Coter shps must be mounted on

a shde when dry

w

R

~
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Procedure

Same as for erythrocyte count ex
cept that leuhocyte pipette 15 used
Draw blood to the 85 mark and dt
lute to the 11 mark

Calculation

1 Count the number of leuhocytes
in the 4 pumary squares using
the 16 mm objectuse

2 Toul these cells
Shorter Methad Muluply the total

of the 4 squares by 50 The result 15

the number of leukocytes per cu

mm of blood

Explanation of Calculation

1 Cubic content of 4 prmary
squares 1s 4/10 cu mm
If x equals the number of white
cells counted 1n 4 primary squares
then the number 1n 1 cu mm =
10/4x
White counts 1re usually diluted
120 therefare the count i un
diluted blood would be 10/4x
umes 20 = 50x
(To calculate the dilution of a
white pipette divide the number
of tenths to vhuich the blaod was
drawn 1nto 10)
Normal leuhocytes

From 5000 to 10000 per cu mm
of bload

~

-

CorrecTion oF LEUKOCYTF Count
ror NucLeatep Rep CeLis
If 2 lrge number of nucleated red
cells are present the s hite count il
hne to bt corrected for these cells
as they resemble leukocytes 1n the
connung chamber

1 Examune the stamed smear under
ol immersion
Count the number of nucleatea
red cells seen while doing a differ
entral of 100 leuhocyres
Muluply the number of nucleated
red cells by the white cell count
in hundreds Subtract this num
ber from the onginal leulacyre
caunt The resultung figure 15 the
carrected Jeuhocyte count
Example
Uncorrected whute-cell count 25 U00
Nucleated cells per 100 WBC 25
250 X 25 = 0250
25000 — 6250 = 18750 actual len
Kocytes

N

w

DIFFFRENTIAL CELL COUNT
Materials and Equipment

1 Equipment for finger puncture

2 Stuning rich

3 Sldes or cover slips

4 Wrights stun

5 Bufler solution and distitled water

Cleaning Shides and Cover siips

New Shdes

1 Wash with soap and water nnse
thoroughly and dry

2 Sonh 4 short tme n 95 per cent
ethyl aleohol

3 Dry wath smooth cloth leaveay, no
fuzz on the shide

4 Flune shdes over a Bunsen
burner

0id dides

1 Bowl an Spercent sodwm brcar
bonate solution

2 Wush with soap and water and
inse thoroughly

3 Place in cleanng sofuvon for 12
hours (see solutions, page 167)
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4 Then treat s new shdes

Cover slips

1 Same as for new slides but do not
flime

Procedure

Shide Method

Puncture finger as for count

2 Take a clean shde and gently
touch 1t to the drop of blood Do
not touch the finger

Place the slide between the thied
finger and the thumb of the left
hand with the drop of blood on
the top surface

Tahe a second shde and place the
narrow edge of the shde i front
of the drop of blood with the
spreader shde angled toward the
right hand at a 30-degree angle
Pull the spreader back unul 1t
comes 1n wontact with the drop of
blood Let the blood spread until
1t almost reaches the outer edyes
of the spreader shide

‘Then with a firm steady move
ment {not too rapid or too slow)
smear the blood toward the oppo
site end of the shde in the left
hand The thickness of the smear
will depend upon (1) the angle of
the spreader shide and (2) the
rapidity of spreading movement
The smaller the angle of inclina
tion the thinner the smear

The quality of the smear will de
pend upon (1) the cleanhiness of
the shdes (2) the use of a small
drop of blood nd (3) the angle of
the spreader shide as well as the
smoothness with which the spreid
1s made

8 Awr-dry

w
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Cover shp Method
1 Puncture finger as for count
2 Take a clean cover ship and touch
1t to a very small drop of blood
3 Drop a clean cover ship on the one
with the drop of blood on 1t so
that the blood spreads fairly thin
Let blood reach masimum spread
Then pull them apart 1z a planc
parallel to the surfaces holding
them by diagonal corners
Air-dry
Cover shps grve a thinner and
more even distributton of the leu
Rocytes but they are harder to
handle and are more Likely to be
spoiled by a beginner

.

o W

Starmng Method
1 Place shde on 1 rack with the
blood stde up A cover slip may be
placed on a small cork stopper
Flood the surface with Wrights
stan and allow to stand from 1
to 3 munutes depending on the
stan
> Flood with buffer (see solutions)
until the shde 1s covered and 1
greensh metalhic sheen appears on
the top of the stain Allow to stand
3 or 4 minutes
Wash with distilled water Be sure
to flood the stain from the prep
arwon because poursng 1t off wall
cause a precipitate to be found on
the smear Once there 1t cannot
be washed off
5 Dran with the thin end of the
preparation ponted upward

N}

R

6 Awdry

Corer slips must be mounted on
a shde when dry
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Counting Neutrophilic Granules Purplish
1 Chech the preparation under 16 ted

mm objective for distribution of
cells

Under 18 mm objective count at
lewst 100 white cells

[N}

3 Classify these according to the
Schilling, classification
Myelocytes Lymphocytes
Juveniles Monocytes
Bands Eostnophils
Segmented basophils

In leuhemas all mmmature cells
must be classified

GIEMSA STAIN
1 Fix blood film in meths] alcohol
for from 2 to > mnutes
2 Place in freshly prepared stamn for
50 minutes

GRAHAMS ALPHA
NAPHTHOL PYRONINE
STAIN (A PEROXIDASE

STAIN

Aur dried smears are fived mn from
1 to 2 munutes 1n a freshly prepared
muxture of 1 part formalin to 9 parts
95 per cent alcohol
Metheod
Wash with H O
Stan solution A from 4 to 5 min
utes
Wash in running H O 15 min

utes

Stamn solution B for 2 mnutes
Wash wath H O

Stain with 05 per-cent aqueous
methylene blue from ¥ to 1 min
ute Wash

Nucler of afl cells Blue

voN =

ENV S

Cytoplasm  Blue
Erythrocytes From greemsh yel
low to piok

HEMOGLOBIN
DETERMINATION

Hapen Hausssr Mertop

Materals and Equipment
1 Equipment for finger puncture
2 White pipette

> Haden Hausser  hemoglobinom

eter

4 1/N Hd

Procedure

1 Puncture finger

2 Draw blood to 05 mark i white
pipette

3 Dulute with 1/N Hel to 11 mark
of white pipette

4 Allow to stand 20 munutes

5 Remove first 2 drops from prpette
and Al the hemo,lobmometer
chamber

6 Match the yellow colors and read

the grams and per cent of hemo-
globin

Sanr HEVOCLOBINONMETER

Materials and Equipment

1 Equipment for finger puncture
2 Sahli pipette 20 cu mm of blood
3 Sahlt hemoglobinometer

4 1/N Hel

5 Distilled water

Procedure

1 Fill the graduated tube of the
hemo, lobinometer wrth 1/N Hel
to the 10 mark

2 Puncture finger
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.
Draw the blood te the mark 20
cu mm on the pipette

Place the up of the pipette n the
bottom of the tube and mux the
blood thoroughly with the solu
tion Rinse the pipetie with the
solution

Let stand for 10 mimutes

Add disulled water drop by drop
unul the color matches the stand
ar

The amount of solution 1s read off
on the graduated tube It corre
sponds to per cent and grams of
hemoplobin

w

ES

Ev

~

Puoro erxetnic Metiop
(Sheard Sanford)

Materials and Equipment
Equpment for finger puncture
Pipetre to measure 0 1 cc of blood
01 per cent sodium-carbonate solu
tion
Test tube volume 25 <c
5 Photo-electric hemoglobinometer

[

Procedure

Place 20 cc of 01 per-cent sodmum
curbonate solution 1 1 tube
Puncture finger

Draw blond to mark 1n pipette
01 e of blood

Plice pipette in sodium carbonate
and mux the blood with the solu
ton Rinse the pipette Thus gives
1 200 solution of oxyhemoglobin
Read 1n photo-cleciric instrument
thu must be cahbrated for hemo
wlobin

This method 15 the most accurate
cne for determinition of hemoglo-
bin It may vary with the instrument
used

[N}

a
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VOLUME INDEX

Wintrores Hestatocrit Merron
Materials and Equipment

1 Equpment for venepuncture

2 Wintrobe hematocrit tube
5> Capillary pipette for filling the
tube
Heller and Pauls anticoagulant
(sce solutons) (01 cc for every
cc of blood)
5 Centrifuge

N

Procedure

1 Draw a httle aver 3 cc of blood

from a vemn 1n the usual manner

Place 5 cc exactly of blood m 2

tube contaimng 03 cc of antico

agulant and shahe gently

3 Shake for 2 minutes Fill the Win
trobe tube with the ovalated
blood to the 10 mark

4 Place 1 centrifuge for 20 or
50 minutes Take one reading at
the end of 20 minutes and another
at the end of 50 minutes If the
readings are the same that reading
may be accepted if not the tube
must be placed 1n the centnifuge
again and spun unul 2 consecutive
readings are the sime Read the
volume of pached red cells using
the column of figures which starts
with 1 at the bottom and ends
with 10 at the top

Calculation
If the reading 15 465 per 10 cc of

blood then the PCV 15465 cc per

100 cc of blood The normal packed

cell volume for women 15 420 and

for men w15 470
To calculate the volume index i

vide the per cent of red cells 1ato the

per cent of packed cells

N
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Example

RBC 3500000 (Female patient)
PCN 329

Per cent RBC 35 X 2 =70
Per cent pached<ell volume

22— 42 X 100=76

Volume Index 70 — 76 == 92
Normal volume index 1s 085 to 10

SFDIMENTATION RATE

Procedure

Collect blood as for hematocrit
Fill Wintrobe tube (within 30
minutes  after  collecting  the
blood)

Record the fall of the cells 1t 15
minute 30 minute 43 minute and
60 minute intervals

Correct for anemia by use of cor
rection chart

Normal Women 0-20 mm men
09 mm

~

w

COLOR INDEX

Calculation

Double the first two numbers of
the red cell count and divide 1t nto
the per cent of hemoglobtn

Example
RBC 3500000
Hemoglobia 11 Gm (717%)
Percent RBC 33 X 2=7
Cl 71~ 70==101
Normal color index 15 09 to 104

MEAN CORPUSCULAR
VOLUME (WINTROBE)
MCYV 15 a simple method for es
umation of the volume of the aver
age red cell

Volume of packed red
cells (1n cc per 1000 cc
of blood)

MCV = Number of red cells
(in mullions per cu mm)
Evample
PCV 460
RBC 4800000
MCV = 46;; - 95.8 cubie
mucrons
Normal 80-94
MEAN CORPUSCULAR

HEMOGLOBIN (WINTROBE)
MCH 15 a means of expressing
the amount of hemoglobin in the

average red cell
Amount of hemoglobin
(1n grams per 1000 cc of
lood }

MCH " Number of red cells (in
milltons per cu mm)
Example
RBC 4800000
Hemoglobin 14 Gm (91%)
MCH :y;;#w:—zﬂmxcxw

micrograms of hemoglobin
Normal 2732

MEAN CORPUSCULAR
HEMOGLOBIN CONCENTRA
TION (WINTROBE)

MCHC 15 the amount of hemo-
globin 1 the average red cell e
pressed 1n percentage

Amount of hemoglobin
(10 grams per 100 cc of
_ bload)
Mere Vol “of packed red cells
(10 cu em per 100 cc
of blood)



Fragiity Test 159

Example
Hemoglobin 14 Gm (915%)
PCV 460

MCHC = :;x 100 = 304 per
cent

Normal 33-38

MEAN CORPUSCULAR

DIAMETER (HADEN

HAUSSER ERYTHRO
CYTOMETER)

The erythrocytometer 1s 2 simple
mstrument for measuning rapidly the
mean diameter of red cells It 1s based
on the punaple that light passing
through 2 film or other preparauon
of blood 1s diffracted at the edges of
the individual blood cells and vanes
with the size of the cells and the dis
tance from the source of light The
source of error tn this method 1s 1n
not having the preparation thin
enough One must have a very thin
evenly smeared blood film The cells
should not overlap but should just
touch each other A more accurate
but very tedious method 1s actual
micrometer measurement of 1000 red
cells and ploting a curve (Price
Jones Method)

Procedure

Place the bloed film tn the slot just
above the stage of the erythrocytom
eter Turn the Lipht on by pressing,
the button and adjust the hand
wheel When 1t 1s adjusted to read
the spectrum will be clearly defined
and the nner red nng, will coinaide
with the inner set of four apertures
The men diameter 15 then read dt
rectly from the scale on the hand
wheel

FRAGILITY TEST
(SANTORDS METHOD)

Materials and Equipment

1 Equipment for emepuncture—
must be dry

Two scts of 12 tubes each num
bered from 14 to 25 and racks

3 05 per<ent saline solution
Freshly distlled water

Capillary pipette

[N}

[CN

Procedure

Using the capillary pipette drop
as many drops of 05 per-cent sa
hne solution in the tubes as the
number on the tube mdicates
With the same pipette add drops
of distilled water to every tube
unul the total number of drops 1n
cach tube 15 25 The angle of the
capillary pipette should be consist
ent

[N}

v

Wthdraw about 2 cc of blood by

venepuncture Tahe care to cause

no hemolysis while withdrawing

the bloo

4 Using a 2-gauge needle place one
drop of blood 1n each of one set
of 12 tubes If ovalated or citrated
bload 15 used the cells must be
washed with physiologic saline
and 1 50-percent solution made
with the sime Place one drop 1
cach of the 12 tubes

5 Using the other set of 12 tubes set

up a control of normal blood

using, the same technuc as that used

on the patient

Calculation

The percentage strength of the
solunon of sodium chlonde 1n each
twbe 15 equal to the number on the
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tube muluphed by 002 The test
should be rexd 1n 2 bours and agun
i 24 hours
Normal Intial hemolvsis 844042
Complete hemolysis 034032

PLATELET COUNT (FONIOS
SMLAR METHOD)

Marerials and Equipment

1 Equipment for finger puncture

2 Wrghts stamn (see stans)

3 M percent aguesus solution of
rgnesium suffate

4 Matessal for red count

5 Pipette shdes wnd microscope

Procedure

1 Collect an erythrocyte count

2 Dry finger and place 3 small drop
of mignestum sulfate over the
woun!

Press the finger genty 5o that the
blood wall nise thraugh the mag
nessum sulfate This heeps the
phuctets from chemping

Make 1 blood smerr from this
drop ot blood

Coum the erythrocyte count
Sran smewr with Wrghts stam
as would be done with a differen
wal smew

Count 1000 red cells ind the plate

Jets seen while counting them

o

au 4

-

Calculation

Mulnply the number of platelets
counted by the Hrst four numbers of
the red count
Example

RBC 4200000

Pluclets 72

4200 X 72 == 302400 platelets per

cu mm
Normal 250000 350 000

RETICULOCYTE COUNT

Mazersals and Equipment

1 Equipmen for finger puncture

2 Bnilsant cresyl blue stam (see
stans)

3 Slkides cover ships and mucroscope

Procedure

1 Place 1 drop of brilluant cresy | blue
on a shde nd smear 1t 25 a blood
smear

Allow to dry and then polish the
shde b, htly with 2 clewn sponge
There should then be an even
spread of the st over the shde
Puncture the finger and wipe with
2 dry sponge

Catlect a serv small dsop of blood
on a cover shp and mvert 1t on
the shde The mavmum sprexd
should be rewchea without the
blood s reachuny, the edges of the
covershp  Preporation must be
niher thin

Allow te ssand for 10 munutes
Count 100 red cells and the rene
ulocytes seen 1 these 1000 cells

[Ny

[N
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Calfculanon
Duide the aumber of renculocytes
counted by 10 This gives the per
cent of renculocytes
Lxample
Retiufocytes m 100 RPC 23
23 - 10 == 23 per cent ceucule
cvees
Normal 0510 per cent
SICALE CLLL PREPARATION
Suee Meruon
Matenals and Equpment

1 Lquipment for fin,er punciure
2 Covergluss wd shde



Coagulation Time 16%

3 Small rubber band
4 Petrolatum
5 Microscope

Procedure

Place rubber band round prox:
mal phalanx of finger for from 1
to 2 munutes

Puncture finger

Place a small drop of blood on the
cover shp and quichly invert on
the shde

Ring the cover shp with petrola
tum

Examine immediately and agam
1n 24 hours

[N}

o
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BLEEDING TIME
(DUKE METHOD)

Materals and Equip

Procedure

1 Puncture the finger and fill the
capillary tube with blood

2 Note ime when blood appears

3 Holding the tube between the
thumb and the index finger of
both hands gently break the tube
every 30 seconds until a strand of
fibrin appears

4 The mtenval between the appear
ance of the blood and the appear
ance of the fibrnn strand 1s the
coagulation time
Normal 16 minutes

Veneruncrure MetHop
(Lee & Winte)

Materials and Equipment

1 Equipment for finger puncture
2 Falter paper
3 Warch

Procedure

Incise the shin of the lobe of the
ear Cut should be about 02 ¢m
long and 01 cm deep

Note time the first drop of blood
appears

Blot with filter paper at itervals
of 30 seconds unul the bleeding
ceases

The mterval between the first and
the last drop 1s the bleeding ume
Normal 13 munutes

SR NY

ES

COAGULATION TIME
Carriiary Tuse Mernon
Materials and Equipment
1 Equpment for finger puncture

2 Finely drawn capillary glass tubes
3 Warch

1 E for venepuncture
2 Test tube (8 mm 1n diameter)
3 Watch

Procedure

1 With a dry stenle synnge punc
ture the ven and withdraw 1 cc
of blood

2 Note time that blood appears 1n
the syringe

Remove the needle and place

blood 1 the test tube

4 Tilt the tube at antervals until the
tube can be imverted without let
ung the blood flow out coagula
von ts complete

5 The nterval of ime between the
appearance of the blood m the
syrnge 1nd the point at which co-
agulation 1s complete 15 the coagu
lation time
This method 15 probably more

accurate than the capillary tube

method
Normal 510 miputes

[
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CLOT RETRACTION

Save the tube from Lee & White
coagulation ume Clot should begin
to retract m 2 hours Retracuon
should be complete 1n 24 hours with
a firm and well formed clot Lack of
retraction 1s associted with a plarelet
deftciency

CAPILLARY RESISTANCE
TEST OF RUMPEL LEEDE

Matertals and Equipment
1 Blood pressure cuff or tourmquet
2 ohin marking pencti

Procedure

1 Exanume the paments arm for
petechiae Mark them with a shin
penal

2 Place the tourniquet on the arm
of the patient for 5 minutes

3 Exarune the arm tor new pe
techiae
If there s an therease n the num

ber of petechiae or 1t they appear

the test )5 considered posine

PROTHROMBIN TIME
{METHOD OF ZIFFREN
OWEN HOFFMAN AND
SMITH)
Matenals and Equipment
1 Equipment for venepuncture.
2 Two small test tbes
3 Stop watch
4 Thromboplastin
Procedure
1 Make vp thromboplastn (Win

throp Niphaneid }
2 Plae 01 ec. exactly of thrombo-
plastn n each of the small test

tubes

3 Take these tubes to the bedside

with you

Make venepuncture and place 09

e exautly of whole blood 1 the

tube containing the thromboplas

un M

Note the pme and then gently

ule the twbe unul the ot s

formed

6 Record the clotung ume of the
patient

7 Run a smmlar test on 2 normal
person

-~

v

Calculation
Clotung
time of
Clotting ac normal
tvily tn per = or s
cent of normal e of
Pﬂtltn[
UROBILINOGEN

Procedure

1 Use only fresh urine as urobiln
o,en 15 broken down on standing

2 To 10 cc of unne add ! cc of
Ehrhich s reagent (see soluttons)

3 Let stand from about 5 to 10 nun
utes A red color indicates the
presence of urobilinogen

4 If a posttive test 15 obtained then
1 quantitatve test should be run
the test being repeated in the dilu
non 110 120 ete
Normal Test may be posiuve n

difutions up to 1 20

ICTERUS INDEY

May be done by the phata-clectric
method by Duboscq colormeter or
by comparing wich seandards Far
pracucal purposes the LaMotte Pig
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ford ictesus 1ndex comparator 1s
avail

Materrals and Equipment

1 Equipment for venepuncrure
2 Icterus index comparator

3 Distilled water

4 Centnfuge

5 Clean test tube

Procedure

Collect about 5 cc. of blood by
venepuncture, using dry sysinge
Care should be taken 1o prevent
hemolysis

Place 1 clean test tube and allow
to clot.

Ring the clot and spm down 1n
the centrifuge If the serum shows
evidence of hemolysts or has fat
1 1t the determuination will not be
accurate

Place serum i matched tube
to serum mark and add distlled
water to the second mark Com
pare with the set of standards and
read the icterus m untts

Normal 36 units

—

~

s
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MALARIA PARASITES

Thick Smear

Place 1 large drop of blood on the
end of a shde

Str with an applicator stich unul
fbrin clings to surrer {1 minute)
Allow to dry and dehemoglob
fize 10 water

Stan with freshly diluted Gremsa
stan and examine for parasites un
der 18-mm objective Spectes may
be determined by evamining a
thin smear prepared as for differ
ential feuhocyte count.

P

ASPIRATED STERNAL
MARROW
About 2 cc of material should be
obtained by aspiration from the
sternum and wsed m the following
ways Sternal aspiration should be
done only by a phystcian

Shide and Cover Slip Method

Using the fresh unoxalated mar
row prepare slides and cover ships as
would be done for peripheral blood
Care must be taken so that the young
cells will not be torn up 1 making
the smear In starming these shides 1t
15 usually best to double all the umes
used 1n stuning

Leukocytic Cream Method

With the end of a Bard Parker
blade size 11 place a very small
amount of heparin 11 a tube Add to
this 1 cc of the matertal obtained by
aspiratien Shalke the tube gentdy for
2 munutes Place 1n 3 Wintrobe tube
as would be done for sedimentation
rate Centnifuge at 500 RPM for
from 5 to 10 nunutes Make smears
from the heavy creamy layer on top
Treat as above

Impression and
Tissue Material

Place the remaining material on a
large glass shide Using care gently
prch up a small piece of marrow and
make an impnint of it on a shde This
should be stained the same as the
other shdes

Then as rapidly as possible push
together the little flecks of marrow
Allow the blood to begin to clot and
then transfer this preparation o a
small piece of filter paper After a
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few seconds drop 1t mnte whatever
fixative 15 used for tissue secttons and
treat 1t as 1 hustologrc section

Relarve Number of Nucleated
Cells 1n Normal Bone Marrow

Myeloblasts 0> 50
Premyelocytes ( undifferen

tated A and B) 10 80
Mpyelocytes Neutrophihe 50190
Mjelocytes  Eosinophalic 05 30
Mjelocytes Basophilic 00 05
Metamyelocytes ( juvenile

forms) 130320
Neutrophils (non

segmented) 150300
Polymorphonuclear

neutrophils 70300
Polymorphonuclear

basophils 00-07
Polymorphonuclear

eostnophls 05 40
Lymphocytes 30170
Plasma cells 00- 20
Monocytes 05 50
Reticulum cells 02 20
Me akryocytes 00550
Meygaloblasts 00 20
Pronormoblasts

(macroblasts) 10- 80
Normoeblists {basophilic

polychromatophilic and

acidophilic) 70320

HETEROPHIL \\TIBODY
TLEST

Materials and Equipment
1 Equipment for venepuncrure
2 Ruch of 12 small tubes (75 X 10

mm )
2 Soluton of 09per<ent sodmm

chlonde
4 2 per-cent washed shecp cells (at

least 1 day old and not more than
1 week old Wash the cells 3 umes
with 09 percent sodwm chlo-
nde)

5 Three pipettes 1 cc

6 56° water bath

Procedure

1 Collect about § cc of blood allow
to clot and remove the serum
from 1

Inactnate the serum for 30 min
utes at 56° C

Set up rach of 12 tubes and num
ber them

4 In the first whe phce 04 cc of
salt solution and 025 cc nto each
of the others

Place 01 cc of the mictnated s
rum into the first tube mix and
transfer 025 cc to the second tube
etc discarding the 02> ¢ re
moved from the clesenth tube so
that the twelfth tube 15 2 control
Drluttons are 15 110 etc

Add 01 c¢ ot 2per cent washed
sheep cells to each tube nd mix
Dilutions are now 17 114 ete
Leave at room temperuse for 2
hours Read after shakung, untif the
cells become resuspended Place
tcebox overnight and check read
my, 1 the morning

A vter over 1 64 1s indscative of 2
PUS“I\E test

~

v

w

EN

~

Ru TYPING
Suipe MeTiOD

Procedure

1 The completed reaction tahes
plice 1 1 short ime  therelore
not more than from 5 to 10 1ests
should be run at any one ume
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[N}

Red cell suspenston Dlace 2 drops
of blood from finger or ear punc
ture mto 05 cc of physologic
saline contamning 1 percent so-
dwm cieeate (10-per-cent cell sus
pension)

Place 1 drop of blood cell suspen
ston on a clean glass shide and 1
drop of ant: Rh serum next to 1t
Mix both drops over an area of
about s of an mch Very gently
ule the shde back and forth once
Vigorous motion will break up the
clumps and make a posituve test
appear neyative

At the end of 3 munutes pich shde
up nd very gently up back and
forth 2 or 5> tumes Observe for
macroscopic clumping of erythro
cytes while kecpin,, the shde 1
shght motion until 6 minute pe
riod has ended Clear cut clump
iy, of cells 15 present 1 posiuve
tests at the end of § munutes

w

-

w

All readings must be macroscopic
and it 1s highly desirable to run
parallel known postave and nega
tive controls

The technic outlined may be used
with any potent Rh anusera

ANTIRn AGGLUTININS AND
BLOCKING ANTIBODIES

Drop of serum to be tested 1s
mned with a drop of Group O Rh
positive red cells suspended 1n phys
wlogic sakne and the mnture 15
incubated 1 a water bath No ag
glutination of the cells indicates the
wsence of antt Rh 1gylutnins One
drop of potent human anu Rh ag
glotiniting serum 1s then added and
the mixture 1s reincubated Strong

agglutnation should be present if
the tested serum does not contan
antt Rh agglunnins and no or very
weak agglutnaton if Rh blocking
antibodies ate present The anu Rh
bloching antibodies prevent the usual
reaction of Group O Rh posittve cells
with known potent antt Rh agglu
tnating serum Therefore 1t 15 evt
dent that Rh bloching antibodies
have prevented anuRh aggluunat
mg serum from reating with the
Group O Rh positive cells 1n produc
ing stron,, clumpmng The blocking
test has proved a useful supplement
to the usual agglutination test for Rh
sensitivity If ant1 Rh agglutnins ace
present test tube dilutions should be
done

BLOOD GROUPING
Procedure

1 Place one drop of Group A serum

on one end of a shde and a sim

ilar quantity of Group B serum

on the other end of the shide

Mix an equal amount of a 2 per

cent red-cell suspension with exch

Be sure ether to flame the loop

between each transfer or to use 2

different dropper

> Place slide on a damp towel and
cover with a Petnt dish Allow to
stand 30 minutes

4 Read

(A) Agglutination on both
sides —Type AB
(B) Aguluunation by type B
serum —Type A
(C) Acglutnation by type A
serum —Type B
(D} No agglutination —Type Q

[N}
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CROSS MATCHING STAIN PREPARATIONS
Procedure Wright's Stamn
1 Shde 1s marked so that one end  Wrights powder stain 03Gm
contasns donor s cells plus pavents  Glyeenn 30cc
serum while the other end has  Methyl aleohol absolute
donor s serum plus pauents cells acetone free 970¢c

(DC-+PS and DSHPC)

On the end of the shde so marhed

place one loop full of patients se

rum and mux ome foop full of

donor 3 cells

On the other end of the shde

place one loap full of donars se

rum and one foop full of patents

cells (Be sure to flame the loop

between each transfer )

Place shde on damp cloth and

cover with Penn dish Allow to

stand 60 minutes

Read

{A) No aiglutnanon == Com
pachle cross mawch

{B} Rouleaux formation == Com
patible cross match

(C) Any agghutaton == Cross
match nat compatible

{NOTE Pauent s cells are 3 2 per

cent suspension i physiologic sa

hine )

~

w

S

v

AUTO AGGLUTINATION

Auto-aggintunation of the erythre-
eytes will show up as clumps of red
cells 10 the diuting flnd This wiil
be noted 1n the counting chamber as
these cells are usuatly evenly distrib-
ated without any clumps I such
agglunnatos s found 2 test tube
nter should be run at seeboy 1ncuba
101 and room temperatures

Mortar the Wrights powder and
the glycersn Add the methyl alcohol
Place 3n a 37° € tncubator 1o hasten
owidation process May use m a few
days It smproves with age

Gremsa Staun
Stock solution

Giemsa pawder stain 03CGm
Glycenn 250cc
Methyl alcoho! absolute

acetone free 250¢e

Dilute stasn (ready for use)
Stoch solution 10cc
Distilled water to 100cc
Boiliant Cresyl Blue
Brsthant cresyl blue powder 18Gm
Methyl alcobel absolute

acetone free 000 ce
Graham s Alpha
Naphthot Pyronine
Solution A
Alpha naphthol 10Gm
Aleohol 40 per cent 1000 cc
Disulled water 02cc
Soluten B
Pyromne 01Cm
Amthne 40c0
I lec

Alcohol 40 per cent
Dhssolve pyronine wn alcohol add

aniling

Methylene Blue
Saturated alcohohe solutton

of meshylene blue 300cc
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110000 aqueous solution
of KOH 1000 ce

Gower s Solution
(Red cell Diluting Flurd)

Sodium sulfate 125Gm
Glaaal acetrc aad 353cc
Dustilled water to 2000¢cc

Phystologic Saline
(Red cell Dilutung Flwd)
Sodum chloride CP 85Gm
Distilled water to 10000 cc
Hayem s Solution
(Red cell Diluung Fluid)
Mercunic chlonde 05Gm
Sodium sulfate 50Gm
Sodum chlonde 10Gm
Dustilled water to 2000 ce
Hjydrochloric acid Solution
(White cell Diluting Fluid)
Hydrochloric acid
concentrated
Distilled water to

10cc
1000 cc

Acetic acid Solution
{Whute cell Diluting Flud)

Glicial acetic aad 40cc
Distitled water to 1000cc
Gentian vialet to color
Anticoagulant
(Heller and Paul)
Dotasstum oxalate 08Gm
Ammomum oxalate 12Gm
Dusulled water to 1000cc
Buffer Solution
Potasstum phosphate
(monobasic) 16>Gm

Sodium phosphate (dlb.lslc) SZGm
Dustilled water to

Ehrlich s Reagent
Hecl concentrated 200cc.
Disulled water to 1000 ce
Dimethyl amno bcnznldehydc

(para ) 20Gm
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Summary of
Hematologic Findings

HEMATOLOGIC FINDINGS IN
VARIOUS DISEASES AND
CONDITIONS

In the following section an attempt
1s made to summanze briefly the
hematologic findings 1n diseases of
all types It 1s realized that ths can
not be done accurately since certain
drseas=s such as typhord fever may
be ushered 1n by leuhopenia with the
blood findings returming to normal
and then later 1n the disease there
may be 1 leukocytosis with relative
Iymphocytosis 1nd 1n other stages a
monocvtosis Most virus diseases are
ushered i by periods of leubopenia
and thss 1s also true of the so called
diseases of childhood

The type of cellular reaction 1a the
blaod reflects as a rule the underly
ng ceflular changes that are taking
place 1n the fixed ussues at the site
of infection Furthermore the hem
atologic respunse in the same disease
may vary constderably i different in
divduals It 1s always Likely to be
more marhed 1 children than 1n
adults The cellular response to var
1ous types of infections depends upon
a lacge number of factors these in
cluding the capaaity of the patent
to respond by marrow or other cel

lular output the severity of the
168

fecuon the amount of tssue and
what pssues are imolved and the
partcular ime duning the disease
that the blood samples may be re
moved These considerations should
be borne 1n mind 1n the evalution of
blood findings mn any discase

Abscess of Liver

Usually a marked neutrophilic leu
Rocytosis the degree dependent upon
the extent of the process

Achrestic Anema

A rare type of macrocyuc hyper
chromic anemrs with a blood prture
the same as that of pernicious ane
ma It differs from the latter m that
there s no achlorhydna and that 1t
15 refractory to treatment with hver

Actunomycosts

There 1s tsually a neutrophilic len
hacytosis n the acute stage of the
disease  As the condition becomes
chromc the cells fall to a normal
level A hypochromic anemia usu
ally develops 1 both acute and
chronic forms

Acute Leukemias
{Acute Leukosis)

In the carly stages there 1s htle
anemia but as the disease progresses
to the late stages the anemia 1s pro
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found There 15 some varation 1
size and 1n shape of the cells alsa
polychromatophiha  an  occasional
nucleated cell a rare megaloblast and
low hemo,lobin The blood platelets
are nearly always reduced so that
hemorrhagic disorders are very com
mon The leuhocyte picture 15 char
actenistic since a large percentage of
the cells are blast forms Thus estab
Lishes the dirgnosss of acute leuke
ma but to differentiate mycloblasts
from lymphoblasts or moenoblasts 1s
a difficult matter The lenhocyte
count 15 usully elevated but not nec
essarily to extreme degrees as 1n the
chron forms At times 1n aleuhemic
phase 15 present Most of the acute
leuhemas are myeloid with the cell
predominating the myeloblast (m1
cromyeloblast  normomyeloblast or
macromyeloblast)

Addison s Disease

The blood picture 1s usually nor
mal bur a leuhopenia may occasion
ally be seen A macrocyuc anemma
may eust Occasionally there 1s an
cosinophilia or a relauve tymphocy
tosis The blsod picture 15 not suffi
ently charactenistic to wd 1 dug
nosts
Allergy

Most allergrc disorders  produce
one hematolo,w reiction w common
and that 15 costnophila The follow
i, allergic disorders may be accom
panied by increased cosinophuls Hay
fever asthma wrticarn  angonen
Touc edema eczemt parasiism cer
tun other forms ot gastro intestinal
disorders and some forms of ystius
and arthrius In children rhins
sinusis nasopharyngiis pharyngits

tonsilliis laryngitis  tracheins and
bronchitis my be on an allergic basis
and give nise o an eosnophilia

Amebrasts

There 15 usually a marked neutro
phihic leukocytosis The hematologic
picture 1s otherwise unaltered unless
some complication develops and
then there 1s a higher leuhocytosis
As the discase becomes chronic an
anema develops Ths 15 usually of
a hypochromuie type but 1n prolonged
cases a macrocytic hyperchromic ane
ma may develop

Ancylostormasts
(Hookworm Anemta)

In severe infestations there s a
marked anema of the hypachromic
microcytic type The reticulocytes are
low There 15 a characteristc eosino
phiba which reches a hugh level In
festation by other intestinal parasites
usually results 1n a simular prcture

Angina Ludwigs

There 1s 1 moderate to a severe
neutrophilic leuhocytosts also ane
ma 1 the later staes
Angroneurotic Edema

See Allergy
Anthrax

There 15 usually leuhopenia 1n the
early stage but m the latter phases
there may be leuhocytosis with a neu
trophilic left shift Someumes an
thrax bacillk may be found in the
blood streim and scen on staned
films

Aplastic Anemia
Primary Idiopathic
There 15 a marked decreise 1n the
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erythrocytes the thrombocytes and
the granulocytc Jeuhocytes The ane
mia 1s nermocynic and normo.hromic
and the erythrocytes reach extremely
fow levels The hemoglobin 1s de
creased 1n proportion to the erythro
cytes The color and the volume 1n
dices are normal There 1s no ews
dence of active erythropotesis The
granulocytes are either absemt or de
creased so that there 1s a relative
Iymphocytosis The platelets may be
enurely absent 1n the smear

Aplastic Anemsa Secondary
(An Aplastic Anemia of
kanown Euology)

1 Benzene posorung, The bload
picture 15 varible depending on the
extent of exposure In the usual case
there are a profound granulocytope
nma nd 1 rehtive lymphocytosts A
moderate or 1 severe anemia may
develop This s progressive devel
oping 1nfo the aplasuc type with a
fatal termination  The leuhocytes
vary considerably so that at one ime
the count 1s norml and at another
time there 15 a nentropenta In muld
cases With a neutropentt and an ane
mua there may be evidence of actne
erythro enesis as the leuhocytes re
turn to normal

2 Assenic possonsng This 1s rare
duning the adminstration of arsen
scals The anemia 1s stmular to the
sdiopathic plastic type except that
the pragposts 1s better In arsenical
dermatites there 1s an extreme eostno-
phtha wuth a leuhc cvtosis

3 Radution The blood praure 1s
varable A muld anemri s not un
commion There may be an iplastic

type of anemia with severe leuho-
penia and even leukerma has been
suspected The blood picture 1s usu
ally charactenzed by ervthropena
thrombocytopema and leukopensz o
any combination of these

4 In other diseases Aplastic or
hypoplastic anemua with blood pic
tures simular to the above may de
velop 1 the followiny Termunat
stage of leukemma (myelod type)
overwhelming sepsts  brsmuth salt
cylate poisomng radum poisomine
polontum poroning  posoning with
Iye sapomn arsemc  collarsol
chlorsde of mercury and salvarsan
mn typhus 1 sprue and mn arthnits
in senidity and at the menopuse
after prolonged hemorrhages 1
osteosclerosts 1 bone marrow  tu
mors and n permicious anemn 1n
relapse

Appendicitis

There 1s a moderate leuhocytosts
with a granulocytie shift to the left
In some cases however the tata] leu
Kocyte count may be normal or below
normal and the important change 1s
the shuft to the left A normat leuho-
cyte count with a marhed shift to the
left has as much diagnostic value as
a pronounced leuhocytoss A Jeuho-
pema 1s an unfavorable sin since
it indiates a marhed leuhoeyte a
cumulation 7t the site of infection
or an mability of the marrow to pro-
duce cells This same type of blood
picture 15 seen 1o other pyogentc ab
domunal tnfecuons  Perwonms and
abscess formation usually give rise to
a hug her leukocytosis than simple ap
pendicsus Anemiy rarely develops
unless the sllness 15 proloned
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Arachnoidism
(Spider bite Poisoning}

The bite of the black widow spider
frequently produces a moderate ele
vauon m the total leuhocyte count
and a marked eosinophilia The pe
iod of leukocytosis usually precedes
the costnophilia

Arsenic Possoning
See Aplastic Anerma Secondary

Arthritis Rheumatoid

In many pauents there 1s a moder
ate degree of Jeuhocytosis with a neu
trophilic eft shift. The sedimentation
rate of red cells 15 mncreased In the
more chrome forms these findings
subside
Astatic Cholera

See Cholera Asiauc
Asthma

In most cases there 1s cosinophilia
without a significant leubocytoss un
less there 15 4 complicaton such as
bronch or bronch a
Also see Allergy
Atrophy Acute Yellow

Sec Cirrhosis of the Liver

Bant: s Disease
(Splenic Apemia}

The blood picture 15 neither char
acteristic nor constant In many cases
there 15 a defimte neutrophilic leu
kopenia with a relative lymphocyto-
sis The leuhopenia may be quue
marhed Platelets m1y or may not
he decreased Bleeding and coagu
fation times are normal There 1s
usually a hypechromic anemia and
because of hiver damage 1t may be
macrocytic If the pauent has bled

considerably from esophageal varices
the anerma may be severe As a rule
the leukocytes are mature
Barlow s Disease

See Infantile Scurvy
Benzene Poisoning

Thus chemucal does not produce a
typical blood picture as was formerly
believed Ordinunly there 1s a de
crease 1n the number of erythrocytes
granulocytes and thrombocyzes In
some the anermia1s more pronounced
i others the leuhopenia 1s the
chief feature, so that the disease mav
be confused with true agranulocy
tosis The blood picture 1s variable
and an occastonal patient may finally
develop leukemaa  Polycythemia
anemia leuhocytosis leuhopenna leu
hemia or leuhemoid pictures eosino-
phtlia  megalocytosts and microcy
tosis have all been reported In chron
1c cases there 15 an aplasuc type of
anemia with granulocytopenia

Also sce Aplasuc Anemma  See
ondary
Boeck s Sarcord

See Sarcordosis

Bronchopneumonia

The blood picture 15 not typieal
but there ts almost always a moder
ate leuhocytosis As a rule the tota]
count s not as high as 1n lobar paeu
mococcal pneumoma Children ace
Iikely to show wide sanatons in the
total leukocyte count When influ
enza wath leulopena becomes com
pheated by bronchopneumonta (coc
cal} there 1s a moderate leuhocytosis
Anemia does not develop unless
there 15 a severe and a prolonged 1ll
ness or unless the patient was treated
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erythracytes the thrombocytes and
the grinulocytc leukoeytes The ane
mua 1s normocytic and normo hromic,
and the ervthrocytes reich extremely
low levels The hemoglobin 1s de
creased I proporuon to the erythro-
cytes The color nd the volume in
dices are normi There 1s oo evt
dence of actnve erythropoiests The
sranulocytes are either absent or de
creased 5o that there 1s a relative
lymphocytosts The phuelets may be
entirely absent mn the smear

Aplastic Anemia Secondary
(An Aplastic Anemia of
hnown Euology)

1 Benzene posoming ‘The blood
preture 15 varable dependiny, on the
extent of exposure In the usutl cise
there are a profound granuloytepe
i1 and 1 relive lymphocytosis A
moderite or a severe nemin my
develop This 15 pro_ressive  devel
oping, 1o the aplistic ype with a
fil terminwon  The  leukocytes
vary consider1bly so that at one time
the count 15 normil and at wnother
ume there 1s a neutropema In mild
cases with 1 peutropenin ind an 1ne
mia there my be evidence of active
erythrosenesis 1s the leuhocytes re
turn to normal

2 Arsemc posontng This 1s rire
dunn,, the admimistration of arsen
icils The anerma 15 simihir o the
whopathic 1plastic type except that
the pragnasis 1s better In arsenical
dermanus there 1s n extreme eosino-
philia w ith a leuhocytosss

3 Roduation The blood puture 1s
yanable A mld anemua 1s not un
common There may be an aplastic

type of 1nerma with severe leuho-
penir and even leuhemia has been
suspected The blood picture 13 usu
ally characterized by erythropenia
thrombocytopema and Jeuhopenia or
any combination of these

4 In other diseases Aplastic or
hypoplastic anemia with blood pic
tures stmilir to the above may de
selop 1n the followiny, Termmal
stage of levhemn (myelod tvpe)
averwhelming sepsis  bismuth sak
cylate pasoming, radium poisoin
polonium po oming, porsoning with
lse saponin arsemc collar,ol b
chloride of mercury and silvarsan
n tvphus 1 sprue and i arthnus
m senility and at the menopause
fter prolonged hemorrhages  1n
osteosclerosis 1 bone marrow  tu
mors and 1n pernicious anemn 10
relapse

Appendicitis

There 15 a moderat~ leuhocytosis
with a granulocyue shift to the left
In some c1ses however the total lew
Rhocyte count may be normal or below
normal and the important chinge 1s
the shuft 1o the left A normal leuho-
cyte count with 1 marhed shift to the
left has as much duynostic value as
a pronounced leukocytosis A lenko-
perua 1s an unfavorable sipn since
1t mdicates o marked leuhocyte ac
cumulation at the site of nfectron
or an in1bthity of the marrow to pro-
duce cells This same type of bload
picture 1s seen n other pyo,enic ab
dominal 1nfecuons Pentomus and
abscess formauon usually 1ve rise to
a higher leukocytosts than simple ap
pendicins  Anemu rarcly develops
unless the llness 1s prolonged
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Arachnoidism
(Sprder bite Porsoning)

The bite of the blach widow spider
frequently produces a moderate cle
sation an the total feukocyte count
and a marked cossnophuiia The pe
riod of leukocytosis usually prevedes
the cosinophilia

Arsenic Possoming
See Aplastic Anermua Secondary

Arthnins Rheumatoid

In many patients there 1s a moder
ate degree of lenhocytonis with a new
trophdic left shift The sedumentauon
rate of red cells 15 increased In the
racre chromc forms these hndings
subude

Astattc Cholera

See Cholera Asauc
Asthma

In most cases there 13 eosinophilia
without a significant feubocytosis unt
less there 1s a complication such as
brenchiis or - bronchopneumoma
Also sec Allergy

Atrophy Acute Yellow
Sec Circhosis of the Liner

Banu s Disease
{Splenic Anemta)

The blood picture 15 nesther char
acterisuc nor constint 1n many cases
there 15 a defimte neutrophihe feu
Lopenia with a relanve fymphocyto
a5 The feuheyenn may be quite
marhed Pluelets mav cv mav nat
be dereaed T leeding and coagu
fan n umes are normd Thee s
usuilly 2 hvpochromic anemua and
be wse of haer damige 1t may be
macrecytie € the patent has bled

considerably from esophageal vances
the anemia may be severe As a rule
the leubocytes are mature
Barlow s Disease

See Infanule Scurvy
Benzcne Poisorung

Ths chemical daes not produce 2
tymcal blond picture as was formerly
believed Ordimanly there 1s a de
crease an the number of erythrocytes
granulocytes and thrombocytes In
some the anemma s mare pronounced
mn others the leubopenia 15 the
chef feature so that the disease may
be confused with true agranuloey
wsus The blecd picture 15 varable
and un aceasional patient rany finally
develop  leutermia  Polycythemia
anemaa lenkhocytosss levhopema Jeu
hemta or leukemoid prctures costo-
philia  megalocytosts and  macrocy
tosts have all been reported In chron
1c cases there 1s an aplastic type ot
anemmia wich pramulocytopenia

Also see Aplastic Anemiz  Sec
ondary
Boeck s Sarcord

See Sarcordosts

Bronchopneumonia

The bload picture 13 not typical
but there 15 almost always a moder
ate leahouytosts As 1 rule the total
count 1s not as hiyh as in lobar pneu
macoccal pneumonia Children are
tihely to show wide variations m the
total feubocyte coune When méu
enza with leubopenia becomes com
plhicated by bronchopneumonia (coc
al) there 1 a moderate leubocytosts
Ancmia does not develop  unless
there 1s 1 severe and a prolons,ed 1l
ness or unless the patient was treated
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with 1 deug, eipible of producing
hemolytic anemia

Bruccllosis

See Undulwnt Fever
Bubonic Plague

The lethocyte count 15 normil or
pethps leuhopente 1n early stages
and there 15 feukocvtoss 1n the stage
of suppur ition of buboes The phgue
ofgamisms are  someumes  demon
strable 1 stuned blood films

Buerger s Discase
See Thrombo wngius Obliterns

Burns

The blood picture depends upon
the severity of the burnp and the
amount of surfice ussue inveolved
In severe Cses (h(rt 1§ concentrition
of the blood because of flurd loss so
that the red cell count may be con
sideribly elevated In these cuses
there 15 also extreme leuhocytosis
with a mrhed shift to the left This
blood picture returns to normal s
hydration s restored to its proper
level After this an anemia may be
found to exist

Carbon monoxide Potsoning
The blood 1s bricht cherry red

Carbon monoxtde can be demon

strated by spectroscopic examinanon

Carcinoma of Stomach
See Stomich Ciranoma of

Celiac Disease (Idropathic
Steatorrhea) (Gees Disease)
There 1s often a macrocytic hyper
chromic anemea stmulrwung thar of
pernicious  anemi 1n all respects
However 1n some imstances the ane
ma may be of the microcytic hypo

chromic ype Lrythroblastic or hem
olytic memrs 15 quite rare

Chichenpo.

The erythrocytes are usually nor
mil There 1s leukocytosts cansed by
meresed lymphoeytes Duriny the
late stage there my be an cosmo-
philr In severe cases there may be
a leuhemond reaction

Childhood Physiologie
Ancmia of (First Month)

At bieth the red cells are higher
than normal but after a few wechs
there 15 1 gradual decrease 1n both
ervthrocytes and hemoglobin  Fre
quently the hemo,lobin falls much
lower 1 proportion to the erythro-
cytes so that a pronounced hypo
chromia evssts The blood picture re
tuens to 1 normal level within 1 short
time Later 1n childhood a muld hy
pochromic 1nemn from an iron de
faency may develop

Chloroma (Chloroleuhemia)
This seems to be an uypical type
of leukemn with the blood prcture
characterized by large numbers of
immature grinulocytic cells Usually
the preture 1s the sume as in chrome
myelogenous leukerma with varnible
wtal leuhocyte levels and at umes
there may be 1 leuhopenit Anemia
devclops to a severe degree and there
15 marked evidence of erythro,enests

Chlorosis

Ths disease 1s charactenzed by se
vere anemia  low color ndex mild
leuhopensr with relatve lymphocy
tosis and an ncreased number of
platelets during the recovery phase
Leukopenia 1s not invanable If the
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anema 1s marhed there may be an
socytosis and  pothilocytosts  The
erythrocytes appear small 1 starned
smears and the cell volume 1s below
normal with the picture of micro-
cyuc hypochromic anemta

Cholecystitis

There 15 usually neutrophilic leu
Rocytosts in the acute form and there
1s very lutle blood change 1n the
more chronic types Associated chole
Lthiasis shows an elevated rcterus
dex ncreased bilirubin 1n the blood
plasma and uvsually 2 posive van
den Bergh reacton

Cholera

Since this disease 15 charactenized
by passage of large numbers of wa
tery stools the patient 15 dehydrated
and concentration of the blood re
sults Therefore the red<cell count
and the hemoglobin are clevated
Later however an anemia usually
develops The neutrophilic leukocyte
count 1s high from the beginning

Currhosss of the Liver

In many snstances there is a macgo-
eytic hyperchromic anemia simdlar to
that seen 1n permicious anemia The
degree of anemua vanes but usually
1t becomes profound akter rupture of
esophageal vanices Leuhopenia with
a relauve lymphocytosts frequently
accompamies the macrocytic ancma
In other conditions such as acute
toxic hepatus acute yellow atrophy
obstructive jaundice and extensne
sccondary carctnoma of the liver
there is likely to be a macrocytic ane
ma Suppurative hepatic processes
call forth a neutrophihic response. A
simple hypochromic ancmia rather

than a2 macrocytic type, 1s probably
more common 1n obstructise jaun
dice.

Colitis Ulceratve

Charactenstic hematologic changes
are not found but mn active phases a
defimte neutrophilic Jeubocytosts and
anermia  prevaill  The leukocytosts
may be qute marked when the pa
tent 1s having eprsodes of fever
‘There 1s vanable anemia 1n nearly all
cases It 1s usually hypochromic with
only a shght erythrocyte decrease, but
1t may be a defimte macrocytic type
not unkke that of perucious anemua

Cooley s Erythroblastic Anemia

There 1s nearly always a moderate
to a severe anema with color mdex
normal Nucleated erythrocytes and
reticulocytes appear 1n large numbers
and there are amsocytesss  poikilo-
cytosis and  polychromatophiha 1n
varymng degrees There 15 usually a
marked leuhocytosts with immature
cells of the myeloid series to such an
extent that the picture may be con
fused with feuhemia In some cases
the leuhocyte count may be normal
‘The platelets are usually normal The
wterus mdex wsually 1s shightly ele
vated As a rule urobilinogen s
found 1n the unne and the stools It
1s a typical hemolync anemia

Coronary Thrombosis

‘There 1s usually a moderate neu
trophulic leuhocytons with a shift 1
the left In occasional nstances the
leukocyte count may be extremely
high It subsides with healing and
fibrosis Later there may be a sec
ondary polycythemia when cardiac
funcuon has been poor over a lang
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period Consersely, if there 35 an as
soctted poor renaf function a sec
ondary anemia may be present

Coryza, Acute
{The Common Cold)

In the enrly stages of acute coryza
there 15 finde or no chinge in the
bload findings In the lte stages with
bactertal nvasion there may be a
sheht to o moderate leuhocytoss
with a mld Jeft shuft of neutrophils

Creamsm
See Hypothvrowdism

Dengue

A marked leuhopema develops
carly the granulocytes being de
creased so that there 1s a shoht rela
uve lymphocytosis During the con
valeseent stage there s usually an i
crease 1 monocytes i lymphocytes
and 1n cosinophuls
Dermantis Exfoliative
(Arsemcal)

There 15 usually a typical blood
cture consisting of 2 moderate feu
Lacytosis and 3 pronounced easine
phila

Diabetes Mellitus

No typreal blood picture exists and
if the disease 1s well watrolled no
changes are to be expucted However
2 macrocytic anerma or a sitpht hvpo-
chromic anemis may be present
Dunng periods of aadosss there 15
a moderate leukocytosss and 20 1n
erease i the erythrocvees tahes place
Tatty actds in the acdotic state may
cause the leubocytosts ar dehvdra
non may be the cause If camphea
nens such as gangrene ar carbuncles
develop then there 15 2 pronounced

nse in the feubocyte count with 2
shift to the lefe

Diphthenia

Leukocytous develops early ana
my be extremely high wih myelo-
cytes 1n the peripheral blood On rare
occanions a leuhopenia ewsts The
red cells are usually not affected, but
occasionally a rather severe anemia
may develop rapdly

Diphyllobothrium
Latum Anemia
(Fish Tapes orm Anerua)
Infestation with this parasite very
often gives nise to a macrogytic by
peechromie anemsn which simulates
permcious anemia exen with biood
crises After treatment with lver the
anema may become hypochramic or
microcytte In many cases the anemi
1s & hypochromic microcyue one
from the beginming Eostnopfuba ss
marhed and there 15 leubocytosss to a
vanable degree

Drugs Causing Leuhocy tonis
See Leuhocytous Due to Drugs

Dy sentery, Amebic
See Amebnans

Dysentery Baallary

The leuhocyte count may be nor
mal or shghtly elevated In the chron
1c types anemua may develop This
may be ether the macrocync or the
microeytic hypochromc type

Eclampsia

The bleod picture 15 nerther chat
acterssic por constant but a moder
ate nentrophihic lenkocytosis 15 nearly
always present Anemia 1s not an
autstanding feature but 1t does oc
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cur mn some cases Occasionally a
shight eosmnophihia may be scen

Empyema

There 1s usually a marked neutro-
philic levhocytosis ‘The degree de
pends upon the type of imvading or
gantsm and the extent of the process

Encephalomyelits Equine
There 15 always 2 moderate neu
trophihe leuhocytosis

Endocarditis Acute

Orgamisms (coccal) producing this
disorder eliat 2 very marhed leuho-
cytosis In overnhelming infections
there may be a leuhopensa ths de
pending probably on the rate of mt
gration of cells to the infected areas
A profound anemta develops 1if the
patient Inves long enough the anermia
bewng of the hypochromic and micro-
cytic type This same blood picture
ysunlly 1s scen 10 sepucemia of more
gencral acute types 1t 1s not uncom
mon to see a leukemord reaction
someume dunng the sllness YWhen
the cawsauve orgamsm s the hem
olytic streptococcus the anemsa s
more severe and develops more rap
Wdly
Endocarditis Subacute Bacteriat

Marhed Jeuhocytosts 1s rare The
wtal count 1s only moderately ele
vated Honever the blood count may
remain withan normal limuts and be
wome clevated only duning embolic
munifestaions Most patients show
sume monocytosts Anemia usually
develops early and 15 a progressive
one In the early stages the anerma
18 hypochromic but later may be
come normochromic or on rare occa

sons macrocytic. The platelets are
not affected

Enterogenous (yanosi»

1f the reaction 13 caused by a druy,
there may be a hemolytic anemm of
varyng degree with the usual signs
of cell destruction Usually howeser
the only wgmficant finding 15 the
diagnostic color band seen 1 the
spectroscope for sulfhemoglobinema
or methemoglobinemsa

Eosizophifia Familial

This 15 a rare condition Several
famihes have shown unevpluned
cosinophilta i members The total
leukocyte count ss usually normal.
Erysipelas

There are usually a moderate len
hocytosts with a peutrophulic Teft
shift and a hypechromic anems in
the latter stage of the disease

Erythroblastosis of
the Newborn
(Icterus Gravis Neonatorum)
This 15 characterized bv a hemo-
lytic anema showing large numbers
of immatuare red blood cells and
many reticulocytes m the peripheral
blood During the most 1ctive phase
there 1s an erythroblastosis with all
types of youn,, red cells Duning the
recovery persod an eostnophilia may
develop Marked leukocytosts with 2
shuft 1o the left 15 almost alw avs pres
ent Because of excessive cell destruc
uon the seterus 1ndex 1s hugh

Exanthem Subitum
‘There 15 usually a neutropenia

with a relatve lymphocytosis How
ever the few neutropluls present are
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quite lely to be of the more 1m
mature types Occasionally plasma
cells are present As the disease sub-
sides the total count returns o a
normal level and 1n many cases in
the late stases there s a shpht
crease w eostmnphils

Tamihal Eosinophihia
See Eosmophtha Fammind

Felty s Syndrome

This syndrome  chractenized by
splenomegaly and arthems  ysually
shows a mild nemropenny

Fever Therapy

The blood picture after artifical
fever therapy seems 1o be rather eon
stant There 1s 4 newtrophube leubo-
cytons of varysny, degree with nearly
all cases showing, an averape nse of
from 6000 to 7000 leukocytes per cu
mm wahin 2 penod of from three
to seven hours (hrusen) However
after treatment has been discontinued
there 1s 4 pos febrile nse over a pe
riod of thout 20 hours and the Jewho
cyte couns may reach a fevel of 40000
per cu mm With this neutraphilic
Jeukocytosts there 1s a shift 1o the
left

Hemoconcentrauon 15 not seen un
fess the pauents go it shouh i
which case there would be an 1n
crease mn the erythrogyie count 1n
hemoglobin and m hematocrt

Filariasts
Nearly alt cases show some degree
of Jeukocyrosss and the 1ncrease
seems to affect afl cells Eostnophihia
commonly occurs with a very high
percentage in some cases The em
brvas can be found m the blood

most cases by studying fresh un
stamed blood 1 the middie of the
mght
Fish Tapeworm Infestanon

See Diphyllobothrium Latum Ane
m

Food Possoming

See Salmanella fafections

Gas Gangtene

There 35 a marhed leulocytoss
with a predommance of cells of the
granalocytic series A sery profouad
hemolyue anemsa may develop rap-
1dly and sins of active erythropasests
may become evident quite early

Gastro intestinal Dysfuncrion
Anemua frequently develops after
partal or complete gastrectomy gas-
tro-enterostomy  remaval of the up-
per duodenum resection ot 2 large
part of the small intesne entero-
enterostomy  gastrocohie fistuly and
other surgical operations on the in
tesune In carcinoma of the stomach
chronc ulceranon of the intesune,
stenoss of the large and the small
mtestine  muluple anastomoses
bereulous enenns  regiopal dews
caramnoma of the ifeum or caecum
and fecal fistulae there 1s usually an
anemua w hich may be macrayu and
hyperchromic In many cases 2 mid
hypochromic anemia oceurs

Gaucher s Disease

The blood picture 15 vanable Ad
vanced cases may show a persistent
leuhopema and ac tmes a mild
thrombucytopensa The red blood
cells are vsually normal but a mild
anemia may be presenc m the e
stages of the disease There are re
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ports of a leuko-erythroblastic ane
mn and a pronounced leukocytosis
with a shuft to the left There may be
anema with nucleated eells, poly
chromatophilia basophilic stippling
retculocstosis and other evidence of
acmve erythropowesis

Glandular Fever

Sec Infecuous Mononucleosts

Gonococcal Inft

the blood and a sharp nise m hemo-
globin salues Hemoconeentration 1s
caused by loss of plasma nto the us-
sues and the acute erythrocyvtosis 1s
the warpmng signal of impending dis-
aster (shock) Sigmficant hemocon

centratiol may be seen 1n acute por
sontngs, severe 1nfections, burns,
eclimpsia  hemorrhagic  pancreau

s massive trauma to musclcs pro-

“There 1s mild to modcmtc neutro-
d

Tonge: mesen
tensc vascular oeclusion freezing bile
rv edema intes-

philic leukocytosis, upon
the site of infecuon
Gont

In the early stages there 1s a muld

hal Sed:

p leuhocytosis
tion rate 1s elevated 1n severe attacks
Hypercholesterolemia may be pres-
ent.
Hand Schuller Christian
Disease

‘There may be a moderate hvpo-
chromuc anerma and late in the dis-
ease nucleated red cells and other
evidence of acive erythrogenesis may
appear Levhopenia wih a relane
Iymphocytosis may exist Some cases
show a moderate thrombocytopema
Hay Fever

See Allergy
Hemoconcentration

A sustuined elevation of the ervth
rocyte count 15 present 1n a pumber
of diseases including polycythemea
vera and secondary polvcythemia
Hemoconcentration 15 entirely differ
ent from these condwons for itis an

acute enthrocytosis™ characterized
by a rapudly nising erythrocyte count,
a decrease of total blood and plasma
volume increased speafic gravity of

unal strangulation acute pertomus,
therapeytic hyperthermia postopera
e shock severe sunburn  touc
jaundice diabetic coma and vrncana
All v pes of shock, except that due to
hcmurrhagc are preceded and ac
hemoro.
Shock from hemorrhage 1s not ac
d by h

Y
because the blood becomes diluted
(decreased hemoglobin and erythro-
cytes)

Hemoconcentranon occurs many
hours before signs of shock become
evdent and when 2 certain level of
concentration 1s reached the blood
pressure begins to fall rapudly and
severe shock ensues The seventy of
shocl, parallels the degree of bemo-
concentrauon  Therefore  hemocon
centration 1s a sigmficant part of the
development of arculatory fulure in
many chineal condstions It 1s impor
tant to remember that hemoconcen
travon occurs many hours before
there 1s any alteration 1n the blood
pressure and that careful study of the
blood may gie ample warning of
the impending shock so that appro-
priate measures may be taken to pre
yent it
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quite bhely to be of the more 1m
mature types  Occasionally plasma
cells are present As the disease sub-
sides the total count returns to 2
normal level and 1n many cases in
the Inte stages there 15 1 shihe
crease mn cosinophls

Yamlial Eosinophitia
See Losinophthin Familnl

Telty s Syndrome.

Thts syndrome  characterized by
splepomegaly and arthntis usmliy
shows a imid nentropema

Fever Therapy

The blood picture after 1rtifictal
fever therapy scems to be rather con
stant There 1s a neutrophilte leuho
cytosis of varying, degree with nearly
all cases showing an average rise ot
from 6000 to 7000 leuhocytes per cu
mm within a period of from three
to seven hours (hrusen) However
after treatment has been discontinued
there is .+ postfebrile nise over a pe
rtod of about 20 hours and the leuko
cyte count may reach a level of 40000
per cu mm Wrth this neutrophiltc
leukacytoss there 1s a shift to the
left

Hemoconcentration s not seen un
less the panents go mto shock 10
which case there would be an mn
creasc mn the erythrocyte wount
hemoaglobin 1nd 1w hemitocrit

Filanasts
Nearly all cases show some degree
of leuhocytosis and the increase
seems to affect all cells Eosinophilia
commonly occurs with a \cr}{ mgh
centage 10 fome cases e em
!}:;ns cnichc found 1a the blood 1n

most cases by studying fresh un
stained blood 1n the muddle of the
night
Fish Tapeworm Infestation
Sce Diphyllobothrium Latum Ane
ma
Food Poisoning
See Salmonella Infections

Gas Gangrene

There 1s a marked leulocytoss
with a predominance of cells of the
grinulocync series A very profound
hemolyue anemua may develop rap-
1wdly and sins of active erythropoesis
may becotne evident quite early
Gastro intestinal Dysfunction

Anemaa frequently develops after
parteal or complete gastrectomy gas
tro-enterostomy, removal of the up-
per duodenum  resctton of 2 large
part of the small intestne entero-
enterostomy  gastrocolic fistulr and
ather surgical operations on the 1n
tesune In carcinoma of the stomach,
chronic ulceration of the intestine
stenosis of the large and the small
intestine, multple anastomoses tu
berculous enterius  regranal lewss
carctnoma of the ileum or caccum
ind fecal fistulac there 1s usually an
1nemna which may be mcrocytic and
hyperchrorme In many cases a muld
hypochromic anema occurs

Gaucher s Disease

The blood picture 1s varnable Ad
vanced cases m1y show a persistent
leuhopemt and at tmes a mild
thrombocytopema  The red  blood
cells are usually normal but a mild
anemta may be present in the late
stages of the discase There are re
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mochromic Anema from chropic
blood loss 15 most often hypochromic
and microcytie and there may he
signhs ot regenerauve erythropotests
such as basophilic suppling revculo-
cytosis ete
Hemorshagie Discase
of the Newborn

The hematologie deviations from
normal depend entirely upon the ex
et of bleeding There may be mod
erate leukocvtosts and anerma The
platelets are normal The coa,ulation
and th bleedn times are prolonged
The deficency 15 one of prothrom
bin and the prothrombin ume 15 1
creased
Hepatins Acute Touc

See Carrhoss of the Liver

Hereditary Hemorrhagic
Telangiectasia
(Rendu Osler Weber Disease)

No typical hematofogic pacture 15
present After penods ot bleedin
whether acute or chrome the blood
shows an anemta which 15 propor
uonal to the amount fost
Histoplasmosss

Histoplsma capsulatum may be
tound 10 the large mononuclear celfs
¢f the peripheral blood or bone mar
row There are usually moderate leu
hopema and anemia

Hodghin s Disease

Anemi s probably the most out
standin,, feature Tt s vsinlly hypo-
chromic with a gradual decrease i
e totl number of ved exlis a3 the
disease progresses The blood prcture
mav change to 4 feuko-erythroblistic
pe with immature leulocytes 1n

the peripheral blood The leuhocytes
vary in number and as the disease
becomes more advanced there s
more fikefy to be a feulopenia In
most case there 15 a moderate leu
focvtosis and occasonally there 15 a
rather strihing cosinoplulia (15 per
cent of the cases) The monocytes
mav be increased The platelets are
wsually normal

Hydaud Disease
{Echinococeus)

As a rule the erythrocyres and the
platelets are not affected and leuko
cytosis 15 2 varnble finding There 15
however a charactenstic eostnophlsa
A smfar type of picture s seen n
infestations with bilharzia distomn
cocaidiosts granuloma and  guinea
worm
Hvperthvroidism

There 15 by no means a tymcal
blood prcture but 1n some patients
there 15 a muld hypochromic anemta
Neutropenia with a relative lympho
cytosis may occur In some instances
there may be 1 increase 1n the total
number of lymphocytes
Hypothyrordism

It 15 faiely common to encounter 2
moderite hypochromic anemia No
other hematologic changes of note
are usually found On rare occastons
lymphocytosis exists

Icterus Gravis Neonatorum
Sce Lrythroblastosis of the New
born

Idwopathuc Hypochtomic
Anemia

The blood picture 1s one of micro-
cyuc hypochromic anemn In most
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Hemoglobinuria Paroxysmal
See Paroxysmal Hemoylobmuna

Hemoly tic Anemaa
Acquired (Chromic)

The blood picture closely resembles
that of cangenual hemolytic ancmsa
except that the erythrocyles are aot
spheracytic they are more fihely to
be macrocytic with mucracytasis sel
dom seen The reuculocyte count 15
often tncreased

Hemolytic Anemsa Acute
(Lederer Type)

There 1s 2 marhed suddenly de
seloptng, anemta with reticulocytosts
md perhaps nucleated red cells
There may be a leuhemod reaction
whuch closely simulates a real leuke
mia Dunny, the Jeuhoporenic phase
there 1s floodin,, of the penpherat
blood with smmature granulocytes
The 1cterus ndex 35 dJevated with a
posiive ndirect van den Bergh re
acuan

Hemolytic Anemua of
the Newborn

In dus type of nemua there ts 2
tipd fall to za alarmm, depree n
the erythrocyte level There may or
may nat be scterus A period of ac
use erythropowests follows and shon
ers the perpheral blood with nucle
ated red cells Leuhocvtoss svanes
from normal to maderate elevations

Hemolytic Jaundce Familial
“The blood picture vanes wath the
seventy of the discase Durng remis
stons there are increased fragiity of
the red cells spherocytoss and reticn
locytosss During more active hemo-
lynic phases the red cell count drops

raprdly when ¢cll destruction exceeds
marrow output The ved cells appear
small and deeply colored There 1s
same vanaton 1 size and mn shape
aof the red cells but the largest ones
are in the normal range At abomt
thus stage 2 most remarkable reticu
Iocytosss oceurs nd reaches ugh val
ues There may be nucleated red
cells The blood serum 15 seteric and
the van den Bergh reaction 1s ndt
rect The volume indes ss normal At
Al umes the erythracyies show in
creased frglty Leubacytosss is pres
ent and 1n some instances there 15 3
leuhemord reacttan In the chronic
stage the blood preture 55 that of
mederate anema and lewhocytosss
shight retculocytoss  spherocytosss
sncreased frogaly of red cells 1nd
snerease n the wcteres wmdes

Hemophiim

The degree of anemia depends on
the amount of bleeding thar has o¢
curred If the blood loss has been
extensne there will be a normocyne
ind hypochromsc anemm The len
hocyvte count rises moderately follow
mg bleeding episodes There 15 3
profonged cosgulation tme so that
the blood does not clot but there
usually 1s o disturbance of celludar
elements

Hemocrhage

If the hemorrhage 1s severe and
rapid the red<el} count 15 not hheh
w fall sigmficandy unnl several
hours have elapsed The extent of
hemoarchage governs the degree of
anemi1 Nearly all cases show a mod
erate leuhocytosss and this 1s more
accentuated after severe hemorrhages
The anemna 1s normocytic and nor
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hemaglobin deficiency stnce the color
mndex 1s much below normal How
ever erythrocyte values may be nor
mal or only shghtly reduced The
resulung Anemsa 15 mucrocytic and
hypochromic  The blood platelets
and the lenhocytes are normal

Jaundice Obstructive
See Curhosis of the Liver

hala azar

The blood shows moderate ane
mia marked leuhapenu with rela
tve lymphocytosis and thrombocyto
penra and prolonged bleeding and
coagulation umes There 1s no
crease 1n serum proteins bue the AC
ratio may be reversed The orgamsms
(Lesshmansa  donovant) may  be
found 1 stuned blood films or mate
mal from marrow Aspiration

Lead Potsoning

The blood picture depends on the
stage of the discase and the amount
of exposure The acute cases are not
likely to shaw any devianon from
normal but in chromc plumbism
there ts 1 moderate anemia with the
hemoyJabin decreased  consider by
and the color index quite low The
erythrocytes show some central pal
lor shpht warnwans i size 1nd n
shipe some polychromatophitia and
usually bisophilic supphing The re
tculocytes are usinlly increased even
when the cells we hypochromic The
blood serum 1s shghtly wtene The
platefets are normal There may be a
shicht leuho ytasis with some shaft 1o
the Jeft

Lederer s Hemolytic Anemsa
See Hemolytic Anema Acute

Leishmaniasts (hala azar)
(Infantile Splenomegaly)
(Tropical Ulcer)

Most cases show an anemia and a
Jenkoperma with a relawve lympho-
cytosis A marked monocytosis m1y
also be present It 1s extremely difi
cult to find the causative organism 1n

the penpheral blood

Leptosprrosis
See Wals Discase

Leuhemia Acute
See Acute Leuhemuas

Leukhemua Chronsc

See Lymphane Levhema  Mye
logenous Leuhemia Monacytic Leu
femia

Leuhocytosis Due to Drugs

Ingestion of the followmng drugs
may produce a moderate degree of
leuhocytosts  Quimine  antipyrine
phenacetn salicylates digialis nu
clerc acd derrviuves mjected pro
tetns (mulh) turpentine and castor
ol The sulfonamide drugs 1 add
non o causing levhopenia may pro~
duce the most astounding degrees of
neutrophific levkocytons (50000 per
cu mm., or more)

Liver Advanced Diseases of

Any far advanced discase of the
tver which wnvolves marked destruc
von of parenchymatous tissue may
result in 2 macrocytic anemia be
cause of nability of the organ to
store the hematopoiene factor Such
may occur 10 far advanced arrhosis
metstate carcnoma mulaple lier
ibscesses etc
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cases the crythrocytes are not de
creased as much as the hemoglobin
and hypochromiaisa rarked feature
The rolume of the erythrocytes s
Jow, and the ascrage erythrocyte 15
much smafler thawn normal  The
blood smear reveals the presence of
pile mucrocytes 1n large numbers
The erythrocytes shaw a shght vang
ton 1w size and m shipe and ocea
somlly basophilic supphng  The
blood plutelets 10d the leuhocytes are
nosmal Achlorhydmn 1s usually bt
not muanably present

Idiopathic Macrocytic Anemia
of the Newborn

The blond picture 15 that of a mac
racytic hyperchromuc anemid with
shpht varation in shape and n seze
of erythrocytes Howerer nucleated
cells and reticulocytosts we rare unut
the phrse of 1ctive erythroposesis be
gins The fragility of the erythrocytes
15 normal Blood phielets e usually
shphely reduced

Infantile Paralysis
See Poliomychus

Infantle Scurvy
(Batlow s Disease)

There may be a moderate peutro
philsc leuho ytosis There 1s often 2
muhed anemia with low hemoylo
b low color 1ndex and occasion
Ay smmatuce ed cells

{afants Anemia of
(Premntum:y)

Infectious Mononucleosts

"Thas disease 1s charactenzed by 2
moderate to a marked leukocytoss
with lymphocytes  monocytes and
aypueal fymphocyte cells  Erytheo-
cytes hemo, tobun and platelets are
sot affected The towl lewhocye
count may vary at different mes and
sn different patients Most puents
show a leuhopenin sometme during
¢he stiness but even so the charaacr
sstic cells are preseat In the average
case the  mononucleosis cells con
sttute boug 80 per cent of total cells
This las s for some tme after the
pattent 15 chneally cured The het
erophil 1ntibody test 15 posUYe mat
Teast 90 per cent of c1ses “The Wasser
mann and the hahn reactons may
be temporarily positive duning the 2¢
uve phase of the dusease

Influenza

"The typrecal proure 15 charactenzed
by 1 newrophilic leuhopenia and rel
atree lymphocytosis but the fympho
cytes are not actually mcreased 0
auwmber Occasionally howeser there
15 a4 ruld feuhocytosis Anermuais rare

Intestinal Obstruction

The blood picture ss that of mrh
«d neutrophilic leuhocytoss with
L inulocytsc shift to the kft Hemo
oncentration occurs if dehydranon
16 marked thus resulung sn high 1@
celi and hemoglobin values

Intestinal Pagasttic Infestarions
There are usually a mucrocyle by
1

Prem: mfants ly have
a rather marhed nemu The hema
tologic pretire 18 essentially that of
a simple decrease1n both erythracytes
and hemoglobin

p anemia and sanable de
grees of cossnophilia
Tron deficiency Anemma

The blood picture 1 typieal of
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Measles German

In general the blood picture 1s the
sime as that of measles The blood
usually shows a neutropenta with a
relatnve lymphocytosis Occasionally
Turk cells plasma cells or eosino
phils are present 1n farly large
numbers

Megaharyocytic Leuhemia

The immature cell m this type of
rare leuhema 1s the megakaryocyte
Othervise the hematologic findings
are similar to those of other leu
Lemas

Meningitis

A high neutrophilic leuhocytosts
1s quite typical when the disease 1s
caused by pyogemic orgamsms {men
ngococal streptococet  staphylococc
and pneumococa) In the chromic
vpes of memnyns the count 1s
nuch lower Anemu usually does
not develop unless the diseast 15 pro
longed
Mikulicz s Syndrome

Some show normal blood while
others show changes typical of chron
1c lymphate leahemia

Monocy tic Leuhemia
(Leukemic Reticulo
endotheliosis) (Monocytord
Myelogenous Leuhemra)

The typical findings include 1m
mature leuhoblasts 1n the blood A
varnble degree of anemia develops
and becomes progressively worse
‘The predomunant leukocyte 1s the
immature monoblast and some more
mature forms The percentage of
monocytes 1mmature and mature
vanes considerably, but when mono-

blasts are present the dugnosis 1s
obvious There 1s a rather wide vara
tion 1n the total leuhocyte count
(from 5000 to 240000) The blood
platelets are decreased so that bleed
ng 1s a common comphcation

Multiple Myeloma
{Plasmacytoma) (Plasmoma)
(Kahler s Disease)

A hypochromic anemua 1s present
1n nearly every case It 1s usually
progresstve There are usually a len
Locytosis with increased lymphocytes
a few Turk cells and scattered myelo-
cytes and there my be an accasional
myeloblast In some cases the leuho-
cytes may be of the plasma cell type
A Tleuko-erythroblastic type of blood
prcture 1s not uncommon Because of
high protein values the red cells
may show a tendency to auto agglu
tnation The aspirated marrow may
show typical myeloma cells

Mumps

There 1s usually a moderate leuko-
penia wath a relative lymphocytosis
Also there may be a marked increase
1n monocytes 1n the later stages

Mycotic Diseases

There 1s usuallv no change i the
leukocyte prcture or there may be a
muld Jevhopemia The degree of ane
mua depends on the extent and the
duranon of the illness

Myelogenous Leuhemia
ronic
The blood findings are character
sstic. The degrec of anemua s vana
ble but becomes worse as the disease
progresses When the leukenic proc
ess encroaches on erythropoietic cen
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Liver, Cirrhoss of
See Cuechosts of the Liver

Ludwig s Angina

Sec Angmna, Ludnigs
Lupus Erythematosus,
Disseminated

There 15 no typical byod prctare
In the advanced stge there may be
a rather mirhed anemma with low
caloc sndex A lewhopeas may be
present or there may be a shght
leuhocytasts with « moderate shift ta
the lefe Eosmophria may occur on
rare occasions as r other shin dis
orders
Lymphaac Leuhemra, Chronic

The blood precure shows a char
wtenstie leuhocytoss (100000 more
or less) with the predomnaung cells
being Iymphocstes sl large and
swmmature Mast of the Iymphocstes
appear farly motwre but some are
mmature s th nucleol Bashet cells
and staudge wells are numerous The
bluod phielets are reduced 11 umes
cwsing prolon,ed bleeding time and
poor clot retraunon The assocsated
inemia m1y be a simple hypo hromte
type
Lymphocytic Choromening s

There are no charactensue blood
findings
Malira

The characeersstic findings  are
parasttes 10 the red blood cells leu
Lopesnta and memia Al ¢1ses do not
show a feuhopenia During, the actual
parotysms there 15 a leubocytons
which 15 later tollowed by a leuho-
penra In some of the ervthrocytes
there may be Schuffners dots {fine

acaoplulic granules) or Mavrers
dots {rather coarse basophilic gran
ules)  Abnormal amounts of pig
ment appear 1 the cytophism of
some of the Jeuhacytes In the later
stages and more chronic forms of
malaria there 15 an ncrease mn the
monocytes and the fymphocytes In
<hiome cses anenmd 15 a consan
finding It 15 usually mscrovyuc and
hypochromic The plarelets are vsu
ally not affected The red blood cells
contiung the tertun pisasites dre
quite enlarged and pale
Maligaane Neatropensa
{Agranulocy tosts)

The blood prcture 55 charactersic
There ss an absence of neptrophilic
teubocytes i the perspheral blood
and there 1s a decrease n I;mpho
eytes and i monocytes The disease
my seach the stise where the ol
leuhocyte count will be onlv 2 few
undred cells per cubte millimeter
The red cells are ususlly not affected
but a profound wnenma can develop
+f the disease 1s due to a drug having
1 hemolytic 1ction

Some people have shat 15 termed
chrontc neutropenta wath a leuhc
yte count of from 30U to 4000 per
w mm

Measles

Early m the disease there 5s 2 leu
kacytosss with a shift 1o the fefe This
s followed hter by a neutropenia
Turh cells may ve present Occasin
ally there e 2 moderuze eosinophihia
and relune lymphocyeoss On rare
occasions plasma cells are present 1n
the penpheral blood Even when
there 38 3 neutropena the granulo
cytes arc of the immature types
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Oroya Fever (Bartonella Fever)

A very severe hemolyne anerma
develops farrly carly The ancrmua 15
frequently a hyperchromic macro-
quc type with vanaton in size and
i shape of the erythrocytes with
polychromatophila  nucleated cells
and retculowytosts The characterss
uc rod shaped baclli can usuallv be
found 1n the blood smear

Osteamyelttis

In ostcomyeliis the most com
mon findiny, 15 a high leahocyte
count with a marked shuft to the left
An eosinophilia may be present Ane
mia rarely occurs Leukemowd reac
uons are morc prone to develop in
children

Osteosclerosss
(Marble bone Disease)
(Disease of Albers Schonberg)

In most cases the blood prcture
shows anly a mild anemua However
the leuhocytic picture may resemble
that of myelod leukemta with the
anemia changing to an erythroblastic
type
Ottis Media

There 1s usuilly a moderate neu
trophulic leuhocytosis B mastordivs
develops the leuhocyte count nises
sharply Anemia rarely occurs except
in complications

Ovalocytosis

The blood shows no abnormality
except that some of the erythrocytes
are oval in shape This ss a familial
aboormality and 18 not related 0
sichle eell anema

Pancreautis Acute

There 15 usuilly 2 moderate o a
severe neutrophilic leuhocytosis
Parasites Intesunal

There 1s nearly alnays a moderate
to @ marked eosinophilia with vary
in,, degrees of anemia based upon
the duranon nd the extent of in
festation

Paroxysmal Hemoglobinuria

Since this condition 35 2 hemolbvaic
anemia with excessise red<ell de
struction there 1s an anemia which
1s usually normocytic and normo-
chromic The plasma 1s usually 1
tersc Following rap:d destruction of
the erythrocytes there 1s a compensa
tory period of regeneratton which s
charactenized by nucleated ervthro-
cytes reticulocytosts and sometimes
basophilic suppling Usually there 15
a peutropenia Just after the chill fol
lowed later by a definite let hocvtosts
Blood prgment in the form of hemo-
globin 1s present 1 the blood plasma
and the unne A few cases may de
selop a hypochromic anemia of mild
degree
Pellagra

A macrocytic hyperchromic anemia
may be present but 1t 15 not as severe
as that scen 1n persicious aperma
Not alt cases develop anemir and
some may show o muld hypochromic
and microcyuc type

Pentaillin Adminustration of
So far as 15 hnown no character
st blood chan,es are produced by
the admunsstravion of pemalhin
Peptic Ulcer Perforated
There 1s no ancmea unless the pa
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ters the perpheral blood 1s Iikely to
shaw nuclested erythrocytes  poly
chromatopluha sarwauon n size and
1 shape of the cells 1nd some baso
phihe suppling  The charactenistic
finding 15 the presence of immature
cells of the grinulocyuc series Mye
lobhists 1re fess but myclocyies ju
semfes and bwds are numerous
My of the myelocytes show bso
phuilic or costnophilic grmules and
the presence of basophihic myelocytes
peurly always mdicates myelogenous
Jeuhemia The rotal leukacyte count
ss usully elevated but 1t may be
lower thin  normal  (ileshemnc
phase) In chronic myelard leuhemia
at le1st 95 per cent of the leuhocytes
are of the  ranulocytic serres Blood
platefets are decreased durn,, some
sti,e of the disease so that the bleed
10, tme ss prolonged nd clot retrac
ton 15 poor

Myelosclerosis
See Osteosclerosis
Myxedema (Hypothyroidism)
Several types of inema may ducur
bwt « nrormochromic anemia 1s most
common  Other types m lude the
microcytic hypochromue and rhe mac
rocytic. Oltenumes a bmphacyrosis
accurs

Neoplasms

The blood prcture 15 not chieacter
wstic but the blood chin.es depend
upon the locauon and the type of
malignaney In nexly df malinan
cies there 1s anemia and those o} the
stomach and the upper gasteo trtesu
pat wact are bhely o produe a2
macrocylic anema especiafly when
eutenstyve liver metistises are present

Anemia may also be caused by en
tensive tnvolvement of the bone mr
row The leubocyte count 1s usually
normal unnl complications desvelop
These are usuafly sccondary nfec
tions and result w a moderate leuko
cytosis Extenstve bone marsoss met
astises produce anemia showers of
nucleated crythrocvees and frequent
Iy an assoutted leutemawd reaction

An obscure anemta characterszed
by large numbers of nucleated ersth
cocytes and a leukemaid rexcuon
s 4 person 1 the cancer 1ge Iwly
indictte mirros  metastases from
some unseen mahgnancy

Nephritis

The change most commonly setn
15 an anemia 1n exther acute nephriis
or the chropc forms of it The de
pree of anemma vanses nd 1t mav b
of the normecytre the mirocyuc by
pochromuc or the mcrocytte types o
general the degree of anemia seems
to pirallel mtre,en retention A
shyht leuhocytosis may be present at
wy staye of the diseise

Niemann Psch Discase

There ire usually a moderate by
pochromic anemn ind a shght feu
ho vioss However 1 leuhopean
muy be present Monacytes lymyho
vtes wnd grinulocytes may shos the
haryctersstie bpoid vacuoles 1n thes
cytoplasm

Nutritional Anemia of Infants

The blood picture 1s characterized
by a hypochramic nucracyti anemiz
In a few cases there 1s 2 marhed fall
i the hemolobin with + more vt
Jess normal ervthrocyte count
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there 15 a moderate hypochromic ane
mua accompanted by achlorhydra

Preumonia Lobar
(Pneumococcal)

“The blood picture 15 quite constant
1n most cases and 1s charicterized by
« very marhed neutrophilic leuhocy
tosis Many of the granular leuko
cytes are immature types so that 1t
15 not uncommon to find a few mye
Jocytes 1n the blood smear An occa
siomal patient shows 2 leuhopenia
which may be a bad prognastic sign
but there 15 stll 2 marked shift to
the left Therse 15 usually no dnemma
except 1n prolonged cases when a
muld hypochromic anemia 1s kikely
to develop In the early stages eosino
phuls disappear from the blood After
the cnsis has passed the leuhocyte
count gradually returns to normal so
s the count should rise again during
this pertod 1t 15 likely that some com
plication has developed

Pneumomia Virus
{Pneumonsa Atypical)
Leukocyte count nearly always nor
mal perhaps shghtly elevated 1f sec
ondary mfection takes place Sedi
mentation rate moderately elevated

Poisons

In certain cases of pasoning very
peculiar blood pictures may be seen
Myeloid reactions have been seen m
mercury and 1n mustard gas poison
g Bec sungs have caused leu
hemord reactions with high total
swhirecell counts A large number of
chemicals produce bizarre blood pic
tures Leukopenia and even agranu
locytosts can be caused by benzene

amidopyrine arsphenamine dimtro-
phenol gold salts gasoline fumes
arsentc radicactive substances and
xrays Acetamhd mav produce 2
methemoglobinemia and an cosino
philta The sulfonamide group of
chemicals may produce leukopenia
hemolytic anemma or thrombocyto
pemia  Phenylhydrazine  potassum
chlorate and benzedrine can produce
hemolytc anemia Arsemuretted hy
drogen can cause a very severe ane
mia and produce death 10 a few
hours Saponin ricin and some snake
venoms have a definite hemolytic ac
ton Cobra venom has produced a
megaloblastic reaction of the bone
marrow The eating of certain beans
1n Ttaly (Vicra face) or inhalation of
the pollen from the plants can cause
a hemolync anemia Extreme leukocy
tosis (140000 cu mm ) may occur
duning the admumstration of sul
fonamude drugs Sedormud has been
menmnated mn the production of
thrombacytopenic purpura

Poliomyelitts
(Infantle Paralysts)

In the acute and the early stages
there 15 usually a moderate leukocy
tosis with an increase sn lymphoid
cells In some pavents the blood
shows no sigmficant changes

Polycythem:a Hypertonica
(Gessboch s Disease)

The blood picture 1s the same as
that 1n polycytherma vera

Polycythemia Secondary

The blood picture 1 certain dis-
cases 1s almost the same as mn true
polycythemia These diseases are con
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teat has previowsly bled from the
ulcer and then the anentra 1s 1n pro-
portton to the blood loss Almost all
cases show a mwrked neutrophilic
leuhocytosis soon after the perfora
uon In rare cases there 1s a marked
leuhopenin but the cells present are
predommantly young or immature
granulocytes A panent with per
fornted wleer can have a leuhapenn
from overw helmung peritoneal shock

Periarteritis Nodosa

The blond picture seems to be
qunte v rmble except that most cases
have a moderate neutrophtlic leuho-
cytosts and 1 progressive anemia
Eosinophilia ss found only 1n about
15 per cent of the cases The anemin
parallels the stage of the diserse and
ts quee marhed in the 1dvanced
strge Cases with marked pulmonary
symptoms {1sthmatic type) are hikely
to show extreme degrees of eosino-
phiha
Peritonitis Acute, Generalized

There 1s 1 moderate to 2 severe
neutrophihic leukocytosts depending
upon the severtty and the durauon

polychromatophilia  basophific stp
pling, megaloblasts and other nu
cleated cells Many of the red cells
are macrocytes  but microcytes are
also present The retrculocy tes usually
are quite Jow unul active regencra
ton begins and then there ts marked
reticulocytoss  Duriny, active Jner
therapy there 15 2 marked retculocy
tosts as the bload retwens 1o normal
There m1y be 1 leukopenta in the
period of relapse with 2 relaue
lymphocytosts Some smears show
hypersegmentation of the granulo
cytes Eosinoplulla may be quue
marked duning the period of acuve
therapy

Pertussis
See Whooping Cough

Plague Bubonic
See Bubonie Plague

Plasma Cell Leuhemia

This disease does not differ from
other types of leuhema except that
the predominating leuhocytes have
the charactenistics of plasma cells
Only a few cases have been reported
See Mulple Myel

of the diseise In overswhelming in
fections there may be a period of
leuhopenie  but with neutrophils
showin,, 1 marhed left shift Ths
oceurs during the period of mobiliza
non of the leuhocytes to the mfected
areas

Pernictous Anemia

The blood picture vartes with the
stage of the discase During a severe
relapse the red cells may reach a very
low level and the color mdex 1s above
one The red cells show a marhed
yamation 1n size and 1n shape show

Pleurisy

There 1s usunlly a neutrophihe lew
hocytosis the degree depending upon
the type of nfecung organtsm and
the amount of pleural tissue imvolved
There 1s an assocated anemra if the
process 1s prolonged In tuberculous
plenrtsy with effuston there 1s very
lietle change in the cell count

Plummer Vinson Syndrome

Not all cases have hematologic
changes In most instances however
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Purpura Nonthrombocyto
penic (Purpura Simplex)
{Henoch s Purpura}
(Schonlein s Discase)
(Allergic Purpura)
(Parpura Fulminans)

In this disorder there 15 an anemia
parallel to the amount of blood lost
A moderate leukocytosis usually ex
ists and the blood platelets are nor
mal 1n number The tourniquer test
1 posstve The defect seems o be a
weakness 1n the capllary walls

Pyogenic Infections

As a rule all acute pyogenic infec
tions guve rise to a blood picture com
mon to the entire group These infec-
tions mnclude subcutaneous abscess
lung abscess abscess of the bramn
abscess of Tiver hidneys and spleen
subdiaphragmatic abscess acute saf
mingits acute cholecystins acute and
chromic pyclonephnius acute cystitis
acute masuus  acute  cholangitis
acute tonsiilius pharyngitis  retro-
pharyngeal abscess and bronchutis
acute meduastinius and penicarditis
muluple abscesses of the peritoneal
cavity acute arthritis acute sinusitis
pleunsy suppurative phlebis and
osteomyehis All are charactenzed
by a marked leubocytosis with a
shuft to the left There 15 no anemua
unless the disease 15 prolonged or 1s
complicated by other features

Radiation Lffects
See Aplastic Anemia Secondary

Radivm Poisoning

There may be sanable degrees of
feuhopenia anemia and thrombocy
topea depending upon the extent

and the duration of exposure 1o
radium
Rat Bite Fever

The oryanisms are found frequent
1y 1n the peripheral blood The blood
should be exarmined by darhfield 1l
lumination or special tams used on
fixed blood smears (See Plate 32)
Relapsing Fever

There 1s usually a neutrophibic lew
bacytosis with a left shuft The spt
rochetes somenmes are seen on
stained blood films Serologic tests are
positive 1n about 20 per cent of cases
(See Plate 32)
Rheumatic Fever

There 15 a moderate neutrophibe
leuhocytosis early 1n the discase with
ncreased cells of the immature g ran
ulocytic series Occasionally there 15
a moderate cosinophilia which 1s
even more hikely to occur of there 15
chorea (acute type) Ordmanly a
mild anemia develops I'hss 1s usu
ally of the mcrecytic hypochromic
tvpe
Rocky Mountain Sported Fever

Nearly all cases have some degree
of neutrophilic leukocytosis and susne
1NCrease I monocytes
Roseola Infantum

See Exanthem Subnum
Rubclla

See German Measles

Salmonella Infections

There 15 usmlly a leuhopenia of
mild degree that Tasts from one to
three weeks with leuhocytosis 1n the
late stiges and a mild anemina
throu, hout the sliness
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gemtal here disease (cyanotic type)
Ayerzis disease extreme pulmoniry
emphysema  piturtary  basophilism
(Custung, s syndrome) Hunuagron s
chorea (rarely) encephalitis lethar
grea (rarely) thrombosis of splenic
vein (rarely} visceral syphilts (rare
ly) chronic carbon monovide pot
somng myocardial discase massive
atelectasis stenosts of the bronchal
tree  pneumothorax  chrome  pul
monary discase, and potsoming from
such chemicals as benzene mitroben
zene uline  arseruc, phosphorus
acetantlid and anvpyrine People biv
1ng, at hugh alutudes develop a com
pensitory polycythemta  The blood
prcture shows a marked 1ncrease 1n
erythrocytes and mn hemoglobin but
the color index 15 frequently below
ope The picture may at tmes be the
same 15 true polycythemid

Polycythemta Vera

The hematologie picture 15 the
basts for the dagnosis 1n this discase
Tne blood 15 grossly dark thick
stichy and vis ous The erythrocytes
are marhedly ncreased i number,
and hemoglobin values are hiyh The
blood platelets are increzsed At any
tme durning the disrase the whte
cll meture may sumulwe that of
mvelo, enous leuhermia with a hich
lewhocyte count and numbers of im
mature grinolocytes When the pe
ripherat blood depicts & leuhemond
rerctton and there 1s evidence of ex
treme ervthrogenesss the picture has
been called erythrolevhemz It 1s
well known that cases of true poly
cytherma may terminue as myelog
enous leuhemiz  The total blood

volume s well as the wtal cell vol
ume, 1s mcressed

Poly myositis, Acute

In some instances 1t 1s necessaty
to differentiate this condiion from
trichina mnfection In polymyosiis
the eosinophilia develops eary and
then subsides, whereas 1n trichina 10
fection there 1s a marked persistent
ecosinophilia A mild nettrophific leu
Locytosts 1s usually present m both
diseases Anemua ss rare

Pregnancy

‘There 1s a varuable degree of leu
locytosis during pregatncy Hos
ever, 1if macrocytic anemia develops
there 1s hikely to be neutropenia with
a relatise lymphocytosts The blood
platelets are normal The ustal ane
mn 1s hypochromic and microcytic
Howeser in rare instwnces 2 hyper
chromic macrocytic anemua simulat
g, pernscrous anemua may develop

Purpura Essentral Thrombo
cytopensc (Idiopathic
‘Thrombocy topenic Purpura)

The characteristic picture 15 that of
an evtreme decrease i the blood
platelets some of those present beiny
ot gant size and bizarre i form
The platelets mry be absent n the
blood smear The clot does not re
tract 1> poorly formed and 1s fragile
The blecding, ume 15 prolonged The
number of red cells depends on the
imount of bleedin, The tourniquet
test 1s positrve A shi,ht to a moder
ite leuhocytosts may etst The chiet
defect 15 a deherency of blood plate
Jets
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Simmonds s Disease
{Hypopiutarism)

A muld hypochromic anemua fre
quently occurs The Jeuhocytes may
be normal but a shght lymphocytosts
has been reported
Smallpox

In the early stages there 15 a neu
tropenia but later there 1s a leuko-
cvtosts which 1s most marhed dunin,
the stage of pustule formation and
secondary infection In the late stages
the leuhocytosis 15 caused by an
crease 1n fymphocytes and 1 mono-
cytes
Spirachetosts
Icterohaemorthagica

See Wail s Disease
Sprue

During the early stages of the dis
ease the blood usually shows a very
mild hypochromie rcrocytic are
mia As the disease progresses there
may be a change to a microcytic type
sumslar to that of true pernicious ane
mia In the advanced case the eryth
rocytes are decreased in number
and show vamauon n size and 1n
shape and present also are macro-
cytosts  polychromatephilia and an
occasional  nucleated  ervihrocyte
However retculocytes are usually
tow unul treatment has begun There
may be neutropema
Staphylococeal Infections
(Furuncle Carbuncle Staphy
lococcal Bacterierma Staphy
lococeal Pneumonia Etc)

There 15 pracucally always a mod
eratc to an extreme neutrophilic leu
Locytosis wath a marked lefe shafe

Steatorrhea Idiopathic
See Celtac Disease

Stomach Carcinoma of

There 1s usually a varable degree
of anemua whach 1s frequently macro-
cyuc 1 type and indisungushable
from the blood picture of permicious
anemia Also a muld to 2 moderate
neutrophilic leuhocytosis may  be
present

Streptococcal Infection

There 15 usually a mild to a mod
erate leuhocytosis with a neutrophilic
feft shuft In overwhelming infections
there may be a leukopema with left
shift m neutrophls

Sulfonamide Drugs
Administration of

An ocgasional patient receving sul
fonamide drugs may develop acute
hemolytic anemia another may de
velop neutroperna still another may
show leuhemoid reacuions because of
bone marrow  sumulauon  and a
fourth blood complication may be
thrombocytopenic purpura

Syphilis

The blond picture vanes with the
stage of the discase There may be
a microeyue hypochromic anemua in
the secondary stage as well as a mod
erate fymphocytosis  Antisyphihiuc
therapy may occasionally produce
secondary aplastic anemia Teruary
svphilis 15 accompanied frequenty
by an anemua that 1s even more
marked 1f cardiovascular manifesta
tions are present Leukopenia with a
relatine lymphacytosss 1s common m
the teruiary stage. Occanionally there
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Sarcosdosss (Boech s Sarcord)
There may be a shight leubopenn
or a narmal levhocyte count The
monocytes are usyally increased and
there 15 comnophiha of shight or mod
erate degree Usually there 1s a mild
hypochromsc muerocyne anerma The
plasma_ proteins are increased and
the AG rano s frequently reversed,

Scarler Fever

There ate a rather marhed neutro
philic Jewhocytosis and a muld eostno
phiha 10 the beginning of the disease
These condions perstst throughout
the dlness A lov eosinophsl count
ts supposed to sncieate a bad prog
nosis

Scurvy (Vitamun C Deficiency)

The blood picture 15 not altered
m all cases bur an wemsa of the
hypochrome microcyuc type s com
mon In rare instances there 1s a len
Rocytosts with 2 tew immature gran
ulocytes Leukopenia sometimes oc
curs The pluelets nsually are not
alrered The bleeding and the dor
ung times are normal The hemato-
logie preture 1 mfanule curvy s
different v that snfants are more
fikely to shovs a more profound ane
mia and more evidence of regenera
tion m the peripheral blood The
witamn-C content of the blood 15
fovr

Septicemia Streptococcal

‘These are usually a rapudly pro-
geessing aperia and 2 mild to a
moderate leuhocytosts with neutro
philic Ieft stuft In overwhelming m
fections there s leukopena with a
lefe shift

Serum Sichness

There 1s ustnlly 2 moderate leuho
cytosts  Eosinophtha usinlly occurs
after venom inpecrsons After the 1n
trasenous inpection of typhod vacene
sufficient to produce a marked reac
non there 1s a marked nevtropenia
and the blood platelers disappear
wmporasily from the blood After 1n
tectsion of tuberculin there may be
cosinophihia

Shoch

Sce Hemoconcentration

Sichle Cell Anemra

The bloed preture of this hemolvuc
wnemia 1s charactentzed by the pres
ence of buzarre crescent shaped or
sichle shaped red corpuscles They
average from 10 o 20 mucrons
fength and from 2 to 4 mucrons m
width There may be only the sick
fing tendency without anemua but
duning the acute phase there are a
profound anemia Jow hemoglobin
and color mdex and a moderate o
a muarhed levhocytosss During the
phase of actise erythrogeness the
pertpheral blood contuns many nu
cJeated red corpuscles and reticulo-
cytes and may show a leuhemod
reaction Duaing, cheomc phases there
may be only a mild anerma and the
charictensic st hling The blood se
rum 1s scteric and bile pigments are
present in the vrine

Sulicoses

There 15 a slight leuhocytosss
the begranung of the discase with a
tendency toward leuhoperua n the
later stages There 15 also an sron
deficrency anemua which 1s usuafly
progressive
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whereas a lymphacytosis 1s associated
with healing Children are hhely to
have a higher monocytosss than
adults but 1t bears no relaton to the
severity of the process

Tularemia

‘The blood picture 15 by no means
typreal but most patients have a ymid
neutrophilic leukocytosts

Typhoid and Paratyphoid Fever

There 1s usually a leuhopenia with
a relatve lymphocytosis and mono
cytoms Neutrophihe leuhocytons de
velops when there 1s a complication
such as perforation of the ntestine or
bronchopneumonta Usually there 1s
a mucrocytic hypochromic anemia
which 1n some instances may be se
vere A rapud anemm develops if
there 15 hemarrhage from the intes-
tnal tract

Typhus Fever

This disease 15 characterized by a
neutropema with 2 relative lympho-
cytosis and the few granulocytes
present may be quite immature Ane
mia 1s unusual There may be a mod
erate 1ncrease tn monocytes and 10
lymphocytes 1n the late stages

Undulant Fever

In prolonged cuses there 15 a mod
erate mucrocytic hypochromic ane
mt1 The leuhocytes may be normal
or decreased at the cxpense of the
neutrophils with 1 relative }ympho-
wtosts Occasionlly there may be 2
K nocytosis

Varicella
See Chickenpor

Virus Diseases

Asarule the entire group of virus
diseases 15 characterized by leuho
pema 1n the early stages but 1f fol
lowed by secondary mnvasion by bac
teria leukocytosis may be present

Virus Preumomna
See Pneumonta ¥ irus

Vitamin C Deficiency
See Scurvy

von Jaksch s Anemia (Anemia
Pseudoleukema Infantum)

The typical blood picture 15 one of
hemolytic 2nemia and a leuhemoid
reacion The anemia develops rap-
1dly The stage of erythrogenests be
gins with the appearance of erythro-
blasts and results 1n a marked eryth
roblastemia Many of the red cells
show basophibic suppling The plate
Iets are normal or slightly decreased
The 1cterus 1adex 15 mncreased by an
indirect van den Berph reaction
There 15 usually 2 high leuhocyte
count with a shift 10 the lefe At tmes
it may simulate myelod leulemia
with the preseace of a rare myelo
blast a few myelocytes and other im
mature cells

Weil s Disease (Leptospirosts)
(Icterohaemorrhagica)

There 15 2 moderate to a marked
leuhocytosis present from the onset
with a peutrophilic left shift The
icterus index 1s high and the van den
Pergh reaction 1s usually indirect
Anemza 1s more marked as the dis
case prooresses There are organisms
n the blood 1n the early stages and
they can best be demonstrated by in
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1s 1 shght monocytosts Congenttal
syphilis 1s nearly Al ays oharaceer
1zed by hypochromc anenua and
lymphocytosts  Also, erythroblastic
reactions are not nacommon in the
congemtal type The blood chanes
prablel the stage of actissty, and the
findings depend on the stage nd the
seventy of the infection

Telangectasia, Heredrary
Hemorrhagie

See Hereditary Hemorrhagie Tel
angiectasta

Tetanus
There 55 no typrcal perspheral
blood picture 1n this disease

Thrombo angutss Oblites ns

Many patents with this discase
show a moderate neutrophilic leu
hocytosis and also some degree of
erythrocytosis or secondary polycy
therma

Thrombocy topens. Patpura
See Parpora Esseanal Thrombo
cytopente

Thrombophlebitis

The blood picture depends upon
the estent and the severnty of the
proce s and whether suppuratron 1s
pre ent As 2 rule the levhocytes are
elevated the extent dependmn, on
the actvity of the process Anemia
15 pot seen unless the disorder 15 com
phcated by bactenal anfecuon with
septicerma

Trichsniasts

‘There s nearly always a very
marhed cosmophilia There 15 no al
seration 1 erythrocytes platelets or

humoglobm A shght Jeukocytoss
oceurs 1n most cases durtog the scute
phase, and n some nstances the en
tsre whitecelf increase muy be caused
by the increased eosmophils

T panosomuasts
{Sleeping Sichness)

There are orgamsms sn the hlood
which may be demonsteated by ex
amuning a drop of fresh blood There
are no cellubr changes of snift
cance, except hypochromic anemta i
cases of long standing

Tuberculosis

The blood prcture 15 not typreal m
this disease but certain features may
grve some mdication of the actvity
aof the process In acute mubiary tuber
cufosss there 15 a moderate proressive
fhypochromic anemsa which usually
persists as long as the pauent Ines
Thas form of ruberculosis 15 frequent
1y twcompamed by a levkopenta

Acute pulmonary tuberculosis 1s
usually characterized by 2 moderate
hyvpochromic anerma and a leako
pema but in some cases a shght leu
Kocyrosts  occurs when there 15
marked secondary infection

Chronic pulmenary tuberculosss 15
often accompamied by 1 microcyoe
hypochromic anema, especually i
cases when the Jeston 1s actuve and
progressive The leukocyte count and
the cell types vary with the actnary
of the process If the process 15 septic
there 15 lenhocytosts The hyperplastic
type shows a shohth elevated Jeubo
wyre count and an tncrease m mon?
cytes or lymphocytes according, to the
trend of the process An increse mn
monowytes asually denotes actvity
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whereas a lymphocytosis 1s associated
with healing Children are likely to
have a lugher monocytosis than
adults but 1t bears no relation to the
severity of the process

Tularemia

The bleod picture 15 by no means
typical but most patients have 2 mild
neutrophilic leuhocytosis

Typhotd and Paratyphotd Fever

There 15 usually a leukopenta with
a relative lymphocytosis and mono-
cytosis Neutrophilic leukocytosis de
velops when there 1s a complication
such as perforation of the intestine or
bronchopneumonta Usually there 1s
a microcyttc hypochromic anemia
which 1n some 1nstances may be se
vere A rapid 1nemia develops if
there 1s hemorrhage from the 1ntes
tnal trace

Ty phus Fever

This disease 15 charactenized by a
neutropenia with a relative lympho-
cytosts and the few granulocytes
present may be quite smmature Ane
sma1s unusual There may be a mod
erate ncre1se 1 monocytes and 10
lymphocytes 1n the late stages

Undulant Fever

In prolon,ed cases there s a mod
erate mucracyuc hypochromic ane
mia_The leukocytes may be normal
or decreased at the expense of the
neutrophuls with a relave lympho-
cytosis Occastonally there may be a
monocytosts

Varicella
See Chickenpox

Virus Diseases

As a rule, the enure group of virus
discases 15 charactenized by leuho-
penna 1n the early stages but if fol
lowed by secondary 1nvasion by bac
teriz leuhocytosis may be present

Virus Pneumonia
See Pneumonta Virus

Vitamin C Deficrency
See Scurvy

von Jaksch s Anemia (Anemia
Pseudoleuhenua Infantum)

‘The typical blood picture 1s one of
hemolytic anemra and a leuhemard
reacion The anemra develops rap-
1dly The stage of erythrogenesis be
gins with the appearance of erythro-
blasts and results 1n a marked eryth
roblasternia Many of the red cells
show basophslic suppling The plate
lets are normal or slightly decreased
The icterus index 15 increased by an
mdirect van den Bergh reaction
There 15 usually a high leuhocyte
count with a shift to the left At tmes
it may stmulate myeloid leukerma
with the presence of a rare myelo-
blast a few myelacytes and other 1m
mature ceils

Weil s Disease (Leptospirosis)
(Icterohaemorrhagica)

There 1s a moderate to a marked
leukocytosis present from the onset
with a neutrophilic left shift The
1cterus 1ndex 1s high and the van den
Bergh reaction 1s usually indirect
Anerma 1s more marked as the dis-
ease progresses There are organisms
1 the blood 1n the carly stages and
they €20 best be demonstrated by 1n
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jecting blood 1nto a guinea pig by
the mtrapenitoneal route

Whooping Cough

Early 1n the disease there may be a
feuhopenr but later the character
sstic blood picture 15 one of extreme
Iymphocytosts the fymphocytes com
pristng, from 65 to 75 per cent of the
total cells, to such an extent that the
blood picture may simulate chronic
Iymphate lewtemia When complt
cated by bronchopneumoma there
may be a granulocytic response with
immature neutrophuls present 1n con
siderable numbers

Yellow Fever

There 1s a leuhopenia mn the early
stages It reaches its lowest posnt
about the fifth or the sixth day the
blood remasmng normal throughout
the remainder of the illness except
for an anemta m the lace stages
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